UNIVERSITA
DEGLI STUDI

FIRENZE

FLORE
Repository istituzionale dell'Universita degli Studi
di Firenze

Photovoltaic and Thermal solar concentrator integrated into a
dynamic shading device

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

Original Citation:

Photovoltaic and Thermal solar concentrator integrated into a dynamic shading device / Lucia Ceccherini
Nelli. - STAMPA. - 1:(2018), pp. 1-8. ( MED GREEN FORUM-4 Mediterranean Green Buildings and
Renewable Energy Forum 2017 Firenze 31 July-2 August 2017).

Availability:
The webpage https://hdl.handle.net/2158/1116326 of the repository was last updated on 2018-03-
26T17:37:35Z

Publisher:
Springer

Terms of use:
Open Access

La pubblicazione & resa disponibile sotto le norme e i termini della licenza di deposito, secondo quanto
stabilito dalla Policy per I'accesso aperto dell'Universita degli Studi di Firenze
(https://www.sba.unifi.it/upload/policy-0a-2016-1.pdf)

Publisher copyright claim:

La data sopra indicata si riferisce all'ultimo aggiornamento della scheda del Repository FlIoRe - The above-
mentioned date refers to the last update of the record in the Institutional Repository FIoRe

(Article begins on next page)

04 May 2026


https://hdl.handle.net/2158/1116326

Ali Sayigh Editor

Sustainable
Energy for all

Selected Papers from the
World Renewable Energy
Congress WREC 2016

@ @ Springer



) Springer
http://www.springer.com /978-3-319-77540-1

"Sustainable Energy for All"

" Selected Papers from the World Renewable Energy Congress
WREC 2016”

Sayigh, Ali (Ed) 2018
ISBN is 978-3-319-77540-1.

Blb]lOgI‘ﬂpth Information ® www.springer.com/us/book/9783319775401#aboutBook

Book Title eBook ISBN Number of Pages
Sustainable Energy for All 978-3-319-77541-8 X, 520
Book Subtitle DOl Number of lllustrations and Tables
Selected Papers from the World Renewable 10.1007/978-3-319-77541-8 50 b/w illustrations, 100 illustrations in colour
Energy Congress WREC 2016
Hardcover ISEN Topics
Editors 978-3-319-77540-1 » Renewable and Green Energy
Ali Sayigh
Series ISSN
Series Title 2522-8927

» Innovative Renewable Energy

Edition Number
Copyright 1
2018

Publisher
Springer International Publishing

Copyright Holder
The Editor(s) (if applicable) and The Author(s)



@ Springer

springer.com

X, 520 p. 150 illus, 100 illus. in color.

Printed book

Hardcover

Ca. 149,99 € | Ca. £119.99 | Ca.
$179.99

[1lCca. 160,49 € (D) | Ca. 164,99 € (A)
| Ca. CHF 165,00

eBook

Available from your library or
springer.com/shop
MyCopy B!

Printed eBook for just

€] $24.99
springer.com/mycopy

Lifelong 40% discount for authors

Ali Sayigh (Ed.)

Sustainable Energy for All

Selected Papers from the World Renewable Energy Congress WREC 2016

Series: Innovative Renewable Energy

» Presents advances in research related to various renewable energy topics
relating to energy efficiency and the development and application of
technologies with energy saving capabilities in industrial, commercial,
transportation and household sectors;

» Contains case studies and examples to enhance practical application of the
technologies presented;

» Covers the most up-to-date research developments, government policies,
business models, and best practices and innovations from countries all over
the globe.

This book contains selected papers presented during technical and plenary sessions at the
World Renewable Energy Congress, the world's premier conference on renewable energy and
sustainable development. This biennial Congress provides an international forum that brings
together top experts, policy makers and business practitioners to address the most strategic
issues of sustainable energy development and innovation. The book highlights the mast current
research and technological breakthroughs in this rapidly growing field and contains the most
up-to-date innovations and practical applications in renewable energy development, utilization
and energy efficiency efforts.

Order online at springer.com / or for the Americas call (toll free) 1-800-SPRINGER /
or email us at: customerservice@springernature.com. / For outside the Americas call +49 (0) 6221-345-4301 /
or email us at: customerservice@springernature.com.

The first € price and the £ and $ price are net prices, subject to local VAT. Prices indicated with [1] include VAT for
books; the €(D) includes 7% for Germany, the €(A) includes 10% for Austria. Prices indicated with [2] include VAT for
electronic products; 19% for Germany, 20% for Austria. All prices exclusive of carriage charges. Prices and other
details are subject to change without natice. All errors and omissions excepted. [3] No discount for MyCopy.

Part of SPRINGERNATURE


https://www.springer.com/shop
https://www.springer.com/mycopy

List of Mediterranean Green Buildings and Renewable Energy
Forum -4

31 July -2 August 2017 — University of Florence, Department of
Architecture, Florence, ltaly

41- Proposing a new method for fenestration shading design in prefabricated modular
buildings
Seyedehmamak Salavatian' salavatian@iaurasht.ac.ir

42- EFFECTIVENESS OF OCCUPANT BEHAVIORAL VENTILATION STRATEGIES ON INDOOR
THERMAL COMFORT IN HOT-ARID CLIMATE

Ali Sedki1, Neveen Hamzaz, Theo Zaffagnini
7Beirut Arab University, Faculty of Architecture, Lebanon, egylord@hotmail.com
2Newcastle University, Department of Architecture, Newcastle, UK

? Ferrara University, Department of Architecture, Ferrara, Italy

43- Effectiveness of materials, technologies and renewable energy in educational buildings
through cluster analysis of energy retrofitting

Francesco Asdrubali*, Laura Calcagnini**, Luca Evangelisti*, Maria Claudia Guattari*, Paola
Marrone™*

*Roma Tre University, Department of Engineering, Via Vito Volterra 62, 00146 Rome, ltaly
**Roma Tre University, Department of Architecture, Via della Madonna dei Monti 40, 00184 Rome,
ltaly

laura.calcagnini@uniromad.it

44- Renewable Energy in Argentina (PDF)

Prof. Carlos Labriola

Faculty of Engineering - Universidad Nacional del Comahue — Buenos Aires 1400 (8300) Argentina
carloslabriola54@yahoo.com.ar

45- Wind energy potential research in a low building within an urban environment (PDF)
Jorge Lassig, Claudia Palese, Juan Valle Sosa, Ubaldo Jara y Carlos Labriola

Faculty of Engineering - Universidad Nacional del Comahue — Buenos Aires 1400 (8300) Argentina
lassig@uncoma.edu.ar - carloslabriola54@yahoo.com.ar-Te:54-299-4490322



46- The natural light in Architecture. The use inspired by the constructive tradition.
Fabio G.S. Giucastro

SDS of Architecture of Siracusa, University of Catania, Italy

fabiogiu@gmail.com

47- The cost of building to the near Zero Energy Building standard — a financial case study
Shane Colclough', John Mernagh?, Derek Sinnott?, Neil J Hewitt!, Philip Griffiths'

! Ulster University, Newtownabbey, Co Antrim, BT370QB, Northern Ireland

2Waterford Institute of Technology, Cork Road, Waterford, X91 KOEK, Republic of Ireland
#Corresponding author: Dr. Shane Colclough, S.Colclough@Ulster.ac.uk

48- POLICY OF INTENSIFICATION, DIVERSIFICATION, CONSERVATION, AND INDEXATION
IN PURSUING THE SUSTAINABLE TRANSPORT

Koesmawan'’

1).Prof.Dr.Koesmawan, DBA, Commissioner of Ffaireness Indonesia Daya (FID), former Rector
andThe Head of Quality Assurance of Ahmad Dahlan School of Economics,
.mkoesmawanas@gmail.com

49- PROBLEM OF EDUCATION IN DEVELOPING RENEWABLE OF ENERGY
By: EllyaMarlianaYudapraja, B.Sc, Edu. M.M 1)

1). EllyaMarlianaYudapraja, Faculty of Teaching and Education Science
Pasundan University-Bandung Indonesia.

Ellya.Marliana2010@gmail.com

50- Winter performance of certified passive houses In a Temperate Maritime Climate — nZEB
Compliant?

Dr Shane Colclough?, Prof Philip Griffiths, Prof Neil J Hewitt

Ulster University, Newtownabbey, Co Antrim, BT370QB, Northern Ireland

#- corresponding author: S.Colclough@Ulster.ac.uk

51- A parametric tool for assessing optimal location of buildings according to environmental
Criteria (PDF)

Giacomo Chiesa*, Mario Grosso

Politecnico di Torino, Dipartimento di Architettura e Design, Viale Mattioli 39, 10125 Torino, Italy.
*Corresponding author: giacomo.chiesa@polito.it

Forum topic: sustainable architecture

Keywords:parametric morphology; site design,; environmental design; bioclimatic architecture

52- Methodology of Solar Project Managing
Through All Stages of Development
Andrejs Snegirjovs 1, Peteris Shipkovs 1, Kristina Lebedeva 1, Galina Kashkarova 1,



Dimitry Sergeev 2

1 Energy resources laboratory, Institute of Physical Energetics
Krivu Street 11, Riga, Latvia, LV-1006, shipkovs@edi.lv

2 PVStream, MZ Consulting

Lenka Street 9, Riga, Latvia, LV-1006, info@pvstream.com

53- Computational BIPV Design: An energy optimization tool for solar facades

Omid Bakhshaei, independent researcher and co-founder of Novin Tarh Studio, 2nd floor, 193,
Molla Sadra Street, Tehran, Iran.

bakhshaei.omid@gmail.com

Giuseppe Ridolfi, professor at the Department of Architecture (DIDA), Universita degli Studi di
Firenze,

via della Mattonaia n.14, Florence, Fl, ltaly.

giuseppe.ridolfi@unifi.it

Arman Saberi, doctorate researcher at the Department of Architecture (DIDA), Universita degli
Studi di Firenze, via della Mattonaia n.14, Florence, Fl, Italy.

arman.saberi@unifi.it

54- Feasibility Study of a Low Carbon House in the UK

Timothy Aird, Hossein Mirzaii

School of Aerospace & Aircraft Engineering, Kingston University London SW15 3DW, UK
H.Mirzaii@kingston.ac.uk

55- Why Do We Need To Reduce The Carbon Footprint In UAE?
Prof. Riadh AL-Dabbagh
University of Ajman, UAE, riadhdabbagh@yahoo.com

56- URBAN FARMING IN THE ERA OF CRISIS IN GREECE: THE CASE STUDY OF THE
URBAN GARDEN OF AGIOI ANARGIROI -KAMATERO AND FILI

Konstadinos Abeliotis and Konstadinos Doudoumopoulos

Harokopio University, Department of Home Economics and Ecology, El. Venizelou 70, 17671
Athens, Greece. Tel +302109549363, email: kabeli@hua.gr

57- RESILIENT URBAN DESIGN. BEOGRAD AND FLORENCE: RECONNECT THE WATERS
TO THE CITY

Prof.PhD Arch.Chiara Odolini

UNIFI-DIDA, Florence, ltaly — chiara.odolini@gmail.com

58- Strategic Sustainable and Smart Development Based on User Behavior

Shahryar HABIBI* and Theo ZAFFAGNINI**

* PhD, Department of Architecture, University of Ferrara, Italy

email: shahryar habibi@yahoo. com (corresponding author)

** Associate Professor, PhD, Department of Architecture, University of Ferrara, Italy
email: theo.zaffagnini@unife.it. ORCID: orcid.org/0000-0002- 9693-809X




59- High | Bombastic adaptive skin conceptual prototype for mediterranean climate (PDF)
Giuseppe Ridolfi

University of Florence

giuseppe.ridolfi@unifi.it

60- QUALITY OF HEALTHCARE: A REVIEW OF THE IMPACT OF HOSPITAL PHYSICAL
ENVIRONEMNT ON IMPROVING QUALITY OF CARE (PDF)

Dr. Jazla Fadda

American University in the Emirates- Block 7- Dubai International Academic City- Dubai — United
Arab Emirates- P.O.Box: 503000 |[Email: Jazla.fadda@aue.ae

61- Enhancing Indoor Air Quality for Residential Building in Hot Arid Regions
Ghanim Kadhem Abdul Sada,® , Tawfeeq Wasmi M. Salih®@ Mechanical Engineering Dept. / Al
Mustansiriyah University, Baghdad Iraq, Email; ghanimkadhim@yahoo.com

**Materials Engineering Dept. / Al Mustansiriyah University, Baghdad Iraq

Email; tawfeeq1978@yahoo.com

62- Performance of Solar Window Film With Reference to Energy Rationalizing in Buildings
Dr .Kamil M .Yousif [1] and, Alan Ibrahim Saeed [2]

[1] Dept of Environmental Sciences, Zakho University, Zakho, Iraqg.

Email: kamy22002@yaho0.co.uk

[2] Dept of Physics, Zakho University, Zakho, Iraq.

63- Visualizing the infrared response of an urban canyon throughout a sunny day

Benoit Beckers', José Pedro Aguerre?, Gonzalo Besuievsky?, Eduardo Fernandez?, Elena Garcia
Nevado*, Christian Laborderie!, Raphaél Nahon?®

! Université de Pau et des Pays de I'Adour, Allée du Parc Montaury, 64600 Anglet (France) -
benoit.beckers@univ-pau.fr

2Universidad de la Republica (Uruguay)

3 Universidad de Gerona (Spain)

“ Universidad Politécnica de Catalufia (Spain)

5 Université de Lille 1 (France)

64- Ventilation effectiveness of residential ventilation systems and its energy saving
potential

Mohammad Reza Adili"", Michael Schmidt 2

.2 University of Stuttgart, Institute for Building Energetics, Stuttgart, Germany
"Corresponding email: reza.adili@ige.uni-stuttgart.de

65- Meta-design approach to Environmental building programming for passive cooling of
Buildings (PDF)

Giacomo Chiesa*, Mario Grosso

Politecnico di Torino, Dipartimento di Architettura e Design, Viale Mattioli 39, 10125 Torino, Italy.
* corresponding author - giacomo.chiesa@polito. it

Forum topic: sustainable architecture

Keywords: meta-design; environmental design; building programming; passive cooling

4



66- Urban and Architectural Sustainability in Restoration of Iranian cities (Strategy and
Challenges), Case study of Soltaniyeh

Arch. Nazila Khaghani, Ph.D University of Florence

nazilakhaghaniarchitect@gmail.com

67- INFLUENCE OF THE PARIOD OF MEASUREMENTS ON WIND POTENTIAL ASSESSMENT
FOR A GIVEN SITE

H. Nfaoui* & A. Sayigh**

* Solar Energy & Environment Laboratory, Sciences Faculty, B.P.1014, Mohammed V University
in Rabat, Morocco. Email: hassan.nfaoui@gmail.com

** Chairman of WREC & Director General WREN, Editor-in-chief Renewable Energy

P O Box 362, Brighton BN2 1YH, UK

68- Integration strategies of Luminescent Solar Concentrators panels: a case study in
Florence - Italy

Lucia Ceccherini Nelli, Giada Gallo Afflitto

Department of Architecture DIDA — Centro ABITA, University of Florence, via San Niccolo 93
Firenze, ltaly lucia.ceccherininelli@unifi.it, giadagallo@hotmail.it

69- Photovoltaic and Thermal solar concentrator integrated into a dynamic shading device
Giulia Chieli, Lucia Ceccherini Nelli

Department of Architecture DIDA — Centro ABITA, University of Florence, via San Niccolo 93
Firenze, ltaly, lucia.ceccherininelli@unifi.it, chieli.g@gmail.com

70- A University Master Course and training program for energy managers and expert in
environmental design in ltaly

Marco Sala’, Lucia Ceccherini Nelli?, Alessandra Donato?

Department of Architecture DIDA — Centro ABITA, University of Florence, via San Niccolo 93
Firenze, Italy, marco.sala@unifi.it, lucia.ceccherininelli@unifi.it, alessandra.donato@unifi.it

' Ordinary professor, 2 PhD and contract professor

71- A project for the NZERO-Foundation in the south of Italy

Lucia Ceccherini Nelli', Vincenzo Donato?, Danilo Rinaldi’

! Department of Architecture DIDA — Centro ABITA, University of Florence, via San Niccolo 93
Firenze, Italy lucia.ceccherininelli@unifi.it, arch.rinaldi@hotmail.com

2 DISEG - Department of Structural, Geotechnical and Building Engineering, Corso Duca degli
Abruzzi, 24 - 10129 Torino (TO), ltaly — Vincenzo.donato@polito.it

72- Planning without waste. (PDF)

Adolfo F. L. Baratta*, Laura Calcagnini*, Fabrizio Finucci*, Antonio Magaro*

*Roma Tre University, Department of Architecture, Via della Madonna dei Monti 40, 00184 Rome,
ltaly

adolfo.baratta@uniromad.it



Lucia
Highlight

Lucia
Highlight

Lucia
Highlight

Lucia
Highlight

Lucia
Highlight

Lucia
Highlight


73- Policy Of Intensification, Diversification, Conservation, And Indexation In Pursuing The
Sustainable Transport(PDF)

Koesmawan1

1).Prof.Dr.Koesmawan, DBA, Commissioner of Ffaireness Indonesia Daya (FID), former

Rector andThe Head of Quality Assurance of Ahmad Dahlan School of Economics,
mkoesmawanas@gmail.com

74- Problem Of Education In Developing Renewable Of Energy(PDF)
By: EllyaMarlianaYudapraja, B.Sc, Edu. M.M 1)

1). EllyaMarlianaYudapraja, Faculty of Teaching and Education Science
Pasundan University-Bandung Indonesia.
Ellya.Marliana2010@gmail.com

75- Production of ZnO Cauliflowers Using the Spray Pyrolysis Method

Shadia J. lkhmayies

Al Isra University, Faculty of Science, Department of Physics, Amman 11622, Jordan. E-mail:
shadia ikhmayies@yahoo..com

76- RESILIENT URBAN DESIGN. BEOGRAD AND FLORENCE: RECONNECT THE WATERS
TO THE CITY (PDF)

Prof.PhD Arch.Chiara Odolini

UNIFI-DIDA, Florence, ltaly — Chiara.odolini@gmail.com

77 - Adaptive skin conceptual prototype for Mediterranean climate.(PDF)

Omid Bakhshaei, independent researcher and co-founder of Novin Tarh Studio, 2nd floor, 193,

Molla Sadra street Tehran, Iran. Bakhshaei.omid@gmail.com
Giuseppe Ridolfi, professor at the Department of Architecture (DIDA), Universita degli Studi di
Firenze,
via della Mattonaia n.14, Florence, Fl, ltaly. giuseppe.ridolfi@unifi.it
Arman Saberi, doctorate researcher at the Department of Architecture (DIDA), Universita degli Studi
di Firenze, via della Mattonaia n.14, Florence, Fl, Italy. arman.saberi@unifi.it

78- EVALUATING DEEP RETROFIT STRATEGIES FOR BUILDINGS IN URBAN
WATERFRONTS

Nicola Strazza'*, Piero Sdrigotti', Carlo Antonio Stival?, Raul Berto’

1: Department of Engineering and Architecture

University of Trieste 34127 via A. Valerio, 6/1, Trieste (IT)

e-mail: {nicola.strazza@phd.units.it ; piero.sdrigotti@gmail.com; rberto@units.it},
2: Department of Civil, Environmental and Architectural Engineering

University of Padova

35151 via F. Marzolo, 9, Padova (IT)

e-mail: carloantonio.stival@dicea.unipd.it, web: http://www.dicea.unipd.it




79- Enhancing the Thermo-physical Properties of Rammed Earth by Stabilizing with Corn
Husk Ash (PDF)

Batagarawa Amina L., Abodunrin Joshua A., Sagada Musa L.

Department of Architecture, Ahmadu Bello University, Zaria, Kaduna, Nigeria.

Aminab @hotmail.com

80- THERMAL MONITORING OF LOW INCOME HOUSINGS BUILT WITH
AUTOCLAVEDAERATED CONCRETE IN A HOT-DRY CLIMATE

Ramona Romero-Moreno, Gonzalo Bojorquez-Morales, Anibal Luna-Leén, César Hernandez
Facultad de Arquitectura y Disefio, Universidad Autbnoma de Baja California,

México. Z.C. 21800. Tel. 52 (686) 566-4250.

ramonaromero@uabc.edu.mx, gonzalobojorquez@uabc.edu.mx, anibal@uabc.edu.mx

81- RENEWABLES ARE COMMERCIALLY JUSTIFIED TO SAVE FUEL
AND NOT FOR STORAGE

Donald Swift-Hook,

Secretary, WREN and Visiting Prof, Kingston University,

Woking, Surrey GU21 4XX

United Kingdom

email: donald@swift.nook.com

82- Developing Sustainable Energy and Climate Action for Local Governments: Baseline
Emission Inventory - Case studies of City of Luxor and City of Hurghada, Egypt

Mohsen Aboulnag1, Bruno Rebelle2, Emilie Essono3, Naguib Amin4 and Sara Ali5

1 Professor of Sustainable Built Environments Cairo University & CES-MED - SECAP Senior Expert
for Egypt 2 Managing Director, Transitions, France, CES-MED - SECAP Consultant, 3 Energies
Demain, France, BEI Energy Analysist, 4 Team Leader, CES-MED Project, Beirut & Morocco, 5
Junior Research Assistant, mohsen aboulnaga@yahoo.com

(Full Paper WILL BE RECEIVED LATER)

83- Climate Change Assessment, Simulation and Adaptation for Hot-Arid Urban Settlements:
The Case Study of Asmara Project, Cairo, Egypt

Dr. Mohsen Aboulnagal, Dr. Amr Alwan2, Mohamed Elsharouny3

1 Professor of Sustainable Built Environment, Dept. of Architecture, Faculty of Engineering, Cairo
University, Giza, Egypt

2 Associate Professor, Dept. of Architecture, Faculty of Engineering, Military Technical Collage,
Cairo, Egypt

3 Researcher, Master Program in Environmental Design & Energy Efficiency, Dept. of Architecture,
Cairo University, Giza, Egypt. mohsen aboulnaga@yahoo.com

(Full Paper WILL BE RECEIVED LATER)




Photovoltaic and Thermal solar concentrator integrated into a dynamic shading device

Giulia Chieli, Lucia Ceccherini Nelli
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Abstract

This paper presents the design of a Photovoltaic/Thermal solar concentrator (PV/ST) integrated into a
system for external shading device suitable for different building typologies such as office facilities or
residential houses.

The paper addresses the problem of designing efficient shading devices for buildings. The novelty of this
project is a dynamic design for shading devices, new in the market of photovoltaic and concentrator systems,
that changing orientation and configuration, allows the best lighting comfort in buildings while producing
energy.

This device consists of a series of linear low concentrator with monoaxial sun tracking and a semi-parabolic
profile reflector providing the solar radiation concentration into a string of mono-crystalline cells PV, with 5,5x
concentration factor. The thermal energy production is achieved through the cooling system of the device
whereby hot water is produced.

The contribution of this study is a new concept and developments in solar thermal concentrator systems
revealing new trend for the technology to be integrated into architecture, especially in dynamic solution for
shading devices.

Keywords BIPV, Shading devices, dynamic integration, energy production, Integration of
Photovoltaic/thermal (PV/T) system

1 Introduction

The reference framework for this project is the performance of the building envelope. In this context one of
the most studied topics is the one of Kinetic Architecture': an architecture able to change its configuration
adapting to the environment in which is situated, to the passage of time and to different climatic conditions.

The dynamic part of a building is principally the facade or the facade component. The step forward in
comparison to static solutions is both technological and stylistic because it allows to minimize or maximize
the thermal loads of a building while opening new possibility in terms of design and aesthetic qualities.

The dynamism in architecture can be reached with different technologies and materials. A popular case
study is The Arab World Institute in Paris® in which the architect Jean Nouvel reinterprets the traditional
theme of “Mashrabiya”, a wood grid widespread in Islamic architecture, transforming it in the characteristic
element of the building able to regulate the light in the internal environment thanks to the movement of a
series of diaphragms. In the Beijing National Aquatics Center®, the dynamism is obtained thanks to the use
of the polymer ETFE* that forms a pattern of bubble able to regulate the internal temperature by regulating
the pumping of air inside the bladder formed by the two layers of ETFE. There are a lot of study cases to
refer to and all of them show how the best results, both technological and stylistic, are reached in projects
characterized by a high iconic value and big investments of money. At the level of common constructions
instead, it is hard to find examples that are so technologically advanced and also successful from an
architectural point of view: the dynamism of a facade is normally consigned to the possibility to move,
manually or electrically, the shading systems such as curtains or brise-soleil. If we look to more advanced
solutions it can be seen that the aesthetical appearance is quite overshadowed and the building appears
than more as a facility than as an architecture. Example of this is photovoltaic brise-soleil that haven’t
achieved a wide dissemination due to a design hard to integrate.

2 Research Objectives



The idea for this project emerged from the will to design a dynamic component simple and versatile,
adaptable to different construction categories and contexts: a component that can be an expression of
technological innovation without overlooking both the economic sustainability and architectural integration.

The element brise-soleil has been taking in consideration a starting point for the development of the project
due to its features of adaptability in both new buildings and renovation projects. Starting from this element, it
has been thought a way to implement its technological potentiality without penalizing its construction
simplicity. A common features of the shading system available in the market is the option to tilt the shovels
so to change the brightness conditions inside a building according to user needs: the handling can be
manual, mechanical or controlled by a sensor sensitive to external climate change so that the building’s
envelope can manage itself. A sector that has been already experienced is the one of photovoltaic brise-
soleil: this element can be realized applying a photovoltaic film in the shovel’s surface or using small-scale
PV panels, in place of shovels, so to form a shading system.

Doing a research about the state of the art of photovoltaic brise-soleil, it appears clear that their use is quite
restrained. Despite all the leading companies producing shading devices have PV products in their catalogs,
their spread in the building sector is not comparable to the spread of standard products although they
present the advantage to produce energy. This difference can be easily explained considering the PV brise-
soleil also just from an aesthetic point of view: in comparison to standard product, the PV ones have bigger
dimensions that reduce their versatility resulting often totally out of scale when applied in small/regular size
constructions such as residential buildings. The replacement of shovels with PV panel negates the possibility
to paint the elements so to create nice chromatic effects characterizing the fagade. In this way, the building
ends to look like an energy production facility without any aesthetic value.

The integration of PV in architecture is a thematic that a lot of architects had already tried to face, sometimes
with very good results but more often it happens that the use of PV in buildings is just intended to the
production of energy or, at most, to show a special attention to environmental issues.

This project tries to fill this gap in the design of PV shading device by using the technology of the
concentrated solar system.

3 Methodology
CONCENTRATED SOLAR TECHNOLOGY

One part of the research in the field of PV and Solar thermal collector is focused in Concentrated technology:
this system, thanks to mirrors or lens, concentrate sun rays in a small area where the active material is
located. The active material is represented by photovoltaic cells or pipes in which an heat-transfer liquid
flows.

The components of a Solar concentrated photovoltaic system are:
_Receiver

_Reflector

_Tracking System

_Inverter

The Receiver is located in correspondence of the focal line of the system, where all the sun’s rays are
concentrated. In this place is situated the PV material. Because of the high concentration of solar energy, the
temperature goes up very fast so that a heat sink system is required. The heat sink prevents the PV cells
from degradation and loss of efficiency (about -0,5% every degree exceeding the operating temperature of
40 degrees). The dissipation system can be active when cooling is achieved by using the flow of a low-
temperature liquid, or passive in case an heat sink with straight fin is applied.

The Reflector is an optical system that can be “Imaging Optics” if consisting of a curved mirror and “Non-
Imaging Optics” when using lenses as the Fresnel lens. Both the solutions use the principle for which when a
surface A is hit by the sun’s rays, it is possible to converge the rays onto a smaller surface a through a
reflector so that the incident energy in a results the same of the incident energy in A. The ratio A/a is called
Concentration Factor C and is measured in “suns” (x). The Concentration Factor subdivides concentration



system in Low concentration system (LCPV), and High concentration system (HCPV), when suns are higher
than 300 x. Thanks to this principle it is possible to reduce the quantity of PV material used and thereby the
costs of the system. As known, in a standard PV panel, the price of the photovoltaic material affects the final
price for the 70%. Monocrystalline silicon cells are used for LCPV, and they still are the one with greater
efficiency. For HCPV are used Multi-junction cells because of their character to endure deterioration when
subject to high temperature.

The Tracking System is a fundamental device while concentration system can only converge direct solar
radiation. The system’s optical axis has to be aligned with the source of light so that the system can give the
greater amount of energy. Tracking systems can be single or dual axis tracker: dual axis trackers adapt
themselves both to azimuth and altitude while in case of single axis tracker the choice of the right axis must
be done considering the features of the installation place. A system that follows the sun in North-South
direction has the maximum performance during the central hours of the day and collects more energy in
summer, vice versa a tracker that follows the sun in East-West direction catch collect energy steadily during
the year.

Like in any other PV System an inverter is required to change the direct current in alternating current.

At this moment concentrated technologies are mainly used in big industrial facilities to produce heat or
electrical power. Big plants, however, still have some points of criticism not completely solved and currently
under study. The main problem is related to the non-competitive price of Multi-junction cells: originally used
in the space sector, these cells have now a widespread use in HCPV since the high temperature reached
with this system prevent the use of monocrystalline cells, easily subject to deterioration. Multi-junction cells
use compounds of semiconductor elements as an alternative to Silicon, such as Gallium arsenide or Indium
phosphide. Their efficiency is between 25% and 50%, they have better resistance to high temperature and
less degradability but they present the big inconvenience of a price from 3 to 5 times higher than a
monocrystalline cell due to the complicated production process and the reduced availability of the alternative
elements. Other factors that affect the price of HCPV systems are the heat sink system, that is always
required, and the continuous maintenance needed. These systems are based on the law of reflection and
refraction, for this reason, mirrors, and lens have to be kept clean so to avoid loss of efficiency. The
problems experienced in HCPV considerably decrease with small size and small concentration systems:
smaller Concentration Factors correspond to lower temperature so that is possible to use monocrystalline
cells, moreover, heat can be dissipated using heat-transfer fluids as in a classic solar thermal collector.
Furthermore, because of the smaller size, costs for maintenance are significantly reduced.

For all these reasons the use of a low concentration system has been taken into consideration for the
development of the project presented in this paper. On the current market, small size concentration systems
are very rare although it is possible to find some more examples considering research projects. The aim of
the products on the market is mainly energy production through renewable sources but less attention is paid
to their appearance so that they look more like facilities than an architectural element. The topic of
integration has a bigger importance in research projects although they present also bigger complexity
regarding shape, gears, and technology so that their prices are not competitive and the use of normal brise-
soleil combined with classic PV panel is still preferred.

4 Results

The guidelines from this project have been delineated starting from the study of the state of the art of
concentration systems already existing in the market and in research projects. The basic idea was to design
a prototype that, thanks to the link with a sensor, could modify its configuration, opening and closing itself,
according to necessities so to significantly change its appearance as well the environment’s perception from
the point of view of a user located inside a building where the prototype is applied.

One of the most important goals was to keep the whole system very simple so to ensure a large-scale
applicability. The first choice was to focus on a linear element, instead of that punctiform, so to minimize and
optimize the number of gears required for the handling system. The device has been thought as composed
of two specular semi-parabolic parts able to revolve around their focal line, with an opening-closing
movement, and to move together revolving upwards and downwards so to follow the sun apparent motion.
The first step was the geometrical study of a parabolic shape suitable as a profile for the component. In the
selected shape the focal point results in internal respect the two semi-parabolic profiles so that the two wings
forming the parabola can protect the most delicate part of the component represented by the PV cells.
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Fig.1 Section and elevation view of the system

The mechanisms responsible for the handling system are very simple: both the mono-axially tracking and the
opening-closing movements of the parabolic wings are provided by the anchorage of the component to a
central linear pivot. Three cogwheels are mounted around the linear pivot: one is welded to the pivot itself
and regulate the integral movement of the whole device, the other two cogwheels are respectively welded to
one wing of the device and regulate opening and closing of the brise-soleil. The motion is transmitted to the
cogwheel by three screw pumps controlled by two small engines able to react to the impulse of a climatic
sensor (or eventually controlled by internal users). The handling gears are hidden behind two aluminum
carters through which the whole shading system is anchored to the building’s fagade. In the internal part of
the carters, there are also notches in which the pivots are situated so to fasten their position and stability.
The device has been designed to work as a brise-soleil producing energy in its open configuration by
standing always perpendicular to the sun’s rays, following the sun apparent motion and directing the sun
rays, through its mirror part, to the focal line of the system. In case of absence of sun, during night time or in
every situation in which the maximal brightness is desirable, the two parabolic wings can be closed so that
the device’s dimension results reduced for more than one-third in comparison to its dimension in the open
configuration. This option not only solves a real need but also give to the device a changing appearance so
that the whole fagade can change according to clime and passage of time in conformity with the dictates of
dynamic architecture. The internal part of the two aluminum wings is coated with a reflective film (reflectivity
from 85% to 95% depending on the product) suitable for outdoor using thanks to its weather-resistant
property. The external part can be basically coated at will, according to the aesthetic effect desired. More
simply and economically it can be painted in every color and nuance.

LINEAR PARABOLIC ELEMENT MONO-AXIALLY TRACKING SYSTEM OPENING-CLOSING MOVEMENT

i

Fig.2 Axonometric view of the component

Corresponding with the focal line of the parabola is mounted an extruded profile with a trapezoidal shape in
which find place the PV cells and the electrical network required for the transport of the produced energy. As
for every concentrator system, a cooling device is necessary due to the high temperature reached along the
focal line. In case of low concentration system, an adequate cooling can be achieved by the flowing of an
heat-transfer liquid along the focal line, in this case inside the trapezoidal profile. In this way, the liquid, not
only works as cooler but can be also be used to produce domestic hot water from a renewable source that
can be used in the building itself. To provide this dual use a simple distribution system is required, the same
used in standard solar thermal collector usually located on the roof of buildings. The choice of this cooling
system not only allows the shading device to produce both electrical and thermal energy but also does not



complicate its functioning because the technology used is common and run-in in the field of the classic
thermal collector. Inside the trapezoidal profile, properly isolated so to not dissipate the heat, flows a conduct
with a 1,5 cm diameter in which runs the heat-transfer liquid. This conduct is connected, through specific
hoses, to a column pipe which diameter, of 3 cm, is adequate to ensure hot water’s distribution. This pipes,
one at the begin and one at the end of the parabolic element, are situated inside the aluminum carter that
hides and protects also the screw pump and all the handling system’s gears. The conduct inside the
trapezoidal profile has also the function of structural pivot being connecting to the second pivot, a little
bigger, where the two parabolic wings are mounted and are free to rotate. This bigger pivot allows also the
simultaneous rotation of the shading system so to follow the apparent motion of the sun. The trapezoidal
profile is designed so that the PV cell is mounted in its oblique sides having a surface of 3x150 cm= 450 cm?
each. The surface corresponding to the bigger parallel side, the one visible in the front view, is completely
free so that can be painted or coated according to the will planners.

Once defined the concentrator dimensions, the Concentration Factor C has been calculated as follows:

C = Collecting Surface / PV surface
Collecting Surface = 0,11x1,5 m= 0,165 m2
PV Surface = 0,02x1,5 = 0,03 m2

C =0,165/0,03 = 5,5 x

C is referred to one of the two specular parabolic wing.

Once completed the design of the single shading element, the linear devices have been assembled together
so to form a shading module. The module’s dimensions are 1,5 m width x 3 m height so that one module is
high enough to cover the standard floor’s height. The width has been determined considering both
aesthetical and technical reasons: the largest dimension would have influenced too much the total weight of
the module so that more complicated handling systems would have been required. On the other hand with a
smaller dimension, the building’s fagade would have appeared too fragmented. The 1,5 m width results
moreover suitable for the building of different dimensions and proportions. Every module is assembled with 7
linear shading elements, placed at a calculated distance so that they can’t shade with each other and the
global efficiency of the system is not reduced. This calculated distance allows also the internal user to have
always the perception of the outside environment also when the elements are in the open-working
configuration.
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Fig.3 Elevation system in the two positions: open and close



THE DISTANCE BETWEEN THE LINEAR SHADING ELEMENTS:

The choice of a suitable distance between the shading elements affect both the aesthetic and the energy
production: the shading of part of them can indeed be the cause of a drastic loss of efficiency if not
attentively calculated. Empiric studies carried out about horizontal prototype® facing south, 30 cm height, has
shown that the loss of efficiency is less than 98% when the elements are situated at a distance of 20 cm.
Being this project firstly a shading device, a distance of 20 cm between the linear element has been rejected
because of the big quantity of light allowed inside the building. On the other hand, also the option of having
no distance between the element has been rejected due to the big loss of efficiency related to energy
production. A distance of 10 cm has been chosen why the mutual shading within the element is not present
in winter time, when there is a bigger need of electrical and thermal energy, while during summer time
efficiency losses are around 50%.

X=69° (21 June ) (X = 69° (21 March/September) (X = 22° (21 Decemben)

Fig.4 Position of the receiver of the solar concentrator during sun exposition

PRODUCTIVITY OF A LINEAR SHADING ELEMENT (RELATING TO A HORIZONTAL ELEMENT FACING SOUTH)

Since the impossibility to carry out test directly on this project, due to the absence of a prototype, data
related to the energy production has been calculated by interpolating experimental data derived from tests
conducted by a team from the Engineering Department of the Florence University®. These tests concern a
concentrator prototype which features are comparable with one of the projects presented in this paper.

ENGINEERING PROTOTYPE PROJECT

Colletting Surface 025m Colletting Surface 0,22 m
Lenght 3m Lenght 1.5m
Distance between elements 02m Distance between elements 0,Tm

Annual Production 600 Thermal kwh | Annual Production 265 Thermal kwh
Annual Production 120 Electric kwh | Annual Production 53 Flectric kwh




Fig.5 Few photomontages of the integration of the solar concentrator in facade

5 Conclusions

The link between technological innovation and architecture is nowadays very strong although not always
their integration is efficient and successfully designed, especially in case of common constructions. The main
goal of this project is to experiment new technologies not in special cases but in standard architecture for
common clients with ordinary investments.

During the design process has been paid attention to try to keep the project very simple although innovative.
Simplicity not only affects the spreading of a new technological solution positively but also can reduce the
costs of a product, and this was the other big purpose of the project. Until this moment, there has not been
the chance to produce a prototype so that the estimation of energy production and costs has been done, with
proper proportions, through the comparison with the results obtained by the team of Engineering Department
of the Florence University testing a similar and comparable device. Despite this, during the project phase,
the device has been simplified in comparison to the University’s prototype, both concerning materials and
handling gears used, so to be sure that the final product could be more affordable in the market.

The final goal was to design a technological device that was easy to integrate into a lot of buildings typology,
in the same way as standard brise-soleil are used but providing a new value to a classical shading solution.
It was very important for the first design phase that the concentrator device would not appear as a facility
system but that could interact with architecture representing instead an added value also from an aesthetical
point of view. The possibility to connotate the single linear element with a different color, in both the open
configuration and the closed one, facilitates the dialogue with the building and the environment around. The
contained dimensions, similar to the dimensions of a lot of shading system already existing in the market,
assures that the device does not impose its presence overriding the architecture.

The choice to use the concentration technology avoid the problem of the photovoltaic integration in building’s
facade, a topic that has not been well assimilated yet in the architectural field. Moreover by focusing on the
use of a low concentration system the critical issues concerning high prizes for materials and maintenance,
easy deterioration and heat disposing of has been prevented.



Notes:

1- Also called Dynamic Architecture

2- Jean Nouvel, The Arab World Institute, Paris,1981-1987

3- PTW Architects, CSCEC, CCDI and Arup, Beijing National Aquatics Center, Beijing, 2004-2007

4- Ethylene tetrafluoroethylene (ETFE) fluorine-based plastic.
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