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Rodriguez Saiz, Angel; Santamaria-Vicario, Isabel;  Alameda Cuenca-Romero, Lourdes;
Gutiérrez-Gonzalez, Sara; Calderon Carpintero, Veronica

ENERGY RENOVATION OF THE BUILT HERITAGE HOUSING BASED ON THE LIVING
BUILDING CHALLENGE CERTIFICATION. CASE STUDY IN BRESCA (SPAIN)

Aguacil, Sergi; Moreno, Victor; Pauwels, Emmanuel

HOSPITAL LIGHTING: FROM VISUAL FUNCTION ASSISTANCE TO THE WELCOMING
AND HUMANIZATION TOOL

Moura, Mariangela; Lopes, Ricardo G.

DESIGN OF SUSTAINABLE SOLUTIONS FOR CONCRETE BLOCK WALLS
Gonzdlez-Fonteboa, Belén; Seara-Paz, Sindy; Martinez-Abella, Fernando; Pinto-Pérez, Adonay;
Garcia-Carrillo, Pablo; Prego-Martinez, Javier; Millan-Pérez, Jose; Diaz-Méndez, Rodrigo

A DESIGNING METHODOLOGY FOR OPTIMAL SIZING OF PHOTOVOLTAIC AND
ELECTRICAL STORAGE SYSTEMS FOR TERTIARY BUILDINGS

Castella, Marc; Castro, Cristina; Crespo, Eva; Kampouropoulos, Konstantinos

A THERMAL COMFORT ASSESSMENT IN A REHABILITATED RESIDENTIAL
BUILDING OF THE CITY CENTER OF TEGUCIGALPA, HONDURAS

Gamero-Salinas, Juan Carlos; Monge-Barrio, Aurora; Sanchez-Ostiz, Ana
ECO-REHABILITATION OF COURTYARD HOUSE

Hania, Taib; Aissa, Mahimoud
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BIM METHODOLOGY IN ENERGETIC REHABILITATION OF BUILDINGS:
APPLICATION TO A PUBLIC RESEARCH LABORATORY

Silva, Sara; Falcdo Silva, Maria Jodo; Couto, Paula; Pinho, Fernando

CONSERVATION AND RENOVATION TO NZEB OF SILVIO SPAVENTA FILIPPI
ELEMENTARY SCHOOL IN AVIGLIANO, POTENZA, ITALY

Lembo, Filiberto; Marino, Francesco Paolo R.; Rinaldi, Carmen

NEW FUNCTIONAL ROLES AND ENERGY EFFICIENCY IMPLEMENTATION IN THE
RECOVERY OF MINOR HISTORICAL CENTRES

Rotilio, Marianna

SUSTAINABLE CONSTRUCTION AS A FUTURE HERITAGE: TECHNIQUE, ROOT AND
NATURAL CONTRACT

Bedoya Montoya, Carlos

SUSTAINABILITY THROUGH RECYCLING FOR BUILDING SELF- CONSUMPTION
Madrazo, Alfredo; Balbas, Francisco Javier; Aranda, José Ramon; Garcia, Javier; Ceiia, Alberto
THE THERMAL COMFORT IN BUILDINGS OF VERNACULAR ARCHITECTURE OF THE
CITY OF LOJA AND MALACATOS — ECUADOR

Tapia, Wilson; Correa, Ramiro

DISSEMINATION OF BEST-PRACTICE IN ENERGY RETROFIT OF HISTORIC
BUILDINGS. RAINHOF, A CASE STUDY IN THE ITALIAN ALPS

Herrera-Avellanosa, Daniel; Exner, Dagmar; Haas, Franziska; Troi, Alexandra

IS INFORMATION SYMMETRY SUFFICIENT IN THE PROMOTION OF ENERGY
EFFICIENT HOUSING? MAIN RESULTS OF THE ENERVALOR PROJECTS
Marmolejo-Duarte, Carlos; Spairani, Silvia; Del Moral, Consuelo; Delgado, Luis; Chen, Ai;
Pérez, C.
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3.- BUILDING INTERVENTION
3.1.- Intervention plans.
22 RETHINKING HOUSES FOR WILDLAND FIRE PROTECTION
Tenreiro, Teresa; Branco, Fernando,; Arruda, Mario R.T. 1937

70

THE DIRECTOR PLAN FOR THE RECOVERY OF THE LORCA CULTURAL HERITAGE
AFTER THE SISM OF 2011. COMPARATIVE ANALYSIS IN THE INTERNATIONAL
CONTEXT

Gareia Martinez, Maria del Sagrado Corazon; Martinez Rios, Carmen 1946
185 MULTI-SCALAR ANALYSIS SYSTEM FOR THE PRIORITIZATION OF INTERVENTIONS
IN ARCHITECTURAL HISTORICAL HERITAGE: THE CASE OF SAN AGUSTIN
NEIGHBORHOOD IN PUEBLA CITY, MEXICO
Parra, Jaime; Lombillo, Ignacio; Ribalaygua, Cecilia 1955
488 MULTICRITERIA ANALYSIS TO SUPPORT DECISION IN PUBLIC BUILDINGS
REHABILITATION INTERVENTIONS
Barcelos, Jodo; Falcdo Silva, Maria Jodo; Couto, Paula; Pinho, Fernando 1964
489 MULTICRITERIA ANALYSIS APPLIED TO PUBLIC REHABILITATION INVESTMENTS
Couto, Paula; Falcdo Silva, Maria Jodo; Salvado, Filipa 1972
584 CLASSIFICATION OF ROOF TYPES IN EXISTING RESIDENTIAL BUILDINGS IN
MADRID. DATA FOR AN ENERGY REHABILITATION STRATEGY
Alonso, Carmen; de Frutos, Fernando; Martin Consuegra, Fernando; Frutos, Borja; Galeano,
Javier; Oteiza, Ignacio 1981
3.2.- Rehabilitation and durability.
67 CORROSION PROTECTION FOR STEEL TENDON UNDER THE ANCHORAGE HEAD OF
EXISTING GROUND ANCHOR
Liao, Hung-Jiun; Chen, Chun-Chung 1989
191 SEISMIC ASSESSMENT AND RETROFITTING OF AN OLD MASONRY BARRACK
Zucea, Marco; Crespi, Pietro; Mendoza, Russell; Ruggeri, Luca 1997
204 REHABILITATION OF TWO MASONRY BRIDGES IN CUEVA (BURGOS, SPAIN)
Martinez Martinez, José Antonio; Aragon Torve, Angel; Gareia Castillo, Luis Maria; Aragon
Torre, Guillermo 2006
212 CONCRETE SURFACE APPLIED CORROSION INHIBITORS: ON SITE EVALUATION BY
NON-DESTRUCTIVE ELECTROCHEMICAL TECHNIQUES
Martinez, Isabel; Castillo, Angel 2015
230 NUMERICAL INVESTIGATION OF THE STRUCTURAL PERFORMANCE OF AGED RC
BRIDGE COLUMNS SUBJECTED TO CORROSION AND SERVICE LOADS
Dabas, Maha; Zaghian, Sepideh; Martin-Perez, Beatriz; Almansour, Husham 2023
232 STRUCTURAL RESTORATION OF THE BUILT HERITAGE: CASE STUDY OF TAZI
PALACE HOTEL
Kaddouri, Hajar; Cherradi, Toufik; Kourdou, Ibtissam 2032
333 EVOLUTION OF PHYSICAL AND MECHANICAL PROPERTIES OF BRICKS TREATED
WITH DIFFERENT CONSERVATION PRODUCTS APPLICABLE IN THE REPLACEMENT
OF EXPOSED BRICKS IN HERITAGE BUILDINGS
Romay Carola; Charbonier, Andrea; Rodriguez de Sensale, Gemma 2042
429 QUANTIFICATION OF WATER TRANSPORT IN FACADES WITH THE USE OF
HYGROTHERMAL SIMULATION
Mota, Larissa; Bauer, Elton 2051
532 STUDY OF THE REHABILITATION PRACTICES IN VILA REAL HISTORIC CENTRE:
CASE STUDY
Mendonga, Alana; Dominguez, Caroline; Mendes da Silva, José; Paiva, Anabela 2060
538 PROMPT QUALITY ASSESSMENT METHODS FOR REHABILITATION PROJECTS: THE
METHOD ‘MIMAQ’
Mouraz, Catarina P.; Silva, J. Mendes 2068
548 EXPERIMENTAL TESTS OF SCHIST MASONRY SINGLE LEAF WALLS
STRENGTHENED WITH GROUTS
Luso, Eduarda 2078
581 THE RISKS OF THE CURRENT CONCRETE REPAIR SYSTEM. NEW APPROACHES
WITH STAINLESS STEEL REINFORCING BAR
Salmerdn Martinez, Antonio; Salvador Landmann, Miguel; Casero Sogorb, Santiago 2086
3.3.- Reinforcement technologies.
14 ADOBE MASONRY WALLS REINFORCED WITH WEAVING WASTE
Buson, Marcio; Varum, Humberto 2094
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525
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EVALUATION OF BOND BETWEEN REINFORCEMENT BARS AND REACTIVE
POWDER CONCRETE

Costa Piccinini, Angela; Rubem Montedo, Oscar; Pavei Antunes, Elaine

REINFORCED INJECTION AS A UNDERPINNING TECHNIQUE CAREFUL WITH
ARCHEOLOGY AND ARCHITECTURAL HERITAGE

da Casa, Fernando; Echeverria, Ernesto; Celis, Flavio

OPEN ISSUE FOR CONFINEMENT OF MASONRY COLUMNS WITH FRCM-SYSTEM:
THEORETICAL AND EXPERIMENTAL INVESTIGATION

Aiello, Maria Antonietta; Cascardi, Alessio; Ombres, Luciano; Verre, Salvatore

EXECUTION AND REPAIR OF MASONRY STRUCTURES USING MORTAR
REINFORCED WITH NATURAL FIBERS IN A CEMENTITIOUS MATRIX

La Tegola, Antonio; Mera, Walter

REPARATION AND STRUCTURAL STRENGTHENING IN MASONRY STRUCTURES
WITH INNOAVTIVE SYSTEMS OF LOW THICKNESS, SRG AND FRCM

Dobén Tamarit José; Sanchez Martinez José L.

EXPERIMENTAL STUDY OF IN-PLANE SHEAR BEHAVIOUR OF BRICK MASONRY
RETROFITTED WITH BASALT AND STEEL REINFORCED MORTARS

Garcia-Ramonda, Larisa; Pela, Luca; Roca, Pere; Camata, Guido

U-SHAPED FRCM FOR STRENGTH AND DEFORMATION ENHANCEMENT OF
REINFORCED CONCRETE BEAMS

Ebead, Usama; El-Sherif, Hossameldin

COMPARATIVE ANALYSIS OF THE EXISTING CALCULATION RECOMMENDATIONS
FOR STRENGTHENING WITH COMPOSITE MATERIALS OF RC COLUMNS OF
RECTANGULAR SECTION

Castro, Viviana J.; De Diego, Ana; Martinez, Sonia; Pifieiro, Rafael; Lopez, Cecilio; Echevarria,
Luis; Gutiérrez, José Pedro

STRENGTHENING OF LOW-STRENGTH CONCRETE COLUMNS WITH FIBRE
REINFORCED POLYMERS. FULL-SCALE TESTS

Martinez, Sonia; de Diego, Ana; Castro, Viviana J.; Echevarria, Luis;Barroso, Francisco J.;
Rentero, G.; Soldadoe, R.; Gutiérrez, José Pedro

TRANSFORMING THE CONSTRUCTION IN COASTAL ZONES: IMPLEMENTING GFRP
REINFORCING BARS IN CONCRETE STRUCTURES

Ruiz Emparanza, Alvaro; De Caso, Francisco; Nanni, Antonio

CASE STUDY OF FRP APPLICATION: THE HALLS RIVER BRIDGE

Cadenazzi, Thomas; Ruiz Emparanza, Alvaro; Nanni, Antonio

NSE/EB-FRCM TECHNIQUE FOR STRENGTHENING OF RC BEAMS IN SHEAR

Ebead, Usama; Wakjira, Tadesse

EFFICACY OF NSM HYBRID FRP STRIPS FOR SHEAR STRENGTHENING OF RC DEEP
BEAMS

Ibrahim, Mohamed, Ebead, Usama

STRENGTHENING OF A MASONRY WALL IN SEISMIC PRONE AREA WITH THE CAM
SYSTEM: EXPERIMENTAL AND NUMERICAL RESULTS

Recupero, Antonino; Spinella, Nino

SHEAR STRENGTHENING OF RC BEAMS WITH STEEL REINFORCED GROUT (SRG)
Wakjira, Tadesse; Ebead, Usama

EXTERNALLY BONDED HYBRID CARBON/GLASS FRP STRIPS FOR SHEAR
STRENGTHENING OF RC DEEP BEAMS

1brahim, Mohamed; Ebead, Usama

OPTIMISATION OF STAINLESS STEEL REBARS TO REPAIR MASONRY STRUCTURES
Rodriguez-Mayorga, Esperanza; Ancio, Fernando; Hortigon, Beatriz

EFFECT OF USING MULTIPLE FABRIC PLIES ON THE TENSILE BEHAVIOUR OF
CARBON TEXTILE REINFORCED MORTAR

Younis, Adel; Ebead, Usama
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3.4.- Restoration of artworks.

152

EVALUATION OF THE PHYSICAL AND PATHOLOGICAL STATE USING THE LASER
SCANNER :TECHNIQUE OF THE MURAL FACES OF THE CITY BY THE ARTIST
RAMON VASQUEZ, AT THE SENA DE PEDREGAL FACILITIES IN THE CITY OF
MEDELLIN - COLOMBIA

Pérez-Salazar, Jhony; Caiiola, Herndn Dario; Builes-Jaramillo, Alejandro; Cardona-Chavés,
Myriam; Minera-Zapata, Julian

2262

3.5.- Conservation of industrial heritage.

39

DURABILITY OF THE OLD PREFABRICATED CONCRETE NAVES OF ENSIDESA,
AVILES (SPAIN) )
Lozano, Alfonso; Alonso, Mar; Alvarez, Felipe; Del Coz, Juan José

2270
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142

THE SELECTED ISSUES OF ADAPTATION OF 19TH AND 20TH CENTURY POST-
INDUSTRIAL BUILDINGS IN LODZ

Urban, Tadeusz; Goldyn, Michal 2279
180 ANALYSIS OF THE PLANNED WORKER HABITAT IN THE UPPER & MEDIUM BASIN
OF SIL RIVER (LEON, SPAIN)
Magaz Molina, Jorge 2287
192 NORMATIVE, TECHNICAL AND EXECUTION CONDITIONERS FOR THE
INTERVENTION IN TWO 19TH CENTURY BRICK CHIMNEYS
Gomez Barrado, Sergio; Bustamante Ferndndez, Victor; Carricondo Sdnchez, Elena; Calderén
Bello, Enrigue; Rodriguez Escribano, Rail Rubén 2297
249 CONSTRUCTION OF IRON CARBONATE CALCINATION FURNACES AT THE
CATALINA MINE IN SOPUERTA, BISCAY
Beldarrain-Calderén, Maider 2306
254 OBSOLESCENCE AND RECONVERSION OF AN HISTORICAL MONUMENT IN
SOUTHERN CHILE. THE CASE OF THE RAILWAY BRIDGE OVER THE CHOL CHOL
RIVER, LA ARAUCANIA REGION
Horn, Andrés; Visquez, Virginia; Olivares, Juan Carlos 2317
339 LIFE CYCLE ANALYSES APPLIED TO HISTORIC BUILDINGS: INTRODUCING SOCIO-
CULTURAL VALUES IN THE CALCULUS OF SUSTAINABILITY
Flyen, Anne-Cathrine; Flven, Cecilie; Fufa, Selamawit Mamo 2326
374 HYDRAULIC ENGINEERING OF THE XVI CENTURY IN THE HISPANIOLA ISLAND.
THE SAN CRISTOBAL SUGAR MILL OF DIEGO CABALLERO
Prieto Vicioso, Esteban; Flores Sasso, Virginia 2336
473 APPLICATION OF COST-BENEFIT ANALYSIS TO INDUSTRIAL HERITAGE
REHABILITATION INTERVENTIONS
Falcao Silva, Maria Jodo; Salvado, Filipa; Couto, Paula; Baidgo, Manuel 2347
503 CONSTRUCTIVE SOLUTIONS AND REHABILITATION INTERVENTIONS IN LISBON
WORKER HOUSING CONSTRUCTION: HISTORICAL OVERVIEW
Faledo Silva, Maria Jodo; Baido, Manuel 2356
579 SMART APPROACHES FOR INDUSTRIES CONVERSION THROUGH ADAPTIVE REUSE
MODELS: THE INDUSTRIAL AREA OF BARI-MODUGNO
Vizzarri, Corrado; Baccaro, Arianna; Fatiguso, Fabio 2363
3.6.- Examples of intervention.
29 HIGHER EDUCATION INSTITUTIONS IN HISTORIC BUILDINGS
Bialkiewicz, Andrzej 2372
47 EXAMINING THE RELATIONSHIP BETWEEN NEW FUNCTION AND BUILDING SUB-
SYSTEM INTERVENTIONS OF REUSED INDUSTRIAL BUILDINGS-CASE OF TURKEY
Cakir, Hatice Yasemin; Edis, Ecem 2379
77 MODERN FACADE CLADDINGS REFURBISHMENT: METHODOLOGY AND
APPLICATION TO A SIGNIFICANT CASE STUDY
Mazzucchelli, Enrico Sergio; Stefanazzi, Alberto 2389
99 TRACES OF TIME: SECOND STAGE OF THE RESTORATION PROJECT ON QUINTA
TORRE ARIAS’S CLOSURE WALL, MADRID
Sanchez Arroyo, Jesus; Bustamante Fernandez, Victor; Gomez Barrado, Sergio; Calderén Bello,
Enrigue; Lopez Sanchez, Pedro; Blanco Zorroza, Alberto 2399
123 ASSESMENT OF BUILDINGS OF HISTORICAL PATRIMONIAL VALUE. STUDY CASE:
MANOR "EL LEONCITO", SAN JUAN, ARGENTINA
Saldivar, Mary; Merlo, Alberto; Videla, Federico; Herrera, Fernanda; Garino, Lucas; Flores,
Mario 2410
145 CRACKING OF A EXTERIOR DOUBLE WALL OF A HIGHER EDUCATION SCHOOL
Pinto, M., Padréo, J., Oliveira, A. 2418
214 EXTENSION OF THE 19TH CENTURY ROAD BRIDGE PLATFORM
Collazos-Arias, Felipe; Gareia-Sanchez, David; Ruiz-Bedia Maria L. 2427
243 PRESERVING THE DESIGN INTENT WITH MODERN TECHNOLOGY
Sacks, David 2435
294 THE INTERVENTION PROJECT OF THE “BANCO PELOTENSE DO VALE DO CAI”
Betemps Vaz da Silva, Juliana; Uez, Pablo Cesar; Rauber Motter, Cristiane; Deitos Dalmas,
Mirela; Langaro, Carmen Silvia 2443
302 SAN FRANCISCO RAMADA: RELIGIOUS VICE REGAL ARCHITECTURE IN
LAMBAYEQUE - PERU
Chirinos, Haydeé; Zdarate, Eduardo; Beltran, Freddy 2451
310 FEASIBILITY STUDY AND CONTROL OF THE CONSTRUCTION IN THE
REHABILITATION OF TRADITIONAL DWELLINGS: REHABILITATION OF MANOR
HOUSE IN ARDANAZ DE EGUES (NAVARRA)
Torres-Ramo, Joaquin; Quintanilla-Crespo, Veronica 2460
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METHODOLOGICAL PROCESS FOR THE INTERVENTION IN THE PATRIMONIAL
BUILDINGS OF THE NEIGHBORHOOD EL VERGEL, "LAS HERRERIAS" STREET,
CUENCA - ECUADOR

Rodas, Catalina; Auquilla, Silvia; Rodas, Tatiana; Barsallo, Gabriela

COMMISSIONING OF AIR-CONDITIONING AND VENTILATION SYSTEMS IN A
PUBLIC MUSEUM STORING HISTORICAL CULTURAL PROPERTIES

Ishikawa, Kazuki; Iba, Chiemi; Ogura, Daisuke; Hokoi, Shuichi; Yokoyama Misao

ANOMALIES IN THE PARTITION WALLS OF A PUBLIC BUILDING: ANALISYS OF
POSSIBLE CAUSES AND REPARING STRATEGY

Sousa, Rui; Sousa, Hipolito; Vila Pouca, Nelson

EVALUATION OF CONSERVATION STATE AND STRUCTURAL SAFETY OF A WOOD
STRUCTURE AND PROPOSAL OF INTERVENTION MEASURES

Sousa, Rui; Faria, Amorim

XIX CENTURY BRIDGE REPAIR, IN DEBA, NORTH OF SPAIN DUE TO THE VERTICAL
SUBSIDENCE OF ONE OF ITS PIERS

Cosano Lopez-Fando, Luis; Collazos-Arias, Felipe; Echeveste, Txomin ; Garcia-Sanchez, David
TECHNOLOGICAL  ANALYSIS, TYPOLOGICAL FEATURES AND SEISMIC
VULNERABILITIES OF POST-WORLD WAR II ITALIAN SCHOOL BUILDINGS

Monni, Francesco; Maracchini, Gianluca; Quagliarini, Enrico; Lenci, Stefano

OPTIMIZATION OF AN ACTIVE DEPRESSURIZATION SYSTEM, FOR RADON
MITIGATION IN AN EXISTING BUILDING IN MADRID

Frutos, Borja; Alonso, Carmen; Muioz, Eduardo; Martin-Consuegra, Fernando,; Sainz, Carlos;
Oteiza, Ignacio

RIONE FOSSI AND THE DUCAL PALACE OF ACCADIA: RECOVERY CRITERIA,
SEISMIC RETROFITTING AND REHABILITATION

Viskovic, Alberto; Radogna, Donatella; Casamassima, Giorgia Noemi

LOCAL HERITAGE ENFORCEMENT METHODOLOGY: A GLOBAL PROCESS OF
IDENTITY REVIVAL. STUDY CASE OF THE TOWER OF THE CHURCH OF THE
ASSUMPTION (GUADALCANAL, SEVILLA)

Rincon-Calderon,José Maria, Galan-Marin, Carmen; Rivera-Gomez, Carlos

COSTS AND TECHNOLOGIES IN SCHOOL BUILDINGS REHABILITATION WORKS
Neto, Tiago; Couto, Paula;Falcdo Silva, Maria Jodo,; Baido, Manuel; Pinho, Fernando
REHABILITATION OF THE ROOF STRUCTURE OF THE MULTIUSE ROOM OF THE
“ALVES MARTINS” SECONDARY SCHOOL, VISEU, PORTUGAL

Negrdo, Jodo

PATRIMONIAL STUDY OF THE REAL FELIPE FORTRESS OF CALLAO-PERU

Celis Estrada, Diego Javier

ALMALLUTX: A RENOVATION PROPOSAL IN A VERNACULAR ARCHITECTURE
EXAMPLE IN SIERRA DE TRAMUNTANA (MALLORCA)

Martinez Cuart, Irene; Gonzdalez Yunta, Francisco; Moreno Ferndndez, Esther; Sepulcre Aguilar,
Alberto
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50 DIRECTIVES FOR THE EVALUATION OF THE CONDITIONS OF THE ENVELOPE OF

CURRENT BUILDINGS IN CONDOMINIUM REGIME

Neves, Vitorino; Lanzinha, Jodo sersisie AR
83 GENIA: INSPECTION, EVALUATION AND BRIDGE MANAGEMENT TOOL

Piitero Santiago, Ilgnacio; Diez Herndndez, Jesus; Salgado Marina, David; Cuadrado Rojo,

Jestis; Orbe Mateo, Aimar TR .

203 METHODOLOGY FOR THE STUDY OF PATHOLOGIES IN POST-TENSIONED SLAB
BRIDGES. AN APPROACH TO MONITORING AND CONTROL

Lopez Rodriguez, Eduardo; Carpintero Garcia, Ismael e 2004
468 THE COMMON MISTAKES DURING THE INTERVENTION IN EARTHEN VERNACULAR

ARCHITECTURE

Gareia, Gabriela; Caldas, Victor; Vdzquez, Marcelo e 2013

518 AIR POLLUTION IMPACTS ON TRADITIONAL BUILDING MATERIALS: FROM
SAMPLE EXPOSURE TESTING TO AN URBAN SCALE ASSESSMENT
Vidal, Fabio; Vicente, Romeu; Mendes Silva, J.; Dias, Daniela; Pina, Noela; Tchepel, Oxana v 2022

55 RISK ANALYSIS METHODOLOGY APPLIED TO EARTHEN FORTIFICATIONS. THE

TORRE DE RIJANA: A CASE STUDY

Gutiérrez-Carrillo, M® Lourdes; Bestué Cardiel, Isabel; Molina Gaitan, Juan C.; Molero

Melgarejo, Emilio . . 1. |
96 MICROCLIMATIC ANALYSIS IN THE LIBRARY OF THE FACULTY OF HUMANITIES

AND EDUCATION SCIENCES, UNIVERSITY OF LA PLATA, ARGENTINA: A CASE-

STUDY

Gomez, Analia Fernanda; Diulio, Maria de la Paz e, 20640
178 VULNERABILITY AND IDENTIFICATION OF EVACUATION ROUTES FOR HAZARDS

IN THE HISTORIC ENVIRONMENT OF THE LOWER ALBAYCIN

Martinez Ramos e Iruela, Roser; Martin Martin, Adelaida; Gareia Nofuentes, Juan Francisco eveeene. 2648
234 CULTURAL HERITAGE MAINTENANCE CAMPAIGNS AS TRIGGERS OF
PARTICIPATORY PROCESSES IN THE CITY OF CUENCA (ECUADOR)

Tenze, Alicia; Garceia, Gabriela; Jara, David; Cardoso, Fausto; Amaya, Jorge veenee 2659
236 WHOLE HISTORICAL STUDIES OF FIFTY BRIDGES OF THE SPANISH ROAD AND

RAIL NETWORKS

Carpintero Garcia, Ismael; Rueda Puerta, Jorge v, 2068

248 A CASE STUDY ON SEISMIC VULNERABILITY ASSESSMENT OF MASONRY

BUILDINGS BY USING CARTIS DATABASE

Olivito, Renato S.; Porzio, Saverio; Codispoti, Rosamaria; Scuro, Carmelo sivamivnseis BOTT
278 MAINTENANCE BOOKLETS FOR BUILT HERITAGE, APPLIED IN THE HISTORICAL

CENTER OF CUENCA - ECUADOR

Barsallo, Gabriela; Cardoso, Fausto; Astudillo, Sebastian; Achig-Balarezo, Maria Cecilia s DR
396 METHODOLOGIES FOR EVALUATING THE IMPACT OF CLIMATE ASPECTS ON

HERITAGE CONSTRUCTIONS: A DELPHI METHOD APPLICATION

Carpio, Manuel; Prieto, Andrés J. sissaasies 2094
460 RISK ASSESSMENT AND ACTIONS FOR MAINTENANCE OF PUBLIC BUILDINGS -

CASE OF THE MUSEU NACIONAL/RIJ

Chaves Gongalves Tavares, Danielle; Qualharini Linhares, Eduardo; da Silva Ramos, Maiane v L2703
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253

276

335

376

572

NUBIAN AUTHENTIC CULTURE NOW, BETWEEN COMMODIFICATION AND
ENDURANCE

Sherif, Nagwa

CULTURAL TOURISM AROUND NON-MONUMENTAL HERITAGE: THE CASE OF THE
PUREPECHA EMPIRE

Niuifez-Camarena, Gina; Loren-Méndez, Mar

CULTURAL TOURISM IN EUROPE. DISCOVERING HERITAGE CREATED BY WOMEN
ARCHITECTS AND DESIGNERS

Di Mari, Giuliana; Franchini, Caterina; Garda, Emilia; Renzulli, Alessandra

CANNING PORTIMAO. PROPOSAL OF A PEDESTRIAN ROUTE IN PORTIMAO,
PORTUGAL

Grade, Antonio; Gongalves, Marta Margal: Penetra, Andreia

BUCHAREST IN BETWEEN RECOGNIZING AND MANAGING HERITAGE BUILDINGS
Prisecaru, Delia Alexandra

THE EXPERIENCE OF ITALICA GREENWAY. CULTURAL AND ETHNOLOGICAL
HERITAGE IN AN AGRICULTURAL ENVIRONMENT IN THE ALJARAFE. SEVILLE,
SPAIN

Barrios-Padura, Angela; Mayoral Campa, Esther; Molina-Huelva, Marta

ADAPTING HERITAGE SITES COMPRISING AN ARCHITECTURAL HERITAGE TRAIL
FOR THE PURPOSES OF TOURISM. PROTECTING THE VALUES OF THE CULTURAL
LANDSCAPE

Sroczynska, Jolanta

2715

2723

2732

2741

2749

2756

2764

238

271

565

LUDIC LEARNING AS A TOOL TO VALUE THE IDENTITY AND CULTURAL
HERITAGE IN EL SALVADOR WITH UNIVERSITY STUDENTS

Avendaiio, Ayansi; Zarceiio, Ada

THE CITY AS A LABORATORY: TEACHING PRACTICE IN THE FIELD OF HERITAGE
CONSERVATION. THE CASE OF CUENCA-ECUADOR

Tenze, Alicia; Cardoso, Fausto; Achig, Maria Cecilia

USE THE FLIP TEACHING METHODOLOGY TO ENHANCE THE TEACHING-
LEARNING PROCESS IN UNIVERSITY EDUCATION

Tuesta Durango, Nelson; Villanueva Valentin-Gamazo, David; Palacios Burgos, Francisco;
Alvarado Lorenzo, Mario; Aldavero Pefia, Cristina; Cantalapiedra Cantalapiedra, A'ngel

2772

2780

2789

60

122

151

252

255

VIRTUAL REBUILDING OF THE OLD DEMOLISHED DRAWBRIDGE OF PIRAN

Kuhta, Milan; Humar, Gorazd, Rebolj, Danijel
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ABSTRACT

The realization of a Nearly Zero Energy Building (nZEB) school cannot ignore the proper design of the
building distinguishing features (shape, orientation and distribution of functional bands and units,
window-to-wall ratio — WWR, structure, technological solution for the external envelope, solar shadings
etc.) already during the preliminary phase of the design process in order to minimize the energy needs
according to the climate zone of construction. At the same time it is necessary to identify the appropriate
relationship between building and plant and consequently the share of energy ensures by renewables. In
Italy, since 1*" January 2017, for new buildings the 50% of energy needs for service hot water, heating
and cooling must be guarantee by renewable energy. This is strictly related to the demands of “2050
low-carbon economy” (2018) that requires a decrease in greenhouse gas emissions equal to 80% by
2050. The paper concerns with the three new typological models for kindergartens, defined in a previous
stage of the research, to design Nzeb schools in the Mediterranean area: one with compact shape with
internal courtyard and two with a predominant linear shape respectively with three and six classrooms.
In this case an electric heat pump (air-water) for heating, ventilation and air conditioning (HVAC) and
service hot water powered by an integrated photovoltaic system in the building and lighting systems,
plackloads and auxiliary system related to HVAC with high energy efficiency were used. The study
aims at investiganting the influence on energy produced by photovoltaic panels of the shape and the
geometry of the roof and the orientation of the building, considering three cities belonging to different
Italian climate zones. The modeling of the system and the energy simulation in dynamic regime with
hourly time step were carried out with Design Builder. To estimate the energy production of photovoltaic
panels PVGIS software was used considering the system extendend to the available area of the roof. The
goal is to define and to optimize the system in term of electricity production, in order to obtain a positive
electricity balance and make the system able to share energy with other users.

KEYWORDS: Sustainable schools; nZEB schools; energy consumption; renewable energy; PV panels.
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1. INTRODUCTION

1.1. Literature review

The solar energy is the most widely and freely available in nature among the other renewable resources.
The term renewable resource appeared in the scientific literature in the beginning of 20" century as a
resource that can be used to prevent the utilisation of fossil fuel [1]. A distinction is immediately
identified between a renewable energy source like wood that is not forever available and inexhaustible
ones like wind, hydro and solar radiation [1]. Nowadays the International Energy Agency (IEA) gives
this definition of renewable energy: “energy derived from natural processes that are replenished at a
faster rate than they are consumed”. In the context of the Paris Agreement the exploitation of renewable
resources is one of the best ways that will ensure the minimisation of gas emissions in the atmosphere
and so it will lead to decarbonisation within 2050. In fact, the development of systems to produce clean
energy is one of the necessary phases in order to face problems deal with pollutants emissions and
climate change in the future [2]. The solar energy that the sun emits is approximately 3.8E* kW [3] and
the Earth receives a nearly constant solar specific radiation (1360 W/m?) outside its atmosphere [4]. To
reach ground level, traveling through the atmosphere, a variable part of this radiation can be absorbed
and partly discarded or reflected. The solar energy, at ground level is strictly linked to the geographic
position, the latitude and the climate characteristics that necessarily affect the amount of energy that the
earth receives. The development of the solar industry is one of the utmost options to face the energy
crisis, to meet the future energy needs and reduce the impacts of the greenhouse gas emissions on Earth's
climate due to human activities [5], [6]. Photovoltaic is an enhanced technology to convert directly solar
energy in electricity. At first used to produce electricity in aero spatial applications, in the last three
decades this technology attained a huge growth in conversion efficiency as much as in reliability,
achieving a leadership in small power green electricity production market. There are different types of
photovoltaic panels related to the type of material of the photovoltaic cell that catches the solar radiation
[7]-[9]- Today photovoltaic systems are frequently used in civil applications, to supply the electricity
needs of the users. It is necessary to merge the aleatory availability of the solar energy source with the
user energy request profile and it’s possible to use storage system and share electricity by the grid with
other users. The photovoltaic technology can open new perspectives to spread the solar renewable
energy source use when applied in a “smart” integrated system. The impacts of the greenhouse gas
emissions on Earth's climate due to human activities are the big deal of this century and climate changes
and reduction of greenhouses effects are the most relevant challenges. Renewable energy sources can
help mankind to win this dare.

1.2.  Aim of the study

The realisation of a neutral carbon school building cannot ignore the use of renewable sources. The legal
standards of the most part of the European countries impose that renewable energy sources be the
relevant energy production system: in Italy as example, since 1* January 2017 [10], for new buildings
the 50% of energy needs for service hot water, heating and cooling must be guarantee by renewable
energy. Photovoltaic system offers a simple and smart solution for the integration of renewable source
onto a building. It can be easily integrated on the building envelope and typically the roof is its more
convenient and obvious positioning. The sizing and designing methods of the PV system are generally
guided by an economic optimal cost using building electrical energy needs as load to satisfy. In our
work a different point of view is considered, aiming at sizing the PV system to maximize the electric
production in order to make the building an energy-plus system, able to share electrical energy with the
surrounding building or electric grid. This can be a winning strategy to plan and manage renewable
energy production in smart and sustainable cities. Furthermore, the production of electricity with PV
system reduces the CO, emissions in the atmosphere of about 0.53 kgCO,/kWh [11] and it is important
to stress out that the conversion factor for the calculation of the total amount of CO; emissions of a
building during the operational phase for the use of renewables is obviously equal to 0 kgCO»/kWh.
This is closely connected with the goals of the Paris Agreement concern with the neutral carbon
economy. In fact, this is helpful to decrease the environmental impact of the building with its related
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consumptions and to face the climate change. The main aim of the study in the paper is to design a
photovoltaic system for the 3 new typological models for kindergarten, determined in a previous phase
of the research [12], in order to obtain the maximisation of the electrical production. An extensive
analysis has been made to find the configuration of PV panel that, considering different orientation and
tilt of the PV panels, considering the requested distance to prevent shading between succeeding rows,
maximise the electricity production. The design of this kind of PV system that exploits the entire
available surface on roof top leads to an overplus electrical annual energy production intended as the
difference between the annual energy produced by PV system and the final annual energy required by
the building. As previously hinted in the abstract the analysis presented is a part of a broader work of
research aimed at delineating quantitative and qualitative guidelines as a supportive tool for the
designers during the early stage of the design process with the aim of realising nZEB schools in the
Mediterranean Area. Three different models for kindergarten has been defined from morphological,
dimensional and aggregation point of view and they represents the needs required of both current
teaching methods and public administration that realize schools. Then the optimisation of the main
building features [13], [14] was done. The present stage concerns with minimise the primary energy
demand and the CO; emissions during the operational phase of the analysed buildings. The main goal
is to maximise the production of the electrical energy by PV choosing the optimal configuration, mainly
considering the environmental impact in terms of avoided CO, and investigating some design
parameters.

2. METHOD

First, to evaluate the influence of some design criteria on the PV system performance the analysis was
carried out considering 3 different locations belonging to 3 different Italian climate zones [15] which
are representative of Mediterranean climate: Milan (climate zone E), Florence (climate zone D) and
Palermo (climate zone B). Then different architectural parameters are considered and investigated: the
shape of the roof of the building (considering the 3 typological models for kindergarten), the orientation
of the PV panels on the roof (south and east/west) and the tilt angle with respect to the horizontal plane
of the PV panels for which a parametric analysis was done, varying it within a range between 10° and
80° that influences the area of the PV panels and consequently the producibility. This parametric analysis
allows to identify the optimal distribution of the PV panels on the roof with the aim of maximising the
annual electricity production (considered in this case as the sum of plus electricity production for each
month). The surplus energy production is calculated with the difference between the energy produced
by PV panels organised in the whole available area of the roof and the final energy consumption for
heating, cooling, service hot water, lighting and equipment. In this study to calculate the maximum
available area for PV panels installation, the minimum distance between PV panels rows in order to
guarantee no mutual shading was establish, considering an inclination of solar rays at 1:00 p.m. related
to the 21" of December for south orientation and an inclination equal to 10° for east/west orientation.
Furthermore, the minimum distance is set at least equal to 70 cm in order to guarantee the minimum
space for maintenance. The simulation of PV panel was carried out with PVGIS-5 software available
online and for this analysis the main dimensions of one panel are equal to A =1 m x B =1.70 m. The
crystalline silicon technology for PV panels (monocrystalline panels) was chosen with an installed pick
power equal to 0.15 kWp/m? and system losses equivalent to 14%. The price for the PV panel for the
economic analysis is equal to 90 €/m? and the electrical energy one is about 0.2 90 €/kWh. These values
are chosen because they are the most recurrent in the PV system market. Finally, for each analysed
model, a considerable surface equal to 50 m? dedicated to the air handling unit (AHU) for mechanical
ventilation and all connected auxiliary systems is removed from the available area of the roof. The
energy simulation in dynamic regime with hourly time step of the 3 typological models was performed
with Energy Plus using Design Builder as graphical interface. Obviously, it is fundamental to point out
that the final energy consumption of the analysed buildings, used to determine the plus electricity
produced by PV, is strictly linked to both functional bands and units’ distribution, orientation, intended
use, occupancy level and the whole set up of Design Builder templates.
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3. INPUT DATA
3.1. Climate zones

The study of the PV systems was carried out looking at 3 different cities representative of the
Mediterranean area and belonging to 3 different climate zones in line with the national law D.P.R.
412/1993 [15] according to the number of heating degree days (HDD). Table 1 illustrates the following
characteristics about chosen cities: altitude alt, latitude lat, longitude long, heating degree days HDD
and Koppen Geiger climate classification K-G.

Table 1: Characteristics of the chosen cities

City alt lat long HDD | K-G Climate zone

Milan 122 | 45.62° 8.73° | 2404 | Ctb E
Florence | 50 41.8° 12.23° | 1415 Cfb D
Palermo | 34 38.18° 13.1° 751 Csa B

For the energy simulation of the 3 typological models for kindergarten performed with the software

Energy Plus, the climate data of a typical year calculated by the Italian Technical Committee (CTI) are
used. They are based on the European standards EN ISO 15927-4.

3.2. Basic models

To investigate the shape of the roof and so the different area and the distribution of the PV panels 3
different new typological models for kindergarten have been considered, previously outlined by the
research [12] and designed with an internal distribution organised on a single ground floor: one with
compact shape and an internal courtyard with 3 sections (model 11) and 2 with predominant linear shape
with 3 (model 12) and 6 (model I3) sections respectively. Table 2 illustrates the main geometrical
characteristics (volume V, area S, length A, width B, internal height H) and some concern technological
solutions for walls and glasses (thickness t, thermal conductivity %, thermal transmittance U for each
climatic zone, thermal transmittance Uy for glass, solar factor g and light transmittance) of the considered
models.

Table 2: Geometrical and technological characteristics of typological models for kindergarten

Geometrical characteristics
Model V [m] S [m?] A [m] B[m] | H[m]
I1 5154.6 888.7 37.8 29.8 44
12 5534.8 954.3 75.6 14.9 4.4
I3 10764.8 1736.3 100.8 19.5 4.8
Technological solution for the external wall
Layer Material t[m] | A[W/mK] U [W/m’K]
1 External plaster 0.025 0.9
2. Zone E-D Wood fiber 0.14 0.038 0.20
2.Zone B Wood fiber 0.04 0.038 0.42
3 XLAM 0.130 0.12
4 Acoustic insulation 0.02 0.048
5 Gypsum bard 0.015 0.21
Glasses characteristics
Zone U, [W/m%K] g [%] Light transmittance [%]
E 1.1 52 75
D 1.2 50 74
B 2.5 69 78

The thickness of insulation for walls required to comply with thermal transmittance of the envelope
elements has been identified according to Italian law limit [10] in different climate zones (B, D, E). For
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the ground floor layer, the solution with plastic formwork for underfloor ventilation was completed with
expanded polystyrene (EPS) insulation layer. Finally, related to windows, a thermal break frame was
adopted and a double glazing with different properties was used according to the climate zone. On
southern facade for each models a shading system has been designed and realized with an overhang of
2 m against each window in the fagade.

3.3. Design Builder templates settings

For each different thermal zone, in which buildings have been divided, many parameters were defined
in the templates’ settings: occupancy (person/m’) according to UNI 10339, minimum air change rate
refers to the same legislation and finally internal gains in line with UNI/TS 11300-1. Concerning level
of illuminance UNI EN 12464-1 was considered. Regarding simulations, lighting control was used with
the maximum index of glare allowed. Systems are simulated through HVAC simple and main design
parameters are shown below (they are the same for each climate zone in order to have the similar basic
condition to perform parametric analysis concerns with PV panels):

- controlled mechanical ventilation (VMC): free cooling and sensible heat recovery with 90% of
efficiency;

- heating/cooling system: heat pump with coefficient of performance COP = 3.6 and efficiency
energy ratio EER=3.2;

- heating setpoint: 20°C activity period — 10°C during the rest of the day;

- cooling setpoint: 26°C activity period — 36°C during the rest of the day.

4. RESULTS AND DISCUSSION

In the following paragraph the main results of the analysis of the PV systems are illustrated and
discussed. Figure 1 is related to the model I1 and it illustrates the available area measured in m? for each
tilt angle considered for the 3 cities analysed for south oriented PV panels (blue columns) and east/west
ones (pink columns in the graph). While figure 2 shows the PV output in kWp always referred to the
model I1 and the all cities and both orientations for the distribution of the PV panels rows. Only the
figures related to the model 11 are reported in the paper for brevity, but all the results obtained are
commented.
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Figure 1: PV panels area for model 11
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Figure 2: PV output for model I1

As showed in figure 1, obviously, the model 11 situated in the city of Palermo lets to have the major
available surface of PV panels with the tilt angle equal to 20° for south orientation. This is strictly linked
to the value of the inclination of the solar rays (o = 28.43°) that allows to obtain a smaller value of the
minimum distance between PV panels rows. For Florence and Milan, the higher available area on the
roof for the installation of the PV panels is obtained with a tilt angle equal to 10° with a minimum
distance between panels rows equal to 70 cm.

In general, the model I3 permits to obtain the higher surface of PV panels for all the cities and
considering both orientation because it presents a superior value of the available surface on the roof (for
instance with respect to the model I1 with PV southern oriented there is for a tilt angle equal to 10° an
increase in the surface measured in m? of about 60%).

The most interesting thing that Figure 2 demonstrated is that the PV panels eastern/western oriented lets
to obtain the most electrical energy production with a tilt angle equal to 10°C inasmuch the available
area for PV panels increases of about 30% with respect to the same tilt angle for south orientation. This
is valid for all the analysed city.

Furthermore, figure 2 showed that until a tilt angle equal to 30° the east/west orientation are better than
south one for all the cities. For Milan this situation is valid until a tilt angle equal to 80°. With the
increasing of the tilt angle the south orientation is advisable in order to obtain the maximisation of the
producibility of PV panels for Florence with only 70° and 80° of the tilt angle while for Palermo the
south orientation is better from an inclination of 40°.

For all the cities there is a decrease in both the area (figure 1) and the PV output (figure 2), and
consequently in the producibility, until the tilt angle equal to 60° and then within 80° a slight increase
is happened. This is valid for all the analysed models.

Figure 3 shows the results of the energy produced by PV panels related to the entire area of the 3
considered buildings. For the city of Florence, the trend changes in correspondence of 30° while for
model 12 and I3 for 40° of the tilt angle.
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Figure 3: Energy produced by PV system for 3 models situated in the city of Florence

Therefore, it is essential to carefully analyse the plus electrical energy production in order to calculate
the total amount of CO- emissions avoided with the production of this electricity that can fed in the
public grid and used by others building in the context of realizing smart cities in the next future. It is a
significant step to evaluate the environmental impact of the construction of a PV system and the related
payback period, considering the whole available area on a roof with the aim of maximising the
producibility.

Figure 4 exhibits the plus energy production of the Model I1 (for brevity as explained before) examining
the all cities and both orientation of the PV panels rows for each tilt angle considered.

The results reported in figure 4 are rigorously linked to the final energy demand of the model 11 in each
city and it is important to remind that for the city of Milan the most considerable energy needs is required
because of the heating system being in climate zone E.

As showed in figure 4 the uppermost production of plus electrical energy is obtained for all the cities
where the models are situated for the energy simulation is obtained for east/west orientation of the PV
panels with a tilt angle of 10°. For instance, for the city of Florence, considering a tilt angle equal to
10°, the difference between south and the best orientation in the plus electrical energy production is of
about 28 kWh/m?y. For Palermo there is the most noticeable difference between the two examined
configurations with a value of about 38 kWh/m?y. This is valid also for the other studied typological
models (12-13).

Thereafter, it is possible to admit that the first configuration is the one that leads to an increase in plus
electrical energy production due to the maximisation of the area of the panels and so it is the most
environmental-friendly.

Consequently, considering for instance the city of Florence, for east/west orientation the CO, avoided
for other buildings connected to the public grid that exploits the plus energy produced by the school PV
system is equal to about 52 kgCO,/m?y versus an amount of about 30 kgCO,/m?y considering the most
recurrent tilt angle (30°) and orientation (south) of the PV panels in the Mediterranean area.
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Figure 4: Surplus electricity production for model I1 in all cities

Speaking about these results it is fundamental to remark that between the monthly simulation and the
hourly time step simulation there is a difference of about 10% (for instance for Florence for model I1
there is a difference of about 5300 kWh in one year between hourly and monthly simulation for the
optimal configuration). The most advantageous simulation is the hourly time step one for the surplus
energy production. This is linked to the consideration of the simultaneity of the production of the surplus
electrical energy in the hourly time step evaluation, which does not happen in the monthly one.
Therefore, with monthly calculation there is an underestimation of both the plus electrical energy
production and the electrical energy required from grid when the one powered by PV panels is not
available.

If the payback period for Florence city for model I1 is evaluated in terms of CO, emissions for the
construction of the PV panels, considering an operational life of 30 years, the results stressed out that:
for the optimum configuration with a tilt angle of 10° and east/west orientation of the PV panels rows
the payback period is equal to about 2 years while for the most recurrent configuration for the
Mediterranean area is of about 4 years. The payback period of a PV systems with an angle of 30° and
southern oriented can be considered double. Despite if an economical point of view is considered the
initial investment cost for the optimal configuration is higher than the most recurrent one of about 30%.
The payback period for the construction of the whole PV system is of about 4 years while for the optimal
configuration for producibility is 3 years and a half. So, for the public administration that realises the
construction of a school where there is a precise budget to spend also this consideration is equally
substantial to consider.

5. CONCLUSION

In conclusion, as a matter of fact, in order to maximise the producibility of a PV system installation in
the Mediterranean area, considering the 3 new typological models for kindergarten, it is necessary to
decrease the inclination of the PV panels from the most recurrent one equal to 30° until 10° and to
change the orientation of PV panels rows from south to east/west. This is strictly linked with inclination
of solar rays that for this optimal orientation does not cause shade between panels rows during the day.
This is leads to a reduction of the CO, emissions as well (for instance ~ 44500 kgCO-/y for model 11)
because this configuration lets to obtain a higher production of plus electrical energy that can fed the
public grid and can be exploited by other buildings in the district. So, it can be considered as the most
environmental-friendly installation.
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