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Presentacion

Este libro recoge las comunicaciones seleccionadas
para el 11° Congreso Europeo sobre Eficiencia Ener-
gética y Sostenibilidad en Arquitectura / 4° Congre-
so de Construccion Avanzada, organizado por el gru-
po de investigacion Calidad de Vida en Arquitectura
de la Universidad del Pais Vasco/ Euskal Herriko Uni-
bertsitatea en colaboracion con Eraikune, el Claster
de la Construccion de Euskadi. El congreso, que se
celebra en el marco de los XXXIX Cursos de Verano
de la UPV/EHU, aborda en esta edicion el tema de
la “DISRUPCION". Alrededor de este tema general se
desarrollan 16 ponencias magistrales, ademas de 11
comunicaciones seleccionadas por el comité cien-
tifico que presentaran trabajos de investigaciones
actuales en las sesiones orales y poster.

El Congreso pretende aprovechar la sinergia produ-
cida por la intervencion de ponentes y participantes
con perfiles diversos para analizar y proponer res-
puestas a los problemas actuales con profundidad y
especificidad a partir de un marco general integra-
do. El objetivo paralelo del congreso es fortalecer
las lineas de investigacion en eficiencia energética
y sostenibilidad y de construccion avanzada de los
grupos de investigacion y formacion de la UPV/ EHU
comprometidos con esta propuesta, con objeto de
colaborar en el reforzamiento de la [+D+i en su am-
bito de conocimiento y apoyar la apuesta especifica
de los Gobiernos Central y Vasco, asi como de otras
instituciones nacionales e internacionales respecto
a las actividades de 1+D+i en las materias relaciona-
das con el cambio climatico, la eficiencia energética,
la sostenibilidad ambiental en un entorno de com-
petitividad equilibrado. Durante el congreso se hara
entrega de la séptima edicion del Premio VEKA a la
mejor comunicacion oral del Congreso con el obje-
tivo de fomentar y recompensar las presentaciones
de calidad. Se entregaran al autor o autores de las
comunicaciones que, segun la valoracion por pares
realizada el Comité cientifico, sean merecedoras de
tales galardones. Finalmente queremos agradecer a
las instituciones y empresas que colaboran con esta
undécima edicion del Congreso: Vicerrectorado
del Campus de Gipuzkoa, Vicerrectorado de Inves-
tigacion, Escuela Técnica Superior de Arquitectura,
Departamento de Arquitectura, Departamento de
Educacion del Gobierno Vasco, y demas institucio-
nesy empresas patrocinadoras.

Comité organizador

Introduction

This book collects the papers selected for the11th
European Congress on Energy Efficiency and Sus-
tainability in Architecture / 4 Congress of Advanced
Construction, organized by the research group Qual-
ity of Life in Architecture of the University of the
Basque Country / Euskal Herriko Unibertsitatea in
collaboration with Eraikune, Cluster of Construction
of Euskadi. The congress, held in the framework of
the XXXIX Summer Courses of the UPV / EHU, ad-
dresses in this edition the theme of "“DISRUPTION".
Around this general topic 16 lectures are developed,
in addition to 11 communications selected by the
scientific committee, which will present current re-
search works through oral sessions and posters.

The Congress aims to take advantage of the syn-
ergy produced by the intervention of speakers and
participants with diverse profiles to analyze and
propose answers to current problems with depth
and specificity from an integrated general frame-
work. The parallel objective of the conference is to
strengthen the lines of research on energy efficiency
and sustainability and advanced construction of the
research and training groups of the UPV / EHU com-
mitted to this proposal, in order to collaborate in the
reinforcement of R & D & | in its field of knowledge
and to support the specific commitment of the Cen-
tral and Basque Governments, as well as other na-
tional and international institutions regarding R & D
& | activities in subjects related to climate change,
energy efficiency and Environmental sustainability
in a balanced competitive environment. During the
congress, the seventh edition of VEKA Award will be
presented for the best contribution to the Congress,
which aims to encourage and reward quality pres-
entations. They will be delivered to the author or au-
thors of the communications who, according to the
peer assessment made by the Scientific Committee,
are deserving of such awards. Lastly, we would like
to thank the institutions and firms that collaborate
with this eleventh edition of the Congress: Vice-Re-
corate of the Gipuzkoa Campus, Vice-Rectorate of
Research, Higher Technical School of Architecture,
Department of Architecture, Department of Educa-
tion of the Basque Government, and other sponsor-
ing institutions and firms.

Organizing Committee
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City, sustainability and health, are they compatible?
Ciudad, sostenibilidad y salud, ;son compatibles?

Ester Higueras', Emilia Roman’

ABSTRACT

Town planning must respond to the challenges, concerns, and demands of 21st century society, as it has
done since the beginning of this discipline in the 19th century. Some of the greatest challenges at present are
climate change and the ageing population, both global and transdisciplinary issues. Planner should be able to
provide a response to address a healthy design of city neighbourhoods; is health design compatible with the
principles of sustainability and SDGs; how can we face up to them? The communication explains the results
of various researches delivered by the Department of Urban and Regional Planning since 2015, focusing on
these questions, and from which very specific strategies and action plans, have been found for the transfor-
mation of residential neighbourhoods into living, complex, and healthier spaces with fewer environmental
problems.

In 2018, the Spanish Ministry of Health, Consumer Affairs and Social Welfare commissioned the preparation
of a Guide to the Healthcare Design of Spanish Neighbourhoods (Farifia, Higueras, Roman, 2019), which was
presented in November 2019 at the headquarters of the Spanish Federation of Municipalities and Provinces
in Madrid (FEMP). The Guide summarizes the main arguments in three main Action Plans that articulate the
whole document. The healthiest neighbourhoods will be those that (1) encourage walking for everyday acti-
vities, (2) increase the presence of connected green areas and (3) create spaces for intergenerational coexis-
tence. The three lines of this Action Plan aim to provide a solution to the main problems of the pre-COVID city,
which were obesity, cardiovascular and respiratory diseases, thermal shocks caused by episodes of extreme
heat or cold, accidents and mental health (Delivering Healthier Communities in London, 2007).

In addition, two projects won in the European Union's competitive call for proposals (Uni-Health in 2019,
https://blogs.upm.es/unihealth/ and Urb-HealthS in 2020 https://blogs.upm.es/urb-healths/programa, have
enabled this Action Plan be taken as a pilot study case, in Usera and Alcorcon respectively.

However, with the outbreak of the COVID-19 pandemic, a new question has raised as to whether sustaina-
bility measures are compatible with health actions, focusing the debate mainly on density. In view of this
circumstance, it is necessary not to lose density and complexity, because both are the essence of the city,
but both should be conveniently studied and re-articulated to reduce infection in specific risk periods, always
thinking of the neighbourhood as a refuge structure with mixed uses and walkable areas, same as the 15-mi-
nute urban area proposed in Paris in 2020.

Rey Words: Complex neighbourhoods, urban health, aging, climate change.

(1) Departamento de Urbanistica y Ordenacion del Territorio ETS Arquitectura, Universidad Politécnica de Madrid.
ester.higueras@upm.es, emilia.roman@upm.es
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Intervention in the existing city. Who said fear?
La intervencion en la ciudad existente: ;quién dijo miedo?

Ignacio de la Puerta’

ABSTRACT

Intervention in the built city is not something new. The nineteenth century was the scene of the develo-
pment of many European cities that, at the mercy of industrial development and the appearance of the
railway, made possible migratory movements of many people and families. Those who, in search of a better
future in which to develop their vital expectations, abandoned their places of origin in rural areas to seek a
new life in the new emerging cities.

This population movement, together with the increase in life expectancy and the drastic reduction in
mortality at births, came to the consequent change in the replacement rate. This phenomeno caused the
most active cities to overflow, generating informal settlements in the peripheries of cities due to speculation
and lack of land and adequate places to host all the people who arrived attracted by the vitality that was
beginning to be generated in these urban environments.

The sanitary, hygiene and access problems to basic services, as well as those derived from the coexistence of
animals and people in the cities, led to a process of sanitation and planning of new extensions to solve the
needs and demands that the growth of the urban population required.

The Charter of Athens came up with the best solutions to those conflicts, and the motor vehicle became the
ecological solution of the moment to all urban problems. Today it is one of the causes of a large part of the
problems that our cities suffer, in which it is a matter of recovering the space that vehicles have stolen from
use for the coexistence and enjoyment of people.

With the passage of time, it has been shown that the formulas of urban planning that served in the nine-
teenth century, and that remain in force, are not adequate to meet current needs.

The situation experienced at the end of the 19th century was reproduced in the decade of the 50-60s in our
environment. By this time, it is again being reproduced in emerging countries and regions, giving rise to the
formulation of the New Urban Agenda, as an instrument multi-level and multi-stakeholder strategic plan-
ning with the ability to address the complexity of the problems of the cities of the XXI century.

The Basque Country has been sensible to these problems and at present, in addition to having equipped itself
with the Urban Agenda of the Basque Country BULTZATU 2050, it is working on an intervention model that,
with a comprehensive nature, allows reversing the conditions of vulnerability in which it finds a large part of
its population (approximately 30%).

The Opengela program, developed within the framework of the HIROSS4all European Project, tries to solve
two of the main barriers that intervention in our cities entails, such as proximity management, as a one-stop-
shop service capable of leading and establishing the framework of multisectoral cooperation, and financing
that allows all people, regardless of their conditions, to access affordable financing.

Rey Words: Urban Agenda, Integral Urban Regeneration, Urban Planning, Urban Vulnerability

(1) Director de Planificacion Territorial, Urbanismo y Regeneracion Urbana, Gobierno Vasco, idelapuerta@euskadi.eus.
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Review of socio-spatial indicators for the
improvement of the building stock in vulnerable areas.
Action criteria for the cases of Barcelona and Bilbao

Revision de indicadores socio-espaciales para la mejora
del parque habitacional en zonas vulnerables. Criterios de
actuacion en los casos de Barcelona y Bilbao

Pilar Garcia', Cossima Cornadd?, Sara Vimas3, Zaida Muxi*, Gonzalo Piasek?®

ABSTRACT

This paper is written within the framework of the competitive research project “Socio-spatial indicators for
the improvement of the housing stock in vulnerable areas. Criteria for action in the cases of the Metropolitan
Areas of Barcelona and Bilbao” (RE-INHABIT), Retos Call 2019-2021, Spanish Ministry of Science and Innova-
tion.

The aim of the paper is to revise the methodologies more commonly used to measure, analyse and evaluate
the state of building stock and the life conditions of people living in vulnerable neighbourhoods, in an at-
tempt to identify limitations and opportunities within the design of more suitable instruments that will allow
us to identify residential communities in a vulnerable situation, excluded or with difficulty to access rehabili-
tation subsidies or allowances. At the same time, it sets out to explore the need to promote methodological
designs in which the typical measurement of quantitative indicators is complemented with other qualitative
strategies for the better capture and comprehension of urban and social processes, that might not be consi-
dered by the more traditional tools.

This paper is organized as follows: the first part is dedicated to the discussion of the main theoretical concepts
associated to urban vulnerability; secondly, it revisits the main methodologies aimed at the study of urban
vulnerability in both its physical and social components; the third section is dedicated to the explanation of
the methodology strategy adopted for the RE-INHABIT project in which, on the basis of a vulnerability index
constructed from quantitative data that allowed us to focus on the most vulnerable areas of the cities under
study, it was then complemented with a series of interviews to technical officers, entities' representatives,
and visits and observations in the neighbourhoods; finally, the last part of the paper aims to summarize some
of the main findings of the RE-INHABIT project — which is still ongoing — and at the same time drafts a route
sheet related to the contributions that integrated approaches entail towards the study of social realities, in
relation to the study of vulnerability, and of urban regeneration policies taking place in vulnerable neighbou-
rhoods in particular.

Rey Words: vulnerability, urban regeneration, methodologies, integrative approach.

(1) Escuela Técnica Superior de Arquitectura de Barcelona, Universidad Politénica de Catalufa, pilar.garcia-almirall@upc.edu
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syn.ikia project_Sustainable Plus Energy
Neighbourhoods

Niki Gaitani’, Inger Andresen', Tommy Kleiven', Arild Gustavsen'

ABSTRACT

As the world debates actions to combat climate change, the success of reducing greenhouse gas emissions
rely largely on the transition to a low carbon and energy-efficient built environment. The syn.ikia project
within the EU Horizon 2020 framework involves 13 partners from six countries and aims at enabling the de-
velopment of sustainable plus energy neighbourhoods in different climates, contexts and markets in Europe.
Four real-life plus- energy demo projects tailored to four different climatic zones will be developed, analysed,
optimized and monitored within the duration of the project.

Syn.ikia's concept relies on the interplay between novel technologies at the neighbourhood scale, energy
efficiency of the buildings, energy flexibility, good architectural and spatial qualities, sustainable behaviour,
and citizen engagement.

New designs and efficient operation of sustainable plus energy neighbourhoods through integrated energy
design, energy- and cost-efficiency measures, local renewables, local storage, energy flexibility, and energy
sharing and trading, will be realized. By unlocking the potential of neighbourhoods as flexibility providers, the
project will enable more renewable energy sources (RES) to enter the system and allow for flexible mana-
gement of energy demand and RES generation in neighbourhoods, to avoid costly reinforcements of distri-
bution grids while improving the quality and reliability of supply. The project will encourage the community
engagement and empower user's control facilitated by digital platforms and driven by housing affordability,
improved quality of life, and environmental consciousness to inform and enable behavioural change.

(1) Norwegian University of Science and Technology, Faculty of Architecture and Design, niki.gaitani@ntnu.co
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Sustainable Fenicia
Fenicia sostenible

German Castellanos’

ABSTRACT

The urban renewal project in FENICIA is a process that has taken by far a decade of work. It consists of a summation of
extraordinary human experiences that will change life at Los Andes University, Las Aguas neighborhood in the center
of Bogota and the way of doing urban renewal in Colombia.

The dimensions that the project addresses are the following:

The social aspect, as the most significant dimension of urban renewal, promotes an associative model of urban ma-
nagement that has the support of approximately 95% of the inhabitants of the neighborhood. This is an unpreceden-
ted example of the trust built between the University and the neighborhood’s residents, which is based on two basic
principles: the replacement of urban property “meter by meter” and the philosophy of “we all move - we all stay”. In the
environmental dimension, the project is recognized as a relevant factor within the framework of the BEA Program -
Building Energy Efficiency Accelerator.

The technical aspect consists of a transversal work among various disciplines such as architecture, design, engineering,
economy, law, anthropology, journalism, art and management. These different perspectives have led to the structuring
of a project that transcends the academic environment and inserts itself in the city's social and economic realities, by
developing training programs for entrepreneurs, managing children’s free time, establishing activities with the elderly
and reinforcing school programs. All this through a fiduciary administration, which from the legal dimension cons-
titutes an innovative element to urban development, given the confluence and multiplicity of actors and interests
that converge. There are approximately 220 properties and 500 owners who will receive directly the benefits of urban
development by contributing their land.

The participation of the public sector is also fundamental, as it would have been impossible to reach the present ac-
complishments without the involvement of the different local government units that have concurred. From an ad-
ministrative dimension, this shows that the alliance between the public and private sectors is fundamental when
formulating and implementing profound transformations. Today, FENICIA has the support and legal stability that are
necessary for it to become a reality, as it counts with a solid regulatory body structured by the government's adminis-
tration, with de involvement of the private sector.

Finally, economic viability has been one of the greatest challenges. Bringing the project to financial closure during a
complicated economic situation and encouraging six of the most important construction companies in the country
to participate in its development are two of the most significant achievements. From the economic and commercial
dimensions, the project currently counts with the support of companies of great financial and commercial capacity
that, along with the work of the University as sponsor of the urban project, have become strategic allies that are willing
to make the renovation in the center of Bogota a reality.

Rey Words: Sustainable, Social, Inclusive, Trust.
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Urban Economy'’s experiences as part of the
Sustainable Urban Regeneration process in the peri-
urban area of Cusco, Peru

Experiencias de la Economia Urbana como parte del proceso
de Regeneracion Urbano Sostenible en las zonas periurbanas
de la ciudad del Cusco, Peru

Alheli Estela Alvarez’

ABSTRACT

Uno de los problemas ambientales mas relevantes de América Latina y el Caribe es el crecimiento exponencial
de las zonas urbanas, donde el 75% de la poblacion vive en un medio urbano (The Global Environmental Out-
look), ocasionando asi el agotamiento y destruccion de recursos forestales y el impacto regional del cambio
climatico. Con un modelo de economia popular, paises como Peru terminan siendo un laboratorio urbano de
pruebay error gracias al 70% de informalidad existente.

La ciudad cosmopolita del Cusco, ofrece una serie de problemas urbanos relacionados a muchas externalida-
des, ocasionado por dependencias politicas y econdmicas; y a otras internalidades, producto de sus propios
problemas al ser una ciudad centralizada donde su Unica fuente de ingreso es el sector de servicios (turismo
principalmente). Por otra parte, la migracion y la basqueda de nuevas oportunidades, obliga a las personas a
ubicarse en las periferias de las zonas con mayor movimiento econdmico y ofertas laborales; estas periferias son
quebradas, laderas y originalmente bosques nativos, y que también presentan fallas geologicas. Generando la
supervivencia en estas zonas denigradas y con altas brechas en cuanto a oportunidades y necesidades basicas
como agua, luz, salud, educacion y trabajo; haciendo de éstas zonas Unicamente de residencia y sin ninguna
oportunidad de generacion de mercado econdmico.

La experiencia, a lo largo de dos anos de trabajo multidisciplinario y con los alumnos de la escuela profesional
de Arquitectura de la Universidad Andina del Cusco, a través de “laboratorios urbanos” ha permitido el plan-
teamiento de proyectos de Regeneracion Urbana partiendo de las implicancias y aplicaciones de los flujos y
sistemas econdmicos en éstas zonas. Teniendo como objetivo principal el Desarrollo Urbano Sustentable, y
objetivos especificos como: A. La generacion de nuevos centros econdmicos a partir de la identificacion de
sus potencialidades y recursos, B. La creacion de un sistema econdémico-urbano global adaptado a un sistema
econdmico popular, que parte desde el reconocimiento e identificacion sociocultural del poblador; y C. La apli-
cacion de redes urbanas y complejidad urbana, que permita asi el crecimiento econdmico-urbano ordenado y
democratico, otorgando diferentes funciones a éstas zonas urbanas.

El trabajo de investigacion aborda los sectores de Margen Derecha y Alto Qosqgo (hacia la parte derecha e iz-
quierda respectivamente, de la zona urbana consolidada). Estos proyectos urbanos fueron estudiados, anali-
zados y planteados por estudiantes y profesores del curso de Economia Urbana de la escuela profesional de
Arquitectura; quienes a través de un juego de roles compartieron la responsabilidad directa con los pobladores
de ambas margenes para trabajos de recopilacion de informacion y el posterior planteamiento de un sistema
urbano eficiente y autosustentable. Como resultado, se muestra que los trabajos propuestos estan interrelacio-
nados, generando un sistema urbano eficiente con muchas centralidades y oportunidades de desarrollo eco-
noémico; asi mismo los proyectos logran la adaptabilidad de dos sistemas econdmicos practicamente opuestos,
generando ideas creativas e innovadoras, y principalmente demuestran que sistemas econdémicos de escala y
populares pueden trabajar a favor del poblador y sus expectativas de poder tener una mejor calidad de vida.

KRey Words: economia urbana, zonas periurbanas, degradacion urbana, potencialidades.

(1) Universidad Andina del Cusco, esalheli@gmail.com
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Efficient digital infraestructures. Operation and
Maintenance information integration

Infraestructuras digitales eficientes. Integracion de
informacion en la operacion y mantenimiento

Ricardo Romero’, Carlos Gomez de Iturriaga?, Francisco Javier Diez?

ABSTRACT

The main objective of the NiERBIMO project is to contribute to the transformation of residential, industrial, and tertiary
buildings towards a nearly zero energy building (NZEB) scenario with the aim of achieving a more efficient and sustai-
nable use of energy. To get the best efficiency and performance from renewable energy resources, there is a need to
develop intelligent generation and storage systems, capable of managing diverse energy sources and coordinating the
distribution of energy through advanced management tools.

The objective is to move towards the development of the digital building, where information from all phases of the
project concurs; from design and construction of the building equipped with intelligent systems, to the operation pha-
se which is responsible for between 65 and 80% of the costs of the entire life cycle of the building, thus facilitating
efficient management of its operation and maintenance.

The NiERBIMO project promotes the use of standards and methodologies that facilitate collaboration to achieve a
common goal, being BIM (Building Information Modeling) the central methodology of the project. In the NiERBIMO
project, a systems architecture has been designed to support this concept of digital building where the following as-
pects are integrated:

- The BIM (Building Information Model) of the building, coming from the design and construction phases (SENER,
ACR) that provides the geometric information, including the BIM of the generation, storage and power electronics
systems developed by the manufacturers participating in the project (DOMUSA, CEGASA and ZIGOR)

« The information related to maintenance from a variety of management systems, such as ERP and CMMS SISTE-
PLANT) of the entity that operates the building and/or provides energy efficiency services (SENER, GIROA)

«  Theinformation from the loT systems that provide the condition information during the operation of the building;
SCADA, sensors and other sources of external information to support a set of tools that allow an advanced mana-
gement of the building.

The project validation is done in two use cases:
»  Kukullaga: A station building and train depots
+  Beurko: A community of buildings of 1,240 homes

These use cases have made it possible to address different building typologies where there is an incremental interest in
improving efficiency and digital transformation.

The result has been materialized in SIGMA (Intelligent Asset Management and Maintenance System) management
platform, whose objective is to integrate all data sources in a single operating environment, for all user levels (CEO-
Technical).

To understand the complexity of unifying all the data structure in a single environment, the phases through which this
platform has been going will be explained. Some of the accomplished goals are:

- Collect all the data related to the asset (Structured, Unstructured and Geometric)

- Data processing in a common environment.

- Different user levels optimizing the work of all stakeholders

- Mobility, traceability and time-savings in tasks now disconnected in silos.

- Exploitation of this data through Artificial Intelligence and algorithms.

KRey Words: digital building, maintenance, operation, BIM.

(1) Sistemas de Informacion Inteligentes / Fundacion Tekniker, ricardo.romero@tekniker.es (2) Sener Ingenieria, carlos.gomez@
sener.es (3) Ambito de infraestructuras / Fundacion Tekniker
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Plan Zero: High efficiency in public rental
Plan Zero: Alta eficiencia en alquiler publico

Carlos Orbea

ABSTRACT

The ZERO Plana Plan is a strategic initiative within the Science, Technology and Innovation Plan PCTI 2020
promoted by the Basque Government. Taking into account that new zero energy buildings are already a re-
ality, this communication focuses on rehabilitation. A rehabilitation that we have called “intelligent”, not only
because it is associated with new technologies, but because it integrates more variables apart from energy.
The Plan will allow to discriminate, to prioritize and to organize the investments in public housing of the next
lustrums with the double objective to have a park of advanced, efficient and well maintained public housing
for rentalin order to give a better service to the citizenship, putting the R&D to the service of the environment,
but specially of the users of public housings.

The first step has consisted in gathering the information of the existing stock of public rental housing and
analysing its starting situation in view of the imminent revolution in the energy sector and transition to a
green economy, where for the first time social awareness, political decision, technology and economic signals
have been aligned. The diagnosis made on rehabilitation needs points out that 67% of the housing stock re-
quires a medium type of intervention, while 15% needs a high intervention and only 2% a deep intervention
including accessibility.

Digitalization, welfare and energy efficiency are, in general terms, the three most important points that social
housing must address in order to take advantage of the Basque Government's firm commitment to rental
housing. These are the three challenges aimed at decarbonizing the park and improving the energy perfor-
mance of our buildings.

They are based on an advanced service where the acquisition, exploitation and analysis of the data are vital
to make information-based decisions. In this sense, a deep revision of the public rent management model
focused on the users is proposed. Furthermore, it is fundamental to fight against “energy poverty” as well as
to empower tenants in the use of energy, housing comfort, energy vulnerability and accessibility of all spaces;
to guarantee basic health conditions for all users. To achieve these aims, it is necessary to use rental tools that
allow the acquisition, analysis and control over the installed equipment, to reduce unnecessary consumption
and obtain economic benefits for our tenants and environmental benefits for the Basque society as a whole.

The deployment of the actions planned on the existing public park will be carried out over a period of 30

years, between 2020 and 2050, with the objectives set out in the Plan ZERO Plana. The estimated overall
budget is approximately 193 million euros.

KRey Words: innovation, users, advanced management, digitalization.
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30




Post COVID 19 scenario: towards the next generation
of HVAC systems

Escenario Post-Covid19: hacia la proxima generacion de
sistemas de climatizacion

Manuel Ruiz de Adana’

ABSTRACT

The transmission of the SARS-CoV-2 virus through bioaerosols in indoor spaces is proving to be one of the
main routes of spread of the current pandemic. The hygiene of hands and surfaces, the use of masks and
the safety distance are effective measures but not enough to control the spread of the virus. Therefore, it is
necessary to implement new measures in the HVAC facilities.

However, many of the current HVAC systems are not effective in controlling the transmission of the SARS-
CoV-2 virus through bioaerosols. These limitations can increase the risk of infection through bioaerosols in
indoor spaces increases.

This paper provides a review of the current state of knowledge about the transmission of the SARS-CoV-2
virus through bioaerosols as well as the critical evaluation of current HVAC systems.

In this context, some questions arise:
What do we know to date about the transmission of the SARS-CoV-2 virus by aerosols?

What limitations do current HVAC facilities have to protect us from the transmission of the SARS-CoV-2 virus
through bioaerosols?

How should HVAC systems be designed in the future to ensure safe indoor spaces?
The ventilation, filtration and air purification strategies of the HVAC systems probably lead us to disruptive

innovations as a way to ensure safe indoor spaces. This is the way to move us towards the next generation of
HVAC systemes.

Rey Words: HVAC, SARS-CoV-2, aerosols, HVAC design.

(1) Departamento Termodinamica Aplicada, Escuela Politécnica Superior de Cérdoba, Universidad de Cordoba, manuel.ruiz@uco.es



32




Thermal behaviour of wooden radiant floors

Comportamiento térmico de los suelos radiantes con
terminaciones en madera

Alvaro Ruiz', Enrique A. Rodriguez', Marta Conde?, José Antonio Tenorio3

ABSTRACT

The use of radiant floor heating is widespread throughout the world, mainly due to the excellent conditions
of thermal comfort that they provide to the occupants. These radiant floors are generally made up of an
arrangement of tubes arranged in an intermediate layer of the slab, having always below an insulation layer
to avoid heat loss downwards. Over the tubes there are one or more layers that have the function of trans-
mitting the heat from the tubes to the interior space of the building in the most efficient way possible. The
upper layer, that is, the finishing layer, is part of the layers that must transmit heat and therefore its thermal
properties plays a relevant role in the overall performance of the radiant floor heating. One of the finishing
materials used is wood, which due to its relatively low thermal conductivity does not seem to be the most
suitable material; however, because on the other hand its thermal diffusivity is also low, the temperature
change slowly, which is positive from the point of view of comfort and energy consumption. Therefore, it is
observed that there are two opposing tendencies regarding the properties of wood as a suitable material for
use in underfloor heating.

This work presents the study done on the behaviour of wooden radiant floors in a transitory state when they
are subjected to a series of excitations that vary over time, both from the point of view of the heat source and
the space requirements.

What has been found is that depending on the excitations to which radiant floors are subjected, the proper-
ties that are desirable of the wood layer can be very different from one case to another. It is not obvious and
there are not simple rules that indicate easily which properties are the most appropriate to achieve good
thermal performance of the radiant floor heating, so it will be necessary to study each case in particular.

Rey Words: wooden radiant floor heating, effect of wood thermal properties, transient thermal analysis.

(1) Departmento de Maquinas y Motores Térmicos, Universidad de Cadiz, alvaro.ruiz@uca.es (2) Universidad de Cordoba. (3) Instituto
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Using The Evaporative Effect To Cool The Roof Of A
Residential Building In Cadiz

Uso del Efecto Evaporativo para Enfriar la Cubierta de un
Edificio Residencial en Cadiz

Francisco José Sanchez de la Flor', Alvaro Ruiz', Enrique Angel Rodriguez', Servan-
do Alvarez?

ABSTRACT

The thermal conditioning of a building is one of the main causes of its energy consumption, and therefore
its contribution to the emission of greenhouse gases for the generation of such energy. The trend also goes
upwards, both in heating and especially in refrigeration, due, among other things, to climate change itself
thatis causing an increase in extreme situations such as heat waves, etc.

This article presents the proposed solutions to avoid the need for summer conditioning of a residential buil-
ding in Cadiz, by placing it in thermal comfort conditions by nature means. This is one of 4 buildings demons-
trating the technologies developed by the European RECO2ST project.

To this end, the initial need for summer conditioning of the building in the pre-intervention situation is shown
first. The design of the two main techniques for passive building conditioning is detailed: shadow devices and
evaporative cooling system to cool the building roof. Finally, the cooling potential of this technique is presen-
ted calculated according to numerical simulations and previous experimental campaigns..

Rey Words: natural cooling techniques, thermal comfort, energy saving, evaporative cooling.

(1) Departamento de Maquinas y Motores Térmicos, Universidad de Cadiz, francisco.flor@uca.es (2) Departamento de Ingenieria
Energética, Universidad de Sevilla
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Espacio Futura its performance after ayearin
existence

Espacio Futura, comportamiento tras su primer ano de vida

Daniel Morales'

ABSTRACT

Espacio Futura is a building developed by VEKA to study and showcase nZEB so as to mitigate the effects of
global warming. We have therefore partnered with the research group of the Energy Engineering Department
of the University of Burgos in conducting a study of indoor and outdoor temperatures at the building, with
temperature curves throughout the 365 days of its first year in existence.

Espacio Futura is an energy-efficient building with Passivhaus certification, offering a high degree of thermal
comfort and low consumption. It limits demand, consumption and draughts, requiring materials with low
thermal transmittance and permeability to air. The total surface area is 156.47 m2, with an interior height of
4.85 m. Itis made up of two buildings, the smaller one being rotated 13° with regard to the main building. The
main facade faces south to exploit solar gain.

The industrialised production process used local companies to reduce the carbon footprint. As for the win-
dows, VEKA used 39% recycled material.

Espacio Futura is monitored, allowing it to make consumption and indoor comfort decisions based on esta-
blished parameters.

In the autumn-winter cycle the heating strategies employed prioritise:
1 Renewal of air with heat recovery
2 Open blinds to heat the building through solar radiation
3 Electrical heating

For the spring-summer cycle, the resources used to cool the building are, in order:
1 Lower blinds
2 Renewal of air without heat recovery if the outdoor temperature is lower than indoors
3 Windows opened by night to cool the building if the outdoor temperature is lower than indoors
4 Electrical cooling

A computer program generates performance graphs for outdoor and indoor temperature, CO2 and relative
humidity, serving to improve functionality and comfort.

Rey Words: Passivhaus certified building, Energy efficiency, Monitored building, Recycling.

(1) VEKA Ibérica, dmorales@veka.com
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Estimating the Heat Loss Coefficient of in-use
buildings. Application to different type of buildings
Estimacion del coeficiente de pérdida de calor de edificios en
uso. Aplicacion a diferentes tipos de edificios

Pablo Eguia’, Aitor Erkoreka?, Lara Febrero', Sandra Martinez'

ABSTRACT

A high number of buildings were constructed before the first thermal building regulation that was introdu-
ced in Europe in the 1970's and energy efficiency was generally not considered a main issue in any of those
buildings. To estimate the energy performance of buildings, different methods are applied in the European
Union and most of them are based on thermal simulations. These methods assume statistical occupancy and
standard operations conditions. For this reason, they overestimate the thermal demands of old buildings and
they underestimate the thermal demands of the recent ones.

Recently, new methods have been developed, such as ARMAX, (ARX) or Greybox Modelling. However, the
energy performance gap between the real thermal demands and the estimated ones is still present. Occu-
pancy, weather data, materials uncertainty, etc. difficult the process of achieving accurate models.

In order to solve this problem and to be able to estimate the energy performance of in-use buildings, it is pro-
posed the use of different key performance indicators (KPI) based on monitored data. The most commonly
used KPI for the building envelope energy performance characterization is the Heat Loss Coefficient (HLC).

The HLC is the sum of three components:

1. Transmission heat losses through the envelope, UA [KW/K]

2. Ventilation and/or infiltration heat losses, Cv [KW/K]

3. Solar gains, usually given on a daily basis in [kKW/day]
To measure these three components, the Co-Heating method is the most used, with specific testing proce-
dures that are not met in buildings in use.

In this presentation, advances that have been obtained in calculating the value of this HLC coefficient are
shown, carrying out different simplifications and demonstrating its application in a series of buildings that
have been recently monitored. In addition, the feasibility of its use as a tool to estimate the energy performan-
ce of the building envelope under occupied conditions will be analysed.

Rey Words: Heat Loss Coefficient, Average Method, Building Energy Performance, in-use Buildings

(1) Department of Mechanical Engineering, Heat Engines and Fluid Mechanics, Industrial Engineering School, University of Vigo,
peguia@uvigo.es (2) ENEDI Research Group, Department of Thermal Engineering, UPV/EHU
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Pos-tensioned precast concret structures in isolated
places in Peru

Aplicacion de sistemas postensados en prefabricados en
zonas alejadas en Peru

Gustavo Salinas’

ABSTRACT

Until a few years ago, the use of posttensioning systems in Peru was rarely considered as a construction tech-
nic, assumed as being a highly sophisticated and costly system except for big projects like long span bridges.
Lima is the Peruvian capital, centralizing the most developed industry and the centre of technology, far away
from many regions that require infrastructure development.

The purpose of this presentation is to show example of the Posttensioning application technique in precast
elements as parts of a reinforced concrete structure in projects located in isolated areas or far away from de-
veloped centers such as Lima. There are two main restrictions to be considered when Precast elements are
planned to be used: the distance between the precast production facility and the construction point, which
determines the cost of the freight; and the dimensions of the precast elements which should be suitable for
being transported. Both restrictions determine the viability or not of the precast elements as a solution.

This document presents two examples of structures containing posttensioned reinforced concrete precast
elements used as a good solution built in place. The first one is a Platform of a loading port over the Hua-
llaga river, near the town of Yurimaguas in the Amazon region, located 24 hours travelling distance by car
or one week by river from the Pucallpa port in the Peruvian Amazon. The challenge was to build a 200-ton
load capacity platform over steel driven piles in the river bed without having to use expensive and complex
frameworks. The other structure, located 650 km from Lima, is a 1.5 x 1.00 mts section aqueduct crossing the
Chicama river, with 24 mts span built when the water flow is low, avoiding the use of expensive and compli-
cated framework false bridges vulnerable to high water levels.

It could be demonstrated that with reduced resources but a good engineering it was possible to build those
projects.

Rey Words: precast, Posttensioning, reinforced concrete, structures

(1) Gerente comercial, Postensa SAC, gustavo@gstudio.hk
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Valuation of copper slag in the manufacture of new
binders used in construction

Valoracion de escorias de fundicion de cobre en la fabricacion
de nuevos conglomerantes usados en la construccion

Edwin Gudiel'?, José Monzo?

ABSTRACT

Peru is a worldwide copper producer country with great mining expertise, but this has created copper slag
that has been settled in some landfills without any recycling recommendation nor environmental impact
reduction. The present research have used leftover copper slag from central Peru, and proposes a new alter-
native material for Portland construction cement.

The copper slag have been collected from Cerro de Pasco landfills, located at Peru’s central region. There has
been tests of pozzolanic lime at 60C, und portland cement paste curated at 20C. The slag reactivity has been

measured by thermogravimetric analysis (TGA), electric conductivity and pH in agqueous suspension.

Moreover, there have been build portland cement mortars with 15 of copper slag (of total weight) curated at
20C to determined compression resistance.

For mortars with 15%of copper slag, it was obtained an average compression resistance of 42MPa after 28-
day curation time.

The results states the tested copper slag have pozzolanic activity and can be use as alternative material for
portland cement mixtures.

Rey Words: Copper slag, Pozzolanic activity, cement portland.

(1) Universidad Andina del Cusco, Cusco, Per(, egudiel@uandina.edu.pe (2) Instituto de Ciencia y Tecnologia del Hormigon (ICITECH),
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Quantification of the reduction of the heat loss
coefficient of the envelope of an energy-rehabilitated
office building

Cuantificacion de la reduccion del coeficiente de pérdida
de calor de la envolvente de un edificio de oficinas
energéticamente rehabilitado

Irati Uriarte', Catalina Giraldo', Koldo Martin', Pablo Eguia?, Aitor Erkoreka’

ABSTRACT

Nowadays, a considerable performance gap is found when the design and the real energy consumption of
buildings are compared. Three main sources are responsible of this gap: the users’ behavior, the buildings’
real energy systems' performance and the buildings’ envelope performance. The envelope energy performan-
ce characterization of in-use buildings is commonly done using the Heat Loss Coefficient (HLC) as Key Per-
formance Indicator (KPI). The HLC is the sum of the transmission heat loss coefficient through the building
envelope (UA [KW/K]) and the infiltration and/or ventilation heat loss coefficient of the building Cv [kW/K].
Another important KPI is the solar aperture of the building envelope S, [m?].

In order to estimate the HLC by monitoring an in-use building, a mathematical method based on the accu-
mulated average method is used. Then, the aim of this analysis, through the application of this method to a
building before and after been refurbished, is to quantify HLC value improvement in an energy-rehabilitated
building. The formula used in order to estimate the HLC is [1]:

— Eg:l(Qk"'Kk"'(Sa Vsoi)k)
Egzl (Tin.k_Tcut.k)

HLC

This analysis has been carried out in an office building of the University of the Basque Country (UPV/EHU). The
building has been energetically monitored by measuring minutely the energy consumption and comfort data
for each of the floors of the building. This building is formed by four floors that are widely monitored. However, in
order to estimate the HLC only the internal heat gains (heating system plus electricity consumption, Q+K), solar
gains (S;Vy), and the indoor and the outdoor temperatures (T;, and T, respectively) are needed as shown in
Eq (1). Toroughly estimate the solar gains, the total window area of the building has been multiplied by a g-value
of 0.5 to make a rough estimate of the solar aperture. Then, the solar gains are estimated multiplying this solar
aperture by the south global vertical solar radiation. Since the method is only applied during cloudy and cold
short periods (at least 72h periods), the solar radiation can be considered purely diffuse and thus identical in all
orientations and, the temperature difference (T;,-Toy) considerably high. Then, from Eq. (1) can be concluded
that the effect of the solar gains uncertainty is small, which enables a reliable estimate of the HLC. Another
requirement to take into account is that there must be same average temperature between the indoor and
outdoor temperature at the beginning and the end of the period to ensure the same thermal level.

The presented in-use building was monitored from November 2014 to March 2018. The method have been
applied only during winter periods, the data from November to April of each year has been analysed. Since the
building was refurbished during summer 2017, the three winter periods between November 2014 and April
2017 were used to estimate the HLC before the refurbishment. The last winter period (between November 2017
and April 2018) shows the HLC results after the rehabilitation. Thus, comparing the HLC values before and after
the retrofitting, it has been possible to quantify and analyse the HLC value reduction due to the rehabilitation.

Rey Words: Heat Loss Coefficient, average method, building envelope energy performance, energy monitoring

(1) ENEDI Research Group, Department of Thermal Engineering, UPV/EHU, irati.uriarte@ehu.eus. (2) Department of Mechanical
Engineering, Heat Engines and Fluid Mechanics, University of Vigo.



Quantification of the reduction of the heat loss coefficient of the envelope of an energy-rehabilitated office building

1. Introduccion

Las directivas y objetivos fijados por la Union Euro-
pea (UE) para los proximos afos 2020, 2030 y 2050
son un claro ejemplo de su compromiso con la efi-
ciencia energética [2]. La consideracion de la eficien-
cia energética y el ahorro de energia en la construc-
cion de viviendas nuevas y rehabilitadas es una de
sus mayores metas. Los edificios son responsables
de un 40% del consumo energético en la UE, segun
H2020 Energy Efficient Buildings (EeB) [3]. Hasta los
anos 70, Europa no introdujo la primera regulacion
térmica [4], por lo que todos los edificios construi-
dos antes de esta fecha no consideraron la eficiencia
energética como un asunto de importancia [4, 5].

Varios paises europeos han desarrollado diferentes
softwares de estimacion de rendimiento de energia
de edificios completos [6]. Sin embargo, Summer-
field [7] defiende que para estimar el ahorro de ener-
gia deberian utilizarse métodos empiricos en vez de
métodos de estimacion con modelos. Afade que
estos modelos asumen condiciones de operacion
estandar, por lo que la consideracion de ocupacion
y las verdaderas cargas de calor son excluidas de la
estimacion. Por lo tanto, a no ser que los modelos
incluyan datos de una ocupacidon monitorizada o
datos del sistema HVAC, la demanda energética se
subestima en los edificios nuevos mientras que en
los antiguos se sobrestima [7].

El uso de técnicas que usan modelos matematicos
avanzados es otra forma de estimar el comporta-
miento energético real de un edifico. Entre estos
meétodos se encuentran técnicas como el Grey Box
modelling [8] 0 ARMAX [9]. Algunos de estos mé-
todos son capaces de estimar caracteristicas de un
edificio como las resistencias térmicas, las capaci-
tancias térmicas o las aperturas solares. Debido a
que la instalacion de los sensores es complicada de
realizar en edificios en uso, el uso de estos métodos
se esta volviendo cada vez mas frecuente [10].

Sin embargo, hoy en dia sigue existiendo una gran
brecha entre el consumo de energia simulado v el
consumo de energia de diserio de un edificio. Esta
diferencia es conocida como “brecha de rendimien-
to” (performance gap) [11]. Esta brecha se debe a
varias fuentes como el rendimiento energético de
los sistermas de energia [12], el comportamiento de
los ocupantes [13] y la envolvente del edificio. Esta
Ultima puede caracterizarse energéticamente me-
diante los Indicadores Clave de Rendimiento (Key
Performance Indicators (KPI)). Los KPI cominmente
mas utilizados para la caracterizacion del rendimien-
to energético de la envolvente de un edificio son el
Coeficiente de Perdida de Calor (Heat Loss Coeffi-
cient (HLC [KW/K])) v la apertura solar (S, [m?2]) [14].
EIHLC es la suma del coeficiente de perdida de calor
mediante la trasmisién mas el coeficiente de perdida
de calor de infiltracion y/o ventilacion.

1. Introduction

The directive and objectives proposed by the EU by
the following yeas 2020, 2030 and 2050 show their
clear engagement with the energy efficiency [2].
There, one of the main aims of the EU is the consi-
deration of energy efficiency and the energy saving
when building or retrofitting buildings. The responsi-
bility of the 40% of the energy consumption in Euro-
pe corresponds to the buildings, according to H2020
Energy Efficient Buildings (EeB) [3]. Europe did not
introduce the first thermal regulation until the 70s
[4], so the wide range of buildings constructed be-
fore this date, did not consider the energy efficiency
as anissue [4, 5].

Different whole building energy performance esti-
mation softwares have been developed by several
European countries [6]. Nevertheless, according to
Summerfield [7], empirical methods should be used
for energy saving estimation instead model estima-
tions. He adds that these models assume standard
operational conditions, which excludes the conside-
ration of the occupation and the real heat require-
ments of the building. Therefore, unless monitored
occupation or HVAC system data is not included in
these models, the energy demand is usually under-
estimated in new buildings and overestimated in old
ones [7].

The real building energy behavior can be estimated
using also advanced mathematical modelling tech-
niques. Within these methods, techniques such as
Grey Box modelling [8] and ARMAX [9] can be found.
Some of these methods are also able to estimate
characteristics such as the thermal resistances, ther-
mal capacitance or the solar apertures of the buil-
ding. Since the installation of sensors is a hard task
to carry out in in-use buildings, the use of these te-
chniques is becoming common [10].

However, nowadays, still exist a wide difference bet-
ween the simulated energy consumption and the
design energy consumption of a building. This di-
fference is commonly known as “performance gap”
[11]. This gap can be due to several sources such as
the buildings energy systems' energy performance
[12], the occupants' behavior [13] and the building
envelope. The latter one can be energetically charac-
terized using Rey Performance Indicators (KPI). The
most commonly used KPI for the building envelope
energy performance characterization are the Heat
Loss Coefficient (HLC [KW/K]) and the solar aper-
ture (S, [m?]) [14], where the HLC is the coefficient
considering the transmission heat loses through the
envelope (UA [KW/K]), plus ventilation and/or infil-
tration heat losses (C, [KW/K]).

These Key Performance Indicators have been al-
ready estimated for in-use monitored buildings [15]
by several researches. However, there is not yet a ge-
neral method for their estimation. One of the most
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Varios investigadores han estimado los KPIs de edi-
ficios monitorizados en uso. Sin embargo, no existe
un método general para su estimacion todavia [15].
Uno de los métodos mas desarrollados para su esti-
macion es el método Co-heating [14], a pesar de no
poder usarse en edificios en uso.

Este estudio analiza la aplicacion del método de la
media presentado en [1, 16] para la estimacion del
HLC de un edificio de oficinas en uso. Este es un mé-
todo simple capaz de estimar el HLC sin la necesidad
de tener un modelo fisico detallado. Por lo tanto, la
estimacion del HLC en edificios en uso se debe llevar
a cabo con los datos obtenidos del sistema de moni-
torizacion ya instalado. Los Gnicos datos necesarios
para su estimacion son la temperatura interior y ex-
terior, el consumo eléctrico, el consumo energético
del sistema de calefaccion y los datos meteorologi-
COs.

Finalmente, el objetivo principal del estudio es la apli-
cacion del método en un edificio en uso que ha sido
rehabilitado. Por lo tanto, se estudiaran los resulta-
dos de HLC de antes y después de la rehabilitacion. El
analisis se llevara a cabo en dos secciones: El analisis
antes de larehabilitacion (entre de noviembre 2014y
marzo 2017) y el analisis después de la rehabilitacion
(entre noviembre de 2017 y marzo de 2018). Por lo
tanto, ambas secciones se analizaran por separado
y después, se estimara la caida de la pérdida del HLC
después de la rehabilitacion.

2. Materiales y método

2.1. Método de media

developed methods for these KPI estimation is the
Co-heating method [14], despite it can not be used
in in-use buildings.

This study analyses the application of the average
method presented in [1, 16] to estimate the HLC of
an in-use office building. This method is a simple
method able to estimate the HLC without the need
of a detailed physical model. Then, the HLC estima-
tion in in-use buildings should be carried out using
the data obtained from the already installed mo-
nitoring system. The only data needed for this esti-
mation is the internal and external temperature, the
electricity consumption, the heating system energy
consumption and the weather data.

Finally, the aim of the study is to apply the method
in an in-use building which has been rehabilitated.
Then, the HLC values before and after the retrofitting
are studied. The analysis will be developed in two di-
fferent sections: the analysis before the rehabilita-
tion (between November 2014 and March 2017) and
analysis after rehabilitation (between November
2017 and March 2018). Thus, both sections data will
be independently analysed and the reduction bet-
ween both HLC values should be observed.

2. Materials and method

2.1. Average method

In order to estimate the in-use whole buildings HLC,
the following accumulated average method will be
used. Therefore, the following formula developed in
[1,16]is used:

HLC = Z¥=1{Qk+Kk+(5aVsoI}k} _

TN QK+ (SaV soli)
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Con el fin de estimar el HLC de un edificio entero en
uso se propone el uso del siguiente método de me-
dia. Para ello, se utiliza la siguiente formula desarro-
lladaen(1,16]:

Donde la Eq. (1) esta formada por el calor del sistema
de calefaccion (QK) en [kKW], el consumo eléctrico
total del edificio (KKk) en [kW], la apertura solar (S,) fi-
jada para obtener las ganancias solares aproximadas
del edificio en [m?] y la radiacion solar global vertical
(Vo) del edificio en [kW/m?]. Ademas, también se
consideran la temperatura interior y exterior del edi-
ficio (T, [°C] and T, [°C] respectivamente).

El método solo es aplicable durante periodos de dias
frios y nublados, donde la radiacion solar es muy
baja. Asi, podria considerarse que la radiacion es pu-
ramente difusa durante esos periodos. En ese caso,

N N —
E,i.;:;[(Tin,k_Tout,k.' Tin—Tout

N

Where Eq. (1) is formed by the following data; the
heating system heat input (Qy) in [kW], the buildings'
total electricity consumption (K,) in [KW], the solar
aperture (S,) fixed so as to roughly estimate the so-
lar gains of the building in [m?] and the south global
vertical solar irradiance (V) of the building in [kW/
m?2]. Moreover, the building indoor and outdoor tem-
peratures are also considered (T;, [°C] and Ty [°C]
respectively).

The method is only applicable for periods formed by
cold and cloudy days where the global solar radiation
is very low. Thus, it could be considered that the solar
radiation is purely diffuse during those periods. Then,
the global solar radiation data on any of the facades
of the building could be used since all the orienta-
tions solar radiation would be similar to the diffuse
solar radiation. Furthermore, it must be ensured that
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Figure 01.
The analysed public office

building in Leioa (UPV/EHU),

Irati Uriarte, 2017.

podria utilizarse cualquier radiacion solar global me-
dida en cualquiera de las orientaciones del edificio,
ya que esta sera similar a la radiacion solar difusa.
De esta forma, se podria asegurar que las ganancias
solares son menores de un 10% en comparacion con
el resto de ganancias internas medibles (todas las
ganancias internas excluyendo las ganancias solares
como el calor generado por el sistema de calefac-
cién, iluminacion, ocupacion, sistemas eléctricos..)
dentro del edificio.

Se puede considerar que el periodo es frio cuando
la media de la diferencia de temperatura entre el in-
terior y el exterior esta cerca de 15°C o la supera. Asi
es posible limitar el error asociado a la diferencia de
temperatura entre el interior y el exterior.

Finalmente, para realizar una estimacion apropiada
del HLC es necesario tener la misma temperatura
media del edificio al principio vy al final del periodo
seleccionado. La temperatura media del edificio co-
rresponde a la temperatura media entre la tempe-
ratura interior y exterior del edificio. Mediante esta
limitacion, se puede asegurar que el nivel térmico al
principio y al final del periodo es el mismo, y que no
habra calor acumulado en el edificio.

2.2. Descripcion del edificio

El método de la media descrito en la seccion 2.7 va
a ser aplicado en un edificio real en uso de oficinas.
Este edificio es un edificio publico de la Universidad
del Pais Vasco (Fig. 1) y se encuentra en el campus
de Leioa (norte de Espaia). Ademas, es necesario
comentar que el edificio es un edificio de oficinas de
cuatro plantas formado por tres boques diferentes.

2.2.1 Descripcion del edificio antes de la
rehabilitacion energética

El edificio analizado muestra una estructura geomé-

the solar heat gains are less than a 10% compared
with the rest of the measurable heat gains inside (all
the heat gains inside the building excluding solar ga-
ins such as heating system, electricity consumption,
lighting, occupancy...).

The period will be considered cold if the average
temperature difference between the interior and the
exterior is close or higher than 15°C. Then, it is pos-
sible to limit the error associated to the temperature
difference between the interior and the exterior.

Finally, for a proper estimation of the HLC it is indis-
pensable to have the same average building tempe-
rature at the beginning and the end of the selected
periods. The building temperature corresponds to
the average temperature between the interior and
the exterior temperatures. By this limitation, it is en-
sured that the thermal level at the beginning and en-
ding of the period is the same, and then it is assumed
there is not accumulated heat in the building during
the analysed periods.

2.2. Building description

The average method described in section 2.1 will
be now applied into a real in-use office building.
This analysed office building is a public building of
the University of the Basque Country (Fig. 1) and is
located in the university campus of Leioa (north of
Spain). Moreover, it must be commented that the
building is a four storey office building formed by
three different blocks.

2.2.1 Building description before energy-
rehabilitated

The analysed building displays an irregular geome-
try since the facades of the building are irregular. As
commented in 2.2, the building is formed by three
blocks. However, only the west block is analysed in
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trica irregular debido a la irregularidad de su facha-
da. Como vya se ha comentado en la seccion 2.2, el
edificio esta formado por tres bloques. Sin embargo,
este estudio solo analiza el bloque situado al oeste.
El edificio contiene un sistema de calefaccion para el
edificio completo. Cada una de las plantas del edifi-
cio se distribuye como ya se ha explicado en [16]. Sin
embargo, la primera (F1) y tercera (F3) planta estan
formadas por oficinas abiertas mientras la planta
baja (FO) v la segunda (F2) planta se forman de ofici-
nas individuales mas pequenas.

El edificio fue construido en el afo 1970 sin ninglin
tipo de aislante. Sin embargo, a lo largo de su vida
se le han realizado varias pequefas reformas. Las pa-
redes opacas de la fachada se construyeron usando
paneles de hormigon sin camara de aire. Sin embar-
go, debido a las pequenas reformas realizadas, se
pueden encontrar tres tipos de ventanas en el edifi-
cio; ventanas de cristal simple con marco de madera,
ventanas de cristal doble con marco de aluminio (sin
rotura de puente térmico) y, finalmente, ventanas de
cristal doble con marco de aluminio (con rotura de
puente térmico). Ademas, algunas de las ventanas
orientadas al sur tenian parasoles de hormigon con
el fin de reducir las ganancias solares del edificio du-
rante el verano. Por otra parte, también es necesario
comentar que no se habia instalado ningun sistema
de ventilacion o de aire acondicionado en el edificio
antes de la rehabilitacion.

2.2.2 Descripcion del edificio después de la
rehabilitacion energética

El diseno de la rehabilitacion se realizd durante el
ano 2015-2016. Sin embargo, las obras empezaron
en verano de 2017. El diserio se desarrolld conside-
rando un estudio profundo de monitorizacion para
realizar la diagnosis del edificio. Por lo tanto, esto fue
considerado con el fin de implementar una rehabili-
tacion optima del edificio. El objetivo principal de la
rehabilitacion era reducir el consumo de energia del
edificio. Para ello, con el fin de reducir la demanda
energética se deberian reducir las pérdidas de calor
mediante la envolvente. Ademas, se considerd la
mejora de los sistemas del edificio. Por otra parte,
también se redujeron las emisiones de CO, y el con-
sumo de energia mediante la realizacion de diversas
acciones.

La fachada era una de las principales partes del edifi-
cio que se rehabilitd. Para ello, se instalaron paneles
de aislamiento al vacio (vacuum insulation panels,
VIP) dentro de una fachada ventilada para aislar el
edificio. Ademas, se cambio el sistema de ilumina-
cion, donde se instald una combinacion de luces LED
y naturales junto con su sistema de control. Parte de
las ventanas del edificio también fueron reemplaza-
das. En este caso, dependiendo de la orientacion, se
instalaron algunas ventanas reversibles y otras ven-
tanas de alto rendimiento con diferente comporta-
miento solar. Ademas, cada piso fue equipado con

this study. The building has a common heating sys-
tem for the whole building. Each of the floors is dis-
tributed differently as detailed in [16]. However, the
first floor (F1) and the third floor (F3) are open offices
while the ground floor (FO) and the second floor (F2)
are individual smaller offices.

The building was built in the 1970 without insulation.
However, it has been partially refurbished several
times. The facade opaque walls were constructed
using concrete panels without any air gap. Never-
theless, due to partial refurbishments, three different
types of windows can be found in the building; woo-
den frame and single glazed windows, aluminium
frame (without thermal break) and double glazed
windows and, finally, aluminium frame (with thermal
break) and double glazed windows. Moreover, south
facade windows have concrete made sunshades in
order to reduce the solar gains of the building during
summer. Furthermore, it must be commented that
there was not ventilation or air conditioning system
installed in the building before the retrofitting.

2.2.2 Building description after energy-
rehabilitated

The design of the rehabilitation works was carried
out during year 2015-2076. This lead to the rehabi-
litation works start in summer 2017. The design was
developed considering a deep monitoring study to
perform a diagnosis of the building. Then, this was
considered in order to implement an optimal buil-
ding retrofitting. The aim of the rehabilitation was
to reduce the energy consumption of the building.
Hence, firstly, the buildings envelope energy losses
should be reduced in order to reduce the energy de-
mand. Furthermore, the buildings energy systems
enhancement was considered. Moreover, the CO,
emissions and the energy consumption were also
reduced by several actions.

The facade was a main part of the building rehabi-
litation. Therefore, vacuum insulation panels (VIPs)
within a ventilated facade were installed in order to
insulate the building. Furthermore, the lighting sys-
tem was changed, where a combination of LED and
natural lights was installed together with its control
system. Part of the building windows were also re-
placed. In this case, depending on the orientation,
some reversible windows and other high perfor-
mance windows with different solar behaviour were
installed. Moreover, each floor was equipped with a
ventilation system with recovery together with their
control system.

2.2.3. Monitoring system

The building has been equipped with several types
of sensors. Each plant has a different distribution
of the sensors. There are three main sensor types
installed in the building: building internal comfort
conditions measuring sensors, building external
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Table 01.

Summary of the useful
building's sensors for the HLC
estimation.

un sistema de ventilacion con recuperador junto con
su sistema de control.

2.2.3. Sistema de monitorizacion

El edificio ha sido equipado con sensores de diferen-
tes tipos. La distribucion de los sensores es diferente
para cada planta. Hay tres tipos de sensores instala-
dos en el edificio: sensores de medicion de condicio-
nes internas, sensores de medicion de condiciones
externas y sensores de medicion de consumo de
energia del edificio.

Los sensores internos instalados miden la tempe-
ratura, la humedad relativa, la luminosidad y la ca-
lidad del aire (concentracion del CO,) del edificio.
Sin embargo, en la parte exterior del edificio, aparte
de la temperatura externa, la humedad relativa, la
luminosidad v la calidad del aire (concentracion del
CO,), también se miden la velocidad del viento, la di-
reccion del viento y la radiacion solar global horizon-
tal. Después de la rehabilitacion se instald un sensor
extra de CO, en el exterior. En cuanto al consumo de
energia del edificio, es posible calcular el consumo
de energia del sistema de calefaccion ya que se mi-
den la temperatura de entrada y de retorno del flujo
y el flujo volumétrico del agua de calefaccion. Ade-
mas, midiendo la potencia activa de consumo de los
cuadros eléctricos de cada planta, es posible cono-
cer el consumo eléctrico del edificio.

Sin embargo, no todos los datos han sido directa-
mente medidos por los sensores. Con el fin de esti-
mar el HLC, es necesario estimar la apertura solar (S,)
del edificio. En este caso, la apertura solar estimada
es S,=230.15m?la cual ha sido previamente estima-
da en [16]. Dependiendo del area total de las venta-
nas de cada planta, se ha llevado acabo la distribu-
cion de la apertura solar en cada planta. Mientras a
la planta baja le corresponde un 16% de la apertura
solar total, a la primera planta le corresponde un
36%, un 23% ala segunda plantay un 25% a la tercera
planta. En este caso, se ha medido la Radiacion So-
lar Global Horizontal. Ademas, [16] también estima
el calor generado por los ordenadores y el calor de
ocupacion generado por la generacion de calor me-
tabdlico de las personas. Esto ultimo se ha conside-

conditions measuring sensors and building energy
consumption measuring sensors.

Inside the building, the temperature, the relative hu-
midity, the brightness level and the air quality (CO,
concentration) were measured using the internal
sensors. However, in the exterior of the building,
apart from the temperature, the relative humidity,
the brightness level and the air quality (CO, concen-
tration), also the wind speed, wind direction and the
horizontal global solar radiation could be measured.
One extra CO, concentration sensor was installed in
the exterior after the rehabilitation. Regarding the
energy consumption of the building, the energy con-
sumption of the heating systems can be obtained
since the entering and returning flow temperature
and the heating water flow rate are measured. Mo-
reover, measuring the active power consumption of
the electrical board of each of the floors, it is possible
to know the electricity consumption.

However, not all the data has been directly measu-
red from sensors. In order to estimate the HLC, it is
necessary to estimate the solar aperture (S,) of the
building. In this case, the solar aperture estimated is
S,=230.15 m? already estimated in [16]. Depending
on the total window area of each floor, the solar
aperture distribution has been carried out giving a
16% of the total aperture to the ground floor, a 36%
to the first floor, a 23% to the second floor and a 25%
to the third floor. In this case, the Global Horizontal
Solar Radiation (Hs,) was measured. Moreover, the
heat generated by the computer and the occupancy
heat generated by peoples’ metabolic heat gene-
ration has also been estimated as in [16]. This has
been considered as internal gain. The occupancy
scheduled for each of the floors has been estimated
by analysing the measured lighting electricity con-
sumption and by means of interviews.

The summary of the all building sensors installed in
the building can be seen in detail in Table 1 of [1].
However, the following Table 1 shows only the sen-
sors used for the estimation of the HLC in this analy-
SIS:

o,
7 Calorimeter ]ET fh(OA { 4/BT)% Heating system
orthe setsensors Energy consumption
4 Electricity Power Meter + 2% for all Lighting system
13 Air quality, Temperature and o o -
Relative Humnidity Sensors +0.5°C Temperature (°C) Indoor Conditions
1 Weather Station on roof +0.5°C Temperature (°C)
1 Outdoors Temperature and N o
Relative Humidity Sensor on roof $05°C Temperature (°C) Weather
o Global Horizontal Solar
1 Pyranometer on roof +5% Radiation (W/m?)
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rado como carga interna. La ocupacion programada
para cada uno de |os pisos se ha estimado mediante
el analisis de la iluminacion medida y mediante en-
trevistas.

El resumen de todos los sensores del edificio insta-
lados en el edificio se puede ver en la Tabla 1 de [1].
Sin embargo, la siguiente Tabla 1 muestra los sen-
sores utilizados para la estimacion de la HLC en este
analisis:

3. Resultados y discusion

La monitorizacion del edificio de oficinas en uso se
llevd a cabo entre noviembre de 2014 y marzo de
2018, considerando el periodo de datos de cada no-
viembre a abril. Por lo tanto, la identificacion de va-
rios periodos Utiles (subperiodos de al menos 72 h)
que cumplen los requisitos de la seccion 2.1 se ha lle-
vado a cabo dentro de los cuatro periodos de invier-
no. Después de la deteccion de los periodos Utiles, el
método promedio se ha aplicado para cada uno de
los pisos del edificio y también para el edificio com-
pleto. Una vez que se han identificado estas estima-
ciones del HLC, los valores se han comparado entre
si comprobando su variacion con los demas resulta-
dos. Sila variacion del HLC para el mismo piso y para
el edificio completo en los tres inviernos analizados
antes de la rehabilitacion no varia considerablemen-
te, se puede considerar que los resultados obtenidos
son fiables. Debe considerarse que las estimaciones
de HLC son independientes entre si, ya que los pe-
riodos utilizados son diferentes durante el mismo
periodo de invierno o sucesivos inviernos.

Esta seccion presenta los resultados del coeficiente
de pérdida de calor obtenidos antes y después de la
rehabilitacion del edificio. Luego, la seccion se divide
en dos secciones; la primera seccion presenta los re-
sultados obtenidos para los tres periodos de invierno
antes de la rehabilitacion y la segunda seccion pre-
senta los resultados del periodo analizado obtenidos
después de la rehabilitacion. Los valores obtenidos
después de la rehabilitacion deben mostrar una me-
jora considerable en comparacion con los resultados
de la seccion anterior debido a la instalacion de un
nuevo sistema de ventilacion y a la mejora en el ais-
lamiento de la fachada.

3.1. Resultados de HLC previos a la
rehabilitacion

Esta seccion analiza los tres periodos de invierno
desde noviembre de 2014 hasta abril de 2017. Los
valores del coeficiente de pérdida de calor antes de
la rehabilitacion para el periodo correspondiente se
han estimado utilizando la Eg. (1). Como se muestra
en la Tabla 2, se encontraron ocho periodos Utiles.
Los calculos se han realizado planta por planta y para
todo el edificio. Esto permite la comparacion entre el
HLC estimado directamente para los datos prome-
dio de todo el edificio (HLCpiiging) ¥ €l HLC calculado

3. Results and discussion

The monitorization of the in-use office building
has been carried out between November 2014 and
March 2018, considering the data period from every
November-April. Then, the identification of several
useful periods (sub-periods of at least 72h) fulfilling
the section 2.1 requirements has been carried out
within the four winter periods. After the detection
of the useful periods, the average method has been
applied for each of the floors of the building and also,
for the whole building. Once these HLC estimates
have been estimated, the values has been compared
to each other checking their consistency. In order
to ensure the reliability of the results, the indepen-
dently estimated HLC results for the same floor and
for the whole building should not vary considerably.
In other words, the HLC estimated results for the
same floor and the whole building should be simi-
lar for the three analysed winter periods before the
rehabilitation. It must be considered that the HLC
estimates are independent from each other, since
the used data periods are different during the same
winter period and the rest of the winter periods.

This section presents the Heat Loss Coefficient re-
sults obtained before and after the rehabilitation
of the building. Then, the section is divided in two
sections; the first section presenting the results ob-
tained for the three-winters before the rehabilitation
and the second section presenting the results obtai-
ned from the analysed winter after the rehabilitation.
The HLC estimated results after the rehabilitation are
expected to be lower than the HLC estimated results
before the rehabilitation due to the new installed
ventilation system and the improved insulation of
the envelope.

3.1. Pre-rehabilitation HLC results

This section analyses the three winter periods from
November 2074 until April 2017. The Heat Loss Co-
efficient values before the rehabilitation for the each
specific considered analysis period have been esti-
mated using Eg. 1. As shown in Table 2, eight use-
ful periods were found. The calculations have been
done for the whole building and for each of the
floors. This enables the comparison between the
HLC estimated directly for the average data of the
whole building (HLCpjiging) and the HLC calculated as
the sum of all the floors (HLCgp,)-

From Table 2 can be concluded that if the independ-
ent periods analysed during the three winters are
checked, the HLC value variation can be barely seen.
Thisis logical since there have been no change in the
building envelope during these three winters. Then,
the obtained average value for the whole building
does not differ considerably from the independent
values. The HLC estimated average value for this pre-
rehabilitation case is 5.18 + 0.56 KW/K with a stand-
ard deviation of 0.25 KW/K.
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N
HLC — Ek=1(Qk+Kk+(Sﬂ.VSUI)k)
N
Li=1(TinkTout k)
[KW/K] Eq. (1)
' Total HLCro HLCry HLCr HLCrs HLCqym HLCpuiding
Winter | From To Hours +eHLCr, +eHLC, +eHLC, +eHLCps +eHLCqym +eHLCayiging
14/:2% ;3@3/5/ " 091 | + [010 153 | + |o016| 108 | + |011|128 | + [012 |48 | + | 049|483 | + | 049
1517207\ 15/1/23/ 72 1.04 + 0.09 1.64 + 0.15 1.18 + 0.09 139 + 0.12 | 525 + 0.45 5.28 + 0.45
2014 10:00 | 8:00
2015
15/:@% ;ggéao/ 99 1.14 + 014 | 1.70 + 020 | 1.14 + 012 | 1.40 + 0.16 | 5.38 + 061 | 540 + 0.60
15/2% ]%’g”/ 93 103 + |008|154| + |012|107| £ [008|128| + | 010|493 | + |038 |49 | + |o038
151247 1517211 76 104 |+ | 014|173 | & o017 [ 19| £ [o012 | 142 | £ | 014|539 | + | 066|547 | + |o057
2015 19:00 | 22:00
2016 | 16/1/6/ | 16/1/9/
2000 | 800 61 106 | + | 019|160 | + |027 109 | % [018 | 141 | + | 024|517 | + |08 |52 | + |09
16/12/19/ | 16/12/22/
2016- 12:00 | 6:00 67 149 | + | 016|108 | + 011|131 | £ [o0714|387 | + |o042]|387| + | o043
0071 q7/179/ | 111112/
1800 | .00 62 113 + | 014|095 | + o1 12| £ [013[320| + | 036|319 + |039
Table 02. . . .
HLC results before como la suma de todos los pisos (HLCy)- Due to the lack of measurements during winter
retrofitting. 2016-2017 in the ground floor, there is no esti-

Analizando la Tabla 2 podemos concluir que apenas
existe una variacion entre los valores de HLC obte-
nidos en los periodos independientes analizados
durante los tres inviernos antes de la rehabilitacion.
Esto tiene sentido ya que no se han realizado cam-
bios en la envolvente del edificio durante este pe-
riodo. Por lo tanto, podemos observar que el valor
promedio obtenido para todo el edificio no se aleja
del resto de los valores independientes. El valor pro-
medio estimado de HLC para este caso previo a la re-
habilitacion es 5.18 + 0.56 kW/K con una desviacion
estandar de 0.25 KW/K.

Debido a la falta de mediciones durante el invierno
2016-2017 en la planta baja, no hay un valor HLC es-
timado para esta planta en ninguno de los periodos
estimados durante este invierno. De todas maneras,
los datos del resto de las plantas se midieron con
normalidad, por lo que fue posible estimar su HLC
sin problemas. Sin embargo, debido a la similitud en-
tre la temperatura promedio interna resultante para
todos los periodos, es facil hacer la estimacion del
valor de HLC para la planta baja en el invierno 2016-
2017. El HLC promedio para la planta baja se obtie-
ne promediando los seis periodos disponibles de
los inviernos 2014-2016 y el valor obtenido es 1.04 +
0.12 kW/K. Entonces, 4.56 + 0.53 kKW/K seria el valor
promedio obtenido para el HLC en el invierno 2016~
2017. Sin embargo, dado que durante el verano de
2016 se aislo el falso techo de la planta baja, lo Gltimo
no puede considerarse completamente fiable.

Ademas, los valores sumados de HLC (HLCg,p,) v el

mated HLC value for the ground floor for any of
the estimated periods during this winter. How-
ever, all the rest of the floors were providing
data normally, so the HLC of these floors were
estimated without problem. However, due to the
similarity between the internal average tempera-
ture results for all the periods, it is easy to make
the estimation of the HLC value for the ground
floor in winter 2016-2017. The average HLC for
the ground floor is obtained by averaging the six
available periods of the winters 2014-2016 and
the obtained value is 1.04 + 0.12 kW/K. Then, 4.56
+ 0.53 KW/K would be the average value obtained
for the HLC for the winter 2016-2017. However,
since during the summer 2016 the false ceiling of
the ground floor was insulated, the latest cannot
be considered completely reliable.

Moreover, the summed HLC (HLC,,,,) and the to-
tal HLC (HLCgyiding) Values show very similar re-
sults. Since the internal temperature (T;,) remains
uniform for all the periods in the different floors of
the building, the difference between HLC,,, and
HLCguiding is negligible. However, due to the data
has been measured floor by floor, the obtained
value from this estimation will be more precise.
Then, the HLC,,,, will be used as reference.

To conclude, the most reliable HLC estimated
value for the building before retrofitting is 5.18 +
0.56 KW/K.
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total de HLC (HLCgyging) Muestran resultados muy
similares. Dado que la temperatura interna (T;,) per-
manece uniforme durante todo el periodo en los di-
ferentes pisos del edificio, la diferencia entre HLC,,
Yy HLCguiding €S insignificante. Sin embargo, debido a
que los datos se han medido piso por piso, el valor
obtenido de esta estimacion sera mas preciso. En-
tonces, el HLCsum se usara como referencia.

Para concluir, el valor estimado de HLC mas fiable
para el edificio antes de la rehabilitacion es 5.18 +
0.56 KW /K.

3.2. Resultados de HLC posteriores a la
rehabilitacion

En la seccion 3.2 se ha llevado a cabo la misma es-
timacion que la realizada en la seccion 3.1 para ob-
tener los valores de HLC del invierno 2017-2018. El
calculo de esta seccion se realizd después de que
el edificio publico se rehabilitase. Los patrones de
ocupacion del edificio permanecen iguales después
de la rehabilitacion del edificio, por lo tanto, se ha

— E§=1(QR+K)¢ +(Sa.Vsa.i )k)

3.2. Post-rehabilitation HLC results

The same estimation has been carried out in or-
der to estimate the HLC values for the 2017-2018
winter. This section calculations have been per-
formed after the public building retrofitting. The
occupation patterns of the building remain equal
after the retrofitting of the building, so, the same
occupancy heat gain estimation used for section
3.1 has also been used in this section. Due to the
rehabilitation of the building, the HLC results of
this section should be considerably lower than
the results obtained in section 3.1.

Then, the average value obtained for the HLC is
3.74 + 0.41 KW/K with a standard deviation of
0.28 KW/K. If compared with the average value
obtained in section 3.1 (5.18 + 0.56 kKW/K), it can
be concluded that the HLC reduction has been
considerable. The total reduction of the build-
ing HLC mainly due to the insulation of the fa-
cade, ventilation system installation and window
change has been of 28%.

utilizado la misma estimacion de ocupacion utiliza-
da para la seccion 3.1. Debido a la rehabilitacion del
edificio, los resultados de esta seccidon deberian ser
considerablemente mas bajos que los resultados
obtenidos en la seccion 3.1.

Analizando la Tabla 3, el valor promedio obtenido
para el HLC es 3.74 + 0.41 KW/K con una desviacion
estandar de 0.28 kW/K. Si se compara con el valor
promedio obtenido en la seccion 3.1 (5.18 + 0.56
KW/K), se puede concluir que la reduccion ha sido
considerable. La reduccion total del HLC del edificio
debido al aislamiento de la fachada, instalacion del
sistema de ventilacion y cambio de ventanas ha sido
de un 28%.

4, Conclusiones

El estudio realizado ha demostrado la validez del

The validity of the method has been proven in this
study by checking the internal consistency by chec-
king the similarity of the independent HLC estima-
tions of the pre- and post- refurbishment winter
periods. It has been possible to apply the method
into an in-use four-story office building and obtain
reliable HLC results during four winter periods.

The selected periods have been able to fulfill all the
requirements of the applied method during both pe-
riods, before and after retrofitting. Then, it can be as-
sumed that the HLC estimation has been developed
successfully. During the first period, before the reha-
bilitation (between November 2014 and April 2017),
the obtained average HLC value has been 5.18 + 0.56
kW/K. The building was retrofitted during summer
2017 and the facade of the building was insulated.

HLC PNt (Tin i Tout k)
k=1\tin.k toutk
[KW/K] Eq. (1)
i Total HLCro HLCh HLC: HLCrs HLCourm HLCauiding
Winter From To Hours +eHLCro +eHLC +eHLCr +eHLCr, +eHLCyum +eHLCayiding
T8/ 1T 88 077 | + 009 |129| + [017 | 088 | + |011]096| + |015|390 | + |05 39| £ |05
18:00 | 9:00
171126/ | 1712721
+ + + + + +
2100 | 1200 136 071 | + |o006|128| + |o010| 077 | + |o006 |08 | + |008|361| + |030|362| + |03
2017- | 171220/ | 17/12/23/
+ + + + + +
018 000 | 900 73 075 | + |o008|132| + |o15| o080 | + |009 097 | + [012]384| + | 044|385 | + | o044
181717/ | 18/1/20/ 75 076 | + |008|133| + |015|086 | + |010| 107 | + | 013|403 | + | o046 | 404 | + | 046
400 | 6:00
18/2/6/-1 18/2/10/ 87 065 | + |005|111| + |[o010|074| + |o007|083| + |o008|332| + |03 33| + |o030
17:00 | 7:00
4, Conclusion Table 03.

HLC results after retrofitting.
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método de la media mediante el analisis de la simili-
tud entre los resultados independientes del HLC an-
tesy después de la rehabilitacion. Durante el estudio
ha sido posible aplicar el método en un edificio de
oficinas de cuatro pisos en uso y obtener resultados
fiables de HLC durante cuatro periodos de invierno.

Los periodos de analisis seleccionados, han podido
cumplir con todos los requisitos del método antes
y después de la rehabilitacion. Entonces, se puede
considerar que la estimacion del HLC se ha desarro-
[lado con éxito. Durante el periodo previo a la renabi-
litacion (entre noviembre de 2014 y abril de 2017), el
valor promedio de HLC obtenido fue de 5.18 + 0.56
kW / K. El edificio fue rehabilitado durante el verano
de 2017 ylafachada del edificio fue aislada. También
se instalo un sistema de ventilacion con sistema de
recuperacion en el edificio (hay que tener en cuenta
que esto incrementa la parte del C, que forma parte
del HLC en comparacion con el periodo de antes de
larehabilitacién). Como se esperaba, la rehabilitacion
del edificio ha reducido considerablemente el valor
promedio de HLC a 3.74 + 0.41 KW/K. Estos valores
se estiman utilizando las columnas de HLCg,, en la
Tabla 2 y la Tabla 3, ya que la forma de estimarlo es
mas precisa que la estimacion directa del HLCgjging-
Por lo tanto, se puede concluir que la reduccion del
HLC ha sido de un 28% después de la rehabilitacion.
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Calibration applied to a building thermal facility.
Methods for data treatment and thermal model
building

Calibracion de una instalacion térmica doméstica. Métodos
para el tratamiento de datos y construccion del modelo
térmico

Arrate Hernandez', Estibaliz Perez!, Ana Picallo’

ABSTRACT

A hybrid thermal facility, located in Biscay (Spain), supplies the domestic hot water (DHW) and the heating
demand of 26 social housing units. The facility consists of a 68 [KW] heat pump (HP), connected to a very
low enthalpy geothermal well, and a 120 [KW] gas boiler. A SCADA system, stores the data acquired from the
measuring devices in different time intervals, format and unit system.

A system thermal model is build, based on the technical information of the facility, with TRNSYS V17, a soft-
ware for dynamic energy system simulation. Accordingly, additional data that is not obtained from the SCA-
DA was generated with TRNSYS. This model simulates the energy performance of the facility along a year.
This step is required for further rigorous studies of its energy performance. In order to achieve this aim, the
model must be validated with a validation criterion such as the one indicated in the ASHRAE guideline, 14th
standard.

To start the validation, the information stored in SCADA has being analyzed. Therefore, data related to a pe-
riod in summer (15 May-14 October) and in winter (15 October-14 May), were selected from the SCADA and
the following data was used: resource consumption data (gas consumption in the boiler and electricity in the
HP) and heat values in the circuits. Gas and electricity meters are record every 15 minutes in the SCADA, while
heat values are stored every 24 hours.

Later on, a graphical method has being used to compare the records in both databases. Accordingly, a gap
appears between simulated and measured records. That indicates, precisely, the level of uncertainty in the
model and, in order to reduce it, a calibration process has being applied.

Consequently, the original gap between real data and model data has being reduced. Therefore, the perfor-
mance of the model appears now closer to the real facility. Nevertheless, the calibration of the installation
should be improved with much more expensive methods to achieve the final objective, of validating the ins-
tallation according to standard 14th. Because of that, a proper model of the system is a strict requirement to
achieve energy savings in buildings thermal systems.

Rey Words: Facility calibration; TRNSYS modelling; SCADA data acquisition; ASHRAE validation; dynamic real-
data

(1) ENEDI Research Group, Department of Thermal Engineering, Faculty of Engineering of Bilbao, UPV/EHU, arrate.nernandez@ehu.
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1. Introduccion

En una sociedad en la que existen necesidades
energéticas basicas, los niveles de confort exigibles
van en aumento, con el fin de incrementar el bien-
estar individual y social. Es por ello que la demanda
energética se esta elevando significativamente. Por
contra, la cantidad de combustibles fosiles se esta
reduciendo. Por tanto, nos encontramos ante la ne-
cesidad vital de buscar alternativas para abastecer
dicho consumo. Ademas, las continuas emisiones
de diéxido de carbono, entre otros gases de efecto
invernadero, suponen una enorme contribucion al
cambio climatico.

Los edificios son la fuente de una gran cantidad de
impactos ambientales debido a la energia utilizada
para proporcionarles los servicios necesarios, asi
como a la energia contenida en los materiales utili-
zados durante su construccion. En Europa, los edifi-
cios son responsables del 40% del consumo final de
energia,[1]. Para lograr una sociedad sostenible, se
debe reducir el consumo de energia en el sector de
la edificacion. El primer paso para lograr este objeti-
vo es localizar los puntos débiles y analizar los poten-
ciales de ahorro de energia.

Los sistemas térmicos en edificacion, especialmen-
te los de cierta antigliedad, no estan optimizados ni
en su disefo ni en su estrategia de control y muchas
veces no tienen un mantenimiento adecuado. Por
lo tanto, un buen analisis de su funcionamiento y la
aplicacion de técnicas de diagnostico pueden evitar
un deterioro importante y, sobre todo, permite reali-
zar mejoras operativas.

Sin embargo, la mayoria de los estudios de ahorros
energéticos ignoran el comportamiento dinamico
de los sistemas durante la operacion, [2] y su man-
tenimiento. Por lo tanto, es necesario verificar como
funciona realmente el sistema y actuar de acuerdo
con los propositos de ahorro energético en las fases
de mantenimiento y operacion.

Este analisis debe corresponder con los datos reales
de la instalacion v, por lo tanto, la instalacion debe
de estar continuamente monitorizada. Aunque el
namero de sensores instalados en los edificios au-
menta progresivamente, existe una escasez de base
de datos relacionada con las instalaciones en los edi-
ficios. En la [3] se relinen los datos actuales disponi-
bles relacionados con el stock de edificacion.

1.1. Analisis de los sistemas HVAC en
edificacion

Cuando hablamos de sistemas de energia en edifi-
cacion, nos referimos a la envolvente del edificio, al
sistema de iluminacion, asi como a los sistemas de
calefaccion, ventilacion y aire acondicionado (HVAC),
por sus siglas en inglés, del edificio.

1. Introduction

In a society in which there are basic energy needs,
the required comfort levels are growing in order to
increase individual and social well-being. That is why
the energy demand is rising significantly; conversely,
the amount of fossil fuels is decreasing. Therefore,
we have the vital need to look for alternatives to
supply such consumption. Furthermore, continuous
emissions of carbon dioxide (i.e. greenhouse gases)
greatly contribute to the climate change.

Buildings are the source of a large number of envi-
ronmental impacts due to the energy used to pro-
vide them with the necessary services, as well as
the energy contained in the materials used during
their construction. In Europe, buildings are responsi-
ble for 40% of the final energy consumption, [1]. To
achieve a sustainable society, energy consumption
in buildings must be reduced. The first step in achie-
ving this goal is to locate weak points and to analyse
energy saving potentials.

Thermal systems in buildings, especially those of a
certain age, are not optimized neither in their design
nor in their control strategy and often do not have
the adequate maintenance. Therefore, a good analy-
sis of its operation and the application of diagnostic
techniques can avoid significant deterioration and,
above all, can allow operational improvements.

However, most studies of energy savings ignore the
dynamic behaviour of systems during operation [2]
and maintenance. Therefore, it is necessary to verify
how the system currently works and actinaccordan-
ce with energy saving purposes in the maintenance
and operation phases. This analysis must correspond
to the real data of the system and, therefore, it must
be continuously monitored. Although the number
of sensors installed in buildings is progressively in-
creasing, there is a shortage of databases related to
installations in buildings. [3] gathers the current avai-
lable data related to the building stock.

1.1. Analysis of HVAC systems in buildings

When we talk about energy systems in buildings, we
refer to the building envelope, the lighting system, as
well as the building’s heating, ventilation and air con-
ditioning (HVAC) systems.

According to the applicable regulations in Spain,
there are specific criteria and procedures to evaluate
and compare the various thermal energy production
technologies, both feed with fossil and renewable
resources. In any case, the following points must be
considered in the analysis [4]

« The use of calculation methods validated by
simulation models and contrasted with experi-
mental tests.
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Segln la normativa aplicable en Espana, existen
criterios y procedimientos concretos para evaluar y
comparar las diversas tecnologias de produccion de
energia térmica, tanto fosiles como renovables. En
cualquiera de los casos, estos puntos deben de ser
consideraros en el analisis [4]:

« El uso de métodos de calculo suficientemente
validados por modelos de simulacion y contras-
tados con medidas experimentales.

« La utilizacion de parametros de diseno de los
componentes de las instalaciones que sean re-
sultados de ensayos realizados o validados por
una tercera parte.

« La monitorizacion de los datos reales del funcio-
namiento de las instalaciones que permita com-
probar que se cumplen los resultados previstos.

Esimportante que los usuarios conozcan el compor-
tamiento del sistema HVAC y los resultados opera-
tivos basados en diferentes escenarios de consumo.
Por esta razon, es interesante analizar las prestacio-
nes de los sistemas de generacion de calor, asi como
su forma de distribucion, en diferentes escenarios de
consumo y climatologicos para evaluar como traba-
jaalolargo de diversos periodos.

1.2. Métodos para el analisis del
comportamiento

Existen métodos de calculo, simples y/o mas avan-
zados que caracterizan el comportamiento de las
maquinas térmicas en edificacion. Los mas deta-
llados utilizan la simulacion dinamica y analizan el
comportamiento de las instalaciones mediante la
modelizacion fisica de los diferentes elementos que
[a componen. Las opciones de estos métodos son
practicamente ilimitadas, ya que simulan cualquier
tipo de configuracion y permiten modificar una gran
cantidad de variables operativas. Asi se representa el
comportamiento del sistema de manera muy preci-
say realista, se optimiza el diseno y se obtiene infor-
macion sobre los parametros mas sensibles.

El método TRNSYS desarrollado por la Universidad
de Wisconsin [5], es el mas clasico y lider del merca-
do entre los sistemas de simulacion, esta basado en
la integracion de componentes caracterizados; mu-
chos de ellos ya estan normalizados y predefinidos.
Permiten el control de los calculos de los sistemas
existentes porque permiten la importacion de datos,
por ejemplo, los datos del climay los de consumo.

No obstante, para reproducir de la forma mas fiel el
comportamiento real de una instalacion, es necesa-
rio calibrar y validar los resultados de la simulacion
con aquellos registrados mediante la sensoérica dis-
ponible.

1.3. Recogida de datos mediante SCADA

« The use of design parameters of the system
components; which are obtained from the re-
sults of tests or from the validated results of a
third party.

«  The monitoring of the actual data on the opera-
tion condition to verify that the expected results
areright.

It is important to know the behaviour of the HVAC
system and the operating results based on different
consumption scenarios. For this reason, it is interes-
ting to analyse the benefits of heat generation sys-
tems, as well as their distribution, in different con-
sumption and climatological scenarios to evaluate
how it works over different periods.

1.2. Methods for behavioral analysis

There are simple and/or more advanced calculation
methods to characterize the behaviour of thermal
systems in buildings. The most detailed ones use
dynamic simulation and analyse the behaviour of
the facilities by physically modelling the different
elements of the system [4]. The options of these
methods are practically unlimited, since they simu-
late any type of configuration and allow modifying
a large number of operating variables. This way the
behaviour of the system is represented in a very pre-
cise and realistic way, the design is optimized and
information of the most sensitive parameters is ob-
tained.

The TRNSYS method developed by the University
of Wisconsin [5] is the most classic and market lea-
der among simulation systems, and is based on the
integration of characterized components; many of
them are already standardized and predefined. The
method allows the control of the real system calcu-
lations because they allow importing data, for exam-
ple, the climate and consumption data.

However, to reproduce the real behaviour of a facility
in the most faithful way, it is necessary to calibrate
and validate the simulation results with those recor-
ded data of available sensors.

1.3. Data collection through SCADA

Supervisory control and data acquisition (SCADA) te-
chnology is a method of monitoring and controlling
large processes and has evolved in the last 30 years.
SCADA covers thousands of different areas and has
hundreds of dimensions. SCADA is a mature techno-
logy and includes, among others, software packages
that can be incorporated into a system to improve
the safety and efficiency of the operation [6]. There-
fore, a SCADA system stores the data acquired from
the measuring devices at different time intervals,
format and unit system. The main objectives of the
SCADA system are the validation of simulations and
the analysis of deviations between the real
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La tecnologia de control de supervision y adquisicion
de datos (supervisory control and data acquisition),
SCADA es un método de monitoreo y control de
grandes procesos y ha evolucionado en los ultimos
30 anos. Los procesos SCADA cubren miles de areas
distintas y tienen cientos de dimensiones. Siendo
una tecnologia madura, SCADA incluye, entre otros,
paquetes de software que pueden incorporarse a un
sistema para mejorar la seguridad y la eficiencia de la
operacion de estos grandes procesos [6]. Por lo tan-
to, un sistema SCADA almacena los datos adquiridos
de los dispositivos de medicion en diferentes inter-
valos de tiempo, formato y sistema de unidad. Los
objetivos principales del sistema SCADA son la vali-
dacion de simulaciones y el analisis de desviaciones
entre el comportamiento real y simulado del edificio,
derivado de la hipotesis asumida en su construccion
y otras incertidumbres [7]. Inicialmente, para cali-
brar y validar y, posteriormente, para diagnosticar e
implementar optimizaciones en los subsistemas de
HVAC es imprescindible que la instalacion cuente
con un sistema de monitorizacion y almacenamien-
to de datos. El sistema de monitorizacion, permite
obtener la imagen real de la instalacion y el sistema
de almacenamiento permite trabajar con los datos.

1.4. Métodos de calibracion existentes

Calibrar un modelo que simula el comportamiento
energético de una instalacion térmica consiste en
realizar una comparativa entre el consumo de ener-
gia del modelo y la instalacion real. Se alcanzara la
validacion del modelo cuando el resultado de la ca-
libracion se adapte al criterio indicado por alguno
de los estandares. Uno de los estandares mas utili-
zados es el que indica la American Society of Hea-
ting, Refrigerating and Air-Conditioning Engineers
(ASHRAE) Guidelines 14 [8], en adelante la guia, que
utiliza los indices estadisticos error medio de sesgo
(mean bias error, MBE) y el coeficiente de variacion
del valor cuadratico medio (coefficient of variation
of the root mean square error CV(RSME)) para cali-
brar el modelo. Se calculan de la siguiente manera:

ZPeriodo(S - M)Intervalo

and simulated behaviour of the building, derived
from the hypothesis assumed in its construction and
other uncertainties [7].

Initially, to calibrate and validate and, later, to diag-
nose and implement optimizations in the HVAC
systems, monitoring and storing data of the system
is an essential step. The monitoring system allows
obtaining the real picture of the installation and the
database allows working with the data.

1.4. Existing calibration methods

To calibrate a model that simulates the energy be-
haviour of a thermal facility, a comparison must be
made between the energy consumption of the mo-
del and that of the real facility. The validation of the
model will be achieved when the result of the cali-
bration is adapted to the criterion indicated by any
of the standards.

American Society of Heating, Refrigerating and Air-
Conditioning Engineers (ASHRAE) Guidelines 14th
[8], from now on named as “the guide”, is one of the
most commonly used. It uses the statistical mean
bias error (MBE) and the coefficient of variation of
the root mean square error CV(RSME) to calibrate
the model. Those parameters are calculated as fo-
llows:

S and M are the energy consumptions for a time in-
terval measured in the model and in the facility; N
is the number of intervals for a period. Calibration
methods are described in [9]. The choice of the
method depends on the model, the goal and the
available resources. A work that classify the different
calibration methods is found in [10]. Among others,
the most interesting methods are (i) the manual
method, which is the most elementary, widely used
and does not require any additional resources to the
model already generated, and (ii) the automated
methods, which through the use of software, allow
the model to be implemented with optimization al-
gorithms. As an example, the software GenOpt [11]
is used to optimize a model generated in TRNSYS
through the TrnOpt interface.

MBE = X 100 (1)

ZPen’odo MIntervalo
RMSEp,,;

Co(RMSEperiog) = A—Pmodo % 100 )
Periodo
S — M)?

RMSEperiodo = X( m )intervato 3)

Intervalo
APL’Tiodo — ZPeriodo MIntervalo (4)

Nlntervalo
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Donde, Sy M son los consumos de energia medidos
en el modelo y la instalacion real respectivamente
para un intervalo de tiempo y N es el nimero de in-
tervalos para un periodo.

En [9] se describen los métodos de calibracion. El
método a adoptar depende del modelo, del obje-
tivo a alcanzar y los recursos disponibles. En [10] se
incluyen referencias a trabajos clasificados por el
método de calibracion utilizado. Destacan i) el méto-
do manual, por ser el mas elemental, ampliamente
utilizado y por no requerir ningun recurso adicional
al modelo ya generado y ii) los métodos automatiza-
dos, que mediante el uso de un software, permiten
implementar el modelo con algoritmos de optimi-
zacion. Un ejemplo es la utilizacion del software Ge-
nOpt [11] que mediante la interface TrnOpt permite
optimizar un modelo generado en TRNSYS.

2. Objetivos

El objetivo de este articulo es calibrar una instalacion
térmica que abastece las demandas de agua calien-
te sanitaria (ACS) y calefaccion de un edificio situa-
do en Durango (Pais Vasco). Con esto se pretende
generar un modelo dinamico mediante el software
TRNSYS v17y conocer la incertidumbre del modelo.
Por lo tanto, este trabajo contiene el proceso de cali-
bracion de un modelo dinamico a partir de los datos
reales recogidos mediante un sistema SCADA.

El documento se divide en 7 secciones principales:
después de esta breve introduccion de la Seccion 1,
la Seccidn 2 se ocupa del objetivo y la Seccion 3 con-
tiene la metodologia utilizada para calibrar la insta-
lacion. La Seccion 4 describe el caso de estudio. Los
resultados numeéricos se muestran en la Seccion 5y,
en las ultimas Secciones 6y 7, se presentan las con-
clusiones y la discusion final.

3. Metodologia

Como se ha indicado, el objetivo es validar un mo-
delo dinamico de una HVAC que usa como genera-
dor principal una BC geotérmica. Por ello, se hace
necesario disponer de informacion detallada para
completar la fase de modelado de la instalacion,
asi como la fase de calibracién y validacion. Los da-
tos que alimentan el modelo deben ser veraces y el
programa para la simulacion de la instalacion debe
garantizar la precision y fiabilidad de los resultados.

Para realizar el modelado se requiere conocer las
caracteristicas fisicas y termodinamicas de todos
los componentes de la instalacion, su disposicion en
planta y su control, asi como los datos del consumo
de ACSy calefaccion que se deben abastecer.

Para ello, se ha recopilado informacion de todas las
fuentes disponibles, que son la siguientes:

- memoria técnica de la instalacion,

2. Objectives

The general objective of this article, as a whole, is to
calibrate a thermal system that supplies the DHW
andheating demands, with geothermal technology,
of a building located in Durango (Basque Country).
The idea is to generate a dynamic model using the
TRNSYS software and to know the uncertainty of the
model. Therefore, this work contains the process of
calibration and validation of a dynamic model based
on the actual data collected using a SCADA system.

The document is divided into 7 main sections: af-
ter this brief introduction of Section 1, Section 2
addresses the objective and Section 3 contains the
methodology used for calibrating the facility. Section
4 describes the case study and explains the main ba-
rriers and their solutions. The numerical results ap-
pear in Section 5 and, in the last Sections 6 and 7, the
conclusions and the final discussion are presented.

3. Methodology

As stated, the objective is to validate a dynamic mo-
del of an HVAC that uses a geothermal heat pump as
the main generator. Therefore, it is necessary to have
detailed information of the installation to complete
the modelling phase, as well as the calibration and
validation phase. On the one hand, the data feeding
the model must be truthful and, on the other hand,
programs that allow detailed simulation of the ins-
tallation are needed to guarantee the precision and
reliability of the results.

For the modelling, the following data need to be
known: the physical and thermodynamic characte-
ristics of all the components, the layout of the plant
and its control, and the data of the heating and DHW
consumption.

For this, the following information has been collec-
ted from different sources:

« technical memory of the installation,
- facility's principle scheme,

« technical documentation of the components of
the installation,

- visual inspections of the facility,

« meetings with maintenance and technical pro-
fessionals,

- SCADA.

As already mentioned, the guidelines in ASHRAE
14-2002 are followed to validate the model. Accor-
dingly, a reference model associated with reference
data (inputs) is established. For this, the information
has been collected and the data has been analysed,
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Figure 01.
Flowchart for callibration and
model validation.

- esquema de principio de funcionamiento,

- documentacion técnica de los componentes de
la instalacion,

« inspecciones visuales a la instalacion,

- encuentros con personal de mantenimiento y
técnico,

- SCADA.

Para validar el modelo, se sigue lo indicado en la
guia. Se establece un modelo de referencia que tie-
ne asociados unos datos de referencia (inputs). Para
ello, se harecopilado la informacién y se han analiza-
do los datos, filtrando los no validos y seleccionado
los validos. Asi, se tienen 8 modelos de referencia
de la instalacion que son representativos del perio-
do climatolégico estudiado y de los modos de fun-
cionamiento de la instalacion. Después se simulan
los modelos y se obtienen los outputs. Eso permite
comparar outputs del modelo con los registros rea-
les, calibrar el modelo, calculando los indices esta-
disticos correspondientes, MBE y CV(RSME), cuyos
resultados son representativos de la incertidumbre
del modelo. Este procedimiento es iterativo y finaliza
cuando se alcanzan los valores de tolerancia entre
modelo y realidad indicados en la guia. En la Fig. 1 se
muestran los pasos a realizar para la validacion del
modelo.

4, Caso de estudio

Se trata de una instalacion centralizada hibrida con

Information about the facility ]

filtering the invalid data and selecting the valid one.
Thus, there are 8 reference models of the installation
that represent all the periods and operation modes
of the installation. Then the models are simulated
and the outputs are obtained. This makes it possi-
ble to compare the models outputs with the actual
registers by calculating the corresponding statistical
MBE and CV(RSME) indices, whose results give the
models uncertainty. This procedure is iterative and
ends when the tolerance values between the model
and the reality indicated in the guide are reached.
Fig. 1 shows the steps to validate the model.

4. Case study

The case under study deals with a hybrid centralized
installation that uses natural gas and geothermal
energy as sources of energy. It supplies DHW and
heating to a building with 26 social houses. The ins-
tallation is placed in Durango (Basque Country), see
Fig. 2. The building has five floors plus an attic abo-
ve ground level; besides there are two floors below
ground level for garages and storage rooms. The ar-
chitectural design quality is high and is provided with
an underfloor heating facility [12].

4.1. Heating and DHW facility

The thermal system consists of a 68 kW nominal re-
versible water-water geothermal heat pump. Howe-
ver, given the geographical location of the building
and, therefore, its climate, it only works in heating
mode since air conditioning in summer is not man-
datory in the Basque Country [13]. It was dimensio-
ned in order to supply the

l
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acumulacion que abastece de ACS y calefaccion a
un edificio de 26 viviendas sociales. La instalacion
analizada esta ubicada en Durango (Pais Vasco), ver
Fig. 2. El edificio esta compuesto por cinco plantas
mas un atico sobre rasante destinados a viviendas y
dos plantas bajo rasante, destinadas a garajes y tras-
teros, con un diseno arquitectonico de alta calidad y
provisto de una instalacion de calefaccion de suelo
radiante [12].

4.1. Instalacién de calefaccion y ACS

La instalacion térmica consiste en una BC geotérmi-
Ca agua-agua reversible de 68 kW de potencia no-
minal. No obstante, dada la localizacion geografica
de la instalacion vy, por lo tanto, su clima, solo fun-
ciona en modo calefaccion ya que la climatizacion
en verano no es obligatoria en el Pais Vasco [13]. Se
dimensiono6 con el objeto de abastecer la deman-
da base de calefaccion y ACS del edificio mediante
el aprovechamiento del calor del subsuelo. Se pre-
tende aprovechar la energia geotérmica de baja
entalpia que, ademas de ser una buena alternativa
para suministrar energia, es renovable y limpia, [14].
Cuenta también con un sistema de generacion au-
xiliar, consistente en una caldera de condensacion a
gas natural, con una potencia nominal de 120 kW y
un rendimiento del 97,5 % que funciona a alta tem-
peratura para llegar a la consigna de temperatura de
consumo de ACS requerida. Ademas, cubre la de-
manda pico y esta dimensionada para poder sumi-
nistrar la totalidad de la demanda en el caso de que
la bomba de calor esté temporalmente fuera de uso.

Para asegurar el suministro y evitar un excesivo nu-
mero de arranques y paradas de los equipos de ge-
neracion, la instalacion cuenta con dos depositos de
inercia con una capacidad de acumulacion de 2.000
| cada uno para ACS y un depésito de 2.000 | para ca-
lefaccion. Los elementos principales de la instalacion
se muestran en la Fig. 3 junto a una breve descrip-
cion de los principales componentes utilizados, se
recogen en la jError! No se encuentra el origen de la
referencia..

El sistema de regulacion y control actla sobre los
componentes de la instalacion en base a la lectura
de la temperatura en los depo6sitos de acumulacion.
Se prioriza cubrir la demanda de ACS frente a la de-
manda de calefaccion y utilizar la BC para cubrir la
demanda de calefaccion, relegando el uso de la cal-
dera a cubrir picos de demanda.

La BC cubre la demanda de ACS o calefaccion de-
pendiendo de la posicion de una valvula de tres vias
todo-nada comandada por el sistema de control
mientras que la caldera puede cubrir ambas deman-
das simultaneamente.

Los modelos generados en TRNSYS se construyen
basados en los componentes que forman la instala-
cion, su disposicion en plantay el control.

all heating and DHW demand of the building by
using the subsoil heat. The aim is to take advantage
of low enthalpy geothermal energy, which, in addi-
tion to being a good alternative to supply energy,
is renewable and clean, [14]. It also has an auxiliary
generation system, consisting of a natural gas con-
densing boiler, with a nominal power of 120 kW and
a mean efficiency of 97.5%. It is dimensioned to be
able to supply all of the demand in case that the
geothermal heat pump is temporarily out of use.

To ensure the supply and to avoid excessive number
of starts and stops of the generation equipment, the
installation has two storage tanks with a storage ca-
pacity of 2,000 | each for DHW and a 2,000 | tank for
heating.

The main elements of the installation are shown in
and a brief description, together with the abbrevia-
tions used, of the components are shown in Table 1
and in Fig. 3.

The control of the system is carried out by means of
the temperature sensors in the storage tanks. The
DHW demand has priority against the heating de-
mand; in addition, the HP is principally used to cover
the demands while the boiler covers the demand
peaks. The HP decision of covering the DHW or
heating demand depends on the position of an all-
nothing three-way valve commanded by the control
system; the boiler, conversely, can cover both de-
mands simultaneously.

The models generated in TRNSYS, are built based on
the components of the facility, its plant layout and
control.

The facility has numerous sensors that provide the
necessary signals to control and guarantee its co-
rrect operation, as well as to monitor its operating
status. Data storage is done using a SCADA system

Figure 02.

Studio building in Durango
with geothermal heat pump.
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Scheme and main groups of
the facility under study.

Table 01.

Brief description of the main
components.

No. DESCRIPTION No. DESCRIPTION

® Boiler DHW heat pump heat exchanger
®@ Diverter DHW/heating boiler (@) Heat exchanger heating boiler
® Mixer DHW/heating boiler ®@ Mixer heating boiler/ heat pump
® Heat exchanger DHW boiler ® Diverter heating boiler/ heat pump
[6) Storage tank DHW final T Storage tank heating

® Storage tank DHW low T ® V3V heating preparation

@ V4V DHW Mixer

V3V DHW return [@) V3V DHW/heating

[©) Ground heat exchanger Heat pump

La instalacion dispone de numerosos sensores que
proporcionan las sefales necesarias para controlar
y garantizar su correcto funcionamiento; asi como,
para monitorizar su estado. El almacenamiento de
datos se hace mediante un sistema SCADA que per-
mite llevar a cabo un estudio energético detallado.
En funciéon de la localizacion del flujo y del equipo
monitorizado, el registro de datos se hace en perio-
dos temporales diferentes: por lo general, los valores
de las temperaturas dentro del circuito de distribu-
cion, el consumo de gas en la caldera y el consumo
de electricidad en la BC se recogen cada 15 minu-
tos mientras que los calorimetros y registros de los
consumos de ACS y calefaccion de los usuarios son
diarios.

4.2. Formas de funcionamiento

Elcontrol de la instalacion limita la produccion de ca-
lefaccion al periodo denominado de invierno lo que

that allows a detailed energy study. Depending on
the location of the flow and the monitored equip-
ment, the data is recorded in different time-periods.
Generally, the values of the temperatures within the
distribution circuit, the gas consumption in the boi-
ler and the electricity consumption in the heat pump
are collected every 15 minutes, while the calorime-
ters and DHW and heating consumption data are
registered daily.

4.2, Operation modes

The control of the installation limits the production
of heating to the so-called winter period, which
distinguishes two operating modes in the system:
heating period (October 15th- May 14th) and non-
heating period (May 15th - October 14th). Heating
can be produced by the HP or by the boiler.

However, in order to consider the climate of the
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hace que distinguir dos modos de funcionamiento:
periodo de calefaccion (15 de mayo-14 de octubre)
y de no-calefaccion (15 de octubre-14 de mayo). La
calefaccion puede producirse mediante la BC o me-
diante la caldera.

Sin embargo, considerando las caracteristicas cli-
matologicas del lugar donde se ubica la instalacion
y para que los modelos reflejen de forma fiel los dis-
tintos estados de funcionamiento de la instalacion,
siguiendo lo recomendado en la guia, se distinguen
4 periodos climatologicos:

- El periodo de invierno, gue incluye los meses de
diciembre, enero y febrero.

- El periodo de transicion entre invierno y verano
que incluye los meses de marzo, abril y mayo.

« El periodo de verano que incluye: los meses de
junio, julio y agosto.

« El periodo de transicion entre verano e invierno
que incluye: los meses de septiembre, octubre y
noviembre.

Y para cada periodo, se eligen los siguientes dias tipo
como representativos del estado de funcionamiento
de la instalacion:

- Undialaboral, de lunes a viernes.
« Undiade fin de semana, de sabado a domingo.

Por tanto, se tienen 8 dias representativos de la ins-
talacion que dan lugar a 8 modelos generados en
TRNSVYS.

4.3. Registro de datos

Como se ha comentado, la informacion de la insta-
lacion se almacena en un SCADA, en la Tabla 2, se
incluye la informacion relativa a los contadores con
los que cuenta la instalacion. De dicho registro, se
han seleccionado los datos relativos a los contado-
res para un periodo de 1 afo (1 de mayo del 2019- 30
de abril del 2020).

location, to accurately construct the models of the
different operating states, and to follow the recom-
mendations of the guide, 4 climatological periods
are distinguished:

«  The winter period, which includes the months of
December, January and February.

« The transition period between winter and sum-
mer: March, April and May.

«  The summer period: June, July and August.

+ The transition period between summer and win-
ter: September, October and November.

In addition, also following the recommendations, for
each period the following standard days are chosen
to represent the operating mode:

« one labour day from Monday to Friday
- and another weekend day, Saturday to Sunday.

Therefore, there are 8 representative days of the ins-
tallation that give 8 models.

4.3. Data adquisition

As mentioned, the installation information is sto-
red in a SCADA. The Table 2 shows the information
about the meters of the facility. Records related to 1
year, 1st May 2019- 30th April 2020 have been selec-
ted from the database.

DHW and heating consumptions are the inputs of
the TRNSYS models, while resource and heat con-
sumption in the circuits are compared with the out-
puts of the TRNSYS models.

4.4, Simulated and registered data

For calibration, it is necessary to have a support tool
from a simulation program to allow comparisons
between simulated and measured records; In this
case, Excel tool has been used.

METER DISPLAY FREQUENCY
MEASUREMENT
CODE VIA SCADA
Cc7 Thermal energy in primary circuit DHW HP
C8 Thermal energy in primary circuit DHW boiler
C16 24 hours Thermal energy in primary circuit heating HP
C17 Thermal energy in primary circuit heating boiler
C34 Thermal energy in geothermal circuit
C31 User DHW
24 hours
C32 User heating
C26 Electrical energy in HP
15 minutes
C28 Gas in boiler

Table 02.
Meters of the facility.
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Los consumos de ACS y calefaccién constituyen los
inputs de los modelos de TRNSYS, mientras que los
consumos de recursos y de calor en los circuitos se
comparan con los outputs de los modelos de TRN-
SVYS.

4.4, Registros simulados y medidos

Para la calibracion es necesario contar con una he-
rramienta de apoyo para TRNSYS que permita rea-
lizar la comparativa entre los registros simulados y
medidos; en este caso se ha utilizado la herramienta
Excel.

Asi, mediante un método grafico, se han comparado
los registros simulados y medidos ademas de consti-
tuir un nexo de union entre SCADA y TRNSVS.

La brecha entre ambos registros es el indicador del
nivel de incertidumbre entre el modelo v la instala-
cion real.

Para reducir el nivel de incertidumbre se aplica un
proceso de calibracion.

4.5. Proceso de calibracion

Tal como se ha mencionado, el objetivo es calibrar la
instalacion para obtener un modelo matematico de
la misma. Para ello, se han realizado varias iteracio-
nes. Los resultados obtenidos para consumo de re-
cursos, contabilizados por C26 y C28, indican que la
incertidumbre en el modelo supera el limite impues-
tode 10% y un 30% para los indices MBE y Cv(RMSE).
Por tanto y segun se indica en la Fig. 1, se requiere
hacer cambios en el modelo y una nueva iteracion.

El proceso de calibracion escogido para este caso
de estudio sigue un plan que se fundamenta en la
utilizacion del método de calibracion manual para
introducir cambios en el control de la instalacion y
un método de calibracion automatico, utilizando la
herramienta GenOpt para modificar los parametros
que definen los types de TRNSYS que componen el
modelo. En este trabajo se aborda la parte del plan
de calibracion que afecta al control de la instalacion.

5. Resultados numéricos y graficos

Se presentan a continuacion los resultados numeéri-
cos y las representaciones graficas de la calibracion
del caso de estudio.

5.1. Recogida de datos y filtrado.

Como se ha descrito, la instalacion se calibra toman-
do como base para los calculos de los indices esta-
disticos MBE y CV(RSME) los valores de los outputs
reales y simulados de unos dias representativos. Los
dias representativos seleccionados son una muestra
para el periodo temporal 1/05/2019-30/04/2020.

Thus, by means of a graphical method, simulated
and measured records were compared and used as
a link between SCADA and TRNSYS.

The gap between both registers is the uncertainty
level indicator between the model and the actual
installation.

Consequently, a calibration process is applied to re-
duce the level of uncertainty.

4.5. Calibration process

The goal is to calibrate the mathematical model of
the facility. To this end, several iterations have been
carried out. The results obtained for resource con-
sumption, accounted for by C26 and C28, indicate
that the uncertainty in the model exceeds the impo-
sed limit of 10% and 30% for the MBE and Cv(RMSE)
indices. Therefore, as indicated in Fig. 1, changes in
the model and more iterations are required.

The calibration process chosen for this case study
follows a plan based on the use of the manual cali-
bration method to introduce changes in the control
of the facility and an automatic calibration method,
using the GenOpt tool to modify the parameters
that define the TRNSVYS types that make up the mo-
del. This paper addresses the part of the calibration
plan that affects the control of the facility.

5. Numerical and graphic results

The numerical results and graphical representations
of the calibration of the case study are presented be-
low.

5.1. Data collection and filtering

As described above, the facility is calibrated on the
basis of the MBE and CV(RSME) statistical indexes
calculations with the values of the actual and si-
mulated outputs of a few representative days. The
selected representative days are a sample for the pe-
riod included between 1/05/2019-30/04/2020.

The sample includes all the operating modes of the
facility and is representative of the average daily
DHW and heating demand in the building.

A database is generated with the records of 45 mea-
suring devices: 7 correspond to meters and 37 to
thermocouples. Each record has a value, a unit and
the day and time of recording associated with it.

Due to connection problems with SCADA, disconti-
nuities in the recording values appear during the pe-
riod. The following records for the counters are taken
from the new database:

« (C26: Electricity BC. 97 records/ day.



Arrate Hernandez

69

La muestra recoge todos los modos de funciona-
miento de la instalacion y es representativa de la
demanda media diaria de ACS y calefaccion en el
edificio.

Se genera una base de datos que cuenta con regis-
tros de 45 aparatos de medida: 7 corresponden a
contadores y 37 a termopares. Cada registro tiene
asociado un valor, una unidad y el dia y hora de re-
gistro.

Debido a los problemas de conexion con SCADA, se
observa discontinuidad en el registro de valores para
el periodo temporal estudiado. De la nueva base de
datos se toman los registros para los contadores:

« (C26: Electricidad BC. 97 registros/ dia.

» (28:Gas caldera. 97 registros/ dia.

- (C31: Sumatorio de contadores de ACS del edifi-
cio. 1 registros/ dia.

« (32: Sumatorio de contadores calefaccion del
edificio. 1 registros/ dia.

« (C28:Boiler gas. 97 records/day.

« (C31: Sum of DHW meters of the building. 1 re-
cord/day.

« (C32: Sum of building heating meters. 1 record/
day.

First of all, the quality of the records associated to
these meters is studied, since the records of C26 and
C28 are used to compare their values with the out-
puts of the TRNSYS models, while the records of C31
and C32 are used to generate the demand profiles
that are inputs of the TRNSYS models. The demand
profiles are generated using the tool developed in
[15]. In Table 3, red colour indicates that there are no
records for C26, C28, C31, C32 while green coloured
boxes indicates a complete record.

As it can be seen, the quality of data collection is re-
ally poor due to the lack of calibration of the sensors
and the difficulty of communicating with the insta-
llation company. This fact must be solved for future
analysis and diagnostic actions.

Howeuver, the current calculations are based on the
few data collected in Table 3.

DAYS

May. 2019

Jun. 2019

Jul. 2019

Aug. 2019

Sep. 2019

Oct. 2019

Nov. 2019

Dec. 2019

Jan. 2020

Feb. 2020

Mar. 2020

Apr. 2020

Table 03.
Quality of the records.

Se estudia la calidad de los registros asociados a di-
chos contadores ya que los registros de C26y C28 se
utilizan para comparar sus valores con los outputs
de los modelos TRNSYS, mientras que los registros
de C31y C32 se utilizan para generar los perfiles de
demanda que son inputs de los modelos TRNSYS.
Los perfiles de demanda se generan utilizando la he-
rramienta desarrollada en [15]. En la Tabla 3 el color
rojo indica falta de registros para C26, C28, C31, C32
mientras que el color verde indica registro completo.

Como se comprueba, la calidad de recogida de da-
tos es verdaderamente escasa debido a la falta de
calibracién de los sensores y dificultad de comunica-

Period Complete record [%]
1 jun.-jul.-ago. 2019 0.53
2 sept. -oct.-nov.2019 0.91
3 | dic. 2019- ene.-feb.2020 0.63
4 | mar.-abr.2020- may. 2019 0
Table 04.

Quality records of meters
(C26,C28,C31 and C32.
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Figure 04.
Eleccion del dia
representativo para el

cion con la empresa instaladora. Hecho que debera
solucionarse cara a futuras actuaciones de analisis y
diagnostico.

Sin embargo, los calculos actuales se basan en los
pocos datos recogidos en la Tabla 3.

Debido a la discontinuidad en los registros la instala-
cion se calibra para dias representativos de los perio-
dos climatologicos en los que se ha dividido el afo a
estudio. La Tabla 4 recoge el porcentaje de dias con
registro completo para los periodos climatologicos.

Se observa que para el periodo climatologico 4, no
hay ningun dia que tenga un registro completo, este
hecho tiene una relacion directa con las dificultades
emergidas debido al Covid19. Siendo el objetivo final
calibrar y validar la instalacion, se descarta trabajar
con dias cuyos datos asociados aumenten la incerti-
dumbre en los modelos.

Por tanto, la base de datos para la eleccion de los
dias representativos se compone solamente de los
dias con registro completo.

5.2. Dias representativos

Los dias representativos son dos por periodo, uno
corresponde a un dia laborable, de lunes a viernes (L-
V), y otro a un dia de fin de semana (S-D), de sabado

Due to the discontinuity in the records, the facility is
calibrated only according to the representative days
into which the year under study has been divided
(whichare related to the weather). Table 4 shows the
percentage of days with complete records for the cli-
mate periods.

It can be seen, there is no day that has a complete
record for the climate period 4; indeed, this fact has
a direct relation with the difficulties emerged due to
the Covid19. Therefore, as the final objective is to ca-
librate and validate the installation, the days whose
associated data increase the uncertainty in the mo-
dels are erased.

Therefore, the database for the choice of represen-
tative days consists only of days with complete re-
cording.

5.2. Representative days

The representative days are two per period, one co-
rresponds to a working day, Monday to Friday (M-F),
and the other to a weekend day (S-S), Saturday to
Sunday.

The selection of representative days for periods 1, 2
and 3 is based on a statistical study carried out on the
series of values of C31 and C32. The days whose re-
cordsin C31and C32 have centralised values with res-

periodo 2. a domingo. pect to the series studied are selected. Figure 4 shows
the choice of the representative day of period 2.
Representative day selection Representative day selection
sep.-oct.-nov. 55 sep.-oct.-nov. M-F
100 100
5 075 5
5 ‘_'I
a a
¥ =
b b
o o
& — Dt g Data
3 —s— Nov.302019 3 —4—0ct.24 2019
£ &
L= 406 p=342
o= 02 o=1042
230 2182 244 408 468 530 552 218
€31 [m3] €31 [m3]
Representative day selection Representative day selection
sep.oct.-nov. 55 sep.oct.-nov. M-F
100 100
I a75 = 875
2 2
= 2
o 50 = 0.50
g — Data b —Data
£ H
H
% — . 30 2019 5} — 0124 2018
2 0.25 £ 0.25
i =86:63 BEEiE
— & o= 14265 —— G
- - - -
-34132 19867 SEM@ 85,63 27828 37153 51458 16373 4583 £6.13 9605 41101 52557
32 [kWh]
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La seleccion de los dias representativos para los pe-
riodos 1,2y 3 se fundamenta en un estudio estadisti-
co realizado sobre las series de valores de C31y C32.
Se seleccionan los dias cuyos registros de C31y C32
tengan valores centralizados respecto a las series es-
tudiadas. La Fig. 4 muestra la eleccion del dia repre-
sentativo del periodo 2.

La seleccion de los dias representativos del perio-
do 4, se fundamenta en el estudio del registro de la
temperatura exterior T33. Se utiliza la T33 media del
periodo 4 para hallar en la base de datos del periodo
2 dos dias cuyos registros de T33 sean proximos. La
correspondencia entre los periodos 2 y 4 se estable-
ce en base al estudio estadistico de T33 que figura
en las Tablay jError! No se encuentra el origen de la
referencia..

La jError! No se encuentra el origen de la referencia.
muestra los dias representativos seleccionados vy la
Tabla 6 Dias representativos seleccionados recoge el
registro de los contadores donde se muestra que se
recogen todos los modos de funcionamiento de la
instalacion, produccion de ACS mediante BC y cal-
dera, contadores C7, C8 y C34 y produccion de cale-
faccion mediante BC y caldera, contadores C16, C17
y C34.

5.3. Formas de funcionamiento. Calderay
bomba de calor

A partir de los datos registrados se chequea la ade-
cuacion del control del modelo. Inicialmente el con-
trol del modelo esta en funcion del estado de los
depositos. Sin embargo, una de las conclusiones ob-
tenidas del estudio en tiempo real de la instalacion a
través de laimagen que SCADA proyecta de la insta-
lacion, es que la caldera y la bomba de calor, ademas
de estar supeditadas al estado de los depositos, tie-
nen su propio control.

Esta informacion puede ser evidente, pero el analisis
de datos de temperaturas a partir del registro impide
extraer esta conclusion debido a que la frecuencia
de visualizacion del registro, 15 minutos para el caso
de temperaturas, es excesiva para observar este de-
talle. En la Fig. 5 se muestran los resultados y se veri-
fica la hipotesis.

Se ha analizado la temperatura del flujo que circula
a través de la caldera en la entrada T14 y en la salida
T15 de la misma, la temperatura del deposito de al-
macenamiento de ACS T1, cada 15 segundos y los li-
mites de temperatura del deposito impuestos por la
temperatura de consigna y su histéresis Tinf. y Tsup.

Asimismo, se ha analizado la temperatura del flujo
que circula a través de la BC en la entrada T39 y en la
salida T41 de la misma, la temperatura del deposito
de almacenamiento de ACS T2, cada 15 segundos y
los limites de temperatura del deposito impuestos por
la temperatura de consigna y su histéresis Tinf. y Tsup.

The selection of the representative days of period 4
is based on the study of the T33 outdoor tempera-
ture record.

The average T33 of period 4 is used in order to find in
the database of period 2 two days whose records are
close to T33. The correspondence between periods 2
and 4 is established based on the statistical study of
T33 shownin Table 5 and Table 6.

Table 7 shows the selected representative days and
Table 8 shows the record of the meters gathering all
the operating modes of the installation, the DHW
production by means of BC and boiler, meters C7, C8
and C34 and heating production by means of HP and
boiler, meters C16, C17 and C34.

5.3. Forms of operation. Boiler and heat
pump

Based on the recorded data, the adequacy of the
model control is checked. Initially the model control
is based on the status of the tanks. However, one of
the conclusions obtained from the real-time study
of the installation through SCADA is that the boiler
and the heat pump, in addition to being subject to
the state of the tanks, have their own control.

This information may be evident, but the analysis of
temperature data from the register hide this conclu-
sion because the frequency of display of the register,

T33 [°C]
Period Mean Standard deviation
1 20.8 59
2 585 54
3 10.2 4.3
4 13.8 5.2 Table 05.
Statistical study of T33.
T33 mean [°C] Representative day
Period
M-F S-S M-F S-S
14.5 12.6 4-nov.-2019 20- oct.-2019
4 13.7 13.9
- Table 06.
24jun.2019 M-F Correspondence between
21ju|2019 S-S period 2 and 4.

Table 07.
240ct.2019 M-F Choice of the representatives
30nov.2019 | S-S day
17feb2020 M-F
11jan2020 S-S
4nov2019 M-F
200ct2019 S-S
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Representative Meters in the circuits
days C7 [kWh] C8 [kWh] | C16 [kWh] | C17 [kWh] | C34 [kWh]
24jun.2019 75 61 0 0 43
21jul.2019 92 63 0 0 32
240ct.2019 119 70 51 0 93
30nov.2019 135 77 162 35 197
17feb2020 75 84 221 0 194
11jan2020 70 100 366 0 297
4nov2019 100 72 41 0 80
Table 08. 20oct2019 113 78 9 0 69
Meter values in the circuits.

5.4. Resultados

Se han generado las herramientas necesarias para
empezar con el proceso de calibracion del modelo
y se ha cuantificado el nivel de incertidumbre del
mismo mediante el calculo de los indices MBE vy
Cv(RMSEperiod). Los valores se obtienen comparan-
do los registros reales y simulados del contador de
consumo de energia eléctricaen la BCC26 y del con-
tador de consumo de gas en la caldera C28 para el
conjunto de los dias representativos seleccionados.

En relacion a los resultados numéricos, la Fig. 6
muestra los resultados de la calibracion. En esta fi-
gura se observa una baja relacion entre los indices
obtenidos y los indices requeridos para cumplir el
estandar. Segun las instrucciones de la guia, para
realizar una calibracion horaria y para que el modelo
de la instalacion sea validado, existen unos valores
maximos de los indices MBE y Cv(RMSEperiod) del
10% y 30% respectivamente.

Por lo tanto, considerando estos valores, los resul-
tados de este estudio sobrepasan los limites nota-
blemente. No obstante, estos resultados no son de
extranar. Existen numerosos estudios, entre los que
se encuentran las referencias [16],[17], que tratan la
existencia y el origen de estas grandes diferencias
entre modelo y realidad.

Sin embargo, el procedimiento descrito a lo largo de
este trabajo nos permite conocer la incertidumbre
del modelo y generar las herramientas para el calcu-
lo de los indices MBE y Cv(RMSEperiod). Este paso es
basico e imprescindible ya que, segln se indica en la
Fig.1, para validar del modelo, se requiere iniciar un
proceso iterativo hasta converger a con una minima
tolerancia.

Sin embargo, el proceso iterativo queda fuera del al-
cance de este papery se desarrollara en un siguiente
trabajo.

Ademas, para iniciarlo, hay que localizar el origen de
la incertidumbre y hacer cambios en los inputs del
modelo hasta alcanzar unos resultados que indiquen

15 minutes in the case of temperatures, is excessive
for observing this detail. Figure 5 shows the results
and verifies the hypothesis.

The temperature of the flow through the boiler at
the T14 inlet and at the T15 outlet of the boiler, the
temperature of the DHW storage tank T1, every 15
seconds and the tank temperature limits imposed
by the set point temperature and its hysteresis Tinf.
and Tsup. have been analysed.

Likewise, the temperature of the flow that circulates
through the HP at the T39 inlet and at the T41 outlet
of the same, the temperature of the DHW storage
tank T2, every 15 seconds and the tank temperature
limits imposed by the set temperature and its Tlimit
1.and Tlimit 2 hysteresis have been analysed.

5.4. Results

The necessary tools to start with the model calibra-
tion process have been generated and the level of
uncertainty of the model has been quantified by cal-
culating the MBE and Cv(RMSEperiod) indexes. The
values are obtained by comparing the real and simu-
lated records of the electricity consumption meter in
BC C26 and the gas consumption meter in boiler C28
for all the selected representative days.

In relation to the numerical results, Fig. 6 shows the
results of the calibration. This figure shows a low
relationship between the obtained indexes and the
ones required to comply with the standard. Accor-
ding to the instructions of the guide, to perform an
hourly calibration and to validate the model of the
installation, the maximum values of the MBE and
Cv(RMSEperiod) indexes are 10% and 30% respecti-
vely. Therefore, considering these values, the results
of this study exceed the limits notably. Nevertheless,
these results are not surprising. There are numerous
studies, including references [16],[17], that address
the existence and the source of these large differen-
ces between model and reality.

However, the procedure described throughout this
work allows calculating the uncertainty of the model
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que la incertidumbre del modelo esta dentro de los
limites admisibles segun el estandar adoptado.

6. Conclusiones

Las demandas actuales de la sociedad hacen ne-
cesario el uso de soluciones energéticamente mas
sostenibles y eficaces. Para ello es necesario el acer-
camiento entre los modelos matematicos y reales
mediante procesos de calibracion que den como re-
sultado la validacion del modelo. Este aspecto es de
suma importancia ya que los resultados obtenidos
de modelos validados son los Unicos que demues-
tran una correspondencia con la realidad. Por tanto,
la calibraciony validacion de un modelo dinamico de
una instalacion térmica es el primer paso a resolver
para las posteriores optimizaciones energéticas.

Del proceso de obtencion de resultados de este tra-
bajo se concluye que para que los procesos de cali-
bracion y validacion sean una realidad extendida es
imprescindible contar con sistemas de recogida y
monitorizacion de datos que estén adecuadamente

and generating the tools for the calculation of the
MBE and Cv(RMSEperiod) indexes. This step is basic
and essential since, as indicated in Fig.1, to validate
the model, an iterative process is required until con-
verging to a minimum tolerance.

However, the iterative process is out of the scope of
this paper and it will be developed in a next work.
In addition, to start it, the origin of the uncertainty
must be located and changes must be made to the
inputs of the model until valid results are obtained.
That would mean that the uncertainty of the mo-
del is within the permissible limits according to the
adopted standard.

6. Conclusions

The current demands of society require the use
more sustainable and efficient energy solutions. This
requires a rapprochement between mathematical
and real models through calibration processes that
result in the validation of the model. This aspect is of
utmost importance since the results obtained from
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disenados, en cuanto a numero de sensores, posi-
ciony frecuencia de registro.

Ademas de adecuadamente mantenidos, para obte-
ner bases de datos de calidad suficiente para poder
realizar una calibracion en base a los requisitos de
algln estandar.

7. Discusion

Aunque este trabajo termina aqui, abre el camino
para futuras investigaciones, y su objetivo comun es
lograr un mayor ahorro de energia en los edificios. En
base a los resultados obtenidos a lo largo de este es-
tudio, planeamos continuar con un estudio exhaus-
tivo y profundo para la mejora de la eficiencia ener-
gética en las instalaciones térmicas de los edificios.

Una de las acciones a implementar, se refiere a la
aplicacion de la Termoeconomia para un analisis ex-
haustivo del reparto de costes a lo largo del sistema.
La Termoeconomia, a través del segundo principio
de la termodinamica y las variables econdomicas,
permite observar y cuantificar de manera racional
los puntos de mayor impacto para el consumo de
energia. Estos consumos extra se traducen a gastos
“evitables” o “inevitables” tanto a nivel energético,
econdmicos como ambiental.

Ademas, la Termoeconomia relaciona los efectos
debido a las conexiones termodinamicas internas y
permite detectar como interfiere cada equipo en el
resto. Este hecho es esencial para posteriores mejo-
ras de control y analisis de fallos y malfunciones.
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validated models are the only ones that demons-
trate a correspondence with reality. Therefore, the
calibration and validation of a dynamic model of a
thermal facility is the first step to solve for the subse-
qguent energy optimizations.

According to the results, in order to make the cali-
bration and validation processes an extended reality,
it is essential to have database and monitoring sys-
tems that are adequately designed, in terms of the
number of sensors, position and recording frequen-
cy. In addition, proper maintenance is required to
obtain databases of sufficient quality for further ca-
libration based on the requirements of any standard.

7. Discussion

Although this work ends here, it opens the way for
future research, following the common goal to
achieve greater energy savings in buildings. Based
on the results obtained throughout this study, we
plan to continue with an exhaustive and in-depth
study to improve energy efficiency in the thermal
systems of buildings.

One of the actions to be implemented refers to the
application of Thermoeconomics for an exhaustive
analysis of the distribution of costs throughout the
system. Thermoeconomics, through the second
principle of thermodynamics and economic varia-
bles, allows to observe and quantify in a rational way
the points of greatest impact on energy consump-
tion. These extra consumptions translate into “avoi-
dable” or “"unavoidable” costs in energy, economic
and environmental level.

In addition, Thermoeconomics relates the effects
due to internal thermodynamic connections and
allows detecting how each component interferes
with the rest. This fact is essential for further control
improvements and failure and malfunction analysis.
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Reactivacion del entorno de “Herriko Plaza” en Pasajes San
Pedro

Aimar Santos-Garcia'

ABSTRACT

This research focuses on the regeneration of the “"Herriko Plaza” urban area in Pasajes San Pedro, which for-
merly was the central axis of the village and due to the construction of new infrastructure became a disused
space. The only existing square in San Pedro has been transformed into a wide street in which vehicles have
taken most of the free space. As a result, it has lost its identity as a central location in the village.

Bearing in mind the relevance of this place and the presence of important local equipment (school, library,
church, cemetery and town hall) surrounding it, an analysis has been carried through. The analysis has focused
on determining the uses around it, the accessibility characteristics and the flows of people in order to identify
problems and potentials of the area and ultimately to try to strengthen "Herriko Plaza” and its surroundings.

As a result of this analysis, accessibility has been identified as the most prevalent among the problems of this
area. Moreover, this factor is the most critical one, since the cemetery, the school, and the town hall show a
severe lack of accessibility. Furthermore, an in-depth analysis of the buildings surrounding the area, the library,
and the school, have been found to lack sufficient space or not adequate room for the different uses they host.
Lastly, as a conclusion of the fieldwork and surroundings’ analysis, it has been proved that there is a strong lack
of recreational space for children and properly protected covered public areas. Taking into account the analy-
zed public space, it could be observed the excessive presence of parking lots occupying most of the street's
width. Besides, there is also a problem with the lack of functionality, due to the difficulty of understanding the
limits of the street and the square.

In order to solve the above-mentioned problems, an intervention is outlined for the public space itself and the
surrounding buildings. This intervention focuses on achieving accessibility in the area and its buildings, the
introduction of new uses as a means of urban regeneration while preserving the character of this area.

The proposed intervention considers the next factors:

« Accessibility to the public space, surrounding buildings and the cemetery located in the north of the public
space at a higher level.

- Refurbishing and extending the school (located in the west) in order to counteract the lack of space and
accessibility.

+ Creation of a cultural center hosting a bigger library and a playground in the north part of the public space.
These actions will substitute the current small library and will give an answer to the lack of recreational
space for children. In fact, the introduction of new uses intends to help regenerate the area.

- Reorganization of the town hall’s internal functioning, providing new accessibility and enabling the con-
nection with the new library (in order to solve common management issues).

- Rearrangement of the public space, prioritizing pedestrian mobility and creating new limits for the leisure
spaces in order to improve their functioning.

Reywords: Urban renewal, Integrated urban regeneration, Sustainability, Pasajes

(1) Department of Architecture, UPV/EHU, aimar.santos@ehu.eus
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1. Pasajes, un enclave unico

La presente comunicacion trata de analizar la singu-
lar condicion del entorno de Herriko plaza, situado
en el casco historico de Pasajes San Pedro, para des-
pués proponer una intervencion de caracter regene-
rador que pueda devolverle parte del significado e
importancia del que historicamente gozo esta plaza.
Para ello, previamente se ha realizado un exhaustivo
analisis del lugar, ademas de las zonas colindantes,
en el que se han identificado los problemas y po-
tencialidades que deberian tenerse en cuenta en la
intervencion. Pero, para entender la importancia de
este lugar primero hay que entender su procedencia
y evolucion, ya que el estudio de la ciudad es mucho
mas beneficioso y completo cuando se hace de esta
manera [1]

Pasajes historicamente ha sido un enclave muy sin-
gular debido a su orografia y valor estratégico [2].
Su ubicacion alrededor de la bahia protegida por
los montes Ulia y Jaizkibel, ademas de suponer un
enclave singular muy codiciado a nivel estratégico,
ha condicionado por completo su crecimiento his-
toricamente. El estrecho espacio situados entre las
faldas de ambos montes y el limite de la bahia fue el
origen de los barrios actualmente conocidos como
San Pedro (oeste) y San Juan (este). Estos barrios,
gue mostraban actividad desde el tiempo de los ro-
manos y empezaron a consolidarse a partir del siglo
VIl de la mano del rey Alfonso | [2], tuvieron un cre-
cimiento lineal, siguiendo el estrecho espacio edifi-
cable entre la linea de costa y la escarpada montana.

En ambos casos la morfologia de los cascos his-
toricos se formalizd mediante una Unica calle que
actuaba como columna vertebral, a cuyos lados se
ubicaban las viviendas. Unas de ellas, se ubicaban
encaramadas a las faldas del monte, mientras que
otras comian parte del terreno al mar y generaban
la nueva linea de costa. Algunas de estas en cambio,
ocupaban ambas partes y se unian mediante pasa-
relas, o construian un tlnel para mantener abierto el
paso de la calle.

En el caso del casco historico de San Juan, perma-
necio inalterable en gran medida, mientras que en el
caso de San Pedro se dieron grandes cambios desde
el siglo XIX, que fueron cambiando el caracter de su
Unica calle (calle San Pedro) v el de la plaza popular
que ubicaba en su limite oeste, llamada Herriko pla-
za.

2. Analisis del entorno
Elementos de interés

En el entorno de Herriko plaza se pueden encontrar
varios elementos de interés arquitectonico y socio-
cultural gue son la clara muestra de que esta zona
fue antafo el corazon de Pasajes San Pedro (Fig. 01).
Entre ellos encontramos los siguientes:

1. Pasajes, an unique location

This communication tries to analyze the unique con-
dition of the environment of Herriko plaza, located
in the historic center of Pasajes San Pedro, and then
propose a regenerative intervention that can restore
part of the meaning and importance that this place
historically had. For this, an exhaustive analysis of the
place has been previously carried out, in addition to
the neighboring areas, in which the problems and
potentialities that should be considered in the inter-
vention have been identified. But, to understand the
importance of this place, one must first understand
its origin and evolution, since the study of the city is
much more beneficial and complete when done in
this way. [1]

Pasajes has historically been a very unique location
due to its orography and strategic value [2]. Its loca-
tion around the bay protected by the Ulia and Jaizki-
bel mountains, in addition to being a highly sought-
after strategic place, has completely conditioned
its growth historically. The narrow space between
the slopes of both mountains and the limit of the
bay was the origin of the neighborhoods currently
known as San Pedro (west) and San Juan (east). The-
se neighborhoods, which showed activity from the
time of the Romans and began to consolidate from
the 8th century by the hand of King Alfonso | [2], had
a linear growth, following the narrow building space
between the coastline and the steep mountains.

In both cases, the morphology of the historic centers
was formalized by means of a single street that ac-
ted as a backbone, on whose sides the houses were
located. Some of them were located on the slopes of
the mountain, while others gained part of the land
to the sea and generated the new coastline. Some
of these, on the other hand, occupied both parts and
were joined by walkways, or they built a tunnel to
keep the street open.

In the case of the old town of San Juan, it remained
largely unchanged, while in the case of San Pedro
there were major changes since the 19th century,
which changed the character of its only street (Calle
San Pedro) and the popular plaza located on its wes-
tern limit, called Herriko plaza.

2. Site analysis
Interesting elements

In the surroundings of Herriko plaza you can find
various elements of architectural and socio-cultural
interest that are the clear proof that this area was
once the heart of Pasajes San Pedro (Fig. 01). Among
them we find the following:

Located to the west side of the plaza is the San Pedro
nursery school, which has a covered porch that ac-
commodates a small fish shop and serves as a living
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Situados al oeste de la plaza el colegio infantil de San
Pedro, el cual tiene un porche cubierto que da cabida
a una pequena pescaderia y sirve como espacio de
estancia para padres y paseantes. Al este de la plaza
se encuentra la tenencia de alcaldia, la cual da lugar
a la propia tenencia, el despacho del juez de paz y
una biblioteca de tamano bastante reducido. Entre
ambos edificios se encuentra un muro de conten-
cion de 5mde altura que contiene la falda del monte
Ulia y cierra a su vez el Unico perimetro no edificado
de la plaza. Encima de este muro se ubica un peque-
Ao paseo con zonas de estancia y después de este
una gran pendiente con vegetacion.

Al otro lado de la plaza, se encuentra la iglesia cons-
truida en 1774 de estilo barroco [2], [3], que desde
sus inicios hasta la construccion del paseo maritimo
en 1945 supuso el limite de costa de San Pedro con
la bahia. Esta iglesia fue una respuesta al crecimien-
to de la poblacion para la adecuacion a sus necesi-
dades y sustituyo a la anterior iglesia ubicada en la
actual ubicacion del cementerio. Ademas, la nueva
ubicacion de la iglesia supuso una gran mejoria, ya
que el Unico camino para acceder a la antigua igle-
sia era un camino con escarpadas escaleras ubicado
en la parte trasera de lo que a futuro seria el colegio
infantil de José Belaunzaran. Actualmente la porta-
da de estilo gotico de la antigua iglesia se mantiene
como acceso al cementerio.

Al suroeste de este enclave, se puede encontrar la
plaza del frontdn de San Pedro, la cual es una gran
responsable de la falta de vitalidad en Herriko plaza.
Este frontén se construyd en 1808 (como muestra la
placa en su parte superior) ya que en Herriko plaza
no habia espacio suficiente para celebrar las fiestas
locales. La mejor ubicacion y soleamiento de esta
plaza y el desplazamiento del folclore local supusie-
ron el principio del declive de la antigua plaza.

space for pupil's parents and walkers. In the east of
the plaza there is the local office of the Town Hall,
which contains the Town Hall office, the Justice of
the Peace office and a fairly small library. Between
both buildings is a 5m high retaining wall that con-
tains the hillside of Mount Ulia and closes the only
unbuilt perimeter of the square. Above this wall is a
small promenade with living areas and after this a
large slope with vegetation.

On the other side of the square, there is a church
built in 1774 in the Baroque style [2], [3], which from
its beginnings until the construction of the seafront
promenade in 1945 was the limit of the coast of San
Pedro with the bay. This church was a response to
the growth of the population to suit their needs and
replaced the previous church located in the current
location of the cemetery. In addition, the new loca-
tion of the church was a great improvement, since
the only way to access the old church was a path
with steep stairs located at the back of what would
be the José Belaunzaran children’s school in the fu-
ture. Currently the Gothic style doorway of the old
church is maintained as access to the cemetery.

To the southwest of place, you can find the fronton
plaza of San Pedro, which is largely responsible for
the lack of vitality in Herriko plaza. This fronton was
built in 1808 (as the plaque on its upper part shows)
since in Herriko plaza there was not enough space
to celebrate local festivals. The better location and
natural illumination of this square and the displace-
ment of local folklore were the beginning of the de-
cline of the old square.
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Preexistencias en la intervencion

Entre los elementos preexistentes anteriormente
descritos, se plantea que los de mayor interés de cara
a la propuesta de intervencion son los siguientes:

- Elactual colegio infantil perteneciente al colegio
"Pasaia Lezo Lizeoa", proyectado como escuela
municipal de chicos y chicas (como dos edificios
separados por una medianera) por el arquitecto
Pedro Gaiztarro en 1922 y construido en 1924 [4].
Este edificio de estilo ecléctico realizado en hor-
migon armado es muestra de una arquitectura
en la que todavia no se comprendian las posibi-
lidades del nuevo material y se utilizaban los es-
pesoresy elaspecto de la construccion desilleria.

Este colegio antiguamente dividido en dos se
construyd de manera diferente a la proyectada,
cambiando su composicion de fachada vy distri-
bucidon en planta [4], [5]. Ademas, sufrié cambios
posteriores como el derribo de la medianera que
dividia los dos colegios, la construccion de un
anexo con aseos V la creacion de una pequena
pescaderia en el porche de la planta baja [5].

- Laactual tenencia de alcaldia y biblioteca pese a
parecer un Unico edificio son en realidad dos edi-
ficios medianeros de diferentes épocas. La pri-
mera parte de la edificacion (la mitad este), pro-
yectada como colegio infantil, se construy6 de la
mano del arquitecto José Belaunzaran en 1887
[4] con una planta menos de las que tiene en la
actualidad y con una cubierta a un agua. En 1933
el arquitecto Pedro Gaiztarro proyecto laamplia-
cion de este edificio [4], manteniendo la estética
y distribucion del edificio original, pero sumando
una planta a ambos y anadiendo una cubierta
unificada a dos aguas, que se sustituyd por una
nueva recientemente. Este edificio se encuentra
dividido en dos a excepcion de su ultima planta
que se unifico para dar lugar a la biblioteca.

- El muro de contencion que une ambos edificios
fue construido en 1933 (como lo indica la placa
en su parte superior) como remate de la Unica
parte de la falda de Ulia que todavia no se habia
antropizado. De este modo, se dio un caracter
mas urbano al entorno de Herriko plaza, pero a
suvez debido a la altura de 5m del muro, se cons-
trino demasiado el espacio. A la vez que este
muro, se construyeron unas escaleras de acceso
mas directas para el cementerio.

Es resenable que tanto el colegio infantil como la
tenencia de alcaldia gozan del grado de proteccion
P3a en el P.E.R.I. del casco historico de Pasajes San
Pedro. Esto supone que la composicion general de
sus fachadas esta protegida con el objetivo de man-
tener la atmosfera de este entorno.

Preexistencias en la intervencion

Among the pre-existing elements previously descri-
bed, it is stated that those of greatest interest regar-
ding the intervention proposal are the following:

« The current nursery school belonging to the
"Pasaia Lezo Lizeoa" school, designed as a muni-
cipal school for boys and girls (as two buildings
separated by a party wall) by the architect Pedro
Gaiztarro in 1922 and built in 1924 [4]. This eclec-
tic style building made of reinforced concrete is
an example of an architecture in which the possi-
bilities of the new material were not yet unders-
tood and the thickness and appearance of the
ashlar construction were used.

This school that was formerly divided into two,
was built in a different way from the one plan-
ned, changing its composition of the facade and
the layout on the ground [4], [5]. In addition, it
underwent subsequent changes such as the de-
molition of the party wall that divided the two
schools, the construction of an annex with toilets
and the creation of a small fish market on the
ground floor porch [5].

- The current Town Hall office and library, despite
appearing to be a single building, are actually two
party buildings from different periods. The first
part of the building (the eastern half), designed
as a children’s school, was built by the architect
José Belaunzaran in 1887 [4] with one less floor
than it currently has and with a one-water roof.
In 1933 the architect Pedro Gaiztarro planned
the extension of this building [4], maintaining
the aesthetics and distribution of the original
building, but adding a floor to both and adding a
unified gabled roof, which was recently replaced
by a new one. This building is divided into two ex-
cept for its top floor, which was unified to make
room for the library.

« The retaining wall that joins both buildings
(school and town hall) was built in 1933 (as indi-
cated by the plaque on the top) as a finish to the
only part of Ulia's hillside that had not yet been
anthropized. In this way, a more urban character
was given to the surroundings of Herriko plaza,
but in turn due to the 5m height of the wall, the
space was too constricted. Along with this wall,
more direct access stairs were built for the ce-
metery.

Itis remarkable that both the nursery school and the
Town Hall office enjoy the degree of protection P3a
in the P.E.R.Il. from the old town of Pasajes San Pe-
dro. This assumes that the general composition of its
facades is protected with the aim of maintaining the
atmosphere of this environment.
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3. Problematica del entorno

Accesibilidad y flujos

Uno de los principales problemas de este entorno
es la accesibilidad como se puede deducir viendo la
compleja topografia en la que se sitUa Pasajes. His-
toricamente el pueblo se ha desarrollado en torno a
una estrecha calle (Calle San Pedro) que serpentea
entre la costa y el monte Ulia. De este modo, as vi-
viendas se han tenido que situar como linea de costa
en un lado y encaramadas a las faldas del monte en
el otro. Esto Ultimo ha supuesto que los edificios si-
tuados en el lado del monte tengas serios problemas
de accesibilidad hoy en dia.

En el caso de los edificios 0 zonas relacionadas con la
intervencion, a dia de hoy se puede observar varios
problemas de accesibilidad. De estos problemas, el
mas evidente es el del cementerio, que se encuen-
tra en una cota 18 metros superior al de la plaza. Sus
dos principales vias de acceso son un camino de es-
caleras muy escarpadas al lado del colegio infantil y
otro camino de escaleras algo menos escarpadas a
las que se accede por la parte trasera de la tenencia
de alcaldia.

El colegio cuenta con un acceso accesible en planta
baja (la antigua entrada de chicos), mientras que la
entrada simétrica se hace por la primera planta debi-
do a la existencia de una veta de roca donde deberia
ubicarse la otra entrada [4]. Ademas, dentro del co-
legio no existe accesibilidad entre el resto de plantas,
ya que no cuenta con ningln ascensor.

En el caso de la tenencia de alcaldia y biblioteca no
existen problemas de accesibilidad evidentes, ya que
ambos cuentan con un acceso en planta baja y as-
censor que comunica todas las plantas.

Espacio publico

En el caso del espacio publico, se puede apreciar la
clara priorizacion del vehiculo aun tratandose de un
espacio de dimensiones muy reducidas y que no da
acceso a ningun garaje. Esto queda patente al obser-
var la cantidad de aparcamientos de motos y coches
que se encuentran a lo largo de la plaza. Esto supo-
ne que la unica parte libre de vehiculos sea la parte
situada entre la iglesia y la tenencia, dejando muy
poCo espacio para los peatones a lo largo de la calle
y delante del acceso del colegio.

Este funcionamiento no tiene mucho sentido hoy
en dia, ya que el espacio no tiene gran afluencia de
vehiculos y funciona como un cul de sac, ademas de
existir diversos aparcamientos exclusivos para resi-
dentes en el paseo maritimo y en el aparcamiento
subterraneo de una plaza cercana.

Otro gran problema del espacio publico en Herriko
plaza son su formay sus limites, ya que estos dificul-

3. Enviroment problems

Accessibility and flows

One of the main problems of this environment is
accessibility, as can be deduced by looking at the
complex topography in which Pasajes is located.
Historically, the town has been developed around a
narrow street (Calle San Pedro) that winds between
the coast and Mount Ulia. Thus, the houses have had
to be located as a coastline on one side and on the
slopes of the mountain on the other. The latter has
meant that buildings located on the side of the mou-
ntain have serious accessibility problems today.

In the case of buildings or areas related to the in-
tervention, today can be seen several accessibility
problems. The most obvious is the one that affects
the cemetery, which is 18 meters higher than that of
the plaza. Its two main access routes are a very steep
stair path next to the nursery school and another so-
mewhat less steep stair path which is accessed from
the rear of the mayoral holding.

The school has an accessible access on the ground
floor (the old boys' entrance), while the symmetrical
entrance is made on the first floor due to the exis-
tence of arock vein where the other entrance should
be located [4]. In addition, within the school there is
no accessibility between the rest of the floors, since
it does not have an elevator.

In the case of the Town Hall office and library, the-
re are no obvious accessibility problems, since both
have a ground floor access and an elevator that con-
nects all the floors.

Public space

In the case of public space, it is appreciable the clear
prioritization of vehicles even though it is a space of
very small dimensions and that does not give access
to any garage. This is evident when observing the
number of parking lots for motorcycles and cars that
are found along the square. This means that the only
part free of vehicles is the part located between the
church and the Town Hall, leaving very little space
for pedestrians along the street and in front of the
school entrance.

This functioning does not make much sense nowa-
days, since the space does not have a large flow of
vehicles and functions as a cul de sac, in addition to
the existence of several exclusive parking lots for re-
sidents on the seafront and in the underground car
parkin a nearby plaza.

Another great problem of the public space in Herriko
plaza is its shape and its limits, since these make it
difficult to read as a single space. In principle, the
square was conceived as a single elongated space
that expands and contracts at certain points. This
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tan su lectura como un unico espacio. En principio,
la plaza estaba concebida como un Unico espacio
alargado que se dilata y se contrae en ciertos pun-
tos. Esta indefinicion en los limites genera la sensa-
cion de tratarse de una especie de calle ancha que
no funciona como un espacio publico.

Por dltimo, encima del muro de contencion de la
parte norte, existe un espacio de estancia en toda la
longitud del muro, que permanece invisible debido
a la altura de muro v la estrechez de la plaza en ese
punto. Este espacio hoy en dia carece de uso debido
a su falta de visibilidad.

Usos existentes

El entorno de Herriko plaza muestra una considera-
ble diversidad de usos que es claro reflejo de la im-
portancia que ha tenido durante la historia. Como
se ha mencionado anteriormente, en esta plaza se
ubican un colegio infantil, la tenencia de alcaldia, la
oficina del juez de paz, la biblioteca, la iglesia y en la
falda del monte se ubica el cementerio. El problema
es que varios de esos usos no tienen espacios que se
adecuen correctamente a sus necesidades.

En el caso del colegio, después de dos visitas y en-
trevistas con trabajadores se ha comprobado que
existen problemas con la falta de espacio, ya que no
los ninos carecen de un espacio cubierto en condi-
ciones para utilizar los dias de lluvia. Por otro lado, no
tienen espacio de comedor y los nifios se ven obli-
gados a comer en las propias aulas. Ademas de esto,
los espacios colindantes a la contencion del terreno
muestran serios problemas de humedades.

En el edificio de la alcaldia existen dos nucleos de co-
municacion independientes debido a que anterior-
mente fueron dos edificios separados, y esto supone
una gran ineficiencia y espacio perdido en el edificio.
Ademas, la biblioteca ubicada en este edificio care-
ce de superficie suficiente para los habitantes que la
usan.

Ademas de esto, se realizd una entrevista a diversos
vecinos de la zona preguntando que usos echaban
en falta en la zona del casco historico de San Pedro.
La mayoria de respuestas se centraron en la falta de
un espacio publico cubierto en la zona, la necesidad
de un espacio de ocio para los ninos y la necesidad
de aumentar la superficie y el equipamiento de la bi-
blioteca. Estos resultados, coincidieron en gran me-
dida con las intervenciones de caracter social que
reclamaron los vecinos en otro trabajo de investiga-
cién realizado en el municipio [6]

4. Enfoque de intervencion

Una vez analizados la problematica de Herriko pla-
za en Pasajes San Pedro, se puede observar que es
un espacio que en caso de ser regenerado exige una
combinacién de diferentes intervenciones, ya que

lack of definition in the limits generates the sen-
sation of being a kind of wide street that does not
function as a public space.

Finally, above the retaining wall on the north side,
there is a living space for the entire length of the wall,
which remains invisible due to the height of the wall
and the narrowness of the plaza at that point. This
space today has no use due to its lack of visibility.

Existing uses

Herriko plaza shows a considerable diversity of uses
that is a clear reflection of the importance it has had
throughout history. As mentioned above, in this pla-
za there is a nursery school, the Town Hall office, the
Justice of the Peace office, the library, the church and
the cemetery, that is located on the slopes of the
mountain. The problem is that several of those uses
do not have spaces that adequately suit your needs.

In the case of the school, after two visits and inter-
views with workers, it has been proven that there are
problems with the lack of space, since the children
do not have a covered space in conditions to use on
rainy days. On the other hand, they do not have a di-
ning room and children are forced to eat in their own
classrooms. In addition to this, the areas adjacent to
the retaining wall show serious humidity problems.

In the City Hall building there are two independent
vertical communication cores because previously
they were two separate buildings, and this supposes
a great inefficiency and lost space in the building.
Furthermore, the library located in this building lacks
sufficient surface for the citizens who use it.

In addition to this, an interview was conducted with
various residents of the area asking what uses were
lacking in the area of the old town of San Pedro.
Most of the responses focused on the lack of a co-
vered public space in the area, the need for a leisure
space for children and the need to increase the sur-
face and equipment of the library. These results lar-
gely coincided with the social interventions that the
residents claimed in another research work carried
out in the municipality [6].

4. Intervention’s approach

Once the problems of Herriko plaza have been
analyzed, it can be seen that it is a space that in case
of being regenerated requires a combination of di-
fferent interventions, since it shows problems of a
very different nature.

On the one hand, it shows problems with public
space, since its design is not attractive for potential
users who prefer to approach other public spaces
of greater size and interest. This is largely due to the
importance and surface that road traffic and vehicle
parking occupy. To improve this problem, the pe-
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muestra problemas de muy diferente indole.

Por un lado, muestra problemas con el espacio pu-
blico, ya que su disefio no supone ningun atractivo
para los potenciales usuarios que prefieren acercar-
se a otros espacios publicos de mayor tamano e in-
terés. Esto se debe en gran medida a la importancia
y superficie que ocupa el trafico rodado y el aparca-
miento de vehiculos. Para mejorar este problema, se
propone la peatonalizacion del entorno, puesto que
la afluencia de vehiculos no es muy alta y estudios
afirman que la peatonalizacion supone un gran be-
neficio urbano y de salud para los habitantes, me-
diante la implantacion de zonas verdes y mobiliario

7).

Ademas de atraer a mas usuarios mediante la me-
jora en la calidad del espacio publico, se propone la
implantacion de nuevos usos y mejora de los exis-
tentes. La implantacion de nuevos usos supondria a
su vez la aparicion de nuevos usuarios tanto para los
nuevos usos como para el espacio publico [8].

Para asegurar el éxito de estos nuevos usos, se con-
sidera que deben responder en gran medida a las
necesidades de los habitantes del entorno que pue-
dan ser potenciales usuarios. Por ello, se pretenden
plantear usos que intenten dar respuesta a las nece-
sidades que plantearon los vecinos que fueron en-
trevistados.

Tanto en el caso de los nuevos usos como en los
existentes, se debera asegurar la accesibilidad uni-
versal. De este modo, se evitara la exclusion de po-
tenciales usuarios y se facilitara la vida de muchos
usuarios actuales [9]. Aun asi, ha de tenerse cuidado
al implantar soluciones de accesibilidad en centros
historicos y sobre todo en este caso, ya que debido a
la estrechez de la plaza en algunos puntos, existe el
riesgo de generar un elemento que tome demasiada
importancia y genere un espacio claustrofébico.

Ademas de responder a la problematica existente, la
intervencion deberia contemplar mantener el carac-
ter del lugar e intentar que el impacto en su atmos-
fera no sea excesivo; manteniendo su caracter verde
y naturaly promoviendo asi el sentimiento de apego
al lugar [10] y trayendo beneficios fisicos y menta-
les para los mas mayores [11]. Por ello, se entiende
que la intervencion planteada deberia mantener el
caracter de este entorno en el que todavia se pue-
de percibir el caracter verde del monte Ulia bajando
hasta la plaza. Para conseguir esto, los nuevos usos
planteados, que se ubicarian en el espacio libre so-
bre el muro de contencion que une el colegio y la te-
nencia, deberian intentar mantener en la medida de
lo posible el perfil de la topografia actual.

5. propuesta de intervencion

La intervencion que se propone para Herriko plaza,
ha de ser una intervencion unificadora que entienda

destrianization of the environment is proposed, sin-
ce the influx of vehicles is not very high and studies
affirm that pedestrianization represents a great ur-
ban and health benefit for the inhabitants, through
the implementation of green areas and furniture [7].

In addition to attracting more users by improving
the quality of public space, it is proposed to intro-
duce new uses and improve existing ones. The im-
plementation of new uses would in turn mean the
appearance of new users, both for new uses and for
public space [8].

To ensure the success of these new uses, it is consi-
dered that they must largely respond to the needs
of the inhabitants of the environment who may be
potential users. For this reason, the aim is to propose
uses that attempt to respond to the needs of the re-
sidents who were interviewed.

Both in the case of new and existing uses, universal
accessibility must be ensured. In this way, the exclu-
sion of potential users will be avoided and the life of
many current users will be facilitated [9]. Even so,
care must be taken when implementing accessibi-
lity solutions in historical centers and especially in
this case, since due to the narrowness of the square
in some points, there is a risk of generating an ele-
ment that takes too much importance and creates a
claustrophobic space.

In addition to responding to existing problems, the
intervention should include maintaining the charac-
ter of the place and trying to ensure that the impact
on its atmosphere is not excessive; maintaining its
green and natural character and thus promoting
the feeling of attachment to the place [10] and brin-
ging physical and mental benefits to the elderly [11].
For this reason, it is understood that the proposed
intervention should maintain the character of this
environment where you can still perceive the green
character of Mount Ulia going down to the plaza. To
achieve this, the new proposed uses, which would
be located in the free space above the retaining wall
that links the school and the town hall, should try to
maintain as far as possible the profile of the current
topography.

5. Intervention proposal

The intervention proposed for Herriko plaza must be
a unifying intervention that understands the plaza,
its facade, its inhabitants, the uses that are located
in that place and its entire environment as a single
element to be treated (Fig. 02), since an intervention
that only addressed some of the aspects (physical,
economic, social ..) that have been addressed, could
not solve the complex problem [12] that this place
hides. The fact of trying to solve only the introduc-
tion of new uses without accessibility, or the impro-
vement of public space without the introduction of
new uses, could possibly lead to failure.
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Figure 02.

Collage of a possible
proposal. All the front/facade
of the plaza and the plaza
itself are treated. Source: Self
production. Year: 2016

la plaza, su fachada, sus habitantes, los usos que se
ubican en ese lugar y todo su entorno como un Uni-
co elemento a tratar (Fig. 02), ya que una interven-
cion gue afrontase solamente alguno de los aspec-
tos (fisico, econémico, social..) que se han abordado,
no podria resolver la compleja problematica [12]
que esconde este enclave. El hecho de intentar so-
lucionar solamente la implantacion de nuevos usos
sin accesibilidad, o la mejora del espacio publico sin
implantacion de nuevos usos posiblemente desem-
bocaria en fracaso.

Por ello, a continuacion, se describe, por apartados,
lo que se considera como una propuesta de inter-
vencion integral que intenta mitigar la totalidad de
problemas de este entorno:

Resolucion de la accesibilidad

Dado que este problema se daba tanto en el espa-
cio publico como dentro del colegio, se han plan-
teado diferentes medidas en cada caso. En el caso
del colegio, éste cuenta con una entrada accesible
en planta baja, pero nada mas entrar encontramos
varios tramos de escaleras hasta llegar a la primera
planta donde se ubican los usos. Por ello, se plantea
otro acceso al colegio, aprovechando la existencia
del porche en planta baja, y desde éste se plantea un
ascensor que se ubica en la ampliacion del colegio
que se detallara mas adelante.

En el caso de la accesibilidad del espacio publico, se
ha buscado una solucion que pueda dar accesibili-
dad a los diferentes espacios publicos presentes en
el lugar, conectando Herriko plaza con el cementerio
y el espacio publico resultante de la implantacion de
nuevos usos encima del muro de contencion. A su
vez, el ascensor que se propone para conectar estos
espacios, daria servicio a los nuevos usos planteados
encima del muro de contencion de la plaza.

Para la implantacion de este ascensor, se ha busca-
do mantener el caracter del lugar creando el minimo
impacto visual. Para ello, se ha propuesto el ascen-
sor en el punto en el que el camino del cementerio

For this reason, itis described below by sections what
is considered as a comprehensive intervention pro-
posal that attempts to mitigate all the problems in
this environment:

Accessibility resolution

Given that this problem occurred both in the public
space and within the school, different measures
have been proposed in each case. In the case of the
school, it has an accessible entrance on the ground
floor, but as soon as we enter we find several flights
of stairs until we reach the first floor where the uses
are located. For this reason, another access to the
school is proposed, taking advantage of the existen-
ce of the porch on the ground floor, and from this an
elevator is proposed that is located in the extension
of the school that will be detailed later.

In the case of the accessibility of public space, a so-
lution has been sought that can give accessibility to
the different public spaces in the place, connecting
Herriko plaza with the cemetery and the public spa-
ce resulting from the introduction of new uses on
top of the retaining wall. In turn, the elevator that is
proposed to connect these spaces, would provide
service to the new uses proposed above the retai-
ning wall of the plaza.

For the introduction of this elevator, it has been
sought to maintain the character of the place by
creating the minimum visual impact. For this, the
elevator has been proposed at the point where the
cemetery path and the retaining wall were closest.
In addition, instead of posing the elevator in an ex-
ternal way (which would create a great visual impact
and a feeling of narrowness in the square), an access
has been proposed that goes into the wall so that
the elevator emerges from the ground in a position
more backward and less impactful.

Finally, despite the fact that the Town Hall office and
the library were accessible, the reorganization of the
building is proposed, so that it can be solved with a
single vertical communication core.
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y el muro de contencion estaban mas cercanos.
Ademas, en lugar de plantear el ascensor de mane-
ra exterior (lo cual crearia gran impacto visual y una
sensacion de estrechez en la plaza), se ha planteado
un acceso que se adentra en el muro de modo que
el ascensor emerja del terreno en una posicion mas
atrasada y menos impactante.

Por Gltimo, pese a que la tenencia de alcaldia y la bi-
blioteca eran accesibles, se plantea la reordenacion
de edificio, de manera que se pueda resolver con un
Unico nucleo de comunicacion.

Resolucion del espacio publico

El trafico rodado es el mayor problema de este espa-
cio publico y teniendo en cuenta la escasa cantidad
de aparcamientos que proporciona y la existencia de
espacios para ello en el paseo maritimo, se ha opta-
do por la eliminacion de plazas de aparcamientos.
Aun asi, en el disefo de espacio publico, se ha tenido
en cuenta que podria ser necesaria la posibilidad de
acceso de vehiculos para carga y descarga.

Una vez eliminado el trafico rodado, se ha abordado
el problema de los limites en este espacio publico. La
falta de limites impedia una clara percepcion del es-
pacio publico como espacio de estancia y por ello se
plantea la utilizacion de plataformas de madera que
puedan actuar de banco, jardinera o plataforma de
juegos en sus diferentes zonas. Estas, permiten per-
cibir el limite del espacio publico sin cortar la vision,
ademas de ofrecer un espacio para juegos y de es-
tancia.

Para definir los limites de una manera clara, se pro-
ponen dos espacios publicos: la plaza delante de la
iglesia y la que se ubica delante del colegio. Los limi-
tes de estos espacios y la calle que los une se plan-
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Public space resolution

Road trafficis the biggest problem of this public spa-
ce and considering the small number of parking spa-
ces it provides and the existence of spaces for it on
the seafront, the elimination of parking spaces has
been chosen. Even so, in the design of public space,
it has been taken into account that the possibility of
vehicle access for loading may be necessary.

Having eliminated road traffic, the problem of limits
in this public space has been addressed. The lack of
limits prevented a clear perception of public space
as a living space and for this reason the use of woo-
den platforms that can act as a bench, a planter or a
game platform in its different areas is proposed. The-
se allow to perceive the limit of public space without
cutting vision, as well as offering a space for games
and living.

To define the limits in a clear way, two public spaces
are proposed: the square in front of the church and
the one located in front of the school. The limits of
these spaces and the street that connects them are
set out with the aforementioned wooden platforms.
In this way, spaces gain definition and more friendly
furniture that invites their use.

Adaptation and creation of uses

In response to the lack of vitality and the needs rai-
sed by the inhabitants, the introduction of certain
uses and the expansion or reordering of existing
ones is proposed (Fig. 03). In this way, taking into ac-
count the specific needs expressed by users, a better
functioning and a greater sense of roots and social
cohesion are achieved [13], [14]. This adaptation or
implementation of uses is proposed in a different
way in each case.

Figure 03.

Axonometry of uses
proposal. School (green),
Civic center(ochre), Town
Hall (brown) Source: Self
production. Year: 2016
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tean con las mencionadas plataformas de madera.
De e este modo, los espacios ganan definicion y un
mobiliario mas amable que invita a su uso.

Adaptaciony creacion de usos

Como respuesta a la falta de vitalidad y las necesi-
dades planteadas por los habitantes, se plantea la
implantacion de ciertos usos y la ampliacion o reor-
denacién de los existentes (Fig. 03). De este modo,
teniendo en cuenta las necesidades concretas ex-
presadas por los usuarios, se consigue un mejor
funcionamiento y una mayor sensacion de arraigo y
cohesion social [13], [14]. Esta adecuacion o implan-
tacion de usos se propone de una manera diferente
en cada caso.

En lo que respecta al colegio, sus trabajadores se
quejan de la falta de espacio para recreo de l0s ninos,
falta de espacio de comedory grandes problemas de
humedades (ademas de la accesibilidad). Por ello, en
este caso se plantea una intervencion de ampliacion
en la que se excava la parte trasera y baja del colegio
para resolver los problemas de humedades y falta de
espacio. Se plantea excavar la planta baja para poder
plantear un nuevo acceso accesible y un auditorio
que pueda funcionar a nivel local/vecinal, de modo
que funcione como un equipamiento para el barrio
que mejore su vitalidad [8], [14]. En las plantas supe-
riores, se elimina el pasillo que da acceso a las aulas y
se sustituye por un espacio central de gradas y esca-
leras, ademas de aseos, comedor y cuatro aulas mas.
Esta nueva intervencion se ilumina a través de dos
patios y un lucernario, y plantea una galeria técnica
para evitar los problemas de humedades.

En lo que respecta a los usos exigidos por los ha-
bitantes, se plantean en el espacio libre de la plaza
qgue se ubica en la parte superior del muro de con-
tencion. Se plantea la ubicacion de una mediateca
para el uso de los ninos, una nueva biblioteca que
se maclaria con la tenencia de alcaldia (por motivos
de gestion), un pequeiio bar entre ambos Usos y un
espacio publico cubierto. Estos usos se dividirian en
tres plantas, para asi poder ir escalonando el edificio
y adaptarse lo mas posible a la topografia existente.
Por ultimo, la parte superior del edificio y los espa-
cios no edificados se plantearian como zonas verdes
para mantener el caracter que el espacio muestra
hoy en dia.

Este espacio encima del muro se encuentra sin
construir, debido a que detras del paseo publico que
se encuentra en este espacio, el terreno tiene una
pendiente de entre el 50-150%, convirtiéndolo en
un espacio dificil de edificar. Por ello, en este caso
se plantea un esquema de construccidon con muros
por bataches (horizontales y verticales), ya que no es
posible plantear pantallas debido a la falta de espa-
cio para la maquinaria. Este muro por bataches se
construiria empezando por las plantas superiores y
bajando hasta la parte inferior (Fig. 04). Después, se

As for the school, its workers complain about the
lack of space for children's recess, lack of dining spa-
ce and major problems with humidity (in addition
to accessibility). Therefore, in this case an expansion
intervention is proposed in which the rear and lower
part of the school is excavated to solve the problems
of humidity and lack of space. It is planned to exca-
vate the ground floor to be able to propose a new ac-
cessible access and an auditorium that can function
at the local/neighborhood level, so that it functions
as an equipment for the neighborhood that impro-
ves its vitality [8], [14]. On the upper floors, the corri-
dor giving access to the classrooms is eliminated and
replaced by a central space with stands and stairs,
as well as toilets, a dining room and four more clas-
srooms. This new intervention is illuminated through
two patios and a skylight, and proposes a technical
gallery to avoid humidity problems.

Regarding the uses demanded by the inhabitants,
they are proposed in the free space that is located at
the top of the retaining wall. It is proposed the crea-
tion of a play center for children, a new library that
would be connected with the Town Hall office (for
management reasons), a small bar between both
uses and a covered public space. These uses would
be divided into three floors, in order to be able to sta-
gger the building and adapt as much as possible to
the existing topography. Finally, the upper part of the
building and the unbuilt spaces would be conceived
as green areas to maintain the character that the
space shows today.

This space above the wall is actually unbuilt, becau-
se behind the public promenade that is in this space,
the land has a slope of between 50-150%, making it a
difficult space to build. Therefore, in this case, a cons-
truction scheme with walls by trenches (horizontal
and vertical) is proposed, since it is not possible to
raise screen retaining walls due to the lack of space
for the machinery. This trench wall would be built
starting from the upper floors and going down to
the bottom (Fig. 04). Later, this wall would be used to
create a technical gallery that protects the building
from humidity.

Finally, with regard to the Town Hall office, there
would be aninternal redistribution organized around
a single vertical communication core. A central core
would be proposed to eliminate the existing dupli-
city, and the library part (research room, work clas-
srooms and children's area) would be relocated on
the two upper floors; in order to connect it with the
new library building. As for the rest of the floors, the
ground floor would accommodate a multipurpose
room for residents’ information and a citizen service
office. The main Town Hall office and the Justice of
the Peace office would be located on the first floor.
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utilizaria este muro para crear una galeria técnica
que proteja de la humedad al edificio.

Por ultimo, en lo que respecta a la tenencia de alcal-
dia, se haria una redistribucion interior organizada en
torno a un unico nucleo de comunicacion. Se plan-
tearia un nudcleo central para eliminar la duplicidad
existente, y se reubicaria la parte de biblioteca (sala
de investigacion, aulas de trabajo y zona infantil) en
las dos plantas superiores; para asi poder unirlo con
el nuevo edificio de la biblioteca. En cuanto al resto
de plantas, la baja daria cabida a una sala multiusos
para la informacion de los vecinos y una oficina de
atencion al ciudadano. Enla planta primera se ubica-
rian la oficina principal de la tenenciay el juez de paz.

6. Conclusiones

Con esta propuesta de intervencion se plantea que
para alcanzar una resolucion satisfactoria de la pro-
blematica es necesario un enfoque de actuacion
unitaria que permita resolver todos los aspectos que
afectan al barrio: economicos, fisicos, sostenibles y
sociales [12]; a diferencia de diversos ejemplos reali-
zados en las Ultimas décadas, en los que se ha actua-
do en entornos mas simbolicos en lugar de espacios
degradados, con el objetivo de mejorar la imagen y
atraer inversiones a esos espacios [15], [16]. De otro

6. Conclusions

With this intervention proposal, it is suggested that
in order to achieve a satisfactory resolution of the
problem, a unitary action approach is necessary to
resolve all the aspects that affect the neighborhood:
economic, physical, sustainable and social [12]; un-
like various examples carried out in recent decades,
in which more symbolic environments have been
renewed, instead of degraded spaces, with the aim
of improving the image and attracting investment
to those spaces [15], [16]. Otherwise, the operation
would not be appropriate, since, without new uses,
new users would not be attracted to the area [8],
even if the public space was improved; while solving
exclusively the uses would not be very fruitful, since
considering the quality of the existing public space,
it is possible that it would not work, due to the poor
attractiveness of the public.

This leads us to think that an intervention at diffe-
rent scales and with different properties would be
necessary, such as the one that has been proposed,
in which the school is privately owned, while treated
public space, the existing public building and the
creation of a plot for the construction of the new
building are public responsibility. This option would
require taking the cooperation work between public

Figure 04.

Structure construction
phases. Source: Self
production. Year: 2016
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modo, el funcionamiento no seria el pertinente, ya
que, Sin NUevos Usos No se atraerian NUevos usuarios
a la zona [8], por mucho que se mejorara el espacio
publico; mientras que resolver exclusivamente los
usos no seria muy fructifero, ya que teniendo en
cuenta la calidad del espacio publico existente es
posible que no funcionara, debido a lo proco atrac-
tivo del espacio publico no acudirian personas a ese
entorno.

Esto conduce a pensar que seria necesaria una inter-
vencion a diferentes escalas y de diferentes propie-
dades, como la que se ha planteado, en la que el co-
legio es de propiedad privada, mientras que se trata
el espacio publico, un edificio publico y se necesita
crear una parcela para la construccion de la nueva
edificacion. Esta opcion exigiria llevar un paso mas
alla el trabajo de cooperacion entre agentes publicos
y privados que se ha venido dando en los procesos
de regeneracion de las Ultimas décadas [17].

Esto pone de manifiesto, que a la hora de plantear
la regeneracion de ciertos entornos las herramien-
tas urbanisticas de las que se dispone hoy en dia
pueden hacer un flaco favor a la regeneracion de las
ciudades, barrios o enclaves determinados debido
a su rigidez [18], [19]. Ya que, solamente dilatan en
el tiempo la realizacion de estas intervenciones y en
ciertos casos las imposibilitan. Por ello, y debido a la
situacion actual en la que nuestras ciudades enve-
jecen dando oportunidades de regeneracion, es ne-
cesario ampliar los planteamientos con el objetivo
de realizar las intervenciones mas beneficiosas para
nuestras ciudades.
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ses make them impossible. For this reason, and due
to the current situation in which our cities are aging
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to broaden the approaches in order to carry out the
most beneficial interventions for our cities.
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ABSTRACT

The European Commission defined in 2010 the concept of Nearly Zero Energy Buildings (nZEB) as those cha-
racterised by a very low energy demand and a high on-site renewable energy production. This concept relies
on a careful design of passive and low-energy strategies, on-site or near renewable energy sources and high
efficiency facilities and equipment. The definition of nZEB offers flexibility to the Member States to specify
their own demands, adapted to the local construction practices and national climatic conditions. Different
technical specifications and procedures are being defined by Member States to ensure the construction of
newly built nZEBs by the end of 2020 and to boost the retrofit of existing constructions.

In Spain, the modification of the so-called Energy Saving Basic Document (Documento Basico DB-HE de
«Ahorro de Energia», in Spanish, and DB-HE in short) approved by Real Decreto 732/2019, of December 20
(BOE 27-diciembre-2019) updates the definition of Nearly Zero Energy Buildings, as a building, new or exis-
ting, that meets the regulatory requirements regarding the limitation of energy consumption established for
newly built buildings.

According to the National Institute of Statistics of Spain (INE), 87,7% of the buildings in which we will live in
2050 are already built. In addition, 44% of these buildings were built before 1979 and did not have to comply
with any regulations that limited the energy demand or consumption. The built environment in Spain is old
and inefficient. It represents an opportunity to reduce CO2 emissions and energy efficiency towards the am-
bitious aim to reduce up to 80% the EU carbon emissions of the building stock by 2050. It accounts for more
than 40% of the overall energy consumption and 36% of the overall CO2 emissions in Europe. The reduction
of the energy use in the building sector has its own policy development. Strategies are being defined to drive
governments towards the retrofit of the existing building stock.

In this paper, a residential building located in Zaragoza (Northern Spain) is studied with the aim to evaluate
what implies its transformation into an nZEB according to the Spanish energy efficiency regulations. The pa-
per studies four retrofit scenarios that could be implemented for the existing building, which consider the im-
provement of the envelope insulation, windows, and heat generation. The building energy performance is si-
mulated with DesignBuilder (the most established and advanced user interface to EnergyPlus) and HULC (the
official tool in Spain for energy certification). The simulated models are used for evaluation of the building’s
non-renewable and total primary energy consumption and thermal comfort performance (according to AS-
HRAE adaptive standards) after the proposed retrofit scenarios. The results obtained are compared with the
normative limit values for nZEB buildings. The paper also analyses the investment costs, in order to identify
the most cost-effective solutions. The results show that the insulating externally the whole facade approach
is the best strategy in regard to the studied aspects, achieving a 68,7% reduction of CO2 emissions and 77,7%
of heating use, and the only one capable of transforming these buildings into nZEBs.

Rey Words: Spanish nZEB renovation standard, residential buildings, energy efficiency, comfort, cost-
efficiency.

(1) Department of Architecture, University of Zaragoza, almudenaef@unizar.es.
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1. Introduccion

Esta previsto que para el ano 2050, el 68% de la po-
blacion mundial viva en areas urbanas y ademas
deberemos haber avanzado hacia una economia
baja en carbono. Este proceso hace que nos pregun-
temos sobre donde vamos a dar cabida a toda esta
poblacion, y qué sucede con los edificios ya construi-
dosy que no son sostenibles.

En la estructura sectorial del consumo de energia
final, el sector residencial supone el 18,1% del con-
sumo total, siendo el cuarto sector que mas consu-
me. Por usos finales, la Calefaccion supone el 43% del
consumo energético del sector residencial [1].

En el actual parque de viviendas existente tenemos
una fuente de consumos energéticos susceptible de
minorarse sustancialmente con politicas de fomento
de rehabilitacion energética, ya que el 60% de las vi-
viendas existentes son ineficientes energéticamen-
te, porque se construyeron antes de 1980, primer
ano en el que entrd en vigor la primera normativa de
eficiencia energética para edificios de nueva planta.

Entre los anos 1940-1980, se construyeron un total
de 12.186.853 viviendas [2], un 47,39% del total de vi-
viendas construidas a fecha del 2018 (estimacion del
Parque de Viviendas segun INE). En Zaragoza, las vi-
viendas construidas en esa época, 183.430 viviendas,
representan el 56,10% del total de viviendas segun el
censo de 2011.

Sus caracteristicas responden a un tipo de edifica-
cion de la época, caracterizado por la escasez de ma-
teriales, y de aislamiento térmico. Su potencial de re-
habilitacion es muy alto y en particular las viviendas
incluidas en algunos de los Conjuntos Urbano asi de-
clarados por el Plan General de Zaragoza (PGOUZ) en
los “Estudios y Propuestas para la Rehabilitacion de
21 Conjuntos Urbanos de Interés” (Sociedad Munici-
pal de Rehabilitacion Urbana de Zaragoza, SMRUZ,
2004)

La propuesta del Plan Nacional Integrado de Energia
y Clima (PNIEC) 2021-2030 en el ambito residencial,
es conseguir un ahorro acumulado de 4.755 ktep de
energia final durante el periodo 2021-2030, como
resultado, por un lado, de la intervencion sobre la en-
volvente térmica en 1.200.000 viviendas, comenzan-
do con 30.000 viviendas/ano en 2021 y finalizando
con 300.000 viviendas/ano en 2030. Y por otro, gra-
cias también a la renovacion de las instalaciones tér-
micas (centralizadas e individuales). El plan prioriza
las inversiones sobre la envolvente térmica, respecto
alas mejoras en las instalaciones térmicas porque se
considera que la reduccion del consumo energético
debe abordarse en primer lugar para evitar el sobre-
dimensionamiento de los equipos de calefaccion y/o
climatizacion que deben satisfacerla.

Con el fin de incentivar y promover la realizacion de

1. Introduction

By 2050, 68% of the world's population is expected to
live in urban areas and we will have to move towards
a low-carbon economy. This process makes us won-
der where we are going to accommodate this entire
population, and what happens to existing buildings
that are not sustainable.

In the final energy consumption sector structure,
the residential sector accounts for 18.1% of total
consumption, the fourth sector that consumes the
most. By end-uses, heating supposes 43% of energy
consumption of the residential sector [1].

Existing housing buildings have energy consump-
tions that can be substantially reduced with energy
retrofit policies. 60% of the existing buildings are
energy inefficient, because they were built before
1980, which is the first year in which the first ener-
gy efficiency regulation for new buildings came into
force.

12,186,853 residential buildings were built between
1940-1980[2], and represent 47,39% of the total exis-
ting buildings in 2018 (INE residential building rate).
In Zaragoza, the residential stock built (183,430) in
this period represents 56.10% of the total residential
buildings according to the 2011 census.

Its constructive solutions are typical of the buildings
of the time, characterized by a shortage of materials,
and thermal insulation. Its potential renovation is
very high. Many of them have been declared Urban
Areas of Interest (UAI, Conjuntos Urbanos de Interés
in Spanish) in the General Plan of Urban Planning of
Zaragoza (PGOUZ) of 2001 and 2007, due to their
character of unity bringing together representative
environmental values of types of residential building
and urban areas characteristic of its time.

The National Integrated Energy and Climate Plan
(PNIEC) 2021-2030 proposes to achieve a cumula-
tive saving of 4,755 ktep of final energy during the
period 2021-2030 in residential buildings, as a result,
on the one hand, of the thermal intervention on the
envelope of 1,200,000 buildings, starting with 30,000
buildings/year in 2021 and ending with 3,000,000
buildings/year in 2030. On the other hand, thanks
also to the renovation of heating and DHW systems
(centralized and individual). The Plan prioritizes in-
vestments in the thermal envelope, with respect to
improvements in thermal installations because it is
considered that the reduction of energy consump-
tion should be addressed first to avoid oversizing the
heating and / or air conditioning equipment.

The Ministry of Energy, Tourism and Digital Agenda,
through the Institute for Energy Diversification and
Saving (IDAE), promotes a specific financing pro-
gram (PAREER + grows) [3,4] based on four lines of
action. The objective is to boost and promote the
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actuaciones de reforma en edificios existentes, el
Ministerio de Energia, Turismo y Agenda Digital, a
través del Instituto para la Diversificacion y Ahorro
de la Energia (IDAE), puso en marcha un programa
especifico de ayudas y financiacion (PAREER+crece)
basado en cuatro lineas de actuacion. El nimero de
solicitudes favorables y en tramitacion para el mes
de mayo de 2020 [3,4] que ha recibido el Programa
en cada tipo de actuacion son:

1. Mejora de la eficiencia energética de la envolvente
térmica: 1.181

+ Mejora del aislamiento térmico de fachadas, cu-
biertas, suelos y puentes térmicos: Por la cara
interior, exterior o insuflado en la camara de aire
del cerramiento (en caso de que exista)

«  Mejora de aislamiento y permeabilidad al aire de
huecos: carpinterias y vidrios.

2. Mejora de la eficiencia energética de las instalacio-
nes térmicas y de iluminacion: 211

- Cambio de la instalacion de generacion térmica
por otra mas eficiente, con mejor rendimiento y
que permita ademas su regulacion (domotica y
automatizacion)

- Mejora en el transporte de la energia: Aislamien-
to de conductos que transportan el calor

+ Mejora en los puntos de consumo: Programa-
cion y regulacion de radiadores.

3. Sustitucion de energia convencional por biomasa
en las instalaciones térmicas: 56

4. Sustitucion de energia convencional por energia
geotérmica en las instalaciones térmicas: 19

En definitiva, reducir el consumo y ser capaces de
alcanzar el maximo confort en nuestras casas con
la menor emision de Kg de CO2 posible. La Directiva
2010/31/UE del Parlamento Europea relativa a la efi-
ciencia energética de los edificios definio el modelo
de Edificios de Consumo Casi Nulo (ECCN) en 2010
como aquellos caracterizados por una muy baja de-
manda de energia y una alta produccion de energia
renovable en el sitio. Seran los Estados miembros
quienes especifiquen sus propios consumos, adap-
tados a las practicas locales de construccion y las
condiciones climaticas nacionales. En Espana, la
modificacion del denominado Documento Basico
de Ahorro de Energia (Documento Basico DB-HE de
«Ahorro de Energia») aprobado por el Real Decre-
to 732/2019, de 20 de diciembre (BOE 27 -diciem-
bre-2019) actualiza la definicion de ECCN, como un
edificio, nuevo o existente, que cumple con los re-
quisitos reglamentarios con respecto a la limitacion
del consumo de energia establecido para edificios
de nueva construccion.

refurbishment of existing buildings.

1. Improvement of the energy efficiency of the ther-
mal envelope: 1,181

« Improvement of the thermal insulation of fa-
cades, roofs, floors and thermal bridges: On the
inside, outside wall or in the air cavity of the cons-
truction.

« Improvement of insulation and air permeability
of windows: frame and glass.

2. Improving the energy efficiency of thermal and
lighting installations: 211

+ Change of the thermal generation installation for
amore efficient one: better performance and re-
gulation (automation)

« Improved energy transport: insulation of ducts
that distribute heat

« Improvement in consumption points: Program-
ming and regulation of elements.

3. Substitution of conventional energy by biomass in
thermal installations: 56

4. Substitution of conventional energy by geother-
mal energy in thermal installations: 19

To conclude, its objective is to reduce consumption
and being able to achieve maximum comfort in our
homes with the lowest possible Kg CO 2 emission.
Directive 2010/31/EU on Energy Efficiency in Buil-
dings defined nearly Zero Energy Building (nZEB)
in 2010 as a building with very high energy perfor-
mance where the nearly zero or very low amount
of energy required should be extensively covered
by renewable sources produced on-site or nearby.
The EPBD requires Member States (MS) to set their
own consumption, adapted to local construction
practices and national climatic conditions. In Spain,
the modification of Basic Document of Energy Sa-
ving (DB-HE) approved by Royal Decree 732/2019,
on December 20 (BOE 27-December-2019) updates
the definition of nZEB, as a building, new or existing,
which meets the energy requirements for new buil-
dings.

A residential building located in Zaragoza (Northern
Spain) is studied with the aim to evaluate what im-
plies its transformation into an nZEB according to
the Spanish energy efficiency regulations. The case
study is a real social housing buildings located in one
of the 19 multifamily UAI of Zaragoza: Grupo Giron.
In this paper, four retrofit scenarios are considered
improving the insulation of the envelope, windows
and heating, DHW systems. The building's energy
performance is simulated with HULC, the Spanish
official tool for energy certification and DesignBuil-
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Se estudia un blogue residencial ubicado en Zarago-
za (norte de Espafa) que forma parte de uno de los
21 Conjuntos Urbanos de Interés (CUI), con el obje-
tivo de evaluar lo que implica su transformacion en
un ECCN de acuerdo con la normativa espainola de
eficiencia energética. El documento estudia cuatro
escenarios de rehabilitacion que consideran la mejo-
ra del aislamiento de la envolvente, las ventanas y las
instalaciones de generacion térmica. El rendimiento
energético del edificio se simula con la Herramien-
ta Unificada Lider-Calener (HULC), la herramienta
oficial en Espafia para la certificacion energética y
DesignBuilder (la interfaz de usuario mas establecida
y avanzada para EnergyPlus). Los modelos simula-
dos se utilizan para evaluar el consumo de energia
primaria no renovable y total y el rendimiento del
confort térmico (de acuerdo con los estandares de
adaptacion de ASHRAE) del estado original de la edi-
ficacion y los cuatro escenarios propuestos de modi-
ficacion. Los resultados obtenidos se comparan con
los valores limite normativos para cumplimiento del
Documento Basico DB-HE de «Ahorro de Energia» y
para edificios ECCN. El documento también analiza
los costos de inversion, con el fin de identificar las
soluciones mas rentables. Ademas, los resultados de
este documento proporcionan informacion Gtil para
cuantificar la conveniencia técnica y la rentabilidad
de diferentes medidas para alcanzar una renovacion
ECCN con el fin de optimizar las futuras inversiones
para programas de rehabilitacion energética.

2. Metodologia
2.1 Descripcidon de los edificios

En estudios previos, se han analizado 19 conjuntos
residenciales plurifamiliares declarados Conjuntos
Urbanos de Interés [5] para el Municipio de Zarago-
za. Se han estudiado sus caracteristicas constructi-
vas [6, 7, 12] v las caracteristicas de sus envolventes
energéticas y acusticas [8, 9]. Ademas se han simu-
lado energéticamente mediante una metodologia
simplificada [10, 3, 4].

El bloque de viviendas seleccionado para este estu-
dio, forma parte del CUI grupo Girén (construido en
1957), Fig. 1,y representa el comportamiento comuin
de los 19 Conjuntos Urbanos de Interés [11]:

- Calificacion energética segln el consumo de
Energia Primaria No Renovable: E.

De los 19 CUI el 88,5% de los edificios estan califica-
dos conlaletra E, el 5,2% con la letra F, y el 3,1% con
laletra G.

- Calificacion energética segln las emisiones de
CO2:E.

De los 19 CUI el 80,9% de los edificios estan califica-
dosconlaletrak,yel 159 % conlaletra D.

der (the most established and advanced user inter-
face for EnergyPlus). The simulated models are used
to assess total and non-renewable primary energy
consumption and thermal comfort performance (in
accordance with ASHRAE adaptation standards)
of the original scenario of the building and the four
proposed retrofit scenarios. The results obtained are
compared with the normative limit values for com-
pliance with the Basic Document DB-HE of «Energy
Savings» and nZEBs. The document also analyses
investment costs, in order to identify the most pro-
fitable solutions. Furthermore, the results of this
document provide useful information to quantify
the technical convenience and cost effectiveness of
different measures to achieve an ECCN renovation in
order to optimize future investments for energy re-
habilitation programs.

2. Methodology
2.1 Building description: case study

In previous research works, we had catalogued the
19 multifamily residential estates of Zaragoza decla-
red as UAI [5], identified the construction characte-
ristics of the buildings [6,7,12], done an energy and
acoustic characterization of their envelopes [8,9],
and simulated the buildings energy use through a
simplified methodology [10,3,4]

Grupo Girén (built in 1957), Fig 1, is a case study re-
presentative of the most common energy efficiency
performances found among the buildings of the 19
residential estates [11].

« Energy performance rating for the indicator of
nonrenewable primary energy: E

Of 19 UAls, 88.5% of the buildings are rated with E,
5.2% with F, and 3.1% with G.

- Energy performance rating for the indicator CO2
emissions: E

Of 19 UAls, 80.9% of the buildings are rated with E,
15.9% with D.

The construction characteristics of the buildings stu-
died are described in Table 1-3.

2.2 Scenarios description

Five scenarios were considered depending on the
retrofit of the envelope and heating and DHW sys-
tem [12] (Table 1-3). The energy retrofit strategies
in envelope will be on external wall, not interfering
construction with the occupants’ daily life.

2.3 Study Phases

The research is composed of the next Phases:
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Las caracteristicas constructivas del bloque de vi-
viendas social estudiado se resumen en la Tabla 1-3.

2.2 Descripcion de los escenarios de
rehabilitacion

Se proponen cinco escenarios de analisis en funcion
de la actuacion en la envolvente edificatoriay en las
instalaciones de generacion térmica [12] (Tabla 1-3).
Las actuaciones propuestas de intervencion en la
envolvente energética, se ejecutaran siempre desde
el exterior, no interfiriendo la obra de rehabilitacion
con el uso diario de la vivienda.

2.3 Fases de estudio

En este estudio se han seguido las siguientes fases:

1. Definicion de las exigencias que debe cumplir una
reforma en las que se renueven mas del 25% de la
superficie total de la envolvente térmica final del edi-
ficioy las instalaciones de generacion térmica.

Definicion de las exigencias requeridas segun CTE
para ser ECCN

2. Simulacion energética mediante herramienta
informatica HULC de los distintos escenarios pro-
puestos para comprobar si cumple la rehabilitacion
con los estandares normativos y con la condicion de
ECCN.

Se define el sistema operacional y de uso y las con-
diciones climaticas (archivo climatico) de la herra-
mienta HULC.

3. Simulacion energética mediante herramienta in-
formatica DesignBuilder, bajo las condiciones clima-
ticas, de uso y operacionales de HULC. El objetivo es
tener dos modelos energéticos simulados y calibra-
dos que permita obtener con DesignBuilder valores
de confort térmico validados.

4. Cuantificar la costo-efectividad de la rehabilita-
cion energética.

e

M Bloque de viviendas B+4 / G+4 block of flats
Equipamiento ne residencial / Non residential

&

0 10 20mis.
=t

1. Definition of the requirements for major renova-
tions which are compulsory when more than 25%
of the envelope and heating and DHW system are
improved.

Definition of the requirements for the transforma-
tion of existing buildings into nZEBs.

2.Energy simulation with HULC version 2.0.1960.1156
software. We checked the compliance or not of the
five scenarios with the two set of requirements: the
compulsory major renovation requirements and the
optional nZEB renovation requirements.

Operational, use and climate conditions are defined.

3. Energy simulation with Design Builder version 6
software. We introduce in simulation model opera-
tional, use and climate conditions defined in HULC
software. The objective is to simulate two calibrated
energy models that allow to obtain with DesignBuil-
der validated values of thermal comfort.

4. Estimate the cost-effectiveness of each scenario
of improvement.

Figure 01.

Urban layout and general
image of the case study,
M.Monzén-Chavarrias,
B.Lopez-Mesa, 2018 [5].
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Original state

Refurbished state

Scenario 0

Scenario 1-3

Scenario 2-4

S1 S3

S2 S4

Roof

Pitched roof with
ventilated
chamber

Arabic ceramic roof tile

Arabic ceramic roof tile

Arabic ceramic roof tile

2cm_Mortar cement

2cm_Mortar cement

2cm_Mortar cement

3cm_Thick ceramic board

3cm_Thick ceramic board

3cm_Thick ceramic board

One-way slab with precast joists of
reinforced ceramic

One-way slab with precast joists of
reinforced ceramic

One-way slab with precast joists of
reinforced ceramic

Ventilated air space

Ventilated air space

Ventilated air space

25cm_Thermal insulation

25cm_Thermal insulation

One-way slab with precast joists of
reinforced ceramic

One-way slab with precast joists of
reinforced ceramic

One-way slab with precast joists of
reinforced ceramic

2cm_Thick ceramic false ceiling

2cm_Thick ceramic false ceiling

2cm_Thick ceramic false ceiling

1cm_ Plastering

1cm_ Plastering

1cm_ Plastering

Facade

F3

4th Floor

1.5cm_Mortar cement

1.5cm_Mortar cement

1.5cm_Mortar cement

16cm_Thermal insulation

16cm_Thermal insulation

24cm_Hollow brick

24cm_Hollow brick

24cm_Hollow brick

1cm_Mortar cement

Tcm_Mortar cement

Tcm_Mortar cement

3cm_Nonventilated air space

3cm_Nonventilated air space

3cm_Nonventilated air space

4cm_Hollow brick

4cm_Hollow brick

4cm_Hollow brick

1.5cm_Plastering

1.5cm_Plastering

1.5cm_Plastering

F2

1st-3rd Floor

24cm_Facing solid brick

24cm_Facing solid brick

1.5cm_Mortar cement

10cm_Thermal insulation

24cm_Facing solid brick

1cm_Mortar cement

1cm_Mortar cement

Tcm_Mortar cement

3cm_Nonventilated air space

3cm_Thermal insulation

3cm_Nonventilated air space

4cm_Hollow brick

4cm_Hollow brick

4cm_Hollow brick

1.5cm_Plastering

1.5cm_Plastering

1.5cm_Plastering

F1 Ground Floor

36cm_ Facing solid brick

36cm_ Facing solid brick

1.5cm_Mortar cement

10cm_Thermal insulation

36cm_ Facing solid brick

1cm_ Mortar cement

Tcm_ Mortar cement

Tcm_ Mortar cement

3cm_ Nonventilated air space

3cm_Thermal insulation

3cm_ Nonventilated air space

4cm_ Hollow brick

4cm_ Hollow brick

4cm_ Hollow brick

1.5cm_Plastering

1.5cm_Plastering

1.5cm_Plastering

Wood frame PVC frame PVC frame
Windows
Single glass Triple glass Triple glass
Ground
Concrete slab-on-ground Concrete slab-on-ground
S1 Concrete slab-on-ground

Perimeter insulation

Perimeter insulation

Heating system

Gas boiler 100% 100%
(performance) 81% [13] 81%[13] 81% [13]
DHW 60% Solar 60% Solar
Table 01.

Urban layout and general
image of the case study,

M.Monzon-Chavarrias,
B.Lopez-Mesa, 2018 [5].
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U-value (W/m*K)

Scenario 1-3 Scenario 2-4
Constructive system Scenario 0
B | E3 E2 E4
Roof
Pitched roof with ventilated chamber 2.25 0.12
Facade
4th Floor-F3 0.78 0.15 0.21
1st-3rd Floor-F2 1.23 0.66 0.23
Ground Floor-F1 1.05 0.6 0.23
Windows 5.08 1.04
Ground
3.81
S1 3.81 3
Perimeter insulation: 1 m, R =3.0 m“-K/W;
Windows
Frame 2 1.8
Glass 5.6 0.85
Frame and glass 5.08 1.04
Floor-To- Wall-To- Wall-To- Window-To-Window-To-/Window-To-
. Wall Wall Wall Wall Wall Slab-On-
Scenario Wall . . . . .
Junctions Junctions: |Junctions: |Junctions: [Junctions: |Junctions: |Ground
Exterior Interior Ledge Lintel Jamb
0 0,99 0,15 -0,22 0,10 0,58 0,37 3,51
1,3 0,67 0,08 -0,12 0,12 0,55 0,34 3,76
2,4 0,07 0,04 -0,06 0,08 0,09 0,03 3,88
CYPE
. DB-HE DesignBuil | software
Indicator 2019 HULC der and
database
Energy consumption limitation
gonrenewable (NREN) Primary Energy (PE), VES VES VES NO
 “-ep.nren
Total Primary Energy (PE), Cep ot Sl YES VES NO
CO, Emissions NO YES YES NO
Conditions for controlling Energy Demand
Envelope global heat transfer coefficient K- VES VES NO NO
value
Solar control of windows qsoy,jui YES YES NO NO
Maximum U-value for each element YES YES* YES * NO
Thermal Comfort
Hours within 90% acceptability NO NO YES NO
Hours out of 90% acceptability NO NO YES NO
Cost-Effectiveness
Total investment renovation costs NO NO NO YES
Euro / KWh saved NO NO NO YES

Table 02.

Thermal characteristics of
the construction system of
the original and rehabilitated
scenarios, own elaboration,
2020.

Table 03.

Linear thermal transmittance
of thermal bridges (W/mK)
[12].

Table 04.

Indicators analysed and how
they are quantified, own
elaboration, 2020.

*:Itis possible to obtain the
particular values of each
constructive solution to be
able to compare them with
the normative data.
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Table 05.

Limit values for compliance
requirements DB-HE 0 and
DB-HE 1, own elaboration,
2020.

*The K value depends

on the area and thermal
transmittance U of the
elements of the thermal
envelope, the length and
linear thermal transmittance
of the thermal bridges

and the point thermal
transmittance of the point
thermal bridges.

**In renovations, these U
lim values can be exceeded
when the global transmission
coefficient, K, considering
the affected elements, does
not exceed that obtained by
applying the values in the
table.

2.4 Descripcion de los indicadores
analizados

Los indicadores que se analizan en los cinco esce-
narios del blogue residencial y la herramienta con la
que se cuantifican son los indicados en la Tabla 4:

2.4.1 Documento Basico DB-HE de «Ahorro de
Energia»

En este estudio se analizan cuatro intervenciones de
rehabilitacion y comprobar si cumple con los reque-
rimientos de rehabilitacién profunda y/o ECCN.

Las secciones del DB-HE se ordenan desde los as-
pectos mas generales de la eficiencia energética del
edificio a los mas particulares, procediendo desde
del consumo energético del edificio hasta la defi-
nicion de la envolvente térmica y las instalaciones
técnicas. Enla Tabla 5 se muestran los valores limites
exigidos para el cumplimiento DB-HEO y DB-HET en
caso de rehabilitacion y cuando se quiere conseguir
un edificio ECCN.

2.4.2 Simulaciones energéticas

En primer lugar se definio en la herramienta HULC
2.0.1960.1156 [14]., el modelo energético del estado
inicial y de las cuatro propuestas de rehabilitacion en
forma, orientacion, climatologia, soluciones cons-
tructivas, puentes térmicos y perfil de uso y opera-
cional, Tabla 6. A continuacion se obtuvo la compro-
bacion de las limitaciones de consumo de EP, control

2.4 Description of the indicators analysed

The indicators analysed in the five scenarios and the
tool that quantifies them are listed in Table 4:

2.4.1 Basic Document Energy Saving (DB-HE)

In this paper, we checked the compliance or not of
the five scenarios with the compulsory major reno-
vations and nZEB renovation set requirements.

DB-HE is sorted from the most general aspects of
the energy efficiency of the building to the most
particular, from the energy consumption of the buil-
ding to the definition of the thermal envelope and
heating-DHW systems. Table 5 shows the limit va-
lues required for compliance DB-HEO and DB-HE1
for major renovation and nZEB renovation.

2.4.2 Energy simulations

Original scenario energetic model and impro-
ved scenarios models were introduced in HULC
2.0.1960.1156 software [14] regarding the shapes,
orientations of the buildings, climatic conditions,
construction solutions, thermal bridges and use-
operational conditions, Table 6. Once the simulation
was done, limit primary energy and CO2 emissions
are checked.

The same building models were introduced in De-
signBuilder software [16]. It is checked whether the
values obtained in this simulation of PE has been ob-

Requirements

Limit value

Major renovation| nZEB renovation

Limit primary energy [KW-h/m? -y], Zaragoza

Cep,nren,lim [kW-h/m? -y] 70 38

Cep.tot,lim [kW-h/m? -y] 105 76

compactness of the building V/A (m3*/m?)?*

Envelope limit global heat transfer coefficient K-value (K;;,) [W/m? -K] depends on the

V/AE1 0.48
V/A34 0.67
Solar control of Windows, qo1juiim [KWh/m2-m] 2

Uiim [W/m? -K]** for each element of the envelope that is added, replaced, or modified

Facade 0.41
Roof 0.35
Ground 0.65
Windows 1.8

climate zone: Zaragoza

Accepted permeability of the windows depends on the

Class 3 (minimum)

change the DHW systems

% of the energy demand for DHW obtained from
renewable sources, with local origin or nearby the
building. This is applicable to those renovations that

60%
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de la demanda de energia y emisiones de CO2.

Estos mismos modelos, con las mismas condiciones
de modelado, uso y operacionales, se simularon en
la herramienta DesignBuilder [16]. Se comprueba
si los valores obtenidos en esta simulacion de con-
sumo de EP y de control de la demanda de energia,
han sido obtenidos con los mismo factores de paso
de energia que utiliza HULC [17]. Como los valores de
factores de paso difieren de los usados en la simula-
cion de HULC, se actualizan los datos obtenidos con
DesignBuilder con los factores de paso de energia
usados por HULC mediante el uso de calculos adi-
cionales.

Si los valores no difieren en mas de un 5%-10% [18]
se dan por validos los modelos de DesignBuilder y se
utilizan para cuantificar el confort térmico de los di-
ferentes escenarios.

tained with the same energy passing factors used by
HULC [17]. Because the step factor values differ from
those used in the HULC simulation, the data obtai-
ned with DesignBuilder is updated with the energy
step factors used by HULC using additional calcula-
tions.

If values do not differ by more thana 5 % -10% [18]
are valued DesignBuilder models and they are used
to quantify the thermal comfort of the five scenarios.

To estimate the thermal comfort, we used the
adaptative comfort approach according to the AS-
HRAES55-2017 standard. An annual simulation was
run at intervals of one hour in DesignBuilder soft-
ware. The data in csv format were exported to the
software ConfAdapt-ASH55 [15] that allowed us to
obtain the hours inside and outside the 80% and 90%
acceptability limits.

Parameters

Values

Occupancy density (3 people)

0.05 people / m?

Hours of operation and occupancy: Monday to Friday: 7am to 3 pm

25% occupation

Hours of operation and occupancy: Monday to Friday: 3 pm to 8 pm

50% occupation

Hours of operation and occupancy: Monday to Friday: 8 pm to 7 am

100% occupation

Hours of operation, activity and occupancy: Saturday and Sunday

100% occupation

Climate equipment operating hours (heating)

7a.m.to 10 p.m.

Climate equipment operating hours (cooling)

9a.m.to8p.m.

Running of the air conditioning system from Monday to Sunday

7 days/week

Summer period

1st June-30th September

Winter period

1st October-31st May

Metabolic factor: “Standing/walking” option

1

Clothing values (CLO)

Summer 0.5 Clo; winter: 1.0 Clo

Load due to general lighting

4.4 W/m2-100lux (10% (07 h, 30%
(7-18 h), 50% (18-19 h), 100%
(19-23 h), 50% (23-24 h)

High set point temperature (June-September)

27°C (0:00-7:00, 23:00-23:59)
25°C (15:00-22:59)

Low set point temperature (January-May, October-December)

17°C (0:00-7:00, 23:00-23:59)
20°C (7:00-22:59)

Relative humidity of the indoor air

50%

Infiltration air flow rate per internal volume through the envelope (n50)

5,72h"" scenario 0,y 4,91h™
improved scenarios (1-4)

Renewal air flow

331/s

Night ventilation

4 h-1 (June-September; 1-8 h)

Activation of solar control in summer

Window shading

Type: blind with low reflectivity
slats (scenario 0), blind with high
reflectivity slats (scenarios 1-4)
Position: outside

Slat angle control type: fix; vertical

Operation schedule: residential
CTE shading:

On: June-September; 30% 0-24 h

Off: January-May;
October-December

Table 06.

Operational conditions for
residential use according to
CTE, [12].
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Para el calculo de resultados de confort adaptativo
conforme a criterios del estandar ASHRAE 55-2017,
se ejecuta una simulacion anual en intervalos de
una hora mediante la herramienta de simulacion
energética DesignBuilder y se realizan calculos adi-
cionales con la herramienta ConfAdapt-ASH55 [15],
desarrollada por Sol-Arq (asociado de DesignBuilder
Ltd) y que permite obtener las horas dentro y fuera
del 80% Yy 90% de aceptabilidad por el estandar.

2.4.3 Estimacion de la costo-efectividad de las
propuestas de rehabilitacion

En primer lugar se estima el coste de la inversion en
las medidas de rehabilitacion propuesta para cada
escenario mediante la base de datos CYPE [19], lue-
go dividimos por la superficie total para obtener la
inversion de renovacion por m2 para cada caso. Para
estimar la relacion costo-efectividad de cada esce-
nario de mejora [20] se dividen los costes totales de
inversion por los kW-h ahorrados de energia prima-
ria no renovable para los cinco escenarios estudia-
dos.

3. Resultados y discusion
3.1 Resultados cumplimiento CTE ECCN

Del analisis de los resultados obtenidos con HULC
para el cumplimiento o no de las exigencias norma-
tivas seglin rehabilitacion o edificio ECCN, se conclu-
ye que dos escenarios cumplen con las exigencias
para rehabilitacion, escenarios 2 y 4 y solo un esce-
nario cumple con la exigencia de ECCN, el escenario
4.Enla Tabla 7 se muestran los valores obtenidos de
los indicadores estudiados comparados con sus va-
lores normativos de referencia [12].

Los resultados obtenidos muestran que para conse-
guir que un edificio rehabilitado cumpla con las exi-
gencias de ECCN, debe ser aislado siguiendo la “regla
delrotulador”. Unaregla que se utiliza habitualmente
en edificios que se disefian segun criterios del estan-
dar Passivhaus y que consiste en poder trazar una
linea continua alrededor de la seccion del edificio
(vertical y horizontal) por donde se prevé la coloca-
cion del aislamiento. Los escenarios 1y 3 a pesar de
estar también aislados, no lo hacen al 100%. La so-
lucion de aislamiento insuflado en la camara de aire
no resuelve de forma eficiente los puentes térmicos
ademas de ser insuficiente el grado de aislamiento
de la fachada, tal y como se observa en los valores
obtenidos de Coeficiente de Transmision global, K,
para estos escenarios.

Si analizamos el consumo de EP NREN vy las emisio-
nes de CO2[12], mostradas en la Fig. 2, de los cuatro
escenarios rehabilitados respecto del estado original
podemos observar que, para que una rehabilitacion
cumpla con las exigencias normativas espanola, es-
cenario 2, ha sido necesario reducir el consumo de
EP NREN en un 39,24% (una reduccion del 38,75% en

2.4.3 Methodology to estimate the cost-
effectiveness of the scenarios

We first estimated the total investment renovation
costs of the measures for each of the four improve-
ment scenarios by means of the CYPE software and
database [19]. Afterwards we divided it by the total
surface to obtain the renovation investment per m2
for each case. To estimate the cost-effectiveness of
each scenario of improvement, the costs-to-effec-
tiveness ratio [20] that we established divided the
total investment costs by the saved kW-h of nonre-
newable primary energy for the five scenarios of the
three case studies.

3. Results and discussion
3.1 Energy regulation compliance

From the analysis of the results obtained with HULC
for the compliance or not of the requirements ac-
cording to major renovation or nZEB renovation, it is
concluded that two scenarios complied with major
renovation requirements, scenarios 2 and 4 and one
scenario complied with the nZEB renovation requi-
rements, scenario 4. Table 7 values’ compare studied
indicators is studied with normative reference values
[12].

We analyse the NREN PE values and CO2 emissions
[12] from the five scenarios, Fig.2. Scenario 2 and 4
provides solutions that would comply with current
regulations. Improving both the envelope and the
systems (scenario 4) could even transform existing
social housing buildings into nZEBs. Scenario 2 has
reduced the NREN PE by 39.24% (38.75% CO2 emis-
sions reduction) and scenario 4 has reduced NREN
PE by 68% and emissions by 68.7%. In both cases, the
reduction is relative to the original scenario.

Reducing CO2 emissions means reducing the ener-
gy demand for heating, cooling and DHW and/or
consuming renewable energy. In scenario 4, energy
demand is reduced by 53% and NREN PE is reduced
because 60% of DHW is produced in a renewable
way through solar panels.

3.2 Primary Energy Results, emissions,
thermal comfort and cost-effectiveness of
the scenarios

Total PE values obtained, Table 8 and Fig. 3, with
HULC software are 0.6% (S0), 1.12% (S1), 4.64% (S2),
0.34% (S3) and 5.24% (S4), higher than values obtai-
ned with DesignBuilder software. In any of the five
scenarios, the deviation range is between 5% and
10% maximum [18] and the DesignBuilder model
can be considered valid to quantify thermal comfort.

When analysing NREN PE saved in heating, cooling
systems, Fig. 4, we observed the increase in cooling
NREN PE, 8.9% in scenarios 1-3 and 11.95% in scena-
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Table 07.

Normative values and
quantified values for the
indicators studied , own
elaboration, 2020.

* All are maximum allowed
values

**Highlighted grey are the
unfulfilled limits

***n renovations, these Ulim
values can be exceeded
when the global transmission
coefficient, K, considering
the elements affected, does
not exceed that obtained by
applying the values in the
Table.

Figure 02.

Graphical and quantitative
representation of Primary
Energy and CO2 emissions:
original scenario and four
improve scenarios, Giron
Group (case study), own
elaboration, 2020.

ORN PE  (kVh/m? -y)

===CO, emissions (kg CO_m? y)

Indicator Limit value* Girén values**
So S1 S2 S3 S4
Complies with CTE |nZEB| CTE |nZEB| CTE |nZEB| CTE |nZEB| CTE |nZEB| CTE |nZEB
NO | NO | NO | NO | YES | NO | NO | NO | YES | YES
Cep,nren,lim
70 38 |103.5/103.5| 80 80 64.1 | 64.1 | 469 | 46.9 | 33.7 | 33.7
[KW-h/m? Y]
Cep,tot,lim
105 76 | 105.5|1055| 82 82 66.1 | 66.1 | 69.3 | 69.3 56 56
[KW-h/m? Y]
Kiim [W/m? -K] 0.65 1.59 0.94 0.53 0.94 0.53
Asotjulim [KWh/m2-m] 2 1.59 0.35 0.35 0.35 0.35
Uim [W/m? K]
F1 1.05 0.6 0.23 0.6 0.23
Facade| F2 0.41 1.23 0.66 0.23 0.66 0.23
F3 0.78 0.15 0.21 0.15 0.21
Roof 0.35 2.25 0.12 0.12 0.12 0.12
Slab on ground 0.65 3.81 3.81 3.81% 3.81 3.81%
Windows 1.8 5,08 1.04 1.04 1.04
Permb. Window Class 3 Class 1 Class 4 Class 4 Class 4 Class 4
160 BTotal PE (KWhin? -y) ONREN PE (kWh/m? -y)
120.00

g
8

Primary Enargy (kW h/m? -year)

16.60

40.00
20.00
0.00
CIE
nZEB
s HEAT
83 RN [COLL]
Sa DHW ) ]
;E mEAT %% E3E 820 206 66.1 13.4 692 gz | %0 12.0
£Z | NREN|COLL 75 82 84 82 84
o DHW 27 232 237 B2 132

TOTAL=

TOTAL=

TOTAL=

TOTAL=
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Primary Energy (kW-h/m?.year)
Heating Cooling DHW Total partial Total
Total DB
HULC DB HULC DB HULC DB HULC DB HULC
RN 0.23 0.26 1.59 1.29 0.18 0,17 2 1.72
SO 105.53 104.89
NREN 53.76 56.5 7.52 6.62 42.25 40,05 103.53 103.17
RN 0.12 0.14 1.74 1.41 0.18 0,17 2.04 1.72
S1 82.05 81.12
NREN 29.57 32.15 8.19 7.21 42.25 40.05 80.01 79.41
RN 0.06 0.05 1.78 1.19 0.18 0.17 2.02 1.41
S2 66.13 63.05
NREN 13.44 13.01 8.42 8.59 42.25 40.05 64.11 61.64
RN 0.11 0.12 1.74 1.41 20.47 19.79 22.31 21.32
S3 69.21 68.98
NREN 25.49 27.67 8.19 7.21 13.22 12.78 46.9 47.66
RN 0.05 0.04 1.78 1.19 20.47 19.79 22.31 21.03
S4 55.96 53.03
NREN 12.02 10.63 8.42 8.59 13.22 12.78 33.66 32
Table 08.

Total primary energy
values (kW-h/m?2.year)
,renewable PE (RN) and

non-renewable PE (NREN):
heating, cooling and DHW
systems, five scenarios, HULC
and DesignBuilder energy
simulation, own elaboration,

2020.

emisiones CO2) y para conseguir que sea ECCN hay
que reducir el consumo de EP NREN en un 68% v las
emisiones en un 68,7%.

Reducir las emisiones de CO2 supone reducir la de-
manda de produccion de calor, frio y agua caliente
y/0 usar energia renovable. En el caso del escenario 4
que cumple los requerimientos para ser ECCN, se ha
reducido la demanda energética (el coeficiente glo-
bal de Transmision del escenario 2 y 4 se reduce un
53% respecto del estado original), y se ha reducido el
consumo de Energia Primaria No Renovable porque
un 60% del agua caliente Sanitaria se produce de for-
ma renovable mediante placas solares.

3.2 Resultados Energia Primaria, emisiones,
confort térmico y costo-efectividad de los
escenarios propuestos

La datos obtenidos de EP total, Tabla 8 y Fig. 3, me-
diante el programa HULC son 0,6% (E0), 1,12% (E1),
4,64% (E2), 0,34% (E3) vy 5,24% (E4), superiores a los
valores obtenidos mediante el programa DesignBuil-
der. En cualquiera de los cinco escenarios, el rango
de desviacion esta entre el 5% y el 10% maximo [18]
y se puede dar por valido el modelo de DesignBuilder
para cuantificar el confort térmico.

Sise analiza el ahorro en el consumo de EP NREN en
calefaccion y refrigeracion, Fig. 4, se observa que el
aumento de aislamiento de la envolvente térmica
(escenarios 1-3, 2-4) supone el aumento en el con-
sumo de energia primaria no renovable para refrige-
racion, en concreto en un 8,9% en los escenarios 1-3
y un 11,95% en los escenarios 2-4. En el caso de la
calefaccion la disminucion de consumo es mas sig-
nificativa, entre el 45-52,6% para los escenario 1-3 y
un 75-77,6% para los escenario 2-4. Estos ahorros de
consumo reflejan un aumento en las horas de con-
fort del doble respecto de la situacion original.

rios 2-4. Heating NREN PE is reduced. This reduction
in heating energy is significant, a 45-52,6% reduction
in scenarios 1-3 and 75-77,6% reduction in scenarios
2-4. These energy savings reflect a double increase
in comfort hours of the improve scenarios about ori-
ginal scenarios.

We can see in Fig. 4, the relation between total re-
novation investment costs of the different scenarios
and NREN EP kWh saved. The most cost-effective
scenario is number 2, followed by 1, 4 and 3.

4, Conclusions

Two possible facade improvements and a system
improvement we considered reducing primary ener-
gy consumption and CO2 emissions for the energy
renovation of a social housing built in 1957.

- Improve thermal envelope: cavity wall insulation
of 3cm thick for the brick facing walls.

- Improve thermal envelope: external insulation of
10cm thick for facades and 16 cm thick for plas-
tered walls.

= Improve heating, cooling and DHW systems

The combination of these three strategies gene-
rates four renovation scenarios. They are analysed
through energy simulation in a social housing buil-
ding in Zaragoza, Grupo Giron quantified the indi-
cators of NREN PE, total PE, CO2 emissions, thermal
comfort and cost-effectiveness.

The analysed data shows that the external insulation
solution compliances with Spanish normative requi-
rements for major renovation, as well as being the
most cost-effective solution.
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4, Conclusions

Ante la rehabilitacion energética de un bloque de
viviendas construido en el ano 1957 se plantea la
combinacion de dos posibles actuaciones de mejora
en la fachada y en las instalaciones para reducir su
consumo energeético y en consecuencia las emisio-
nes de CO2:

- Mejorar la envolvente térmica, insuflando ais-
lamiento en la camara de aire, no consigue las
exigencias minimas de aislamiento térmico de la
envolvente.

- Mejorar la envolvente térmica aislando por la
cara exterior de la fachada, consigue las exigen-
cias minimas de aislamiento de la envolvente
térmica y cumple con las exigencias minimas
establecidas por el CTE para una rehabilitacion.

- Mejorar el rendimiento de las instalaciones de
generacion térmica. Esta mejora junto con la
mejora de la envolvente térmica aislando por la
cara exterior de la fachada cumple con las exi-
gencias normativas para que una rehabilitacion
pueda ser considerada ECCN.

La combinacion de estas tres estrategias genera
cuatro escenarios de rehabilitacion que se analizan
mediante simulacion energética en un edificio de vi-
vienda social de Zaragoza, Grupo Giron. Para ello se
cuantifican los indicadores de consumo de EP NREN,
consumo de EP total, emisiones de CO2, confort tér-
mico y costo-efectividad de las medidas tomadas.

Los datos analizados muestran que la solucion de
aislamiento completo por la cara exterior de la fa-
chada, es la solucion que permite cumplir con las
exigencias normativas espanolas para rehabilita-
cion, ademas de ser la solucion mas costo-efectiva.

Para conseguir una solucion de rehabilitacion y ser
ademas ECCN es necesario, ademas de aislar la to-
talidad de la fachada por su cara exterior, mejorar el
rendimiento de las instalaciones de generacion tér-
mica y aumentar el uso de energia renovable.

To achieve a building renovation and also be nZEB,
it is necessary isolating the facade externally, impro-
ving the heating and cooling system and increasing
the use of renewable energy.
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LocalREGEN, Metodologia multi-criterio para la evaluacion
de estrategias locales de rehabilitacion de |a vivienda

Xabat Oregi', Belinda Lopez?, Rufino Javier Hernandez', Olatz Grijalba'

ABSTRACT

The Energy performance of buildings directive (EPBD) and the Energy efficiency directive (EED) recommend
EU countries to use measurable progress indicators to monitor the impact of the national buildings renova-
tion strategies on the gradual decarbonisation of the national building stocks. In Spain, the implementation
of housing renovation strategies is delegated to local Administrations, and therefore it is at this level where
the measurement of the impact should start. Furthermore, the effectiveness of the local strategies and action
plans do not only depend on energy-efficiency or building performance matters, but also on socioeconomic
and management-related issues. In recent years, multi-criteria assessment (MC) systems and life cycle pers-
pective methods have included this comprehensive view in the assessment. The combination of these two
methods should have great potential for the objectives pursued and would constitute an interesting scientific
advance.

This communication presents the Local-REGEN (Multi-criteria methodology for the evaluation of local re-
novation strategies of housing from the perspective of Life Cycle thinking) Project funded by the Ministry
of Spain within the program “R+D+i Projects” 2019 - Modalities "Research Challenges” and "Knowledge Ge-
neration”. The main objective of this coordinated project developed between the University of the Basque
Country and the University of Zaragoza is to define methodology for the assessment of the impact of the
local strategies for housing renovation, based on progress indicators that are broad enough to encompass
the specificities of different territories of Spain. The local strategies of two Autonomous Communities will be
used as case studies, the Basque Country and Aragon. Each subproject will work with their local Administra-
tions. The methods and tasks will be coordinated and the results will be shared, both among the subprojects
and with the entities that are working on updating the strategy at the national level, to progress in a common
framework of indicators and a multi-criteria methodology for the evaluation of local strategies for housing
rehabilitation under the Life Cycle perspective.

The selection of indicators will be done, on a case by case basis, in collaboration with each of the local Admi-
nistrations. However, we already know from previous studies and collaborations that the indicators should
deal at least with (i) the estimation of the deep renovation rate, (i) the public subsidy, (iii) the renovation costs,
(iii) the generation of employment, (iv) the environmental benefits of the energy retrofit, (v) and the moni-
toring of mechanisms for enhancing neighbours implication and overcoming the financial barriers, such as
occupants health improvement and urban revitalisation. The two last issues (iv and v) represent the highest
uncertainty for Administrations, financial institutions and investors, and the main scientific challenge for the
project.

KRey Words: Energy retrofit, progress indicators, local strategies, housing, decarbonisation

(1) CAVIAR Research Group, Department of Architecture, UPV/EHU, xabat.oregi@ehu.eus (2) Department of Architecture, University
of Zaragoza.
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1. Introduccion

Segun la Comision Europea [1] "el 40% del consumo
de energia y del 36% de las emisiones de CO2 en la
UE, corresponde a los edificios, lo que los convierte
en el mayor consumidor de energia de Europa”. La
mayoria de los edificios actuales seguiran en uso en
las proximas décadas y necesitaran ser renovados.
Sin embargo, se estima que soélo el 0,4-1,2% del par-
que de edificios se renueva cada afno [1]. La UE fo-
menta la renovacion de los edificios por que puede
desempenar un papel importante en la transicion a
la energia limpia y, también, porque los beneficios
econdmicos, sociales y medioambientales pueden
contribuir a mejorar la salud, el confort y el bienestar
de sus residentes, ayudar a los hogares a escapar de
la pobreza energética y estimular la economia.

Para fomentar la eficiencia energética de los edifi-
cios, la UE establecio un marco legislativo que inclu-
ye la Directiva relativa a la eficiencia energética de
los edificios (DEEE) (2010/31/UE) v la Directiva relati-
va a la eficiencia energética (DEEE) (2012/27/UE), re-
cientemente modificada por la DEEE (UE) 2018/844.

En respuesta a las directivas EPBD y EED, a partir de
2014, los paises de la UE deben presentar estrategias
de renovacion a largo plazo (LTRS) que fomenten las
inversiones en la renovacion de edificios cada tres
anos. Estas estrategias seran una parte fundamen-
tal de los planes nacionales integrados de energia y
clima (PNE) de los paises de la UE, que deben presen-
tarse cada 10 anos.

Espana presentd su primera “Estrategia a largo pla-
z0 para la renovacion de la energia en el sector de
la construccion en Espaia” [2] en 2014 (LTRS-2014)
y su actualizacion de 2017 [3] (LTRS-2017), propor-
cionando directrices utiles para ser consideradas en
futuros programas de renovacion. Ademas, se esta
preparando una nueva actualizacion que se presen-
tara en 2020. Por esta razon, los municipios estan
hoy en dia en el proceso de definir sus estrategias lo-
cales. Estas deberian estar alineadas con la nacional,
que a su vez esta alineada con las directivas de la UE.

El LTRS-2074 presentado por Espafa obtuvo una
evaluacion muy alta de Europa. Sin embargo, su apli-
cacion sigue siendo un desafio. La tasa de renova-
cion profunda en Espaia en 2014 fue una de las mas
bajas de Europa, con un 0,08% del parque de edifi-
cios [4]. Con esta tasa podriamos conseguir renovar
todo el parque existente en 1.250 anos. Esta estima-
cion difiere significativamente de la de otros paises
vecinos como Francia, que, con una tasa del 1,75%
[4], lograria este objetivo en menos de 58 afios.

El altimo informe que analiza el problema de la ge-
neralizacion de la renovacion del parque residencial
en Espaia [5] propone un nuevo modelo de politi-
cas publicas para la promocion de la renovacion del
parque residencial que tiene como base el munici-

1. Introduction

According to the European Commission [1] "Buil-
dings are responsible for 40% of energy consump-
tion and 36% of CO2 emissions in the EU, making
them the single largest energy consumer in Europe”.
Most of the current building stock will remain in use
in the next decades, and will need to be renovated.
However, it is estimated that only 0.4-1.2% of the
building stock is renovated each year [1]. The reno-
vation of buildings is encouraged by the EU becau-
se it can play an important role in the clean energy
transition, and also because it can create economic,
social and environmental benefits, it contributes to
an improved health, comfort and wellbeing of their
residents, it helps households escape energy pover-
ty, and it stimulates the economy.

To encourage the energy performance of buildings
the EU established a legislative framework that in-
cludes the Energy performance of buildings direc-
tive (EPBD) (2010/31/EU) and the Energy efficiency
directive (EED) (2012/27/EU), which have recently
been amended by the EPBD (EU) 2018/844.

In response to the EPBD and EED directives, EU cou-
ntries must submit long-term renovation strategies
(LTRS) that foster investments in the renovation of
buildings every three years since 2014. These strate-
gies will form a key part of EU countries’ integrated
national energy and climate plans (NECPs), which
have to be submitted every 10 years.

Spain submitted its first “Long-term strategy for
energy renovation in the building sector in Spain” [2]
in 2014 (LTRS-2014) and its 2017 update [3] (LTRS-
2017) providing useful guidelines to be considered in
future renovation programs. In addition, is preparing
a new update to be submitted in 2020. For this re-
ason, Municipalities are nowadays in the process of
defining their local strategies. They should be alig-
ned with the national one, which is at the same time
aligned with the EU directives.

The LTRS-20174 submitted by Spain got a very high
evaluation from Europe. However, its implementa-
tion remains a challenge. Deep renovation rate in
Spain in 2014 was among the smallest in Europe,
with a 0.08% of the building stock [4]. With this rate
we could get the entire existing park renovated in
1,250 years. This estimate differs significantly from
that of other neighbouring countries such as France,
which, at a rate of 1.75% [4], would achieve this ob-
jective in less than 58 years.

The most recent report that analyses the problem of
the generalization of the residential stock renovation
in Spain [5] proposes a new model of public policies
for the promotion of the renovation of the residen-
tial stock that has the Municipality as a base. Muni-
cipalities should define local strategies aligned with
Spain’s LTRS, which is at the same time aligned with
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pio. Los municipios deben definir estrategias locales
alineadas con la LTRS de Espana, que a su vez esta
alineada con las Directivas Europeas. Los municipios
y los gobiernos regionales estan definiendo hoy en
dia sus estrategias locales.

En esta comunicacion se presenta el Proyecto LO-
CAL REGEN financiado por el ministerio de Espana
dentro del programa «Proyectos [+D+i» 2019 - Mo-
dalidades «Retos Investigacion» y «Generacion de
Conocimientow. El principal objetivo de este proyec-
to coordinado desarrollado entre la Universidad del
Pais Vasco y la Universidad de Zaragoza es definir
una metodologia para la evaluacion del impacto de
las estrategias locales de renovacion de viviendas,
basada en indicadores de progreso lo suficiente-
mente amplios como para abarcar las especificida-
des de los diferentes territorios de Espana.

2. Justificacion del proyecto

Las directivas EPBD y EED recomiendan a los paises
de la UE que utilicen indicadores de progreso cuanti-
ficables para supervisar la descarbonizacion gradual
real del parque edificado de nacional. Este proyecto
propone la definicién de una metodologia para apo-
yar a los municipios en la evaluacion y el seguimien-
to de sus estrategias locales para la renovacion del
parque residencial mediante indicadores. Se ultili-
zaran como casos de estudio las estrategias locales
de dos Comunidades Autbnomas: Aragon vy el Pais
Vasco. Sus municipios pertenecen a zonas climaticas
diferentes (C1,D1, D2y D3, en sumayor parte) y, a su
vez, presentan cierta diversidad en las caracteristicas
de los edificios residenciales y las politicas de vivien-
da. Ambos territorios han sido pioneros en Espana.
En Zaragoza se ha impulsado la renovacion del par-
que residencial a través de politicas para la mejora
de la eficiencia energética, la accesibilidad y la habi-
tabilidad del entorno urbano del parque residencial
de mas de 40 anos de antigliedad. En el Pais Vasco
la politica de renovacion se ha mantenido a lo largo
del tiempo, poniendo el énfasis en la renovacion de
las zonas vulnerables y un modelo financiero que va
mas alla de la subvencion publica, logrando asi el
mayor ratio de casas renovadas por subvencion pu-
blica de Espana.

El trabajo coordinado en estas dos Comunidades
Autdnomas permitira, no sélo considerar la alinea-
cion de arriba a abajo entre las estrategias euro-
peas-nacionales y locales, sino también estudiar
transversalmente el uso de indicadores para apoyar
la evaluacion del impacto de las estrategias locales.
De esta manera, se podra identificar un conjunto
comun de indicadores basicos de progreso y defi-
nir indicadores especificos para comprender mejor
los retos particulares y la evolucion del parque de
viviendas de cada territorio y sus politicas publicas.

the European Directives. Municipalities and Regional
Governments are nowadays defining their local stra-
tegies.

This communication presents the LOCAL REGEN
Project funded by the Ministry of Spain within the
program “R+D+i Projects” 2019 - Modalities “Re-
search Challenges” and “Knowledge Generation”.
The main objective of this coordinated project deve-
loped between the University of the Basque Country
and the University of Zaragoza is to define methodo-
logy for the assessment of the impact of the local
strategies for housing renovation, based on progress
indicators that are broad enough to encompass the
specificities of different territories of Spain.

2. Justification of the project

The EPBD and EED directives recommend EU cou-
ntries to use measurable progress indicators to
monitor the actual gradual decarbonisation of the
national building stocks. This project proposes the
definition of a methodology to support Municipali-
ties in the evaluation and monitoring of their local
strategies for the renovation of the residential stock
by means of indicators. The local strategies from two
Autonomous Communities will be used as case stu-
dies: Aragon and the Basque Country. Their munici-
palities belong to different climate zones (C1, D1, D2,
and D3, for the most part), present different housing
characteristics, and have different housing policies.
Both territories have been pioneers in Spain. In Zara-
g0za, the renovation of the residential park has been
promoted through policies for the improvement of
the energy efficiency, the accessibility and the habi-
tability of the urban surroundings of the residential
stock ageing more than 40 years. In the Basque Cou-
ntry, the renovation policy has been maintained over
time, placing emphasis on the renovation of vulne-
rable areas and a financial model that goes beyond
public subsidy, resulting with the highest ratio of re-
novated houses to public subsidy of Spain.

The work on these two Autonomous Communities
by means of the coordination of two subprojects will
allow not only to consider the top-down alignment
between the European-national-and local strate-
gies, but also to transversally study the use of indica-
tors to support the evaluation of the impact of local
strategies so that a common set of basic progress
indicators can be identified and specific indicators
can be defined to better understand the particular
challenges and evolvement of the housing stocks of
each territory and its public policies.

3. State of the art and starting
hypothesis

This section describes the state of the art of the two
most relevant points of this proposal: the Municipal
strategies and the methodologies to evaluate reno-
vation strategies.
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3. Estado del arte e hipotesis de
partida

Esta seccion describe el estado del arte de los dos
puntos mas relevantes de esta propuesta: las estra-
tegias municipales y las metodologias para evaluar
las estrategias de renovacion.

3.1. Estado del arte de las estrategias
municipales para la renovacion del parque
residencial

En Espana, las competencias en materia de vivienda
se delegan en gran medida en las autoridades lo-
cales. Por ejemplo, en 2015, el 69% del presupuesto
total de la vivienda (1.310 millones de euros) corres-
ponde al conjunto de las Comunidades Autbnomas,
y el 31% restante al Estado [6].

En un reciente informe se estudio la aplicacion de
las politicas publicas de fomento de la renovacion
del parque residencial en las distintas Comunidades
Autonomas de Espana, incluyendo las politicas y
planes tanto del Gobierno Autondmico como de los
Municipios [7]. Los autores concluyeron que existe
una ausencia de estrategias globales con una hoja
de ruta asociada y recursos disponibles para alcan-
zar los objetivos fijados por las directivas europeas.
Las barreras en Espana para hacer de la renovacion
de la vivienda una practica generalizada no son de
naturaleza tecnologica, sino social, econdmica y po-
litica. Por esta razon, las soluciones deben abarcar si-
multaneamente estos aspectos. Este informe senala
que las cuatro primeras barreras principales son, en
el siguiente orden:

1. Informacion insuficiente.
2. Situacion econdmica de los residentes.
3. Concienciacion de los usuarios.

4. Escasez de financiacion, mal articulada con los
procesos de renovacion, y poco accesible para el
usuario final.

De todas estas barreras, la primera (la falta de infor-
macion) es especialmente relevante ya que dificulta
a la Administracion saber donde y como intervenir,
y repercute directamente en las otras tres barreras.

Como sugiere el Building Performance Institute Eu-
rope [8], la primera fase de la elaboracion de una
estrategia de renovacion de edificios consiste en
identificar a los agentes pertinentes y disponer de
informacion sobre el parque de edificios. Por lo tan-
to, los diferentes interesados -principalmente los
municipios, pero también los propietarios, las em-
presas de construccion, las instituciones financieras
y los servicios energéticos- deben disponer de in-
formacion de calidad que les permita identificar las
posibles esferas de intervencion, que deben incluir la

3.1. State of the art of the Municipal
strategies for the renovation of the
residential stock

In Spain the housing competencies are delegated
to the local authorities to a significant extent. For
instance, in 2015, 69% of the total housing budget
(1,310 million euros) corresponded to the Autono-
mous Communities as a whole, and the remaining
31% to the State [6].

A recent report studied the implementation of the
public policies for the promotion of the renovation
of the residential stock in the different Autonomous
Communities in Spain, including the policies and
plans of both the Autonomic Government and the
Municipalities [7]. The authors concluded that the-
re is an absence of global strategies with an asso-
ciated roadmap and resources available to achieve
the goals set by European Directives. The barriers
in Spain to make housing renovation a widespread
practice are not of technological nature, but of so-
cial, economic, and political nature. For this reason,
the solutions must simultaneously encompass the-
se aspects. This report points out that the four first
main barriers are, in the following order:

1. Insufficient information.
2. Economic situation of residents.
3. Users' awareness.

4. Scarcity of financing, poorly articulated with the
renovation processes, and not very accessible to the
end user.

From all of these barriers, the first one (lack of infor-
mation) is particularly relevant since it makes diffi-
cult for the Administration to know where to inter-
vene and how, and it has a directimpact on the other
three barriers.

As the Buildings Performance Institute Europe su-
ggests [8], the first phase in the development of a
building renovation strategy consists of identifying
the relevant actors and having information about
the building stock. Therefore, the different stakehol-
ders (mainly municipalities, but also owners, cons-
truction companies, financial institutions, and ener-
gy services) should have quality information that
enables them to identify potential areas of inter-
vention which should include habitability and ener-
gy-related, socio-economic, and architectural and
urban aspects. Once a strategy development has
gone through all the phases (technical and econo-
mic appraisal, policy appraisal, public consultations
and delivery), it needs to be implemented through
specific plans.

When the plans are implemented, it is important to
monitor over time their impacts by means of indica-
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habitabilidad y los aspectos energéticos, socioeco-
nomicos y arquitectonicos y urbanos. Una vez que el
desarrollo de una estrategia ha pasado por todas las
fases (evaluacion técnica y econémica, evaluacion
de politicas, consultas publicas y ejecucion), es nece-
sario implementarla a través de planes especificos.

Cuando se ejecuten los planes, es importante vigi-
lar a lo largo del tiempo sus repercusiones mediante
indicadores [9]. Esta vigilancia requiere tener acceso
continuo a los datos, a fin de comparar la evolucion
de los indicadores y, de esa manera, evaluar la efica-
cia de las medidas a lo largo del tiempo.

3.2. Estado del arte de las metodologias
para la evaluacion de las estrategias de
renovacion de viviendas

Con el fin de promover la mejora de la eficiencia
energética de los edificios y evaluar aspectos como
la definicion de estrategias de optimizacion de cos-
tos o lareduccion de la pobreza energética, en los ul-
timos afnos se han desarrollado y aplicado diferentes
sistemas 0 metodologias de evaluacion. Entre estos
métodos, cabe destacar dos lineas de trabajo o prin-
cipales metodologias de evaluacion.

Por un lado, estan los sistemas de evaluacion de cri-
terios multiples (MC), cuyo principal objetivo es pro-
porcionar una evaluacion completa de la sostenibi-
lidad de la renovacion propuesta que permita a los
promotores que se esfuerzan por mejorar el rendi-
miento obtener una base objetiva para calcular sus
esfuerzos [10]. Aunque cada sistema de MC conside-
ra diferentes indicadores, la estructura general y la fi-
losofia de trabajo de la mayoria de ellos resulta ser si-
milar. Utilizando diferentes sistemas de calculo, cada
sistema MC determina un rango de puntuacion para
cada indicador evaluado y una vez que se obtiene la
puntuacion, por la suma de puntos o por un sistema
de ponderacion, el usuario final obtiene la puntua-
cion o calificacion final para el edificio renovado. Sin
embargo, se pueden obtener diferentes resultados
para la misma estrategia de renovacion energética
dependiendo del sistema de MC aplicado, debido a
que cada sistema de evaluacion considera diferentes
parametros o debido a la falta de estandarizacion de
los criterios de evaluacion [11].

Por otro lado, existe la metodologia de la perspecti-
va de ciclo de vida, cuyo principal objetivo comenzo
siendo la evaluacion del rendimiento ambiental de
los procesos o productos con indicadores cuantifi-
cables basados en resultados cientificos. Esta meto-
dologia evalUa todas las etapas del ciclo de vida de
un sistema, proceso o producto. Para el sector de la
construccion, normas como la 15978:2011 [12] de-
finen los criterios para evaluar el comportamiento
ambiental de los edificios con un enfoque de ciclo
de vida. Durante la Gltima década, la perspectiva de
ciclo de vida ha evolucionado hacia una considera-
cion mas amplia de las cuestiones de sostenibilidad,

tors [9]. This monitoring requires to have continuous
access to the data, in order to compare the evolution
of indicators and, in this way, assess the effective-
ness of the measures over time.

3.2. State of the art of methodologies for
the assessment of housing renovation
strategies

With the purpose of promoting improvement of the
energy efficiency of the building stock and evalua-
ting aspects such as the definition of cost-optimal
strategies or reduction of the energy poverty, di-
fferent systems or evaluation methodologies have
been developed and implemented in recent years.
Among these methods, two lines of work or main
evaluation methodologies might be highlighted.

On the one hand, there are the Multi-Criteria (MC)
evaluation systems, whose main objective is to pro-
vide a comprehensive assessment of the sustaina-
bility of the proposed renovation that allows deve-
lopers striving for improved performance to gain an
objective basis for calculating their efforts [10]. Even
if each MC system considers different indicators, the
general structure and working philosophy of most of
them turns out to be similar. Using different calcu-
lation systems, each MC system determines a score
range for each evaluated indicator and once the sco-
re is obtained, by the sum of points or by a weighting
system, the end user gets the final score or rating
for the renovated building. However, depending on
the MC system applied, due to the fact that each
evaluation system looks at different parameters or
due to the lack of standardization of the assessment
criteria, different outcomes may be obtained for the
same energy renovation strategy [11].

On the other hand, there is the methodology of life-
cycle thinking, whose main objective started being
to assess the environmental performance of proces-
ses or products with measurable indicators based on
scientific results. This methodology evaluates all sta-
ges of the life-cycle of a system, process or product,
such as a building. For the building sector, standards
such as 15978:2011 [12] define the criteria to assess
the environmental behaviour of buildings with a life
cycle approach. Life-cycle thinking has been moving
towards a broader consideration of sustainability is-
sues for the last decade, including not only environ-
mental aspects but also economic (EN 16627 [13])
and social.(EN 16309 [14]). It should be noted that
more and more studies apply the life cycle methodo-
logy to assess the impact of their buildings and prio-
ritize among different renovation strategies [15]. In
addition, some regulations are starting to consider
the life-cycle methodology into their building energy
performance certification processes.

The strengths and weaknesses of each of these two
approaches are presented in the following table (see
Table 1). This project will propose a set of progress
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Multi-criteria (MC) Life-cycle assessment (LCA)
_The standardization of the assessment avoids
duplication, eliminates weighting schemes and
facilitates the process of optimizing the impact
Strengths _Provides a global vision when assessing|of each life-cycle stage.
different renovation strategies _ldentifies opportunities to improve the
environmental, economic and social impacts
during all life cycle stages avoiding a partial
evaluation.
_The evaluation of each of the stages of the
_There is no general agreement regarding building life-cycle implies extensive workload.
indicators to be used, and the way those are |_The vast majority of experts in the construction
given a certain value and weighted and sector are reluctant to the use of this
Weaknesses aggregated through the score system. methodology, being its use limited to research
studies.
Table 01.

Strengths and weaknesses
of multi-criteria and life-cycle
assessment methodologies.

counting".

_Many of the scoring requirements are
interrelated, creating problems of "double

_Not all scales are considered.

_Environmental indicators are more developed
than economic or social.

incluyendo no solo los aspectos ambientales sino
también econdémicos (EN 16627 [13]) y sociales (EN
16309 [14]). Cabe sefalar que cada vez mas estudios
aplican la metodologia del ciclo de vida para evaluar
el impacto de sus edificios y establecer prioridades
entre las diferentes estrategias de renovacion [15].
Ademas, algunos reglamentos estan empezando a
considerar la metodologia del ciclo de vida en sus
procesos de certificacion de la eficiencia energética
de los edificios.

Los puntos fuertes y débiles de cada uno de estos
dos enfoques se presentan en el siguiente cuadro
(ver Tabla 1). Este proyecto propondra un conjunto
de indicadores de progreso para la evaluacion y va-
loracion del avance de la renovacion del parque de
viviendas desde la perspectiva del ciclo de vida. Esto
permitira la identificacion de oportunidades para
mejorar las estrategias de renovacion, mediante la
definicion de indicadores cuantificables basados en
resultados cientificos, pero con la perspectiva inte-
gral propia de los sistemas de MC, incluyendo as-
pectos de escala multiple (ciudad, barrio, edificio) y
multicriterio (fisico, ambiental y socioeconémico) de
los procesos de renovacion de viviendas.

3.3. Hipétesis de partida

Las hipotesis de partida de este proyecto pueden re-
sumirse de la siguiente manera:

- Las estrategias locales de renovacion deberian
estar alineadas con el LTRS nacional y éstas con
las directivas EPBD y EED, como se sugiere en el
ultimo informe del grupo GTR [5].

«  Senecesitan indicadores de progreso cuantifica-
bles para supervisar la descarbonizacion gradual
real de las reservas nacionales de edificios, como
se recomienda en las directivas EPBD y EED.

« Se puede definir un conjunto de indicadores de
progreso para la evaluacion de las estrategias lo-
calesy la evaluacion del avance de la renovacion

indicators for the evaluation and assessment of the
advancement of the housing stock renovation from
a life cycle perspective, allowing the identification of
opportunities to improve the renovation strategies,
by means of the definition of measurable indicators
based on scientific results, but with a comprehensi-
ve perspective, as such of the MC systems, including
multi-scale (city, neighbourhood, building) and mul-
ti-criteria (physical, environmental, and socio-eco-
nomic) aspects of the housing renovation processes.

3.3. Starting hypotheses

The starting hypotheses of this project can be sum-
marised as follows:

« Local renovation strategies should be aligned
with national LTRS, and these ones with the
EPBD and EED directives, as suggested in the last
report by the of GTR group [5].

- Measurable progress indicators are required to
monitor the actual gradual decarbonisation of
the national building stocks, as recommended
by the EPBD and EED directives.

- Asetofprogressindicators can be defined for the
evaluation of local strategies and assessment of
the advancement of the housing stock renova-
tion, from a life cycle perspective, allowing the
identification of opportunities to improve the re-
novation strategies, by means of the definition of
measurable indicators based on scientific results,
that have a comprehensive perspective, as such
of the MC systems, including multi-scale aspects
of the housing renovation processes.

« A coordinated work between different local Ad-
ministrations will allow not only to consider the
top-down alignment between the European-
national-and local strategies, but also to trans-
versally study the use of indicators to support
the evaluation and monitoring of local strategies
so that a common set of basic progress moni-
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del parque de viviendas, desde una perspectiva
de ciclo de vida, que permita la identificacion de
oportunidades para mejorar las estrategias de
renovacion, mediante la definicion de indicado-
res mensurables basados en resultados cientifi-
cos, que tengan una perspectiva integral, como
tal, de los sistemas de MC, incluidos los aspectos
de escala multiple de los procesos de renovacion
de viviendas.

« Un trabajo coordinado entre las diferentes Ad-
ministraciones locales permitira no sélo conside-
rar la alineacion top-down entre las estrategias
europeas-nacionales y locales, sino también
estudiar transversalmente el uso de indicado-
res de apoyo a la evaluacion y seguimiento de
las estrategias locales, de manera que se pueda
identificar un conjunto comudn de indicadores
basicos de seguimiento de los progresos y de-
finir indicadores especificos para comprender
mejor los retos particulares y la evolucion de las
existencias de viviendas de cada territorio y sus
politicas publicas.

4. Objetivos generales del proyectoy
plan de trabajo

El objetivo principal de este proyecto LocalREGEN
es definir una metodologia multicriterio con una
perspectiva de ciclo de vida para la evaluacion y
valoracion del progreso de las estrategias locales
de renovacion de viviendas, basada en indicadores
de progreso lo suficientemente amplios como para
abarcar las especificidades de los diferentes territo-
rios de Espana (ver Figura 1).

La perspectiva multicriterio implica que la evalua-
cion y seguimiento incluira los aspectos fisicos, am-
bientales y socioeconomicos de los procesos de re-
novacion de viviendas, a diferentes escalas, como la
ciudad, el barrio o el edificio. El enfoque basado en el
ciclo de vida implica que se basara en la utilizacion
de indicadores cuantitativos basados en resultados
cientificos, lo que permitira determinar las oportuni-
dades de mejorar las estrategias de renovacion.

Los retos que deben afrontar cada una de las admi-
nistraciones locales son diferentes entre si. Difieren
por las caracteristicas del parque residencial (afo
de construccion, tipologia del edificio, tipologia de
la construccion, etc), las caracteristicas de sus ha-
bitantes (perfil socioeconémico, forma de tenen-
cia, etc.), la zona climatica, el contexto urbano o las
politicas de vivienda, entre otros. Esto implica que
necesitaran gran variedad de indicadores para eva-
luar su progreso. Sin embargo, al mismo tiempo, es
aconsejable que algunos indicadores sean comunes
para todas las Administraciones locales para que el
progreso hacia la descarbonizacion del parque resi-
dencial se pueda resumir a nivel nacional y europeo.
Por lo tanto, podemos decir que uno de los objeti-
VoS generales de este proyecto coordinado es defi-

toring indicators can be identified and specific
indicators can be defined to better understand
the particular challenges and evolvement of the
housing stocks of each territory and its public
policies.

4. General objectives of the project
and the methodology work plan

The main objective of this LocalREGEN project is
to define a multi-criteria methodology with a life
cycle thinking perspective for the evaluation and as-
sessment of the progress of the local strategies for
housing renovation, based on progress indicators
that are broad enough to encompass the specifici-
ties of different territories of Spain (see Figure 1).

The multi-criteria perspective implies that the mo-
nitoring assessment will include physical, environ-
mental, and socio-economic aspects of the housing
renovation processes, at different scales, such as city,
neighbourhood, or building. The life cycle thinking
approach implies that it will be based on the use of
guantitative indicators based on scientific results,
allowing the identification of opportunities to impro-
ve the renovation strategies.

The challenges that different local Administrations
have to deal with differ from one another. These
differences are due to the characteristics of the re-
sidential stocks (year of construction, building typo-
logy, construction typology, etc.), the characteristics
of their inhabitants (socioeconomic profile, tenure
form, etc.), the climate zone, the urban context, or
the housing policies, among others. These differen-
ces imply that they will need different indicators to
assess their progress, but at the same time it is advi-
sable that some indicators are common for all the lo-
cal Administrations so that the progress towards the
decarbonisation of the residential stock can be sum-
med up at the national and European levels. There-
fore, we can say that one of the general objectives
of this coordinated project is to define a common
basis for the basic progress indicators of different
local administrations and to propose a set of indica-
tors broad enough to encompass the specificities of
different territories of Spain.

European Directives

U

National strategy

Figure 01.

Main purpose of the Local-
REGEN research project.
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Figure 02.

Scheme of the LocalREGEN
work plan.

nir una base comdan para los indicadores basicos de
progreso de las diferentes administraciones locales
y proponer un conjunto de indicadores lo suficien-
temente amplio como para abarcar las especificida-
des de los diferentes territorios de Espana.

La figura 2 recoge los grupos de trabajo (GT) v las ta-
reas a desarrollar durante el proyecto LocalREGEN y
refleja la forma coordinada de trabajo entre los dos
subproyectos y la colaboracion con las Administra-
ciones locales y con las Entidades que trabajan con
la estrategia nacional.

WP1. Diagnéstico de los parques residenciales
locales y estrategias de renovacion

El objetivo de esta primera fase sera recoger infor-
macion que permita obtener una vision global so-
bre las caracteristicas de los edificios residenciales
de las dos Comunidades Autébnomas, sobre el perfil
socioecondmico de los usuarios y sobre la evolucion
de la politica, las estrategias y los planes de vivienda.
Ademas, se recogera informacion sobre casos ejem-
plares de rehabilitacion de vivienda. Toda esta infor-
macion permitira comprender mejor el problema de
la renovacion de vivienda en Aragon, el Pais Vasco y
otros lugares de Europa.

WP2. Identificacion de las bases comunes para
los dos subproyectos y las especificidades

El objetivo de este paquete de trabajo es compar-
tir los resultados del WP1 y explorar cuales son los

The following Figure 2 collects the work packages
(WP) and tasks to be developed during the present
LocalREGEN project and reflects the coordinated
way of working between the two subprojects and
the collaboration with local Administrations and
with Entities working with the national strategy.

WP1. Diagnosis of the local residential stocks
and renovation strategies

The objective of this first phase will be to collect
information that allows obtaining a global vision
about the characteristics of the residential buildings
in the two Autonomous Communities, about the
socio-economic profile of the users and about the
evolution of the housing policy, strategies and plans.
Additionally, information about exemplary housing
renovation cases will be gathered. All this informa-
tion will allow to get a clearer understanding of the
problem of housing renovation in Aragon, the Bas-
que Country and other European places.

WP2. Identification of common bases for the
two sub-projects and specificities

The objective of this work package is to share the re-
sults of WP1 and to explore what are the common
aspects of housing renovation in in Aragon and the
Basque Country and what is specific in each of the-
se two Autonomous Communities. Additionally, the
common bases to start the definition of the indica-
tors will be established.
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aspectos comunes de la renovacion de viviendas en
Aragon y el Pais Vasco y lo que es especifico en cada
una de estas dos Comunidades Autonomas. Ade-
mas, se estableceran las bases comunes para iniciar
la definicion de los indicadores.

WP 3: Metodologias locales multicriterio

con una perspectiva de ciclo de vida

para monitorear el progreso hacia la
descarbonizacion de las reservas residenciales

En este tercer paquete de trabajo los dos subpro-
yectos definiran y desarrollaran individualmente los
indicadores de progreso en colaboracion con sus
administraciones locales en Aragon y el Pais Vasco,
respectivamente. Para ello, se llevaran a cabo tres
grupos de tareas: Identificacion de las estrategias de
renovacion que se van a evaluar; Seleccion de los in-
teresados que participaran en la elaboracion de las
estrategias locales; y Definicion, desarrollo y valida-
cion de los indicadores que se utilizaran para evaluar
cada estrategia de renovacion

WP4. Metodologia global multicriterio con una
perspectiva de ciclo de vida para monitorizar
el progreso hacia la descarbonizacion del
parque residencial

En este cuarto paquete de trabajo los dos subpro-
yectos juntos definiran el marco de indicadores,
estudiaran su replicabilidad en otras Comunidades
Autdnomas, analizaran la posible integracion de es-
tas nuevas metodologias en el sistema nacional de
evaluacion y difundiran los resultados en una plata-
forma en linea.

Los indicadores se clasificaran segln el esquema de
RSP (del inglés Pressure-State-Response) [16]. Una
seleccion de indicadores se probara en otras Admi-
nistraciones locales (en Madrid o Alicante) para com-
probar sila metodologia es también aplicable a otras
Comunidades Autbnomas, o si debe ser adaptada.
Los indicadores seleccionados seran los incluidos en
el conjunto minimo de indicadores y se les anadiran
otros que sean elegidos por las Administraciones lo-
cales de Madrid y Alicante junto con los durante los 2
subproyectos del Pais Vasco y Aragon.

WP5. Publicaciones y difusion de resultados

En este paquete de trabajo final los dos subproyec-
tos publicaran y presentaran sus resultados, y trans-
feriran los conocimientos finales a las Administracio-
nes locales, conjuntamente o de forma individual.

5. Conclusiones

La metodologia generada en este proyecto coordi-
nadoy el conocimiento sobre las estrategias de reha-
bilitacion de la vivienda de las ciudades de Aragony
del Pais Vasco utilizadas como casos de estudio per-
mitiran realizar el seguimiento de la descarboniza-

WP 3: Local multi-criteria methodologies with
a life cycle perspective to monitor progress
towards the decarbonisation of the residential
stocks

In this third work package the two subprojects will
individually define and develop progress indicators
in collaboration with their local Administrations in
Aragbdn and the Basque Country, respectively. To this
end, three groups of tasks will be carried out: ldenti-
fication of the renovation strategies to be evaluated;
Selection of stakeholders involved in the local stra-
tegies development; and Definition, development
and validation of the indicators that will be used to
evaluate each renovation strategy

WP4. Global multi-criteria methodology with
a life cycle perspective to monitor progress
towards the decarbonisation of the residential
stocks

In this fourth work package the two subprojects
together will define the indicators framework, will
study its replicability in other Autonomous Commu-
nities, will analyse the potential integration of these
new methodologies within the national system of
assessment, and will disseminate the results in an
online platform.

The indicators will be classified following the PSR
scheme (from the English Pressure-State-Response)
[16]. A selection of indicators will be tested in other
local Administrations (in Madrid or Alicante) to check
whether the methodology is also applicable to other
Autonomous Communities, or it must be adapted.
The indicators selected will be those included in the
minimum set of indicators plus others that are chose
by the local Administrations of Madrid and Alicante
together with the subprojects groups.

WPS5. Publications and Dissemination of
results

In this final work package the two subprojects, so-
metimes individually and others together, will pu-
blish and present their results, and will transfer the
final knowledge to the local Administrations.

5. Conclusions

The methodology developed in this coordinated
project and the knowledge about the housing reha-
bilitation strategies in the cities of Aragon and the
Basque Country used as case studies will allow the
monitoring of the decarbonization of the residential
building stock in these communities and to establish
an evaluation and monitoring model that can be
used by other local administrations. This will make
it easier for Spain to measure the total progress of
the decarbonization of its residential stock in the
future, through the aggregation of data from all the
cities, allowing greater control over the achievement
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cion del parque residencial de dichas comunidades
y establecer un modelo de evaluacion y seguimiento
que podra ser utilizado por otras administraciones
locales. Esto facilitara que Espana pueda medir el
progreso total de la descarbonizacion de su parque
residencial en el futuro, a través de la agregacion de
los datos del conjunto de las ciudades, permitien-
do tener un mayor control sobre la consecucion de
los ambiciosos objetivos de reduccion energética vy
de emisiones fijados para 2020, 2030, 2040 y 2050.
Asimismo, el desarrollo de una propuesta de indica-
dores tanto de indole fisica como socioeconémica,
contribuira a construir el camino en Espana hacia
la Regeneracion Urbana Integrada, promoviendo la
reduccion de la degradacion de zonas urbanas, el
desempleo, la pobreza energética, la dependencia
asociada al envejecimiento y la exclusion social.
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Analysis of overheating risk in Passivhaus dwellings
during warm season and the night natural ventilation
strategies to mitigate it

Analisis del riesgo de sobrecalentamiento en edificios
Passivhaus durante periodos calidos y de estrategias de
ventilacion natural nocturna para mitigarlo

Alba Arias’, Anna Figueroa’, Xabat Oregi?, ifiigo Rodriguez?

ABSTRACT

During the last decade, energy consumption in the European Union related to buildings accounts for 40% of
the total consumption. In consequence, some strategies and goals have been set up to reduce it, mainly with
2020, 2030 and 2050 targets. In order to achieve them, one of the main instruments have been the Energy
Performance of Building Directive that promotes Nearly Zero Energy Building (nZEB) constructions. Accor-
ding to this directive, many strategies have been adopted in order to reduce energy demand. A certificate
that has been popular it’s the Passivhaus Certificate, creating extremely low-energy demand consumption
and airtight buildings. Different norms define the limit of indoor comfort for these constructions (ISO 7730,
ASHRAE 55-1992, EN 15251, CIBSE Guide A, CIBSE TM52, CIBSE TM59 and Passivhaus standards). They will be
taken into account in this study.

As a result of the actual climate change predictions towards a warmer world, multiple studies have focused
on the exploration of the actual overheating risk in this type of buildings, especially in multifamily dwellings.
They recommend strategies to mitigate it as, for example, solar protection, low insolation materials thickness
(roof and wall), hybrid or natural ventilation, passive and low-energy solutions during cooling and intermedia-
te period, active solutions along the heating season, verification of occupancy, shape, activity and orientation,
etc.

As shown in previous studies, night ventilation has a positive contribution to the cooling effect of indoor spa-
ces during the warm period, reducing daytime ventilation. Nevertheless, its efficiency is strongly related to
three parameters: temperature difference indoor-outdoor, air flow rate and thermal capacity of the building.

The study will be focus on applying night natural ventilation measures in order to provide the best solutions
to the case study, a high-rise residential building in Bolueta, Bilbao, which has already a Passivhaus certificate.
It will be carried out with different simulations and calculations with the help of software as Design-Builder
and Computational Fluid Dynamics simulations. Comparing the different solutions and taken the best com-
bination of them and adding other measures, a shading measure, in order to mitigate the overheating risk
during warm season.

Rey Words: Passivhaus-nZEB, night natural ventilation, overheating risk

(1) Department of Thermal Engines and Machines, UPV/EHU, albajuncalarias@gmail.com (2) CAVIAR Research Group, Department
of Architecture, UPV/EHU.
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Analysis of overheating risk in Passivhaus dwellings during warm season and the night natural ventilation strategies to mitigate it

1. Introduccion

En la Union Europea, el 40% del total del consumo
de energia esta relacionado con la edificacion [1]. En
Espana, en uso residencial, es el 18% del consumo
nacional [2], y, en el Pais Vasco, el 17% [3].

Desde la Union Europea, se han establecido estrate-
gias y objetivos con el fin de reducir el consumo de
energia. Unos de los mas relevantes objetivos son los
2020, 2030y 2050 [4], los cuales proponen disminuir
un 20% la emision de gases de efecto invernadero,
producir el 20% de la energia mediante fuentes reno-
vables y mejorar hasta un 20% la eficiencia energéti-
ca.

Para conseguir dichos objetivos, uno de los principa-
les instrumentos ha sido la Directiva sobre el Rendi-
miento Energético de Edificios [5], la cual promueve la
construccion de edificios de energia casi nula (nZEB).

En Espana, se han establecido reglamentos con el
fin de reducir la demanda energética de los edificios
y promover las energias renovables como principal
fuente de produccion de electricidad y agua caliente
sanitaria (ACS). A raiz de estas normativas, en rela-
cion con la implementacion de las energias renova-
bles en el sector de la construccion, ha sido reciente-
mente aprobada una nueva directiva para regular la
produccion y autoproduccion de energia generada
mediante fuentes renovables. [6].

En relacion con la reduccion de la demanda ener-
gética, una de las tendencias que se ha llevado en
Europa ha sido la de construir segun determinados
certificados energéticos. Este es el caso del certifi-
cado Passivhaus (PH), creado en Alemania y Suecia
como un proyecto de investigacion que tenia como
objetivo minimizar la demanda energética total [7,
8]. El certificado es popular en Europa y cuenta con
un total de 4.819 edificios certificados en el mundo,
donde el 48,99% estan en Alemania y un 21,87% en
Austria [9].

EL concepto de la Casa Pasiva consiste en el diseno
de edificios de extremo bajo consumo de energia,
herméticos y con baja demanda energética. Algu-
nos estudios demuestran como este tipo de edificios
consumen entre un 80% Yy 90% menos de energia en
calefaccion vy refrigeracion que un edificio conven-
cional, con tan solo un coste adicional de construc-
ciondel 5al 10%.[7, 8].

Para establecer este equilibrio entre confort y bajo
uso energético, el balance térmico se consigue prin-
cipalmente mediante fuentes de calor internas y el
proceso de recuperacion de calor en el sistema de
ventilacion durante la época frio y mediante pro-
teccion solar durante el periodo calido. También se
debe instalar un aislamiento apropiado para preve-
nir los puentes térmicos, asi como unas ventanas
adecuadas.

1. Introduction

In the European Union, 40% of the total energy con-
sumption is related to buildings [1]. In Spain, in re-
sidential use, it is the 18% of the total national con-
sumption [2], and, in the Basque Country, itisthe17%

[3].

From the European Union, some strategies and
goals have been set up in order to reduce energy
consumption. One of the most relevant is the 2020,
2030 and 2050 targets [4], that suggest a 20% cut off
of greenhouse gas emissions, to produce 20% of the
energy from renewable sources and a 20% improve-
ment in energy efficiency.

To achieve the European Commission targets, the
main instrument has been the Energy Performance
of Building Directive [5], that promotes Nearly Zero
Energy Buildings (nZEB) constructions.

In Spain, some policies have been set up in order to
reach a reduction of the energy demand in buildings
and the application of renewable energy sources
for mainly electrical and domestic hot water pro-
duction. Following these policies, regarding the im-
plementation of renewable energy in the building
sector, a new directive has been recently approved
to regulate the production and self-consumption of
the energy produced by renewable sources [6].

According to the reduction of energy demand, one
trend that has been followed up in Europe is to build
according to some energetical certifications. That's
the case of the Passivhaus (PH) certificate. This cer-
tificate was created in Germany and Sweden as a
research project aimed to minimize the total ener-
gy demand [7, 8]. It's a popular certificate in Europe.
With a total of 4.819 certificated buildings around
the world, 48,99% are located in Germany and
21,87% in Austria [9].

The concept of PH consists of creating extremely
low-energy consumption buildings, airtight and low
energy demand. Some studies show that those type
of buildings consume between 80% and 90% less
energy for heating and cooling than conventional
buildings, with just an additional construction cost
of 5t0 10%[7, 8].

To establish this balance of comfort and low energy
use, the thermal equilibrium is achieved thanks to
internal heat sources and heat recovery systems in
the ventilation systems during the cold season, and
mainly shading equipment for the warmer months.
Also, the proper insulation on walls has to be insta-
lled preventing thermal bridges, as well as appropria-
te windows.

According to the Passive House Institute (PHI), their
certification criteria for a residential Passive House is
shown in the following Fig. 1:
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CRITERIA DESCRIPTION VALUES
HEATING Specific heating demand <15 kWh/(m?a)
Or alternatively: heating load <10 W/m?
COOLING Total cooling demand 15 kWh/(m2a) + 0.3 W/(m?aK) - (DDH)
Or alternatively:
Cooling load <10 W/m?
And cooling demand 4kWh/(m?2aK):ve+2-0.3W/(m2aK)-DDH-
75kWh/(m?a) but < 45kWh(m?2a) + 0.3W/( m2aK) -
DDH (1)
PRIMARY ENERGY | Specific primary energy demand (2) <120 kWh/(m?2a)
AIRTIGHTNESS The pressure test result, n50 <0,6 h!

(1) DDH: Dry degree hours (time integral of the difference between the dew-point temperature and the reference temperature of 13°C

throughout all periods during which this difference is positive.

(2) Demand for heating, cooling, hot water, auxiliary electricity, domestic and common area electricity.

Segln el Instituto Passive House (PHI), los criterios a
cumplir en la certificacion Passivhaus (PH) para edifi-
cios residenciales son los resumidos en la Fig. 1:

2. Analisis del confort térmico segun
diferentes normativas

Dos de los modelos mas aceptados son los Modelos
de Balance Térmico o modelos empiricos (UNE-EN
ISO 7730:2006 y UNE-EN 15.251:2008), basados en
los estudios en camaras climaticas, y los modelos
adaptativos propuestos por la Sociedad Americana
de Calefaccion y Refrigeracion (ASHRAE), basados
en estudios in situ.

No hay una definicion absoluta de confort térmico.
La mas aceptada a nivel mundial es “la condicion

ADAPTIVE METHOD

FANGER STATIC METHOD

2. Thermal comfort analysis by
different norms

The two most adopted models are the Thermal
Balance Model or empirical models (UNE-EN SO
7730:2006 and UNE-EN 15.251:2008), based on stu-
dies with climatic chambers, and the Adaptive Mo-
dels by the American Society of Heating and Air-
Conditioning Engineers (ASHRAE), based on field
studies.

There is not an absolute value to define thermal
comfort. The most worldwide accepted definition is
“the mental condition which expresses satisfaction
with thermal environment”. The evolution of diffe-
rent comfort models during the last 50 years can be
seen in the following Fig. 2:
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mental en la que se expresa satisfaccion térmica con
el entorno”. La evolucion histérica de los modelos de
confort en los Gltimos 50 anos se observa en la Fig. 2:

ElModelo de Balance Térmico, aligual que la UNE-EN
ISO 7730[10], se aplica a ambientes interiores donde
hay un estado estacionario de confort térmico o en
el que las desviaciones del confort son moderadas.
El confort térmico depende de la actividad metabo-

1S0 7730
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ASHRAE 55:
5 i m American norm
b w ~ . w 1SO 7730 and EN 15251:
g é o g‘ 3 é international norms
QT RZ 8= PHPP
% w Q PassivHaus Planning
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The Thermal Balance Model, as UNE-EN ISO 7730
[10], applies to indoor environments where steady-
state thermal comfort or moderate deviations from
comfort occur. The thermal comfort area will depend
on the metabolic activity, the thermal resistance of
the clothes wore and the assumed estimate percen-
tage of unsatisfied people. In Spain, the “Reglamen-
to de Instalaciones Térmicas de los Edificios” (RITE)
[11], established on Basic Document of the Technical

Figure 01.

PHI criteria for residential
certification.

Figure 02.
Evolution of comfort models
in the last 50 years [13].
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Figure 03.
Comfort areas for different
norms.

lica, la resistencia térmica de la vestimenta (clo) v el
porcentaje supuesto de personas insatisfechas. En
Espana, el "Reglamento de Instalaciones Térmicas
de los Edificios” (RITE) [11], basado en el Documento
Basico del Codigo Técnico de la Edificacion para el
Ahorro Energético (CTE DB HE2 2009), esta basado
enla UNE-ENISO 7730y describe rangos de confort
similares.

Estos estandares estan basados en estudios rea-
lizados por Fanger, donde sus mediciones solo son
aplicables en edificios climatizados y no cuando la
ventilacion natural se activa. En consecuencia, 10s
maximos y minimos rangos para el confort flucttan
segun los clos y el nivel de actividad y no por la velo-
cidad del aire. Los modelos adaptativos si la tienen
en cuenta.

En Europa, la EN 15251 [12], introducida por el Co-
mité Europeo de Estandarizacion (CEN), propone el
modelo de Fanger para edificios con calefaccion y
refrigeracion mecanica y el modelo adaptativo de
Humphreys y Nicol para edificios sin sistema de ven-
tilacion mecanica. [13].

En el Reino Unido, los estandares CIBSE, Guide A [14]
siguen el modelo empirico, mientras que la CIBSE
TM36, revisada en la TM52 [15] promueve los mo-
delos adaptativos. Las directrices del CIBSE también
definen los limites para el sobrecalentamiento. El
TM52, de uso principalmente en edificios comercia-
les, solo puede aplicarse cuando los ocupantes tie-
nen control para regular las condiciones climaticas
interiores. EITM59 [16] es empleado en viviendas. En
el caso del estandar PH, los rangos de confort estan
basados en un una ecuacion de estado estacionario
que predice los valores medios mensuales sin tomar
en cuenta los efectos de la inercia térmica [17]. En
climas frios se estima el nimero de dias con sobre-
calentamiento durante el verano. Estas normasy cri-
terio de limites se encuentran resumidos en la Fig. 3:

Document of Edification on Energy Saving (CTE DB
HE2 2009), is based on UNE-EN ISO 7730 and it des-
cribes similar comfort ranges.

These standards are based on studies by Fanger,
where their measurements are only applicable
when the buildings are climatized but not when
natural ventilation is applied. In consequence, their
maximum and minimum ranges of temperature for
comfort fluctuate, depending on the thermal resis-
tance of clothing and the level of activity, not that
much on the air velocity. The adaptative models
take this into account.

In Europe, the EN15251 [12], introduced by the Euro-
pean Committee for Standardization (CEN), suggests
Fanger's model for mechanically heated and/or coo-
led buildings and Humphreys and Nicol's adaptative
model for buildings without a mechanical ventila-
tion system. [13].

In the United Kingdom, CIBSE standards, Guide A
[14], follow an empirical model, while CIBSE TM36,
revised in TM52 [15] follows an adaptative model.
The CIBSE guidelines also define the limits for over-
heating. The TM52, that is used primarily in com-
mercial buildings, can only be applied when the
occupants have control to regulate indoor climate
conditions. The TM59 [16] is employed in domestic
dwellings.

For the PH Standard, the range of comfort it's based
on a steady-state equation which predicts average
monthly values without taking into account thermal
inertia effects [17]. In cold weather it estimates the
number of days with overheating during summer.
These norms and their limits criteria can be seen in
the following Fig. 3:

Standard Limits criteria References
1SO 7730 RHmMIin=40% and for maximum RHmMax=60% [12, 18]
Category A: Tmin 21°C, Tmax 25.5°C
Category B: Tmin 20°C, Tmax 26°C
Category C: Tmin 19°C, Tmax 27°C
ASHRAE 55-1992 Tmin 20°C, Tmax 26°C [19]
RHmMIin=30% and RHmMax=60% [18]
EN 15251 Combines ISO 7730 and ASHRAE 55-1992 [20]
CIBSE Guide A Tmax 25°C for living rooms and 23°C for bedrooms [21]
Overheating when T>28°C 1% for living rooms and T>26°C 1% for bedrooms
CIBSE TM52 <3% of Tmax between May to September [22]
CIBSE TM59 -Predominantly mechanically ventilated: [23, 24]
T<26°C 3% annual occupied hours
-Predominantly naturally ventilated:
For living rooms, Kitchens and bedrooms: T increment less than 1°K from May to
September less than 3% of occupied hours
For bedrooms only, during sleeping hours (10 pm — 7 am) T<26°C <1%
Passivhaus T<25°C 10%, recommends <5% 8,17, 23]
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3. Problemas de sobrecalentamiento
en edificios con alto aislamiento y
estanqueidad

Como resultado de las predicciones del actual cam-
bio climatico hacia un calentamiento global, hay
numerosos estudios que han explorado los actuales
riesgos de sobrecalentamiento en edificios altamen-
te aislados y (PH o zNEB) con el fin de investigar es-
trategias para mitigarlo [23, 25, 26].

La Fig. 4 muestra un resumen de algunos de los ulti-
mos estudios sobre confort en Passivhaus o edificios
de bajo consumo y las estrategias recomendadas
para mitigar los problemas de sobrecalentamiento

3. Overheating issues in buildings
with high insulation and airtightness

As a result of the actual climate change predictions
for a warmer world, there are multiple studies that
have explored the actual overheating risk in highly
insulated and airtight buildings (PH or nZEB) in order
to investigate strategies to minimize it [23, 25, 26].

The Fig. 4 displays a summary of some of the last
studies about comfortin PH or low energy consump-
tion dwellings and the strategies recommended to
mitigate the overheating issues that have been al-
ready detected and analysed. It is remarkable that
most of them do not have comfort 100% of the time
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2 2| F| 85 2| 3| 8 3 o o
VITORIA [27] U No Yes | Yes 1SO 7730 9,6% time in Verification of occupancy, shape,
(SPAIN) EN15251 summer (IS0 7730) activity and orientation to achieve
0,2% time in comfort
summer (EN15251)
NIZA [27] S Yes No No Hours In comfort Night ventilation to passive
(ITALY) =25°C cooling
LISBON [28] S Yes No No Hours Occasionally Need to active cooling system
(PORTUGAL) >25°C
LERIDA [27] U No Yes | Yes »26°C In comfort Solar protection and courtyard
(SPAIN)
MASCALUCIA [29] U No Yes | Yes Fanger’'s Almost no Passive and low-energy solutions
(ITALY) comfort discomfort. during cooling and intermediate
(winter) period
Hours Active solutions during the heating
>259C, season
adaptative
BIRMINGHAM [27] M No Yes | Yes Hours 72% apartments None
(UK) =25°C, with over 25°C in
adaptative eXCess
SOUTH TYRO [27] M No Yes | Yes Hours 48% (4225h) Reduce internal gains
(ITALY) »25°C =25°C Improve mechanical ventilation
SOUTH TYRO [27] M Yes Yes | No Hours 13% =25°C Improve mechanical ventilation
(ITALY) TRNSYS =25°C schedule
CESENA [30] M Yes Yes | Yes EN 15251 Existing: Existing:
(ITALY) Energy > 25°C 22%=25C Night ventilation, Solar protection
Plus 24% =27°C Simulations:
(3 cases) Case a: Lowering the insulating materials
29% =252C thickness (roof and wall)
15% =27°C Using double-glazed low-emissive
Case b: windows
28% =252C Hybnd or natural ventilation
14% =27°C strategies
Case c:
16% >253C
5% =27°C
BILBAD [31] M No Yes | Yes »25% 10% of 1775hours Study in progress
(SPAIN) >25°C

(1). Single family: U, Semi-detached house, S: Multifamily building: M.

Figure 04.

Resume of studies about
comfort in highly insulated
and airtight buildings.
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que han sido detectados y analizados. Se observa
que la mayoria no alcanzan el confort el 100% del
tiempo y necesitan correcciones. La mayoria de los
estudios estan hechos en vivienda unifamiliar y muy
pocos se han hecho para edificios residenciales pa-
SiVos.

También se ha detectado que el confort es mayor en
vivienda unifamiliar que en edificios residenciales.,
donde el disconfort es especialmente alto durante
los periodos calidos. Un de las principales razones es
que los estandares del PH no estan disefiados para
ser implementados en este tipo de edificios [27].

4. Estrategias de ventilacion para
edificios altamente aisaldos y
estancos (Passivhaus y NZEB)

De acuerdo a diferentes estudios [37, 38], la ventila-
cibn mecanica es una de las estrategias que aporta
una correcta calidad del aire y suministra aire fresco
del exterior al espacio interior. Este proceso puede
ser realizado mediante diferentes métodos:

Ventilacion mecanica mediante ventilador o ex-
tractor. La mayoria de los edificios cuentan con una
ventilacion mecanica para garantizar una apropiada
tasa de ventilacion. Normalmente utilizan electrici-
dad, lo que aumenta el consumo energético vy, en
consecuencia, el riesgo de afectar al calentamiento
global [38]. En Espaifia, su uso es obligatorio [11].

Ventilacion natural resultado de la diferencia de
temperatura y presion entre el exterior e interior, ge-
nerando una corriente de aire, utilizando la resisten-
cia o las fuerzas de impulso del viento. Hay 4 tipos
de sistemas de ventilacion natural: chimenea pasi-
va (Util en areas sin viento o casi sin y edificios altos
afectados por la diferencia de presion), ventilacion
adiabatica (corriente de aire producida por la eva-
poracion de agua), ventilacion a una fachada (una
apertura que genera un diferencial de temperaturas)
y ventilacion cruzada (diferencial de presion genera-
do por el viento en las diferentes fachadas) [37, 38].
Desde un punto de vista de consumo energético y
climatico, su impacto es menor que los métodos
mecanicos.

Ventilacion hibrida (mecanica + natural) se utiliza
con el fin de compensar las debilidades de la venti-
lacion natural cuando las condiciones no son favora-
bles.[37, 38, 39].

El objetivo de los sistemas de ventilacion es la de re-
gular la calidad del aire interior: temperatura, distri-
bucion, tasa de intercambios de aire y concentracion
de contaminantes [38]. Como comentado anterior-
mente, se debe tener en cuenta las regulaciones de
cada localizacion en términos de calidad del aire,
maximos y minimos tasas de ventilacion, etc.

Hay investigacion en desarrollo focalizada en me-

and they need corrections in order to reach thermal
comfort. Most of the studies are about single-family
houses (single family or semi-detached house) and
not many of them address multifamily passive buil-
dings.

The authors have also seen that the comfort level
in single family houses is bigger than in multifamily
buildings, where the discomfort is especially high du-
ring warm seasons. One of the main reasons is that
PH standards are not designed to be implemented in
this type of dwellings [27].

4. Ventilation strategy for buildings
with high insulation and airtightness
(Passivhaus and NZEB buildings)

According to different studies [37, 38], natural venti-
lation is one of the main strategies to provide suita-
ble indoor air quality and supply fresh outdoor air to
indoor spaces. This process can be supplied by diffe-
rent methods:

Mechanical ventilation by fan or blowers. Most buil-
dings are mechanically ventilated in order to provide
a proper ventilation rate. They generally use electri-
city, which increases energy consumption and, in
consequence, the risk to affect global warming [38].
In Spain, the use of these methods is mandatory in
buildings [11].

Natural ventilation results from temperature and
pressure difference between indoor and outdoor
environment, generating airflow, using buoyancy
or wind-driven forces. There are four possible ven-
tilation systems: passive chimney stack (useful in
areas with no wind or very weak wind conditions
and high buildings affected by a difference of pres-
sure), adiabatic ventilation (air current helped by the
evaporation of water on the bottom of the space),
single-sided ventilation (one opening that genera-
tes a temperature differential) and cross ventilation
(pressure differential generated by the wind in the
difference facades of the building) [37, 38]. From an
energy consumption and climatic point of view, its
impact is lower than mechanical methods.

Hybrid combination (mechanical + natural venti-
lation) is normally used in order to compensate the
weakness of natural ventilation when the conditions
are not favorable [37, 38, 39].

The aim of ventilation systems is to regulate the
quality of indoor air: temperature, distribution, air
exchange rate and concentration of pollutants [38].
As commented before, the regulations of each loca-
tion in terms of air quality, minimum and maximum
ventilation rates, etc, have to be taken into account.

There are many ongoing research focused on ven-
tilation systems in order to improve ventilation
effectiveness and performance, used to foresee the
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jorar la eficacia y rendimiento de los sistemas de
ventilacion, utilizada para prever el comportamien-
to del aire, la calidad del aire interior (IAQ) y dismi-
nuir los problemas de salud [38, 41]. Con este fin, los
investigadores desarrollan multiples métodos de
ventilacion energéticamente eficientes y realizan
simulaciones dinamicas para analizar cobmo estas
estrategias de ventilacion afectan el confort interior
(especialmente térmico) y el ahorro energético [17].
Los puntos mas importantes a considerar en una
ventilacion natural son:

ASPECTOS TECNICOS

- Laeficaciayrendimiento de los métodos de ven-
tilacion dependen del uso y tipo de estancia [42].

- Los factores a tener en cuenta son: la profundi-
dad de la estancia respecto a las ventanas, altu-
ra libre, masa térmica, localizacion del edificio
(contaminacion, ruidos,..), ganancias térmicas y
ambiente [40],, condiciones climaticas y micro-
climas [30].

- Laventilacion natural puede tener limitaciones y
reducir su eficacia cuando las ganancias térmi-
cas internas son superiores a 40W/m?2 [40].

+ El potencial de la refrigeracion en verano y el
confort térmico dependen fuertemente de las
estrategias de ventilacion natural. El control de
las aperturas es crucial en estos casos. [17].

«  Se requiere especial atencion en la cantidad de
flujo de aire (% apertura de ventanas) y el control
del horario de apertura para alcanzar el confort
[43].

« En el futuro, con el cambio climatico, la ventila-
cion no sera capaz de hacer frente a las predic-
ciones de sobrecalentamiento y sera necesario
complementar con otros métodos. [44].

RENDIMIENTO

- La ventilacion natural puede alcanzar tasas de
aire superiores a las de la ventilacion mecanica,
la cual estan especialmente disefiada para el
aporte de aire fresco. [45].

« Suimpacto, desde un punto de vista de consu-
mo energético y impacto climatico, es menor a

los métodos mecanicos.[38].

« Es mas sencillo conseguir el confort que con la
ventilacion mecanica. [45].

AHORRO

- Laventilacion natural puede reducir el uso de re-
frigeracion en 20% por mes. [46].

air behavior, the Indoor Air Quality (IAQ) and to de-
crease the possibility of health issues [38, 41]. For this
purpose, many energy-efficient ventilation methods
are developed by researchers and dynamic simu-
lations have been carried out to analyze how these
ventilation strategies affect the indoor comfort (es-
pecially thermal comfort) and energy-savings [17].
The most important points that must be considered
to define effective natural ventilation are:

TECHNICAL ASPECTS

- The effectiveness and performance of the venti-
lation methods depend on the usage and place
of implementation [42].

- The factors to take into consideration are: the
depth of space respect to the opening, ceiling
height, thermal mass, location of the building
(pollution, noises..), heat gains and climate [40],
climatic conditions and microclimates [30].

- Natural ventilation can have limitations and re-
duces its effectiveness when heat gain is over
40W/m2 [40].

+  The summer cooling potential and the thermal
comfort strongly depend on the natural ventila-
tion strategy. The control over the openings are
crucial for all cases [17].

« Special attention is required regarding the best
flow rate (% of window opening) and the ope-
ning schedule control in order to achieve the
comfort [43].

+ In the future, with the climate change, ventila-
tion alone will be unable to cope with overhea-
ting predictions and other methods will be requi-
red to be implemented [44].

PERFORMANCE

« Natural ventilation can reach much higher venti-
lation rates than mechanical ventilation systems,
which are specially designed for fresh air supply
[45].

+ Itsimpact, from energy consumption and clima-
te effect point of view, is lower than with mecha-

nical methods [38].

- Comfort can be more easily achieved than by
using mechanical ventilation [45].

SAVINGS

« Natural ventilation could reduce cooling energy
usage by 20% per month. [46].

« Passive cooling strategies and blinds, in com-
bination with natural ventilation, can achieve a



126

Analysis of overheating risk in Passivhaus dwellings during warm season and the night natural ventilation strategies to mitigate it

- Laintegracion de estrategias de refrigeracion pa-
sivas y persianas, combinado con la ventilacion
natural, alcanza una reduccion de mas del 50%
en casi todas las regiones.[43].

En caso de riesgo de sobrecalentamiento en edifi-
cios altamente aislados y estancos (PH y nZEB), es
importante analizar la ventilacion natural nocturna
como una de las principales estrategias:

Ventilacion natural nocturna

- La ventilacidon nocturna utiliza el edificio como
un sistema de almacenamiento [47].

- La ventilacion nocturna tiene un efecto positi-
Vo en la refrigeracion de los espacios interiores
durante el periodo calido. Reducir la ventilacion
diurna cuando se usa ventilacion nocturna, pro-
duce un mejor rendimiento térmico. [44].

- Es mas efectiva en climas con grandes diferen-
cias de temperatura entre la noche y el dia, pero
no es recomendada para zonas himedas con ra-
tios superiores a 15g por kg de aire .[45]. Es muy
eficiente en regiones aridas. [48]

- Su eficacia esta fuertemente relacionada con
tres parametros: la diferencia de temperatura
interior -exterior, la tasa de flujo del aire y capaci-
dad térmica de los edificios [49, 50].

- La optimizacion del edificio (masa térmica, ratio
de aperturas, ganancias solares e internas, orien-
tacion, etc.) pueden reducir entorno a 20-25% el
consumo de refrigeracion en oficinas [51].

- Elsistema en general es dificil de disefar y con-
trolar [51].

En los ultimos anos se han realizado multiples estu-
dios en el campo de la ventilacion natural nocturna:
desde experimentos de ventilacion, simulaciones
(desde simples métodos analiticos y empiricos a di-
namica computacional de los fluidos (CFD)) a moni-
torizacion de casos reales. [51, 52] como menciona-
doen Fig.5:

5. Caso de estudio torre residencial
en Bolueta

El caso de estudio seleccionado es una torre resi-
dencial certificada PH en el barrio de Bolueta, en Bil-
bao. Se ha detectado que los apartamentos sufren
sobrecalentamiento durante los periodos calidos. El
estudio se va a focalizar en las estrategias de venti-
lacion nocturna con el fin de determinar las mejores
practicas para minimizar los efectos del sobrecalen-
tamiento.

Diferentes métodos de calculo y simulacién seran
utilizados:

reduction of over 50% in almost all regions [43].

In the case of overheating risk in highly insulated
and airtight buildings (PH and nZEB), it is important
to analyze the natural night ventilation as one of the
main strategies.

Natural night ventilation

«  Nocturnal ventilation uses the building structure
as a storage device [47].

- Night ventilation strategy has a positive con-
tribution to the cooling effect of indoor spaces
during the warm period. Reducing daytime ven-
tilation while using night ventilation produces
better thermal performance [44].

- Night ventilation effectiveness is better in clima-
tes with large diurnal temperature differences,
but it cannot be recommended for humidity ra-
tios above 15g per kg air.[45]. It's very efficient in
arid regions[48]

» The efficiency of night ventilation is strongly
related to three parameters: temperature diffe-
rence indoor-outdoor, air flow rate and thermal
capacity of the building [49, 50].

- As commented before, the optimization of the
building (building mass, glazing ratio, solar and
internal gains, orientation,..) can reduce about
20-25% the air conditioning consumption in offi-
ce buildings [51].

« The overall system is very difficult to design and
control [51].

In the last years, many studies have been carried out
in the field of night natural ventilation: from ventila-
tion experiments, simulations (from simple analyti-
cal and empirical methods to multi-zone and com-
putational fluid dynamics (CFD)) to monitoring real
buildings [51, 52] as mentioned in Fig. 5:

5. Case of study, residential towerin
Bilbao

The selected case of study is the PH certificated
high-rise residential building located in the Bolue-
ta district, in Bilbao. It has been detected that the
apartments have overheating issues during warm
seasons. The study will focus in natural night venti-
lation strategies in order to determine which are the
best practices to minimize the overheating risks.

Different calculation and simulation methods will be
used:

- Computational Fluid Dynamics (CFD) simu-
lations that provide detailed distribution of air
temperature, air velocity, contaminant concen-
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Ref Type Description Results
[53] Experiment Research about heat transfer during night- | The interaction of convective and radiative heat flows
time ventilation contributing to the total heat flow removed from a room during
night-time ventilation
[47] Experiment Night ventilation was tested in combination | PCM works effectively in a combination with “night ventilation”
application of phase change materials (PFCM) | and ‘free cooling”
impregnated gypsum boards and ordinary | Up to 93% cost and 92% energy savings per day.
gypsum board When night ventilation was used to charge the PCM instead,
there is a 73% reduction in weekly electricity consumption
Drawbacks
» The limited area of contact PCM -air
* The very low convective heat transfer coefficients which
. brevent the use of significant amounts of PCM
» The very low utilization factor of the cool stored due to the
large phase shift between the time when cool is stored
and time when it is required by the building
[54] Experiment Fuzzy controller for naturally ventilated | Fuzzy controllers can adjust the opening positions with changes
Simulation buildings in inside and outside conditions
(MATLAB)
[55] Simulation Investigation of the feasibility of a device to | The cooling effect is very pronounced when night ventilation is
(Simulation improve summer comfort in wood-frame | inside the VIDW.
computational houses using a Ventilated Internal Double | It's necessary to have a sufficient velocity (1-1.5 m/s) in the air
fluid  dynamics | Wall (VIDW) gap to facilitate the convective exchanges.
CFD) The reduction in the hottest room is 2 °C- 5 °C.
[56] Simplified Investigation of the effect of a hybrid | 40% savings in buildings with night ventilation strategy
thermal and | ventilation strategy (air conditioning during the
ventilation model | day and natural ventilation during the night-
time)
[57] Simulation Implementation of a solar chimney and high | Solar chimneys allow totally passive night time cross-ventilation
(TRNSYS and | thermal mass combined with night ventilation. | without having to open the window.
TAS) Analyze in a dry hot climate (Madrid). Chimney effect of the collected heat sucks the exhaust air out of
Monitoring the apartments. The fresh cold night air enters through the east
facade and runs through the flat, cooling down the thermal
masses of the open walls and ceilings.
[52] Simulation Analyze the energy data from two hundred | 10 to 40% of cooling savings with night ventilation (average
(TRNSYS) fourteen air-conditioned residential buildings | around 26%).
Monitoring using night ventilation techniques. Decreasing cooling load up to 40KWh/m2ly (average
In Greece contribution close to 12 KWh/m2/y_)

CFD: simulaciones que ofrecen una distribucion
detallada de la temperatura, la velocidad, y con-
centracion de contaminantes del aire, tanto den-
tro del edificio como en los alrededores. Como
utilizado en el estudio [59], la CFD sera utilizada
para analizar la eficacia de la ventilacion natural
con una sola fachada.

DESIGN BUILDER (DB) para modelizar el caso
de estudio, pero también para realizar las simu-
laciones de las diferentes estrategias propuestas
de ventilacion natural. Como en el caso de estu-
dio de Cesena [30], se usara para determinar las
mejores estrategias para mitigar el riesgo de so-
brecalentamiento durante el periodo calido. Con
ayuda modulo CFD, es posible calcular la tempe-
ratura, presion y velocidad del aire mediante el
estudio de elementos finitos.

Se van a analizar las tipologias mas representativas

tration within the building and its surrounding
areas. As employed in the study [59], it will be
used to analyze the effectiveness of single-sided
natural ventilation.

- DESIGN BUILDER (DB) for modeling of the case
of study, but also for running simulations of di-
fferent strategies for natural ventilation systems.
Asin the study of Cesena case [30], it will be used
to determine the best strategies to minimize the
overheating risk during the warm season. With
the help of the CFD module, it is possible to cal-
culate the temperature, pressure and air velocity
by the study of finite elements.

This study will focus on the most representative
dwelling typologies of the building, taking into ac-
count the features defined in Fig. 6. The typologies
TII, TV and TXII will be studied in order to detect
their overheating issues and to determine the best

Figure 05.

Summary of recent studies
on natural night ventilation
strategies and effects.
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Figure 06.

Features of the study
typologies.

Figure 07.
Characteristics of base
scenario.

Typologies Orientation Line type Window Window Surface/Occupancy
surface surface CTE / real
Ifacade (%) Idwelling occupancy
surface floor (m2iper)
(%)
Il South Facade south 29,48 8,2 19,94 / 28,80
Single-sided Free opening
Access by mean bedroom
\% South-west Facade west 26,76 12,43 20,84 /35,77
Double-sided Micro perforated panel
(corner) Access by kitchen
bl South- Nord Facade south 32,08 9,82 20,81/27,75
Crossed Free opening.
Access by kitchen
Scenario | Infiltrations | Mechanical Natural Solar Heating | Cooling | Occupancy | Occupancy
ventilation ventilation protection system | system scheduled
Base None Yes Yes Yes None None 0,03 Monday to Friday:
case Monday to Friday: | 8pm to 8am | 100% (person/m2) | 100% (11pm to
scenario 100% (11pm to 1acth (10am to 7am),
7am), 50% (3pm to 7pm) 50% (3pm to

11pm),

25% (7am to 3pm)
Saturday and
Sunday:

100% 24h

11pm),

25% (7am to 3pm)
Saturday and
Sunday:

100% 24h

del edificio teniendo en cuenta las variables presen-
tadas en la Fig. 6. Las tipologias TIl, TV'y TXIlI seran las
estudiadas con el fin de poder observar los problemas
de sobrecalentamiento y determinar las mejoras es-
trategias de ventilacion natural para minimizar el ries-
g0 de sobrecalentamiento durante el periodo calido.

La Fig. 7 establece el escenario base a partir del que
se realizaran las hipotesis de ventilacion natural con
el fin de definir las estrategias mas favorables. Las si-
mulaciones se han realizado con el archivo climatico
dispuesto por Meteonorm (periodo de radiacion de
1991-2010y periodo de temperatura de 2000-2009).

Los resultados de la simulacion del escenario base
prueban que las tres tipologias tienen, durante el pe-
riodo de verano (21 junio al 21 septiembre), el 100%
de las horas por encima de 25°C, llegando a tempera-
turas operativas de hasta 31,14°C (TV), La tipologia TV
es la mas desfavorable debido a sus dos orientaciones
(sury oeste). La TXIIl es la mas favorable, con tempe-
raturas operativas de hasta 0,722C menos que la TV.

El analisis de las hipotesis de mejora se encuentra en
proceso. Los primeros resultados obtenidos ilustra-
dos en la Fig. 8 confirman que:

- El mejor horario de ventilacion natural, cuando
no se ponen condiciones de automatizacion en
las aperturas, es de 22h a 10h, consiguiendo re-
ducir hasta en 1,22°C la temperatura operativa
interior respecto a la del escenario base. Sin em-
bargo, el 100% de las horas del periodo de verano
sigue superando los 25°C.

- El aumento de las renovaciones de aire por
hora de 1 a 4 permite disminuir la temperatura
operativa interior hasta en 5°C. En este caso se

natural ventilation practices to mitigate the over-
heating risk during the warm season.

The Fig. 7 presents the base case scenario that will be
used as basis for the natural ventilation hypothesis,
in order to define the most favorable strategies. The
simulations are running with a Meteonorm climate
file (radiation period 1991-2010 and temperature pe-
riod 2000-2009).

The results of the simulation of the base case sce-
nario prove that the three typologies are, during the
summer season (21th July to 21th September), 100%
of the hours over 25°C, reaching operative tempe-
ratures up to 31,14°C (TV). The TV typology is the
most unfavorable due to its two orientations (south
and west). The TXIIl typology is the most favorable,
with operative temperatures 0,72°C cooler than TV.

The analyze of the hypothesis is in progress. The first
results obtained, confirm that:

« The best natural ventilation schedule in manual
opening is from 10pm to 10am, achieving a re-
duction up to 1,20°C of the indoor operative
temperature compared to the mean scenario.
Nevertheless 100% of the hours during the sum-
mer season are over 25°C.

« Increasing the ac/h from 1 to 4, the indoor ope-
rative temperature decreases up to 5°C. In this
case, the percentage of hours over 25°C is redu-
ced to 58% and 64% depending of the typology.

6. Future work

The study will analyze more natural ventilation stra-
tegies, their combination and their possible air con-
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consigue pasar el nimero de horas que supera
25°C a un porcentaje de entre 58 y 64% segun la
tipologia.

6. Trabajo futuro

Se debe continuar con el estudio de estrategias de
ventilacion natural nocturna, su combinacion y posi-
ble automatizacion con el fin de determinar las mejo-
res soluciones. Se debe tener en cuenta la velocidad
del aire y su flujo. También se estudiara la viabilidad
de su implementacion en un caso real como el de la
torre residencial certificada PH en Bolueta, tanto des-
de un punto de vista técnico como econdémico.

7. Conclusiones

La implementacion de los estandares de alto aisla-
miento y estanqueidad en edificios esta aumentan-
do con el fin de minimizar la demanda energética y
el impacto medioambiental de los edificios. Sin em-
bargo, debido al cambio climatico y su uso en areas
calidas, se han detectado problemas de sobrecalen-
tamiento. Los estandares del PH son insuficientes
para mitigar dichos problemas en edificios residen-
ciales. Por lo tanto, es necesario buscar soluciones
alternativas que sean eficientes para minimizarlo y
asegurar el confort térmico.

Diferentes medidas de ventilacion natural pueden
implementarse para mejorar el confort interior de-
pendiendo de su localizacion, condiciones climati-
cas, orientacion, actividad, forma, uso..El estudio se
focaliza en la ventilacion natural poniendo especial
atencion en la nocturna, con el fin de detectar las
mejores estrategias para reducir las temperaturas y
asi conseguir el confort térmico. Como demostrado
con las primeras simulaciones, usando la ventilacion
natural nocturna, se puede conseguir hasta un des-
censo de las temperaturas de 5°C.
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trol in order to determine the best solutions. The air
velocity and its flow must be taken in account. As
well as the feasibility of its implementation in a real
case as the multifamily PH building in Bolueta Dis-
trict, from a technical and economic point of view.

7. Conclusions

The implementation of high insulation and air-
tightness standards in buildings is increasingly used
in construction in order to minimize the energy
demand and environmental impact of dwellings.
However, due to climate change and the use of the-
se solutions in warm areas, overheating problems
have been detected. The Passivhaus standards are
insufficient to mitigate the overheating risk, espe-
cially in multifamily buildings. Therefore, it is neces-
sary to look for alternative solutions that are efficient
to minimize it and ensure the indoor comfort.

Different natural ventilation measures can be imple-
mented to increase the indoor comfort depending
on the location, climate conditions, orientation, in-
door activity, the shape of the rooms, use, etc. The
study will focalize on natural ventilation, putting
special attention on night ventilation, in order to
reduce indoor temperatures and thus, achieve ther-
mal comfort. As demonstrated already with the first
analysis, the indoor temperature can be decrease up
to 5°C using nigh natural ventilation.

(u/oey +21) € dAH

Figure 08.

To indoor minimum,
maximum and average.
Toutdoor maximum and
minimum. (°C). Summer
period.
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Analysis of overheating risk in Passivhaus dwellings
during warm season. Focalizing in shadow systems
strategies to mitigate it

Analisis del riesgo de sobrecalentamiento en edificios
Passivhaus durante estaciones calidas. Focalizando en
sistemas de sombreamiento para mitigarlo

Anna Figueroa', Alba Arias', Xabat Oregi?, Ifiigo Rodriguez?

ABSTRACT

During the last decade, energy consumption in the European Union related to buildings accounts for 40%
of the total consumption. In consequence, some strategies and goals have been set up to reduce it, mainly
with 2020, 2030 and 2050 targets. To achieve them, one of the main instruments have been the Energy Per-
formance of Building Directive that promotes Nearly Zero Energy Building (nZEB) constructions. According
to this directive, many strategies have been adopted to reduce energy demand. A popular certificate it’s the
Passivhaus Certificate, creating extremely low-energy demand consumption and airtight buildings. Different
norms define the limit of indoor comfort for these constructions (ISO 7730, ASHRAE 55-1992, EN 15251, CIB-
SE Guide A, CIBSE TM52, CIBSE TM59 and Passivhaus standards). They will be taken into account in this study.

As aresult of the actual climate change predictions towards a warmer world, multiple studies have focused on
the exploration of the actual overheating risk in this type of buildings, especially in multifamily dwellings. They
recommend strategies to mitigate it as, for example, solar protection, low insolation materials thickness (roof
and wall), hybrid or natural ventilation, passive and low-energy solutions during cooling and intermediate pe-
riod, active solutions along the heating season, verification of occupancy, shape, activity and orientation, etc.

As shown in previous studies, shading systems can provide, not only correct visual comfort but also thermal
comfort, permitting solar gains during the cold season while protecting enough to avoid overheating in the
warm season.

The study will focus on applying shading measures to provide the best applicable solution in this case study, a
high-rise residential building in Bolueta, Bilbao, which has already Passivhaus certificate. It will be carried out
with different simulations and calculations. Comparing different solutions and make the best combination
with other measures, like natural ventilation, to mitigate the overheating risk during the warm season.

Rey Words: Passivhaus-nZEB, shading-system, overheating risk.

(1) Department of Thermal Engines and Machines, UPV/EHU, anna.figueroa.lopez@gmail.com (2) CAVIAR Research Group,
Department of Architecture, UPV/EHU.
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1. Introduccion

Durante la dltima década, el consumo energético en
la Union Europea relacionada con los edificios alcan-
za un 40% del total consumido [1]. En Espafia alcanza
un 18% del consumo total nacional [2], y un 17% en
el Pais Vasco [3], considerando Gnicamente edificios
residenciales.

Desde la Union Europea, algunas estrategias y metas
han sido definidas para reducir el consumo energé-
tico. Una de las mas relevantes en esta tematica son
los objetivos 2020 [4], que sugieren reducir un 20%
las emisiones de efecto invernadero, producir un
20% con energias renovables en la Union Europea y
una mejora del 20% en eficiencia energética.

Para alcanzar estos objetivos de la Comision Euro-
pea, el instrumento principal ha sido Energy Per-
formance of Building Directive [5], promocionando
construcciones Nearly Zero Energy Buildings (nZEB).
También en Espana, se han establecido algunas po-
liticas para alcanzar la reduccion de demanda ener-
gética en los edificios, como en la aplicacion de la
directiva de autoconsumo de energia producida por
energias renovables [6].

De acuerdo con la reduccion de demanda energé-
tica, una tendencia que ha sido seguida, no solo en
Espana sino también en Europa, ha sido construir
acorde a algunas certificaciones energéticas. Este
es el caso del certificado Passivhaus. Este certificado
fue creado en Alemania y Suecia como un proyecto
de investigacion animado a minimizar la demanda
energética total [7, 8].

En concepto de Passivhaus consiste en crear edifi-
cios de muy bajo consumo energético, estancos y
con demanda energética muy reducida. Algunos
estudios muestran que los edificios con este certifi-
cado consumen entre un 80 y un 90% menos ener-
gia para calefaccion y refrigeracion que edificios mas
convencionales, con solamente unincremento entre
el5yel10% (7, 8].

Para establecer este balance de confort y baja de-
manda energética, el equilibrio térmico se alcanza
gracias a ganancias internas y sistemas de recupe-
racion de calos en los sistemas de ventilacion du-
rante los periodos frios, y principalmente mediante
sistemas de sombreamiento en los periodos calidos.
También, ha de ser instalada el aislamiento térmico
apropiado, previniendo puentes térmicos, asi como
las ventanas apropiadas

Concorde con el Instituto Passive House (PHI), su cri-
terio para edificios residenciales Passivhaus es como
se muestra en la siguiente Tabla 1:

1. Introduction

During the last decade, energy consumption in the
European Union related to buildings accounts for
40% of the total consumption [1]. In Spain, it accou-
nts for 18% of the total national consumption [2], and
17% in the Basque Country [3], considering only resi-
dential buildings.

From the European Union, some strategies and goals
have been set up to reduce energy consumption.
One of the most relevant to this topic is the 2020
targets [4], that suggests cutting 20% of greenhou-
se gas emissions, producing 20% of the energy from
renewable sources in the European Union and a 20%
improvement in energy efficiency.

To achieve the European Commission targets, the
main instrument has been the Energy Performan-
ce of Building Directive [5], promoting Nearly Zero
Energy Buildings (nZEB) constructions. As well as in
Spain, some policies have been set to achieve a re-
duction of the energy demand in buildings as in the
application of self-consumption of the energy pro-
duced by renewable sources [6].

According to the reduction of energy demand, one
trend that has been followed up, not only in Spain
but in Europe, is to build according to some energe-
tical certifications. That's the case of the Passivhaus
certificate. This certificate was created in Germany
and Sweden as a research project aimed to minimi-
ze the total energy demand [7, 8].

The concept of Passivhaus consists of creating ex-
tremely low-energy consumption buildings, airtight
and with low energy demand. Some studies show
that those buildings with this certificate consume
between 80 and 90% less energy for heating and
cooling than conventional buildings, with just an
additional constructing cost of 5to 10% [7, 8].

To establish this balance of comfort and low energy
use, the thermal equilibrium is achieved thanks to
internal heat sources and heat recovery systems in
the ventilation systems during the cold season, and
mainly shading equipment for the warmer months.
Also, the proper insulation on walls has to be insta-
lled preventing thermal bridges, as well as appropria-
te windows.

According to the Passive House Institute (PHI), their
certification criteria for a residential Passive House is
as seen on the following Table 1:

2. Thermal comfort analysis by
different norms

The two most adopted models are the Thermal
Balance Model or empirical models (UNE-EN SO
7730:2006 and UNE-EN 15.251:2008) based on stu-
dies with climatic chambers, and the Adaptive Mo-
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CRITERIA DESCRIPTION VALUES
HEATING Specific heating demand <15 kWh/(m?a)
Or alternatively: heating load <10 W/m?
COOLING Total cooling demand 15 kWh/(m2a) + 0.3 W/(m?aK) - (DDH)
Or alternatively:
Cooling load <10 W/m?
And cooling demand 4kWh/(m?2aK):ve+2-0.3W/(m2aK)-DDH-
75kWh/(m?a) but < 45kWh(m?2a) + 0.3W/( m2aK) -
DDH (1)
PRIMARY ENERGY | Specific primary energy demand (2) <120 kWh/(m?2a)
AIRTIGHTNESS The pressure test result, n50 <0,6 h!

(1) DDH: Dry degree hours (time integral of the difference between the dew-point temperature and the reference temperature of 13°C

throughout all periods during which this difference is positive.

(2) Demand for heating, cooling, hot water, auxiliary electricity, domestic and common area electricity.

2. Analisis de confort térmico segun
diferentes normativas

Los dos métodos mas adoptados son el Modelo de
Balance Energético o método empirico (UNE-EN
ISO 7730:2006 y UNE-EN 15.251:2008) basados en
los estudios con camaras climatizadas, y los Modelos
Adaptativos por la American Society of Heating and
Air-Conditioning Engineers (ASHRAE) basada en es-
tudios de campo.

dels by the American Society of Heating and Air-
Conditioning Engineers (ASHRAE) based on field
studies.

There isn't an absolute value to define thermal
comfort, the most accepted definition worldwide is
“the mental condition which expresses satisfaction
with thermal environment”. The evolution of diffe-
rent comfort models during the last 50 years can be
seen in the following Figure 1:
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No hay un valor absoluto que defina el confort tér-
mico, la definicibn mas aceptada mundialmente es
“la condicion mental que expresa satisfaccion con
el entorno térmico”. La evolucion de los diferentes
modelos de confort durante los Ultimos 50 anos es
como se muestra en la siguiente Figura 1:

Para el Modelo de Balance Térmico, como la UNE-EN
ISO 7730 [9], y aquellas basadas en ella como el Re-
glamento de Instalaciones Térmicas de los Edificios
(RITE) [10] in Espanfia, se aplica a ambientes interio-
res donde el confort ocurre en estado permanente.
Dependera de la actividad metabolica, la resistencia
térmica de laropa puestay el porcentaje asumido de

Platform (Germany)

For Thermal Balance Model, as UNE-EN ISO 7730 [9],
and those based on it, like Reglamento de Instala-
ciones Térmicas de los Edificios (RITE) [10] in Spain,
applies to indoor environments where steady-state
thermal comfort occurs. It will depend on the meta-
bolic activity; the thermal resistance of the clothes
wore and the assumed estimate percentage of un-
satisfied people. The adaptative models take also
natural ventilation into account.

In Europe, some of this adaptative models are EN
15251 [11], in the United Kingdom CIBSE TM36, revi-
sed in TM52[12] and the TM59 [13] while CIBSE stan-
dards, Guide A [14] follow an empirical model.

Table O1.

PHI criteria for residential

certification.

Figure 01.

Evolution of comfort models

in the last 50 years [33].
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Table 02.

Comfort areas for different
norms.

personas insatisfechas. El modelo adaptativo, tiene
en cuenta también la ventilacion natural.

En Europa, algunos de estos modelos adaptativos
son EN 15251 [11], en el Reino Unido CIBSE TM36,
revisado en TM52 [12] y la TM59 [13] mientras CIBSE
standards, Guide A [14] sigue un modelo empirico.

For the Passive House Standard, the range of comfort
it's based on a steady-state equation which predicts
average monthly values without taking into account
thermal inertia effects [15], for the cold climate it es-
timates the number of days with overheating during
summer. These norms and their limits criteria can be
seen in the following Table 2:

Standard Limits criteria References
1SO 7730 RHmMIin=40% and for maximum RHmMax=60% [12, 18]
Category A: Tmin 21°C, Tmax 25.5°C
Category B: Tmin 20°C, Tmax 26°C
Category C: Tmin 19°C, Tmax 27°C
ASHRAE 55-1992 Tmin 20°C, Tmax 26°C [19]
RHmMIin=30% and RHMax=60% [18]
EN 15251 Combines ISO 7730 and ASHRAE 55-1992 [20]
CIBSE Guide A Tmax 25°C for living rooms and 23°C for bedrooms [21]
Overheating when T>28°C 1% for living rooms and T>26°C 1% for bedrooms
CIBSE TM52 <3% of Tmax between May to September [22]
CIBSE TM59 -Predominantly mechanically ventilated: [23, 24]
T<26°C 3% annual occupied hours
-Predominantly naturally ventilated:
For living rooms, Kitchens and bedrooms: T increment less than 1°K from May to
September less than 3% of occupied hours
For bedrooms only, during sleeping hours (10 pm — 7 am) T<26°C <1%
Passivhaus T<25°C 10%, recommends <5% [8, 17, 23]

Para el estandar Passivhaus, el rango de confort se
basa en un estado permanente, cuya ecuacion pre-
dice valores de media mensual sin tener en cuenta
criterios sobre el efecto de la inercia térmica [15],
para climas frios estima un namero de dias con so-
brecalentamiento en verano. Estas normas y sus cri-
terios de confort se pueden observar en la siguiente
Tabla 2:

3. Problemas de sobrecalentamiento
en edificios altamente aislados y
estancos

Como resultado del actual cambio climatico con
predicciones para un mundo mas calido, multiples
estudios han explorado el riesgo actual de sobreca-
lentamiento en edificios altamente aislados y estan-
cos (como Passivhaus o nZEB) para investigar estra-
tegias para minimizarlo[16, 17].

Focalizando los estudias en el sur de Europa, la si-
guiente Tabla 3 categoriza un resumen de algunas de
estos Ultimos estudios sobre el confort en Passivhaus
o edificios de bajo consumo energético y su grado de
disconfort. La mayoria de estos estudios han sido rea-
lizados sobre casas unifamiliares y no muchos de ellos
sobre edificios pasivos de vivienda colectiva.

Los autores también han observado en el grado
de confort en casas unifamiliares es mayor que en
aquellas colectivas, donde el disconfort es especial-
mente elevado en periodos calidos. Una de las razo-
nes principales es que el estandar Passivhaus no ha
sido disefiado para implementarse en esta tipologia
edificatoria [18].

3. Overheating issues in buildings
with high insulation and airtightness

As a result of the actual climate change predictions
for a warmer world, multiple studies have explored
the actual overheating risk in highly insulated and
airtight buildings (passive house or nearly-zero-
energy buildings) to investigate strategies to mini-
mize it [16, 17].

Focalizing in studies southern Europe, the following
Table 3 displays a summary of some of the last stu-
dies about comfort in Passivhaus or low energy con-
sumption dwellings and the amount of discomfort.
Most of the studies are about single-family houses
and not many of them address multi familiar passive
buildings.

The authors have also seen that the comfort level in
single-family houses is bigger than in multi familiar
buildings, where the discomfort is especially high du-
ring warm seasons. One of the main reasons is that
Passivhaus standards are not designed to be imple-
mented in this type of dwellings [18].

4. Main strategies to mitigate the
overheating issue

The literature [18, 23] sets different possibilities and
strategies to mitigate the overheating risk during the
warm season for each of the parameters and factors
that cause it [16, 23]:

- Occupant behaviour: limit the internal gains [18,
23].
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VITORIA [27] U No Yes | Yes 1SO 7730 9 8% time in Verification of occupancy, shape,
(SPAIN) EN15251 summer (IS0 7730) activity and orientation to achieve
0,2% time in comfort.
summer (EN15251)
NIZA [27] 5 Yes No No Hours In comfort Night ventilation to passive
(ITALY) »25°C cooling
LISBON [28] 5 Yes No No Hours QOccasionally Need to active cooling system
(PORTUGAL) =25°C
LERIDA [27] u No Yes | Yes =26°C In comfort Solar pratection and courtyard
(SPAIN)
MASCALUCIA [29] U No Yes | Yes Fanger’'s Almost no Passive and low-energy solutions
(ITALY) comfort discomfort. during cooling and intermediate
(winter) period
Hours Active solutions during the heating
»25°C, season
adaptative
BIRMINGHAM [27] M No Yes | Yes Hours 72% apartments None
(UK) >25°C, with over 25°C in
adaptative excess
SOUTH TYRO [27] M No Yes | Yes Hours 48% (4225h) Reduce internal gains
(ITALY) =25°C =25°C Improve mechanical ventilation
SOUTH TYRO [27] M Yes Yes | No Hours 13% =25°C Improve mechanical ventilation
(ITALY) TRNSYS =25°C schedule
CESENA [30] M Yes Yes | Yes EN 15251 Existing: Existing:
(ITALY) Energy = 25°C 22%=25C Night ventilation, Solar protection
Plus 24% =27°C Simulations:
(3 cases) Case a: Lowering the insulating materials
29% =25%C thickness (roof and wall)
15% =27°C Using double-glazed low-emissive
Case b: windows
28% =25%C Hybrid or natural ventilation
14% >27°C strategies
Case c:
16% =25C
5% >27°C
BILBAO [31] M No Yes | Yes =25% 10% of 1775hours Study in progress
(SPAIN) =25°C

(1) Single family: U, Semi-detached house, 5: Multifamily building: M

4. Estrategias principales para
mitigar la problematica de
sobrecalentamiento

Acorde a la literatura [18, 23] establece diferentes .
posibilidades y estrategias para mitigar el riesgo de
sobrecalentamiento durante periodos calidos para
cada uno de los parametros y factores que la causan
[16,23]: .

- Ocupacion: limitar las ganancias internas [18,
23].

- Limite temperaturas interiores: usar un termos-
tato para controlar el sistema de ventilacion con .

Indoor set-point temperatures: use a thermostat
control in the HVAC system with a specific tem-
perature range [18].

Situations of buildings: Exterior shading devices,
automatic shading devices and/or green roofs.
[24,25]

Orientation of the building: if high window to
wall ratio, preferable to orientate south. Taking
into consideration its advantages during winter
via solar heat gains but risk for overheating du-
ring summer [24].

Setting of building facilities: night ventilation ins-

Table 03.

Resume of studies about
comfort in highly insulated
and airtight buildings.
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un rango de temperaturas especifico [18].

«  Emplazamiento del edificio: sistemas de som-
breamiento exterior , sistemas automaticos y/o
cubiertas vegetales [24, 25].

«  Orientacion: si el ratio ventana-pared es elevado,
preferiblemente orientarlo a sur. Considerando
las ventajas durante el periodo de invierno via
ganancias térmicas solares pero el riesgo de so-
brecalentamiento durante el verano [24].

- Configuracion del edificio: ventilacion nocturna
en vez de sistemas activos de refrigeracion en
verano y ventilacion mecanica con recuperador
de calor [18]

- Espesor del aislamiento térmico: depende del
clima. Cuando estan elevadamente aislados a
veces es mejor reducir su espesor en la cubierta
y fachadas [21].

- Tipo de vidrio: en algunos casos es mejor utilizar
ventanas bajo-emisivas y doble acristalamiento
[21].

- Sistemas del edificio: mejorar el rendimiento y
aislamiento de la produccion de ACS y sistemas
de almacenamiento, evitando sistemas de cale-
faccion centralizada en bloques de apartamen-
tos.[18].

5. Trabajos previos de investigacion
sobre sistemas de sombreamiento
en edificios

Un sistema Optimo de sombreamiento ha de ser ca-
paz de proveer no Unicamente un correcto confort
visual, también un correcto confort térmico, permitir
ganancias solares durante el periodo frio mientras
protege lo suficiente para evitar el sobrecalenta-
miento en el periodo calido, también ha de ser eco-
noémicamente viable.

Considerando el comportamiento de usuario segu-
ramente no seguira la prediccion del disefiador, un
sistema de sombreamiento eficiente ha de tener
en cuenta varias variables relacionadas con su uso
y funcionalidad, como por ejemplo, confort térmi-
co, confort visual, bajo costa, alta fiabilidad, reque-
rimientos estéticos, concordancia con condiciones
técnicas (dimensiones de montaje, de plegado, ..) y
la proteccion al fuego, ruido, climay robos [26].

A continuacion, se ha realizado un analisis de la lec-
tura, exponiendo los términos considerados v las
conclusiones alcanzadas sobre sistemas de som-
breamiento. Estas consideraciones y procesos seran
considerados en el caso de estudio para analizar y
determinas cuales serian los mejores sistemas.

Una conclusion que se ha llegado de manera comun

tead of active cooling in summer and mechani-
cal ventilation with heat recovery [18].

- Thermal insulation thickness: depends on the
local climate. When highly insulated sometimes
it's better to reduce its thickness on roof and
walls [21].

- Glazing type: some cases are better to use dou-
ble-glazed low-emissive windows [21].

« Building systems: Improve the performance
and insulation of DHW production and stora-
ge system, void heating centralized systems in
apartments blocks [18].

5. Previous research works about
shading systems in buildings

An optimal sun-shading system must be able to
provide not only a correct visual comfort but also
thermal comfort, permitting solar gains during the
cold season while protecting enough to avoid over-
heating in the warm season. This system has to be
economically reliable.

Taking into consideration the user's behaviour will
most probably not follow designer prediction, an
efficient sun-shading system should take into ac-
count several variables related to their functionality
and use, like for example, thermal comfort, visual
comfort, low costs, high reliability, aesthetic require-
ments, compliance with technical boundary condi-
tions (mounting dimensions, dimensions when the
shutters are down, ..) and protection against fire,
noise, weather and burglary [26].

Hereunder, an analysis of the lecture has been done,
exposing the terms taken into account, and the
conclusions about shading systems that have been
achieved. These considerations and process will be
considered in the case study to analyse and determi-
ne which would be the best shading system.

A conclusion that has been commonly achieved it's
that energy savings increase when using external
shading as compared to internal

Rim et al. [28] studied for a high-rise residential buil-
ding in South Korea the performance of different
shading devices. They simulated four different sha-
ding systems, analysing their impact on the heating
and cooling demand: the conventional overhang is
greatly used and it is independent of its projecting
depth; the conventional shutter system, in which
the slat can be regulated to control sunlight; internal
and external light shelves with slats thatimprove da-
ylighting performance and exterior shading device.

Alzouby et al. [27] assessed in a typical small office
in Amman city (Jordan) through a computer simula-
tion, the effect of shading devices on the amount of
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es gue el ahorro energético incremento cuando se
utilizad elementos de sombreamiento exterior com-
parado con sistemas interiores [27, 28].

Rim et al. [28] estudia en edificios residenciales en al-
tura en Corea del Sur el comportamiento de diferen-
tes sistemas de sombreamiento. Han simulado cua-
tro sistemas diferentes, analizando su impacto en la
demanda de calefaccion y refrigeracion: el voladizo
convencional se usa mucho y es independiente de
su profundidad de proyeccion; el sistema de lamas
convencional, en el cual la lama se puede regular
para controlar la luz solar; estantes de luz internos y
externos con listones que mejoran el rendimiento de
la luz natural y el dispositivo de sombra exterior.

Alzouby et al. [27] asesoraron mediante simulacion
una oficina pequefia en Amman (Jordania), el efecto
de sistemas de sombreamiento en la cantidad inci-
dente de luz y consumo energético. La conclusion
fue que hay una orientacion optima para los siste-
mas de sombreamiento, que aguarda la iluminacion
natural en un rango aceptable con la minima ganan-
cia térmica solar.

Aunque los sistemas de sombreamiento verticales
proveen una iluminacion natural muy buena y una
buena vision des del interior al exterior, proveen una
ganancia térmica solar, lo que puede influir en la de-
cision de que sistema de sombreamiento elegir.

Wang [23] presenta una estrategia de control para
los sistemas de sombreamiento orientados a sur. Si
garantiza un 70% de sombreamiento durante los pe-
riodos calidos, muestra una bajada en la demanda
de calefacciony refrigeracion. Los sistemas automa-
ticos [29, 30] reducen significativamente la reduc-
cion de calefaccion respecto a sistemas manuales.

Bellia et al. [31] estudian el efecto de sistemas de
sombreamiento exterior en edificios de oficinas ais-
lados en tres diferentes climas italianos y su influen-
cia en calefaccion, refrigeracion e iluminacion. Se
reduce la demanda de refrigeracion, pero aumenta
la de calefaccion e iluminacion. También, considera
la influencia de la orientacion cuando se escogen
diferentes sistemas de sombreamiento. Se ha pro-
bado que los sistemas de sombreamiento son mas
eficientes en climas con veranos calidos.

Palmero-Marrero [32], estudia el uso de voladizos
para fachadas a sur y lamas al este y oeste, llegando
a la conclusion que es conveniente orientar a norte
y sur las partes largas del edificio. En la orientada a
sur, influye en la profundidad del voladizo la altura
de la ventana, por ejemplo, si la altura mide 1,5m de
alto un voladizo de 1m es adecuado, pero si la ven-
tana es mas alta la profundidad del voladizo ha de
incrementar.

incident light and energy consumption. It concluded
that there is an optimal orientation for shading de-
vices that keeps the internal light at an acceptable
range with the minimum solar heat gain.

Although vertical shading devices provide very good
daylight and a good vision from the inside to the
outside, nevertheless they provide a minimum heat
gain, which may influence the decision on which
solar-shading system to elect.

Wang [23] presents a control strategy for the sun-
shading system for south-facing facade, if is 70%
shading during the non-heating season, shows low
wall heating and cooling demand. Automatic sha-
ding [29, 30] system reduces significantly heating
demand compared to a manual system.

Bellia et al. [31] study different effects of external so-
lar shading devices on standalone offices buildings
in three different Italian climates and its influence
in heating, cooling and lighting systems. It reduces
the cooling demand but increasing the heating and
lighting demand. Also, it takes into account the in-
fluence of the orientation when choosing different
shading systems. It has been proved that solar sha-
ding devices are more efficient in warmer summer
climates.

Palmero-Marrero [32], study when using overhangs
for south-facing facades and louvres on the east
and west, the following conclusion is achieved, is
convenient to orientate toward the north and south
the long sides of the building. On the south-facing
facade, influences on the depth of the overhang the
window height, for example, the for a 1.5m window
height an overhang of Tm is suitable, but if the win-
dow is higher the depth of the overhang should in-
crease.

6. Presentation of the case study
a. Study of the base scenario

The base scenario is based on the actual data of the
residential tower in Bolueta, Bilbao, which construc-
tion finished in 2018 and was certified as Passivhaus.
The project has 171 apartments on 28 floors. Fo-
llowing the Passivhaus standards, it's an extremely
high insulated and airtight building. The structure is
made of reinforced concrete and the internal parti-
tions with high insulated plasterboard. The facade
is ventilated with high insulations and finished with
black aluminium panels, which change its angle
towards the facade.

The triple-glazed windows with PVC frame have
achieved low transmittances such as 1 W/(m2K) and
0,55 W/(m2K) for the glazing. The heating and do-
mestic hot water production are centralized, and the
mechanical ventilation system it's individual for each
apartment. There is no cooling system.
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6. Presentacion del caso de estudio

a. Estudio del escenario base

El escenario base esta basado en los datos actuales
de la torre residencial en Bolueta, Bilbao, cuya cons-
truccion termind en 2018y ha sido certificada como
Passivhaus. El proyecto consta de 171 vivienda en 28
plantas. Siguiendo los estandares Passivhaus es un
edificio altamente aislado y estanco. Con estructura
de hormigon armado y particiones internas aisladas
de placas de yeso. La fachada es ventilada con ele-
vado aislamiento y acabado en paneles de aluminio
negro, que cambian de angulo respecto a la fachada.

Las ventanas de triple vidrio con marcos de PVC al-
canzan bajas transmitancias tales como 1 W/(m2K)
y 0,55 W/(m2K) para el vidrio. La produccion de cale-
faccion y ACS esta centralizada, el sistema de venti-
lacion mecanica es individual para cada apartamen-
to. No existe sistema de refrigeracion.

Después de un completo analisis de las 14 tipologias
considerando:

- Numero de orientaciones.

- Tipodetendedero:siestacerrado con una chapa
de aluminio o abierto.

« Superficie de cada tipologia: comparando su
ocupacion real extrapolada de las encuestas con
la del CTE, obteniendo superficie por persona.

- Relacion entre la superficie de ventana y facha-
da, también respecto superficie del suelo.

Se concluye que las tipologias mas interesantes son
la TII, TV t TXIII para estudiar el sobrecalentamiento
actual y posibles mejoras con sistemas de protec-
cion solar.

Se ha detectado que las casas estan sobrecalen-
tadas, alcanzando temperaturas tales como 34°C,
como se indica en el estudia realizado por el equipo
de investigacion Caviar de la UPV/EHU. Multiples
factores han inducido a este aumento de la tempe-
ratura:

« Ventilaciobn mecanica: el aire no proviene del
exterior, sino del tendedero que esta a una tem-
peratura mas elevada que el exterior, a causa de
estar semi-cerrado con chapas metalicas de co-
lor negro y orientadas a sur.

- Falta de sistemas de sombreamiento exterior,
Unicamente un estor interior que crea una cana-
ra de aire caliente entre el vidrio y el estor. Tam-
poco permite abrir completamente la ventana.

« 26% de las casas son mono-orientadas, 42%
orientacion doble en esquina y 32% ventilacion

After a full analysis of the 14 typologies considering:
» Number of orientations.

- Type of semi-closed terrace: if it's closed with an
aluminium panel or its open.

- Surfaces of each typology: its occupation and
compared to the real one taken from the survey,
resulting in the surface per person.

- Relation between the window surface and faca-
de, as well as the regarding the floor surface.

It has been concluded that the most interesting ty-
pologies are the TlI, TV and TXIlI, to study its current
overheating situation and possible improvement
with solar protection systems.

It has been detected that these houses are overhea-
ted, achieving high temperatures such as 34°C, as
indicated in the study by the research team Caviar in
the UPV/EHU. Several factors induce this incremen-
tation of the temperature.

- Mechanical ventilation: the air doesnt come
from the outside but for the semi-closed terrace.
Which's temperature is higher than the outsi-
de due to its closeness with black, most south-
orientated, aluminium panels.

« Lack of external shading system, only an internal
blind which creates a hot chamber between the
glass and the blind. Also doesn't allow the full
opening of the window.

- 26% of houses are mono-orientated, 42% dou-
ble corner orientated and 32% cross ventilation
which effects on the natural ventilation that
helps with the reduction of its internal operative
temperature.

b. Characteristics of the model

From the base model, each parameter will be simu-
lated with and without to analyse its influence on the
inside temperature asset on the following Table 4:

c. Analysis of the results

It's been considered that if the variation of tempe-
rature is higher than 0,5°C, the variation is not de-
preciable. Analysing the winter period, Figure 2, the
following considerations have been observed:

« The scenario without mechanical ventilation
it's the one that increases the most the tem-
peratures, especially the maximum ones. Also,
the scenario where the occupation occurs 24/7,
increases the inner temperature. And in those
where the natural ventilation has a higher effect
when it's not activated, the inner temperatures
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Considered

Not considered

Infiltration

0,4 ren/h at 50 Pa

No infiltration

On 24/7; three positions:

25% (M-F, 7h-15h)

Mechanical ventilation system Off
50 (M-F, 15h-23h)
100% (M-F, 23h-7h and S-S, 24h)
20% (hinged window), max 1 ren/h
Natural ventilation Winter: 12h-14h Off
Summer: 20h-8h
Fully unfolded when inner T>25°C
Solar protection Winter: 12h-17h Off
Summer: 10h-19h
Heating Guarantee inner T>20°C [W/m?year] |Off
Cooling Guarantee inner T<25°C [W/m?year] |Off
e . CTE: 0,05 pers/m2 i

Surveys: 0,03 pers/m?

Time of the occupation

CTE:

25% (M-F, 7h-15h)

50 (M-F, 15h-23h)

Without occupation (0%, 24/7)

100% (M-F, 23h-7h and S-S, 24h)

Full time (100%, 24/7)

cruzada, la cual afecta en la ventilacion natural
que ayuda a reducir las temperaturas interiores.

b. Caracteristicas del modelo

Desde el modelo base, cada parametro va a ser si-
mulado cony sin él para analizar su inflyencia sobre
la temperatura interior conforme a la Tabla 4:

c. Analisis de los resultados

Se ha considerado que si la variacion de temperatu-
ra es superior a 0,5°, no es despreciable. Analizando
el periodo de invierno, Figura 2, se observan las si-
guientes consideraciones:

El escenario sin ventilacion mecanica es en el
que mas incrementan las temperaturas, espe-
cialmente las maximas. También, el escenario
donde la ocupacion es constante, incrementa la
temperatura interior. Y en aquellos donde la ven-
tilacion natural tiene un efecto mayor y cuando
no se activado, también incrementan las tempe-
raturas.

Contrariamente, cuando la ventilacion natural se
activa, la ocupacion considerada es lareal y tam-
bién cuando la ocupacion es nula, las tempera-
turas interiores disminuyen.

Aquellos escenarios donde la variacion de tem-

increase also.

On the other hand, when natural ventilation is
activated, the occupancy considered is from the
surveys and when there is no occupation at all,
the inner temperatures decrease.

Those scenarios where the temperature varia-
tion is depreciable, are those where the original
number of infiltrations is taken into account and
the one which the heating is activated (it never
arrives at its setpoint temperature).

During the summer period, Figure 3:

The scenario without mechanical ventilation and
the scenario without solar protection the inner
temperature increase, the maximum and the
minimums, being more notable in the scenario
without mechanical ventilation.

The scenarios where the natural ventilation is ac-
tivated, the refrigeration is activated, the density
of occupation is the real one and there is no oc-
cupation at all, the inner temperatures decrea-
ses.

The scenario with the measured number for in-
filtration and the one with a full occupation, the
variation of temperature is depreciable.

Table 04.
Parameters simulated.
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WINTER Tominint2C Tmaxint2C AverageT
1_1_10_VM1_VNO_PS1_CLO_RFO_OCTE_TOCTE_TII 2343 30,33 2731
2_I_IPH_VM1_VNO_PS1_CLO_RFO_OCTE_TOCTE_TII 232 30,15 2710
3_1_l0_VMO_VNO_PS1_CLO_RFO_OCTE_TOCTE_TII 2583 3851 3424
4_1_10_VM1_VN1_PS1_CLO_RFO_OCTE_TOCTE_TII 23,39 28,96 26,24
5_I_I0_VM1_VNO_PSO_CLO_RFO_OCTE_TOCTE_TII 2333 29,73 2738
6_I_I0_VM1_VNO_PS1_CL1_RFO_OCTE_TOCTE_TII 23,44 30,33 2731
8_I_lI0_VM1_VNO_PS1_CLO_RFO_OR_TOCTE_TII 228 2976 26,15
9_I_I0_VM1_VNO_PS1_CLO_RFO_OCTE_TOT_TII 2425 3121 2832
10_I_lI0_VM1_VNO_PS1_CLO_RFO_OCTE_TOMN_TII 2152 27,08 239
1_1_10_VM1_VNO_PS1_CLO_RFO_OCTE_TOCTE_TV 21,87 28,42 2479
2_I_IPH_VM1_VNO_PS1_CLO_RFO_OCTE_TOCTE_TV 21,81 28,05 2442
3_1_l0_VMO_VNO_PS1_CLO_RFO_OCTE_TOCTE_TV 2393 3487 30,40
4_1_10_VM1_VN1_PS51_CLO_RFO_OCTE_TOCTE_TV 2192 27,713 2444
5_1_I0_VM1_VNO_PSO_CLO_RFO_OCTE_TOCTE_TV 2187 28,99 2487
6_1_lI0_VM1_VNO_PS1_CL1_RFO_OCTE_TOCTE_TV 21,81 2841 24,70
8_I_lI0_VM1_VNO_PS1_CLO_RFO_OR_TOCTE_TV 21,04 2731 2352
9_I_l0_VM1_VNO_PS1_CLO_RFO_OCTE_TOT_TV 22,714 2958 2599
10_I_l0_VM1_VNO_PS1_CLO_RFO_OCTE_TON_TV 18,77 2536 2118
1_1_I0_VM1_VNO_PS1_CLO_RFO_OCTE_TOCTE_TXII 2298 28,65 25,78
2_I_IPH_VM1_VNO_PS1_CLO_RFO_OCTE_TOCTE_TXIII 22,84 28,36 2552
3_1_l10_VMO_VNO_PS1_CLO_RFO_OCTE_TOCTE_TXIII 2533 37,93 33,29
4_1_10_VM1_VN1_PS1_CLO_RFO_OCTE_TOCTE_TXIII 22,96 2761 25,13
5_1_I0_VM1_VNO_PSO_CLO_RFO_OCTE_TOCTE_TXIII 2298 29,15 2584
6_1_I0_VM1_VNO_PS1_CL1_RFO_OCTE_TOCTE_TXIII 2298 28,65 25,79
Figure 02. 8_I_l0_VM1_VNO_PS1_CLO_RFO_OR_TOCTE_TXIII 22,06 271,16 2498
Maximum, minimum and 9_I_I0_VM1_VNO_PS1_CLO_RFO_OCTE_TOT_TXIII 23,85 2988 27,09
22’:;2%%?&%2’3%;‘23‘ each 10_I_10_VM1_VNO_PS1_CLO_RFO_OCTE_TON_TXIII 1951 2435 21,34

peratura es despreciable, son aquellos donde se
utiliza la infiltracion real y cuando la calefaccion
se activa (nunca llega a activarse).

Durante el periodo de verano, Figura 3:

« El escenario sin ventilacion mecanica y el esce-
nario sin proteccion sola, la temperatura interior
maxima y minima aumenta, siendo mas notorio
en el escenario sin ventilacion mecanica.

Los escenarios donde se activa la ventilacion na-
tural, la refrigeracion, la densidad de ocupacion
eslarealylaocupacion es nula, las temperaturas
interiores disminuyen.

« El escenario con las infiltracion real y ocupacion
constante la variacion de temperaturas es des-
preciable.

d. Definicion del estado base

Considerando las variables anteriores que influyen

d. Definition of the base scenario

Considering the previous variables that influence on
the inner temperature, the base scenario that will be
taken into account to present the different shading
system solutions and evaluate its improvement will
have the following characteristics:

Infiltration OFF / Mechanical ventilation ON / Natural
Ventilation ON / Existing solar protection / Heating
OFF / Cooling OFF / Occupancy REAL / Time of oc-
cupation CTE.

This scenario has been chosen because its proximity
to the reality, as well as the results of the inner tem-
peratures, are close to those obtained at the moni-
tored data.

7.Shading system

As mentioned before, some improvements are con-
sidered related to shading devices, analysing how
much the inner temperature decreases. The first
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SUMMER Tominint2C Tmaxint2C AverageT
1_V_I0_VM1_VNO_PS1_CLO_RFO_OCTE_TOCTE_TII 29,99 35,34 33,27
2_V_IPH_VM1_VNO_PS1_CLO_RFO_OCTE_TOCTE_TII 29,98 35,26 33,19
3_V_I0_VMO_VNO_PS1_CLO_RFO_OCTE_TOCTE_TII 32,28 42,89 38,90
4_V_I0_VM1_VN1_PS1_CLO_RFO_OCTE_TOCTE_TII 26,63 31,16 2871
5_V_I0_VM1_VNO_PSO_CLO_RFO_OCTE_TOCTE_TII 30,44 36,11 34,06
7_V_I0_VM1_VNO_PS1_CLO_RF1_OCTE_TOCTE_TII 23,00 25,35 23,83
8_V_I0_VM1_VNO_PS1_CLO_RFO_OR_TOCTE_TII 29,43 35,09 32,85
9_V_I0_VM1_VNO_PS1_CLO_RFO_OCTE_TOT_TII 30,44 35,50 33,58
10_V_I0_VM1_VNO_PS1_CLO_RFO_OCTE_TON_TII 28,47 34,46 31,95
1_V_I0_VM1_VNO_PS1_CLO_RFO_OCTE_TOCTE_TV 29,92 35,83 33,49
2_V_IPH_VM1_VNO_PS1_CLO_RFO_OCTE_TOCTE_TV 29,88 35,71 33,34
3_V_I0_VMO_VNO_PS1_CLO_RFO_OCTE_TOCTE_TV 32,10 42,56 38,77
4_V_I0_VM1_VN1_PS1_CLO_RFO_OCTE_TOCTE_TV 26,66 31,68 2893
5_V_I0_VM1_VNO_PSO_CLO_RFO_OCTE_TOCTE_TV 30,43 36,95 34,48
7_V_I0_VM1_VNO_PS1_CLO_RF1_OCTE_TOCTE_TV 23,00 25,40 23,77
8_V_I0_VM1_VNO_PS1_CLO_RFO_OR_TOCTE_TV 29,38 35,62 33,10
9_V_I0_VM1_VNO_PS1_CLO_RFO_OCTE_TOT_TV 30,34 35,96 33,77
10_V_I0_VM1_VNO_PS1_CLO_RFO_OCTE_TON_TV 28,49 35,07 32,27
1_V_I0_VM1_VNO_PS1_CLO_RFO_OCTE_TOCTE_TXIII 29,86 35,89 33,76
2_V_IPH_VM1_VNO_PS1_CLO_RFO_OCTE_TOCTE_TXIII 29,84 35,76 33,64
3_V_I0_VMO_VNO_PS1_CLO_RFO_OCTE_TOCTE_TXIII 3221 46,49 4124
4_V_I0_VM1_VN1_PS1_CLO_RFO_OCTE_TOCTE_TXIII 26,32 31,07 28,64
5_V_I0_VM1_VNO_PSO_CLO_RFO_OCTE_TOCTE_TXIII 30,40 36,98 34,74
7_V_I0_VM1_VNO_PS1_CLO_RF1_OCTE_TOCTE_TXIII 23,00 25,13 2375
8_V_I0_VM1_VNO_PS1_CLO_RFO_OR_TOCTE_TXIII 29,26 35,67 33,34 Figure 03,
9_V_I0_VM1_VNO_PS1_CLO_RFO_OCTE_TOT_TXIII 30,34 36,00 34,06 Maximum, minimum and
10_V_10_VM1_VNO_PS1_CLO_RFO_OCTE_TON_TXIII 2825 35,01 32,36 ;f;j%;tj;?iﬂegfaﬁ:jn”;fad‘

en latemperatura interior, el escenario base que va a
ser tenido en cuenta para presentar diferentes solu-
ciones de sombreamiento y evaluar su mejor tendra
las siguientes caracteristicas:

Infiltraciones OFF / Ventilacion mecanica ON/ Ven-
tilacion natural ON / Solar proteccion actual / Cale-
faccion OFF/ Refrigeracion OFF / ocupacion REAL /
Tiempo de ocupacion CTE.

Este escenario ha sido escogido por su proximidad a
la realidad, asi como por los resultados de las tem-
peraturas interiores son mas cercanos a los datos
monitorizados.

7. Sistema de sombreamiento

Como se ha mencionado previamente, algunas
mejoras estan relacionadas con sistemas de som-
breamiento analizando cuando disminuyen las tem-
peraturas interiores. La primera mejora va a estar
relacionada con las propiedades fisicas del vidrio,
mientras que el resto van a ser implementaciones

improvement is going to be related to the physical
characteristics of the glazing, while the rest will be
implementing some external shading devices.

a. Improvement on the glazing

The windows have triple glazing with a transmittan-
ce of 0,5 W/m2-K, a light transmission of 0,6 and a
total solar transmission of 0,57 (SHGC). It's proposed
to implement a layer that sticks on the inner side of
the glazing reducing its light transmission to 0,23, re-
maining the others.

The following Table 5 represents the temperatu-
res of this scenario compared to the base scenario
without any solar protection.

During the winter the higher reduction takes place
in the TV, with a difference of 1,38°C of its maximum
temperatures. While in the minimum temperatures
are almost depreciable. During the summer, the re-
duction of temperatures takes place as well in the
maximum and the minimum temperatures. Again,
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Table 05. 2EB 2 | Il »IT 28,51
Temperatures difference - -
between no solar protection 4.5L 1 _Th 274 2749
and layer protection in the )
glazing. Difference -0.03 -1.02
2.EB 2 | TV MM 2739
4.8L1 TV 20,71 26,01
Difference -0.63 -1.38
2.EB 2 | _TXI 217 2695
4.5L 1 _TXIN 21,96 . |
Difference -0.21 -0.74
2.EB 2 V il 26,51 n2%
4.5L Vv I 25,82 30,55
Difference -0.69 0.7
Rl 2.EB_2 V TV v, ¥ 31,89
£ SR TV 25 66 30,81
=
@ Difference 1,04 -1.08
2EB 2 V _TXI 26,13 H15
4.5L V _TXIN 2543 30,36
Difference -0.7 -0.79

de sistemas de sombreamiento exteriores.

a. Mejora en el vidrio

Las ventanas con triple vidrio con una transmitancia
de 0,5 W/m2-K, transmision solar de 0,6 y una trans-
mision solar total de 0,57. Se propone anadir una la-
mina adhesiva en el lado interior del vidrio, que redu-
ce la transmision solar a 0,27, manteniendo el resto
de sus propiedades.

En la siguiente Tabla 5: Diferencias de temperatura
entre ninguna proteccion solar y lamina de protec-
cion en el vidrio. se representa las temperaturas de
este nuevo escenario comparado con el escenario
base sin ninguna proteccion solar.

Durante el invierno, la reduccion maxima de tem-
peraturas ocurre en la TV, con una diferencia entre
sus temperaturas maximas de 1,38°C. Mientras que
la variacion entre las temperaturas minimas es casi
despreciable. Durante el verano, la reduccion de
temperatura ocurre en las temperaturas maximas y
minimas. De nuevo, la maxima reduccion ocurre en
la TV con una diferencia de 1,08°C.

b. Sombreamiento exterior

Acorde con la literatura, los sistemas de sombrea-
miento exterior presentan mejores resultados que
los interiores. Los sistemas que van a ser simulados
y cuyas temperaturas analizadas son:

- Estor exterior: se va a considerar el mismo exte-
rior que hay actualmente en el interior del edifi-

cio, pero colocandolo en el exterior de la ventana.

- Voladizo opaco: siguiendo el mismo disefio que

the maximum reduction is on the TV with a differen-
ce of 1,08°C.

b. External shading devices

According to the literature, external shading devices
present better results than inner ones. The devices
that have been simulated and its temperatures will
be analysed are:

- External blind: it will be considered that the
same blind that is currently on the building on
the inside, but instead, it will be located on the
outside of the window.

- Opaque overhang: following the same design
as the rest of the facade, an overhang with the
same angle variation as the facade is going to be
located in front of each window. Using the same
materials, such as the aluminium panel making a
continuous facade. The total length of the piece
is Tm.

« Translucid overhang: the same overhang as be-
fore but this time with the microperforated alu-
minium panel that is used in the closed terrace.
This allows the same continuity with the facade
as before, as well as allowing a better view from
the inside to the outside. Its dimensions are the
same.

On the following Table 6 and Table 7 is represented
the reduction of the inner temperature in winter and
summer respectively.

The first main observation that can be made is that
the overhang makes a better reduction of the inner
temperatures than when with the blind on the inside
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To min int °C

To max int °C

To min int °C

To max int °C

el resto de la fachada, se va a colocar un voladi-
z0 con la misma variacion angular respecto a la
fachada enfrente de cada ventana. Utilizando el
mismo material, como las planchas de aluminio
consiguiendo una continuidad en la fachada.
Con una longitud total de la pieza de Tm.

« Voladizo translucido: El mismo voladizo ante-
rior, pero con la plancha de aluminio microperfo-
rado utilizado en los tendederos. Esto permite la
misma continuidad en la fachada que el anterior
pero también permitiendo una mejor vista des
del interior al exterior. Sus dimensiones son las
mismas.

En la siguientes Tabla 6y Tabla 7 se representa la re-
duccion de la temperatura interior en invierno y ve-
rano respectivamente.

La primera observacion es que el voladizo reduce
mas las temperaturas interiores que el estor (tanto
por el interior como por el exterior).

En invierno, la reduccion de las temperaturas con el
estos por el exterior afectan principalmente a la Tl
(lamono-orientada a sur), alcanzando una reduccion
de 0,51°C. Elimpactoenla TVy TXIll es despreciable.
En la Tl la disminucion de las temperaturas con el
voladizo translucido respecto al opaco es ligeramen-
te inferior, mientras que en la TV y la TXIIl ocurre lo
contrario, la mayor reduccion ocurre con el voladizo
translucido, siendo la mayor reduccion en la TV con
1,42°C.

En verano, ocurre lo contrario, la reduccion de las
temperaturas es mayor con el estor exterior que con
el voladizo. La maxima reduccion de temperatura se
produce de nuevo en la TV, con una reduccion de
sus maximas de 1,34°C. De nuevo, la diferencia en-
tre opaco y translucido es reducida. Enla TIly TV la
reduccion es mayor con la opaca, mientras que en la
TXIIl es despreciable.

or the outside.

On the winter, the reduction of temperatures with
the external blind affects mainly the TII (which is
mono-orientated to the south), arriving at a reduc-
tion of 0,51°C. The impact on the TV and TXIIl is de-
preciable. On the TIl the reduction of temperatures
with the translucid overhang compared to the opa-
que oneis slightly lower, while on the TV and TXIll it's
the opposite, where the greatest reduction happens
with the translucid overhang, its lower reduction is
on the TV with 1,42°C.

On the summer, the opposite happens, the reduc-
tion of temperatures is greater with the external
blind than with the overhang. This maximum re-
duction of temperature is achieved again on the TV,
with a reduction on its maximum temperatures of
1,34°C. Again, the difference between the opaque
and translucid overhang is narrow. On the Tll and TV
is greater the reduction with the opaque one, while
its impact on the TXIII is depreciable.

8. Conclusions

On Figure 4 and Figure 5 it's presented, for the win-
ter and summer respectively, the following data per
each scenario on each typology:

« Percentage of hours above 25°C respect the to-
tal amount of data analysed

«  Maximum temperature achieved

« Minimum temperature achieved

+ Average temperature

Considering the previous results obtained from di-
fferent solar shading systems, analysing it with the

Passivhaus limitations, there is no thermal comfort.
Due to its limitation for 10% of hours above 25°C (re-

1.EB 11 _m 22,77 28,09 1.EB 1 V _m 25,97 30,60
1.EB 11 _v 21,18 26,95 1.EB 1V _v 26.03 31.14
1.EB 11 _TXi 2217 26,69 1.EB 1V _TXi 25,59 30,42
3.SE_| _Tn 1] 051 J.SEV _TH 0,64 0,75
5.8V 0| _Tul 003 —1.ﬂ|l| 5.8V_0V _t .60 0,54
E 6.5V T | T 003 1] 6SV.TV  _TI 051 044
: B v 0.16 .48 3.SE_V v 105 1M
55V 0| TV 05 138 5.5V 0V _v 0483 40,84
6.5V T I v 0,65 142 6.5V TV _v 0,73 0,75
3.5E | _TXH 0 Y 3.8E V _TXm 058 .76
5.5V 01 _TXH 0,18 057 55/ 0V _TXm 4,.33| 023
6.5V T I _TXH 018 058 6.5V TV _TX 41.25| 021
Table 06.

Reduction of temperatures
from external shading
devices in winter.

Table 07.

Reduction of temperatures
from external shading
devices in summer.
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Figure 04.

Range and comfort temperatures in each scenario in winter.
Figure 05.

Range and comfort temperatures in each scenario in summer.
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8. Conclusiones

Enla Figura 4y Figura 5 se presentan, para el invierno
yverano respectivamente, los siguientes datos anali-
zados en cada escenario en cada tipologia.

« Porcentaje de horas superior a 25°C respecto al
total de horas analizadas.

- Temperatura maxima absoluta
«  Temperatura minima absoluta
«  Temperatura media

Considerando los resultados anteriores obtenidos
de diferentes sistemas de proteccion solar, analizan-
dolos con los limites de Passivhaus, no hay confort
térmico. Puesto que la limitacion es para el 10% de
numero de horas por encima de 25°C (recomendan-
do un 5%), y Unicamente ya en verano el 100% del
tiempo se encuentra por encima, lo que hace un to-
tal de 25% del ano.

Mas en detalle, en invierno, la situacion en cada tipo-
logia es muy diferente. Enla Tll, en la situacion actual
(escenario n°1) sobrepasa el confort con 62,7% de las
horas analizadas por encima de 25°C, siendo el me-
jor resultado un 37'5% de sobrecalentamiento en el
escenario n°6, mostrando que esta lejos de conse-
guir el confort térmico.

Opuestamente, en la TXIII actualmente esta sobre-
calentada un total de 15,54% (escenario n°1) del
tiempo analizado en invierno, alcanzando un 5,77%
(escenario n°6), donde se puede considerar elevado
para datos de invierno, pero si en verano la tempera-
tura permanece estabilizada, se podria conseguir un
confort térmico.

Durante el verano, todas las tipologias estan so-
brecalentadas el 100% del tiempo, temperaturas
superiores a 25°C constantemente, incluso con la
implementacion de diferentes estrategias de som-
breamiento. Se propone futuras investigaciones a
realizar para determinar si Unicamente con solucio-
nes pasivas y combinando diferentes, seria posible
conseguir temperaturas confortables. De no ser po-
sible, un sistema de refrigeracion habria de ser im-
plementado.

commended 5%), and only in summer the 100% of
the time is above it, so it makes a total of 25% of the
year.

In detail, during the winter, the situation on each ty-
pology is very different. On the TII current situation
(scenario n°1) overpasses the comfort with a 67,27%
of the analysed time over 25°C, within the best va-
lue obtained is 37,5% overheated at scenario n°6,
data that shows that is far from achieving thermal
comfort.

On the opposite, on the TXIII currently is overheated
an amount of 15,54% (scenario n°1) of the analysed
wintertime, achieving 5,77% (scenario n°6), which
can be considered high for being winter values, but if
in the summer the temperature remains stabilized, a
thermal control can be achieved.

During the summer, all the typologies are overhea-
ted, approximately, 100% of the time is above 25°C,
even with the implementation of different solar stra-
tegies. So further research must be made to study if
with only passive solutions and combining different
ones, is possible to achieve comfortable temperatu-
res. If not, a cooling system must be implemented.
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Monitoring systems analysis for building'’s envelope
energy performance evaluation

Analisis de sistemas de monitorizacion para la evaluacion del
comportamiento energético de la envolvente del edificio

Catalina Giraldo’, Irati Uriarte', Laurent Mora?, Enrique Granada3, Aitor Erkoreka’

ABSTRACT

Domotic System (DS) and Building Automation System (BAS) technologies do not have the design, precision
and accuracy required to estimate the Heat Loss Coefficient (HLC) of in-use building envelopes. Currently, HLC
value is being estimated through experimental tests using laboratory technologies for the Monitoring and
Controlling System (MCS), being implemented with specific designs and conditions on new buildings and old
buildings before and after retrofitting [1].

HLC could be an indicator of the Building's Envelope Energy Performance (BEEP) for future Energy Perfor-
mance Certification (EPC), being necessary to improve DS and BAS technologies in order the systems to have
enough quality to permit to estimate HLC to know the BEEP in real time as accurately as possible. The im-
portance of comparing EPCs issued before and after renewal is specified on Energy Performance of Building
Directive 2010/31/EU [2] and in which remarks the importance of implementing a MCS to achieve quality
assurance ([3],[4]).

Considering all of the above, a research study of location, precision and accuracy of sensors has been carried
out through the uncertainty analysis of indoor and outdoor temperature using inmotic technologies with
technical characteristics of laboratory technologies in an experimental test of a tertiary building. The results
allow knowing the importance of sensor accuracy, in which there is a discrepancy between the manufacturer
accuracy and experimental accuracy of sensors, likewise show how the number and location of the MCS sen-
sor has animpact on HLC uncertainty. All this allows designing a specific MCS with technology characteristics
and layout distribution in order to have HLC value estimation with more precision and accuracy in order to
guarantee that the HLC value is a reliable indicator to futures EPC.

Key Words: Energy Monitoring System (EMS), Building's Envelope Energy Performance (BEEP), Heat Loss
Coefficient (HLC), Energy Efficiency of Buildings (EEB), Energy Performances Certification (EPC).

(1) ENEDI Research Group, Departament of Thermal Engineering, UPV/EHU, catalina.giraldo@ehu.eus (2) 12M - Institute of Mechanics and
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1. Introduccion

La temperatura del aire interior (T;,) v la temperatura
del aire exterior (T, de un edificio son parametros
fisicos que influyen en el flujo de calor entre el in-
terior y el exterior del edificio (el suelo, los edificios
vecinos) y en la ventilacién y la aireacion. El valor del
Coeficiente de Pérdida de Calor (HLC) es un indica-
dor del Rendimiento Energético de la Envolvente
del Edificio (BEEP). EI HLC se define como la pérdida
total de calor de un edificio que resulta de la trans-
ferencia de calor a través de la envolvente (paredes,
techo y suelo) y de la ventilacion, por la diferencia
de temperatura del aire interior y exterior, siendo
éste valor expresada como Watios por grado Kelvin
(W/K), definido por Butler y Dengel [5].

La estimacion de la HLC a su vez depende de las ga-
nancias de calor, electricidad, ocupacion y radiacion
solar, y de la temperatura del aire exterior e interior
de un edificio, cuya expresion se muestran en la
ecuacion Eq.(1) [6]. A través de un Sisterma de Moni-
torizaciony Control (MCS) instalado en un edificio, es
posible obtener las mediciones necesarias para esti-
mar el valor de la HLC reduciendo las incertidumbres
asociadas a las medidas. Para ello es necesario ins-
talar sensores con buena precision para obtener las
mediciones de las variables que permitan estimar el
valor de HLC: temperatura del aire interior y exterior,
todos los consumos de energia disipados en forma
de calor dentro de la envolvente del edificio, las ga-
nancias de calor metabolico y la radiacion solar [1].

La identificacion de todas las incertidumbres de
las medidas, como las temperaturas del aire, los
caudales de los fluidos junto con sus temperaturas
de entrada y salida, los consumos de energia y las
mediciones de la radiacion solar recogidas por los
sensores para obtener el valor de HLC, permiten co-
nocer con un cierto nivel de confianza, le valor de la
incertidumbre del HLC estimado. Para conocer esta
incertidumbre, es necesario estimar las incertidum-
bres de medida de las variables de la funcion del
HLC, HLC=f(Q(t).Re(t) Ko(t). SaVsoi(). Tin(t). Tout (t) @ par-
tir de la ecuacion Eq.(1), cuya funcién que depende
de los valores medidos de la temperatura interior y
exterior, calefaccion, ocupantes, electricidad y ga-
nancias de radiacion solar, que se representan en la
Fig. 1. Una vez estimadas las incertidumbres de estos
parametros, es necesario propagar sus incertidum-
bres en la funcion HLC teniendo en cuenta que sus
variables no son independientes entre si, por lo tanto
en la propagacion de la Incertidumbre del HLC (U, )
se debe considerar el valor de la covarianza en la pro-
pagacion del error [7]. Asi pues, es posible calcular el
valor de HLC y su incertidumbre teniendo en cuenta
la incertidumbre de medida de los parametros fisi-
COs, que a su vez son mediciones de los sensores de
un sistema de vigilancia y control (MCS).

Estimar el HLC de los edificios es importante ya que
permite comprender mejor su comportamiento

1. Introduction

Indoor Air Temperature (T;,) and Outdoor Air Tem-
perature (Toy), of a building are a physical parame-
ter that has an influence on the heat flow exchange
between interior and exterior of buildings (ground,
neighbouring buildings) and on its ventilation and
aeration. The Heat Loss Coefficient (HLC) value is an
indicator of Building's Envelope Energy Performance
(BEEP). HLC is defined as the total heat loss from a
building resulting from heat transfer through the en-
velope (walls, roof and floor) and from background
ventilation per °C of temperature difference bet-
ween inside and outside (expressed as W/K)), defi-
ned by Butler and Dengel [5].

The HLC estimation depends of heat gains, electrici-
ty gains, occupancy gains, solar radiation gains, the
outdoor temperature and indoor air temperature of
a building, which are showed in equation Eq.(1) [6].
Through a Monitoring and Controlling System (MCS)
installed in a building, it is possible to obtain the
measurements necessary to estimate the HLC value
reducing the measurement uncertainties. For this, it
is necessary installing sensors with good accuracy
to obtain the measurement required to estimate
HLC value: indoor and outdoor air temperature, all
energy consumptions dissipated as heat within the
building envelope, metabolic heat gains and solar
radiation [1].

The identification of all measurement uncertainties
such as air temperatures, fluid flow rates together
with their inlet and outlet temperatures, power
consumptions and solar radiation measurements
collected by sensors to obtain the HLC value, per-
mits to know with a certain confidence level, what
is the uncertainty value of the HLC estimated. To
know this uncertainty, it is necessary to estimate the
measurement uncertainties of HLC function'’s varia-
bles, HLC=f(Q(t),Ke(t),Ko(£).SaVso (1) Tin(t), Tout () from
equation Eqg.(1), which is a function that depend of
indoor and outdoor temperature, heating, occu-
pants, electricity and solar radiation gains, which are
represented in Fig. 1. Once the uncertainties of the-
se parameters have been estimated, it is necessary
to propagate their measurement uncertainties in
the HLC function taking into account their variables
are not independent of each other, having the HLC
Uncertainty (Uy.c) propagation based on the cova-
riance in the error propagation [7]. Thus, it is possible
to calculate the HLC value and its uncertainty taking
into account the measurements uncertainty of the
physical parameters, which in turn are measure-
ment from sensor of a Monitoring and Controlling
System (MCS).

Estimating the HLC value of buildings is important
to better understand their energy behavior, their
level of energy efficiency, and in turn allows the ge-
neration of reliable Energy Performance Certificates
(EPCs), which can be employed as a tool to determi-
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energético, su eficiencia energética, y a su vez per-
mite la generacion de Certificados de Rendimiento
Energético (EPCs) fiables, que pueden emplearse
como herramienta para determinar las discrepan-
cias entre los rendimientos en las fases de disefo del
edificio y su posterior funcionamiento [1]. Esto de-
marca la importancia de estimar los valores de HLC
con la mayor precision y exactitud posible, siendo
necesario para esto conocer todas las incertidum-
bres asociadas a la estimacion de HLC.

Este manuscrito se centra en la estimacion de T;, y
Tout COMO primer paso para poder conocer el valor
de Uy c a través de la propagacion de la incertidum-
bre.

ne the discrepancies between performances at the
design and operation phases of buildings [1]. Those
are an important reason to estimate the HLC values
with the greatest precision and accuracy as possible,
and for this, it is necessary to know all uncertainties
associated in HLC estimation.

This manuscript is focused on the estimation of Ty,
and T, as a first step to can know Uy, c through the
uncertainty propagation.

Figure 01.

Scheme of building’s thermal
envelope and the variables
involves in HLC estimation.
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Donde,
HLC: Pérdida de calor del edificio [KW/K].

Qy: Ganancia debido al sistema de calefaccion en un
instante de tiempo k [kW].

Ki: Ganancia total instantanea en un instante de
tiempo Kk (excluyendo las ganancias debido a la ra-
diacion solar y el sistema de calefaccion) [kW].

Kex: Ganancia eléctricas en un instante de tiempo
k [kW].

Koccupancy

Eq. (1)

Eq. (2)

Where,
HLC: Heat Loss Coefficient of a Building [KW/K].
Q,: Heating Gains in an Instant of Time k [kW].

K Instantaneous total Internal Gains in an Instant of
Time K (excluding solar radiation and heating) [KW].

Kek: Electricity Gains in an Instant of Time k [kW].

Kox): Metabolic Gains due of occupants in an Instant
of Time k [kW].
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Rok: Guanacias metabdlicas debido a la ocupacion
en un instante de tiempo k [kW].

S,: Apertura solar un instante de tiempo k [m2].

Vyoi: Ganancia solar global vertical en un instante de
tiempo k [kW/m2].

Tink: Temperatura del aire interior en un instante de
tiempo k [K or °C].

Toutk: Temperatura del aire exterior en un instante
de tiempo k [K or °C].

HLCygnge = HLC £ Upe  [kW]

Donde,

HLC ange: Intervalo de variacion del HLC consideran-
do la incertidumbre total del HCL [KW/K].

Upic:: Incertidumbre propaganda de la funcion del
HLC [KW/K].

2. Material y método

Para llevar a cabo este estudio se realizd un test ex-
perimental de la temperatura del aire interior y exte-
rior, para el cual se diseid un Sistema de Monitori-
zacion Mévil (MMS) instalado temporalmente en un
edificio terciario situado en Leioa (Bilbao). En el afio
2018 este edificio se reacondicion6 siendo un edi-
ficio demostrador a través del proyecto Affordable
and Adaptable Public Buildings through Energy Effi-
cient Retrofitting” (A2PBEER) [8]. El MMS se disefi6
con el objetivo de poder recoger datos en espacios
con diferente distribucion, volumen vy diferentes al-
turas.

El edificio terciario estudiado es el bloque oeste de
la rectoria de la Universidad del Pais Vasco (UPV/
EHU); el edificio esta formado por cuatro niveles. En
la planta baja (FO) se encuentra una guarderia y en
las otras tres plantas (planta uno (F1), planta dos (F2)
y planta tres (F3)) son de uso administrativo donde se
encuentran varias oficinas de trabajo. Actualmente
el edificio estudiado tiene implementado un Siste-
ma de Automatizacion de Edificios (BAS) con proto-
colo de comunicacion KNX.

Con el fin de estudiar la incertidumbre total de la
temperatura del aire, se han llevado a cabo dos prue-
bas experimentales: un test interior para monitorizar
la temperatura del aire interior (T;,) y un test exterior
para monitorizar la temperatura del aire exterior

(Tout)-

El criterio de eleccion de la tecnologia de un Siste-
ma de Monitorizacion y Control (MCS) es importante

S,: Solar Aperture in an Instant of Time k [m2].

Vo South Vertical Global Solar Radiation in an Ins-
tant of Time k [kW/m?2].

Tiinj: Indoor Air Temperature in an Instant Time k [K
or °CJ.

Tioutk: Outdoor Air Temperature in an Instant Time
k[Kor °C].

Eq.(3)

Where,

HLC ange: Heat Loss Coefficient estimate and its Maxi-
mum and Minimum range variation considering the
HLC total uncertainty [KW/K].

Unic: Heat Loss Coefficient Uncertainty Propagated
from HLC function [KW/K].

2. Material and method

To carry out this study an indoor and outdoor air
temperature experimental test was implemented,
for which a Mobile Monitoring System (MMS) was
designed and temporally installed in a tertiary buil-
ding located in Leioa (Bilbao). This building had been
retrofitted in 2018 as a demonstrator building of
Affordable and Adaptable Public Buildings through
Energy Efficient Retrofitting (A2PBEER) project [8].
The MMS was designed for the propose to collecting
data in spaces, with different distributions, volumes
and heights.

The tertiary building studied is the west block of ad-
min building of University of Basque Country (UPV/
EHU); the building consist of four levels. A nursery is
located on the ground floor (FO) and the other three
floors are formed by work offices (floor one (F1), floor
two (F2) and floor three (F3)). Currently the studied
building has implemented a Building Automation
System (BAS) with KNX communication protocol.

In order to study the air temperature total uncertain-
ty, two experimental tests have been carried out: the
interior test to monitor the Indoor Air Temperature
(T;n) and the exterior test to monitor the Outdoor Air
Temperature (Toyy).

The choice of technology of a Monitoring and Con-
trolling System (MCS) is important in order to deter-
minate the accuracy level of sensor measurements.
Currently the technology used on domotic systems
and building automation systems do not has a good
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para determinar el nivel de exactitud de medida de
los sensores. Actualmente la tecnologia utilizada en
los sistemas domoticos vy en los sistemas de auto-
matizacion de edificios no tiene una buena precision
y exactitud, siendo necesario introducir una tecno-
logia con mas precision y exactitud de medida para
aumentar la fiabilidad del MCS [1]. En base a esto, se
han elegido sensores con tecnologia de alta preci-
sion para ambos test. En esta seccion se describen
los test interior y exterior, la distribucion de los sen-
sores junto con sus caracteristicas técnicas.

2.1. Test experimental interior

Dos pisos del edificio terciario estudiado han sido
temporalmente monitorizados con el MMS, la se-
gunda planta (F2) y la tercera planta (F3). Estas dos
plantas fueron elegidas porque en ellas hay cuatro
tipologias diferentes de oficinas, las cuales tienen
distinta distribucion espacial y geométrica. Cada ofi-
cina por lo tanto tiene una tipologia pudiendo iden-
tificar cuatro Tipologias de Oficinas u Oficinas Tipo
(OT). En F2 hay tres OT: OT1, OT2 y OT3, mientras
que en F3 sblo hay una tipologia de oficina llamada
OT4. En el caso de la F2 hay tres areas de oficinas in-
dependientes con caracteristicas diferentes, donde
diferentes Espacios de Trabajo (WS) con diferentes
areasy volumenes componen cada oficina. En la Fig.
2 se muestra la distribucion de cada OT con sus re-
ferencias WS.

El MMS esta compuesto por ocho tripodes y dieci-
nueve sensores instalados, de los cuales dieciocho
son de la referencia EE800-M12)3 y uno es de la re-
ferencia EEO7T1-HTPC con proteccion a la radiacion
solar (la Tabla 1 muestra la precision de medicion de
los sensores segun el fabricante), la Fig. 3 muestra los
tripodesy sensores instalados. Para estudiar la incer-
tidumbre de la temperatura del aire interior (U_T) en
cada oficina, los sensores se han colocado a diferen-
tes alturas en los tripodes:

- Alta (h): Situados a 30 cm del techo del OT.

«  Media (m): Situados a la altura media entre el te-
chovy el suelo de cada OT.

- Bajo (I): Situado a 30 cm del suelo de la sala de
operaciones.

La Tabla 2 muestra la localizacion del sensor sobre
cada tripode basada en la disposicion mostrada en
la Fig. 2.

precision and accuracy, being necessary to intro-
duce technology with more accuracy to increase
the reliability of the MCS [1]. Based on this, sensors
with high precision technology have been chosen
for both tests. This section describes the interior and
exterior tests, the layout of the sensors together with
their technical characteristics.

2.1. Interior experimental test

Two floors of the studied tertiary building have been
temporally monitored with the MMS, the floor two
(F2) and floor three (F3), These two floors were cho-
sen because there are four different types of offices,
which have different spatial and geometric distribu-
tion. In the case of F2 there are three independent
office areas with different characteristics, where di-
fferent Workspaces (WS) with different areas and
volumes compose each office. In each floor there are
offices with different distribution, which have been
called Office Typology (OT). In F2 there are three OT:
OT1,0T2and OT3, while in F3 there is only one office
typology called OT4. The distribution of each OT with
its WS references are shown in Fig. 2.

The MMS consists of eight Tripods and nineteen
sensors installed, of which eighteen sensors are
EE800-M12J3 type and one sensor is EEO7T1-HTPC
with shielding type (Table 1 shows the measure-
ment and manufacturer accuracy of sensors), Fig. 3
shows the tripods and sensors installed. In order to
study the indoor Air Temperature Uncertainty (U_T)
in each office the sensors has been located at diffe-
rent heights on the tripods:

« High (h): Located 30 cm from the OT ceiling.

+ Medium (m): Located at the average high bet-
ween the ceiling and floor of each OT.

« Low (l): Located 30 cm from the OT floor

Table 2 shows the sensor's localization over each tri-
pod based on layout shown in Fig. 2.

Sensor Reference Measure

Accuracy

Temperature

+0.3°C

EE+Plus:

+ 3% RH(30..70%RH)

EE800-M12)3 Relative Humidity

+/- 5% RH(10..90%RH)

Carbon Dioxide

0...2000ppm <  (50ppm +2% of
measured value)

EE+Plus Temperature

+0.1°Cat23°C

EEO71-HTPC

+2 % RH (0...90 % RH)

Relative Humidity

+3 % RH (0...100 % RH)

TableO1.

Manufacturer accuracy of
Sensor installed on MMS.
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Figure 02.

Sensor Layout of Office
Typologies (OT) Tests: a) OT1,
b) OT2,c) OT3 and d) OT4.
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Office

Number of

Wws

Typology WS Reference Sensor Reference
2C1 T8.h.17-T8.m.19-T8.1.18
2C1.1 T1.h.1-T1.m.2-T1.L.3
2C1.2 No tripod
oT1 6 2C1.3 T5.1.11
2C1.4 T3.h.7
2C1.5 T2.h4-T2.m.5-T2.l.6
2C1.6 T4h.8-T4.m.9-T4.1.10
oT2 ] 2C2 T7.h.15-T7.m.30-T7.1.16
2C2.1 T6.n.12-T6.m.13-T6.1.14
2C3 T8.h.17-T8.m.19-T8.1.18
2C3.2 T6.h.12-Te.m.13 - T6.1.14
2C3.3 T4h.8-T4.m.9-T4.1.10
2C3.4 T7.h.15-T7.m.30-T7.1.16
oT3 8 2C3.5 T2.h.4-T2.m.5-T2.1.6
2C3.6 No tripod
2C3.7 T5.1.11
2C3.8 T3.h.7
2C3.9 T1.h1-T1.m.2-T1.l.3
3C1 T1.h.1-T1.m.2-T1.1.3-T2.h.4-T2.m.5-T2.1.6 - T4.h.8 - T4.m.9 - T4.1.10 -
T6.n.12-T6.1.14-T7.h.15-T7.m.30-T7..16 - T8.h.17-T8.m.19-T8.1.18
oT4 3 3C1.1 T5.1.11
3C1.2 T3.h.7
3C1.3 No tripod

Table 02.

Sensor reference and
distribution of sensor based
on Fig. 2.

Figure 03.

Tripods and sensors installed
in the interior experimental
test.
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2.2. Test experimental exterior 2.2. Exterior experimental test
Ocho sensores EEOT1-HTP con proteccion a la ra-  Eight EEO7T1-HTP sensors with shielding have been
diacion solar han sido instalados a diferentes alturas  located around the building envelope at different
alrededor de la envolvente del edificio con diferentes  heights and different cardinal orientations: North
orientaciones cardinales: Norte (n), Sur (s), Este () y  (n), South (s), East (e) and West (w), of which seven
Oeste (w), de los cuales siete sensores tienen protec-  sensors have solar radiation shielding without me-
cion de radiacion solar sin ventilacion mecanicayun  chanical ventilation and one sensor have solar ra-
sensor tiene proteccion de radiacion solar con ven-  diation shielding with mechanical ventilation. Fig.
tilacion mecanica. En la Fig. 4 se muestra la dispo- 4 shows the sensor layout of the exterior test and a
sicion de los sensores del test experimental exterior  picture of sensors is shown in Fig. 5. Table 3 shows
yen la Fig. 5. se muestra una imagen de los sensores  the sensor references, location, sensor identifier and
instalados. En la Tabla 3 se muestran las referencias ~ manufacturer's references.
de los sensores, su localizacion, identificador del sen-
sor y referencias del fabricante.
Sensor Facade (F) / Floor Cardinal Sensor ID Sensor Manufacture
Reference Roof (R) orientation Reference
E.F1.n.20 F 1 n 20 EEOT1-HTP'
E.F1.n.21 F 1 n 21 EEO71-HTP
EF1l.w.22 F 1 w 22 EEOT1-HTP'
E.F1.5.23 F 1 s 23 EEOTTHTP’
E.F2.5.24 F 2 s 24 EEOT1-HTP'
E.R3.5.25 R 3 s 25 EEO71-HTP"
E.R3.5.26 R 3 s 26 EEOT1-HTP'
E.R3.n.27 R 3 n 27 EEO71-HTP'
Table 03. .
Sensor reference and EEO71-HTP protected with solar radiation shielding without mechanical ventilation.
gEtFriigu:ion of sensor based " EEO71-HTP protected with solar radiation shielding with mechanical ventilation.

3. Metodologia

Las medidas de temperatura tomadas por un sensor
tienen asociadas diferentes tipos de incertidumbres,
que a través de la dispersion en sus valores medidos
es posible obtener una estimacion del valor de la
incertidumbre cuando se toman varias medidas de
forma repetida (mas de 30 repeticiones). En las ob-
servaciones experimentales realizadas, la evaluacion
de la incertidumbre se realizd6 mediante el analisis
estadistico en base a una distribucion estadistica de
tipo A [9], siendo el caso de estudio la incertidumbre
expandida de la temperatura del aire interior y exte-
rior (identificada en este manuscrito como Incerti-
dumbre de la temperatura (Uy)).

La muestra estudiada son los Instantes de Tiempos
Cada una de las muestras estudiadas tiene N Ins-
tantes de Tiempo (ty), donde cada ty tiene tantas
mediciones de Temperatura del Aire Interior (T,) 0
Temperatura del Aire Exterior (T,,) como sensores
hay en el MMS. Cada sensor ocupa un Diferencial de
Volumen (dv) dentro del volumen de cada zona mo-
nitorizada. Todas las mediciones de temperatura de
cada ty se centran respecto la temperatura media
de todas las mediciones de temperatura en este ins-
tante de tiempo ty y estima su varianza (Eqg.(5)). Final-
mente, utilizando (Eq.(8)) se estima la varianza media

3. Metholodogy

The temperature measurements collected involve
uncertainties, which when measured repeatedly
(more than 30 repetitions) give an indication of the
uncertainty of measurement through the dispersion
in their measured values. In the experimental obser-
vations carried out, the evaluation of uncertainty by
statistical analysis is called Type A evaluations [9],
where the case study is the expanded uncertainty of
the indoor and outdoor air temperature (identified
in this manuscript as Temperature Uncertainty (Uy)).

Each of the samples studied have N Instants of Time
(tn), where each ty has as many Indoor Air Tempera-
ture (T;,) or Outdoor Air Temperature (T,,;) measure-
ments as sensors there are in the MMS. Each sensor
occupy a Volume Differential (dv) within the volume
of each monitored zone. Each ty, all temperature
measurements are centred on the average tempera-
ture of all the temperature measurements on this ty
time instant. Then the variance (Eq.(5)) is estimated
for these centred temperatures on all N time instants
(tn) composing each test. Finally the Mean Variance
(0?) using Eqg.(8) of whole period of each test is esti-
mated.

In statistical analysis of Type A assessment, the mea-
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Figure 05.
Sensors installed in the
exterior experimental test.
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de los N ty que componen el periodo completo de
cada prueba.

En el analisis estadistico de la evaluacion del Tipo
A, la incertidumbre en la medicion para cada pe-
riodo de prueba se estima mediante la desviacion
estandar media (o) de todas las mediciones de la
temperatura centrada en el respecto a la tempe-
ratura media de un periodo completo. La ecuacion
estadistica implementada en el analisis de incerti-
dumbre se muestra en la Eq.(4), Eq.(5), Eq.(6), Eq.(T),
Eq.(8) v Eq.(9). Si el valor de (¢7) de una distribucion
de Tipo A con 30 o mas mediciones repetidas, se
multiplica por un Factor de Cobertura (K) entonces
se espera obtener una incertidumbre con un nivel de
confianza. Esta incertidumbre se denomina valor de
Incertidumbre Expandida (U) (Eqg.(10)), cuyo valor se
encuentra en el intervalo del nivel de confianza del
95% si el valor k es igual a 2 y si el valor Kk es igual a
3 se encuentra en el intervalo del nivel de confianza
del 99% [9].

En este estudio se han estimado dos incertidumbres
diferentes:

+ Incertidumbre del sensor de temperatura (Urs)):
Incertidumbre debida a un error sistematico (va-
lor dado por el fabricante del sensor).

- Incertidumbre de la (U7): Incluye las incertidum-
bres debidas a los errores sistematicos (Urg) v
debido a otras causas de incertidumbres (errores
aleatorios).

Hey = 721 (T vy, [Kor°Cl

2 _ 1

Tty T 7

iZ=1(T)dvi'tN - I’lfN)Z

0y = /0%, [Kor°C]

A= Ziy=1hey [Kor°C

1

N

62:121\1 o2, [K]
N &tn=10 "ty

5 = V&2 [Kor °C]

U=20) [Kor°C]

Donde,

« (Mavin: Temperatura del aire (T;, or Ty,) medida
por los sensores, los cuales ocupan un Volumen
Diferencial (dv) del interior o exterior del edificio
para cada ty [K or °C].

surement uncertainty for each testing period is es-
timated through the Mena Standard Deviation (¢7)
of all centred temperature measurements of each
complete period. The statistical equation implemen-
ted in the uncertainty analysis are shown in Eq.(4),
Eq.(5), Eq.(6), Eq.(7), Eq.(8) and EQ.(9). If the ¢~ value
of a Type A distributions with 30 or more repeated
measurements, it is multiplied by a Coverage Factor
(K) then is expected to obtain an uncertainty with a
confidence level. This uncertainty is called Expanded
Uncertainty value (U) (Eq.(10)), whose value is in the
95% confidence level interval if k-value is equal to 2
and if K-value is equal to 3 itis in the 99% confidence
level interval [9].

There are two different uncertainties studied and ex-
posed in this document:

+ Temperature Sensor Uncertainty (Uy): Uncer-
tainty due to systematic error and it is a value
given by the sensor manufacturer.

« Temperature Uncertainty (Uy): Includes uncer-

tainties due the systematic errors (Uy) and due
to other causes of uncertainties (random errors).

Eq. (4)
[K?] Eq. (5)
Eq. (6)
Eq. (7)
Eq. (8)
Ea. (9)
Eq. (10)

Where,

« (Mavgny: Air Temperature (Ti, or To) measure-
ments from the sensor occupying Volume Di-
fferential (dv) at outside or inside of building for
each ty [K or °C].
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« Uy Media de la temperature del aire (Ty, or Toy)
para cada ty [K or °C].

e o?y: Varianza de la temperature del aire (T, or
Tout) Para cada ty [K2].

e oy Desviacion estandar de la temperature del
aire (T, or Ty para cada ty [K or °C].

e |i: Media global de todas las muestras ty [K or
°C].

e ¢ 2 Varianza media de todas las muestras ty [K2].

e o Desviacion estandar media de todas las
muestras ty [K or °C].

« Uq: Incertidumbre expandida de la temperatura
[Koreoc].

« Z: Numero de medidas de temperatura T;, or
Tout Para cada ty.

- N: Tamano muestral (nGmero de instantes de
tiempo ty).

4. Resultados y discusiones

En esta seccion se presentan y discuten los resulta-
dos de la Incertidumbre de la Temperatura del Aire
Interior (Utin) v la Incertidumbre de la Temperatura
del Aire Exterior (Utoy:), que han sido estimados para
cada test experimental.

4.1. Incertidumbre del sensor de
temperatura interior (Urs))

Las Incertidumbres del Sensor de Temperatura del
Aire Interior (Uriyq) v la Incertidumbres del Sensor
de Temperatura del Aire Exterior (Uryys) (Tabla 4)

« U Mean of Air Temperature (T;, or Tyy) for
each ty [K or °C].

o o’y Variance of Air Temperature (T, or To,) for
each ty [K2].

e oy Experimental Standard Deviation of Air
Temperature (T;, or T for each ty [K or °C].

e 1 Global Mean of ty Samples [K or °C].
e &2 Mean Variance of ty Samples [K2].

e ¢ Mean Standard Deviation of ty Samples [K
or °C].

«  Ug: Temperature Expanded Uncertainty [K or °C].

« Z: Number of T;, or Ty, measurement for each
ty.

+ N: Sample Size defined by the Number of Ins-
tants of Time ty.

4, Results and discussion

This section shows the Indoor Air Temperature un-
certainty (U;,) and Outdoor Air Temperature Uncer-
tainty (Uroye) estimated from experimental test.

4.1. Air Temperature Sensor Uncertainty
(Urs)

The Indoor Air Temperature Sensor Uncertainties
(Utin) and Outdoor Air Temperature Sensor Un-
certainty (Urouys) (Table 4) are given by the sensor
manufacturer (Table 1), whose values are equal to +
0.3°C (EE800-M12J3) and + 0.1°C (EEO71-HTPC) res-
pectively, with a greater manufacturer accuracy for
the EEO71-HTPC sensor than EE800-M12J3 sensors.

Air Temperature Sensor
Study Case Uncertainty
(UTin(s),UTout(s)) [°C]
Indoor Air Temperature +0.3
Outdoor Air Temperature +0.1

son dados por el fabricante del sensor (Tabla 1) e
iguales a £ 0,3°Cy + 0,1°C respectivamente para las
referencias EE800-M12J3 y EEO71-HTPC, teniendo
una mayor precision de fabrica para el sensor EEO71-
HTPC que para los sensores EE800-M12)3.

4.2. Incertidumbre de la Temperatura del
Aire (Uy)

En base del analisis estadistico expuesto en la sec-
cion 3, los valores de Ut se han estimado calculando

4.2, Air Temperature Uncertainty (U;)

Based on the statistical analysis of section 3, the Ut
values have been estimated based on the Expanded
Uncertainty (U) with the 95% confidence level inter-
val. The data analysis of the exterior experimental
test has been estimate the Outdoor Air Temperature
Uncertainty (Ut being equal to +2.22°C (Table 6).
Likewise analysing the data from interior experimen-
tal test, the Indoor Air Temperature Uncertainties
(Ugyp) for OT1, OT2, OT3 and OT4 are equal to +0.71

Table 04.

Temperature Sensor
Uncertainties.
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Table 05.
Uncertainties of Indoor Air
Temperature.

Table 06.

Outdoor Air Temperature’s
Uncertainties of building.

la Incertidumbre Expandida (U) con un intervalo de
nivel de confianza del 95%. En el analisis de los da-
tos del test experimental exterior el valor estimado
de la Incertidumbre de la Temperatura del Aire Ex-
terior (Utoyy) es igual a £2,22°C (Tabla 6). Asimismo,
analizando los datos del test experimental interior,
la Incertidumbre de la Temperatura del Aire Interior
(Upip) para OT1, OT2, OT3 y OT4 son iguales a +0,71
°C, £0,74 °C, £1,07 °Cy +0,83 °C respectivamente
(Tabla 5). Los valores Uy, para OT1y OT2 son muy
similares; ambos tienen una distribucion espacial
diferente y un volumen total diferente, pero sus ma-
yores fachadas estan orientadas al norte. El valor Uy,
de OT3 es significativamente mayor que el resto de
los valores Uri,, ya que la fachada mas grande de esta
OT esta orientada hacia el sur mientras que su dis-
tribucion geométrica y de volumen es relativamente
similar a la de OT1. Ademas, el valor Uy, del OT4 es
un valor intermedio de todos los Uy, donde su dis-
tribucion espacial y su volumen total es totalmente
diferente del resto de los OT. Las dos fachadas mas
grandes de este OT estan orientadas al sur y al norte,
mientras que su fachada mas pequena esta orienta-
da al oeste.

Los resultados muestran que los valores Urgyt Y Utin
tienen Ordenes de magnitud mayores que sus res-
pectivos valores Uring Y Urours)- Ademas, los valores
Ut son considerablemente mayores en T, respecto
aTin.

5. Conclusiones

En un edificio terciario en uso, los valores de incerti-
dumbre de la temperatura del aire interior y exterior,
[lamados en este documento Incertidumbre de la
Temperatura (Uy), son mayores que la precision del
fabricante, llamada en este documento Incertidum-
bre del Sensor de Temperatura (Urs). Normalmente
la Incertidumbre del Sensor de Temperatura (Uy)
es el valor considerado como incertidumbre de las
mediciones de la temperatura del aire interior y exte-
rior para la estimacion del Coeficiente de Pérdida de
Calor (HLC), excluyendo otras causas de incertidum-
bre como el comportamiento del usuario, la inciden-
cia de la ganancia de radiacion solar, la incidencia del
sistema de calefaccion y de ventilacion, entre otros.

Las oficinas con una mayor superficie de fachada
orientada al sur tienen valores de Incertidumbres
de Temperatura (U7) del aire interior mayor que las
oficinas con una mayor superficie de fachada orien-
tada al norte. Las oficinas con grandes superficies de
fachada orientadas al sury al norte tienen valores de
incertidumbre cercanos a las oficinas con una sola
gran superficie de fachada orientada al norte.

Por lo tanto, al estimar el Coeficiente de Pérdida de
Calor (HLC) considerando s6lo el valor de la precision
del sensor de temperatura del aire que da el fabri-
cante, se excluyen la mayor parte de las causas de
las incertidumbres de las mediciones de Ty, and Tq.

°C, +0.74 °C, +1.07 °C and +0.83 °C respectively (Ta-
ble 5). The Uy, values of OT1 and OT2 are very simi-
lar; both have different geometrical and volume dis-
tribution but their largest facades are facing north.
The Uy, value of OT3 is significantly higher respect
the rest of Uy, values, this OT largest facade is facing
south while its geometrical and volume distribution
is relatively similar to OT1. Furthermore, the UT;,
value of OT4 is an intermediate value of all Uy, its
geometrical and volume distribution is totally diffe-
rent from the rest of OTs. This OT's two main facades
are facing south and north and its smaller fagade is
facing west.

The results show the Uy, and Uy, values are orders
of magnitude greater than their respectively Urin
and Uy Values. In addition, the Uy values are con-
siderably greater at T, than Tj,.

Indoor Air Temperature’s Uncertainties
Temperature Sensor Temperature
Office Uncertainty Uncertainty
Typology
0, 0,
Uy, 0l WUy, [°c]
oT1 +0.71
oT2 +0.74
+0.3
OT3 +1.07
OT4 +0.83
Temperature Sensor Temperature
Uncertainty Uncertainty
Outdoor Air
Temperature
P (Ur,,,,, )l Uy, ) [°c]
+0.1 +2.22

5. Conclusions

In an in-use tertiary building, the uncertainty values
of the indoor and outdoor air temperature, called
in this document Temperature Uncertainty (Uq),
are greater than the manufacturer accuracy, called
in this document Temperature Sensor Uncertainty
(Ursy). Usually the Temperature Sensor Uncertainty
(Urs) is the value considered as uncertainty of the
indoor and outdoor air temperature measurements
for the Heat Loss Coefficient (HLC) estimation, exclu-
ding other causes of uncertainty as the user beha-
viour, solar radiation gain’s incidence, heating and
ventilation system incidence and others.

The offices with a larger south-facing facade area
have uncertainties of indoor air Temperature (Uy)
greater than the offices with larger north-facing fa-
cade area. The offices with large south and north
facing facade areas have uncertainty values close to
offices with only one large north-facing facade area.
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Asi pues, al estimar el Coeficiente de Pérdida de Ca-
lor (HLC) se subestimaria dicho valor al no considerar
la incertidumbre total de las temperaturas del aire
interior y exterior.
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Appendix A

Acronym Meaning
A2PBEER Affordable and Adaptable Public Buildings through Energy Efficient Retrofitting
BAS Building Automation System
BEEP Building's Envelope Energy Performance
°C Celcius Grade
DS Domotic System
dv Volume Differential
e East
E Exterior
EEB Energy Efficiency of Building
EMS Energy Monitoring System
EPC Energy Performances Certification
EU Europe Union
h High
HLC Heat Loss Coefficient [KW/K]
HLCrange Heat Loss Coefficient estimate and its Maximum and Minimum range variation [KW/K]
K Coverage Factor
Kex Electricity Gains in an Instant of Time k [kW]
kw Kilo Watt
Kok Metabolic Gains due of occupants in an Instant of Time k [kW]
K Instantaneous total Internal Gains in an Instant of Time k [kW]
| Low
m Medium
m’ Square Meter
MCS Monitoring and Controlling System
H Global Mean of ty Smples [K or °C]
Hey Mean of Air Temperature for each ty[K or °C]
MMS Mobile Monitoring System
MONITHERM !nves.tigatio.n of monitoring tec}'\ni}]ues of occupied buildings for their thermal characterization and methodology to
identify their key performance indicators
n North
N Sample Size defined by the Number of Instants of Time ty
oT Office Typology
oT1 Office Typology One
o712 Office Typology Two
0T3 Office Typology Three
OT4 Office Typology Four
Qk Heating Gains [kW]
RH Relative Humidity
S South
Sy Solar Aperture in an Instant
G Mean Standard Deviation of t); Samples [K or °C]
Ory Experimental Standard Deviation of Air Temperature for each ty[K or°C]
G2 Mean Variance of ty Samples [K2]
oth Variance of Air Temperature foreach ty[K2]
( )d"u\; Air Temperature measurements from the sensor occupying Volume Differential
tn Instants of Time
T Indoor Air Temperature [K or °C]
Tour Outdoor Air Temperature [K or °C]
U Expanded Uncertainty
Ugnrc HLC Uncertainty [KW/K]
UPV/EHU University of Basque Country
Ur Temperature Uncertainty [K or °C]
U'rm Indoor Air Temperature Uncertainties [K or °C]
Toue Outdoor Air Temperature Uncertainty [K or °C]
Uresy Temperature Sensor Uncertainty [K or °C]
U'rm(.J Indoor Air Temperature Sensor Uncertainties [K or °C]
UT,,“"_,) Outdoor Air Temperature Sensor Uncertainty [K or °C]
Vol South Vertical Global Solar Radiation [kW/m?]
w West
W Watt
WS Workspace
z Number of Temperature measurement for each Ty
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Analysis of the airtightness of the Basque Country
social housing stock

Analisis de la estanqueidad al aire de la envolvente del
parque de viviendas de alquiler publico del Pais Vasco

Pablo Hernandez', Juan Maria Hidalgo', Eider Iribar’, Imanol Ruiz de Vergara', lvan
Flores!

ABSTRACT

Adetailed analysis of the airtightness was carried out in 35 social dwellings of the Basque Country in 2019. The
aim of this study was to evaluate the significance of air leakages in social housing and its relationship with the
energy performance of these buildings. This research allowed to assess the magnitude of the air leakages and
to identify the main areas of infiltration. Besides, the results of the study were compared to national and Eu-
ropean references in order to position the quality of construction of the social housing in the Basque Country.

The tested 35 dwellings were selected among 11 buildings, as a representative sample of the social housing
stock of the Basque Country in terms of the year of construction, HVAC system features and Energy Perfor-
mance Certificate (EPC). The blower door tests were carried out following the UNE-EN 13829:2002 (updated
recently by UNE-EN ISO 9972:2019). All the dwellings were tested under the method B of the standard to
evaluate the envelope leaks. Additionally, 8 of them were also tested using the method A to measure the
impact of ventilation and intended openings. For the analysis, several variables were taken into account, such
as the typology of the dwelling, the number of bedrooms, the net floor area and the internal volume. In order
to complete the study additional measurements were done, using an infrared camera to locate the main infil-
tration areas and a thermo-anemometer to assess the magnitude of the air infiltrations.

The results revealed that there are no clear lineal relations between dwelling parameters as the internal volu-
me and the airtightness of the dwellings. Neither the typology of the dwellings, nor the net floor area, the EPC
or HVAC features seem to have a direct influence on the air leakages. On the other hand, a clear difference is
observed when comparing the average airtightness of the 11 analyzed buildings, which suggests the mayor
role of the quality of construction. The air exchange rate at 50 Pa (n50) ranges from a maximum of 7,0 h-1 to
a minimum of 1,8 h-1 among the 35 tested dwellings. In the 8 housings tested in more detail, using methods
A and B of the standard, the difference between both methodologies was significant and showed an average
increase of a 31 % in the air changes per hour rate. The location of air leakage areas also showed a great varia-
bility among dwellings, although the main areas of air leakage were found around the windows and the boxes
of roller shutters. Lastly, the comparison with up to date national studies showed that the airtightness of the
Basque Country social housing stock is notably better, with average 4,0 h-1 against values that range from 7,7
h-1 in Spanish multifamily buildings to 7,0 h-1 in Spanish social housing.

Rey Words: air leakage, blower door test, energy losses

(1) ENEDI Research Group, Department of Thermal Engineering, UPV/EHU, pablo.hernandezd@ehu.eus
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Analysis of the airtightness of the Basque Country social housing stock

1. Introduccion

Los edificios residenciales son responsables de apro-
ximadamente el 40 % del consumo energético y
del 36 % de emisiones de CO2 de la UE [1]. Dos de
los principales factores que influyen en el consumo
energético del edificio son las instalaciones energé-
ticas y las caracteristicas constructivas. Dentro de
las caracteristicas constructivas se tienen en cuenta
aspectos como el nivel de aislamiento, la calidad de
los materiales, la presencia de puentes térmicos, etc.
Otro aspecto que puede influir notablemente en la
eficiencia energética del edificio es la estanqueidad
de la envolvente, que determina la cantidad de infil-
traciones de aire no controladas que se producen en
el edificio. Desde el punto de vista energético intere-
sa aumentar la estanqueidad de la envolvente para
minimizar las pérdidas energéticas que se produ-
cen por las infiltraciones de aire. Sin embargo, una
estanqueidad excesiva combinada con una mala
ventilacion de la vivienda puede generar problemas
relacionados con la calidad de aire interior, al au-
mentar la concentracion de contaminantes y el nivel
de humedad [2]. Por ello, una correcta caracteriza-
ciony control de la estanqueidad de la envolvente de
los edificios juega hoy en dia un papel esencial en la
eficiencia energética en edificacion.

Debido a las recientes regulaciones que limitan la
transmitancia térmica de la envolvente de los edi-
ficios [3], las pérdidas de energia por infiltracién co-
bran mayor protagonismo en el computo global del
consumo energético del edificio, en detrimento de
las pérdidas energéticas por transmision, que son
cada vez menores en los edificios de energia casi
nula (EECN). Por ello, los proyectos que abordan este
aspecto se han venido intensificando en los Ultimos
anos [4], [5]. Los primeros a un nivel detallado fueron
desarrollados en Estados Unidos y Canada y revela-
ron que las pérdidas de energia por infiltraciones de
aire pueden suponer entorno al 25 % de la demanda
de calefaccion y al 3 % de la demanda de refrigera-
cién en edificios situados en climas frios [6], [7]. En
paises con climas mas benevolentes, como Espana,
este tipo de estudios se encuentra en una fase mas
temprana de desarrollo ya que tradicionalmente se
ha utilizado la ventilacion natural, hasta la entrada en
vigor del DB-HS3 del CTE en 2006.

En Espana el estudio pionero sobre la estanquei-
dad de los edificios ha sido el proyecto INFILES [5],
desarrollado entre los anos 2016 y 2018. El estudio
se desarrolld sobre una muestra de 401 viviendas re-
partidas a lo largo de la geografia espanola. Para el
analisis se tuvieron en cuenta, entre otros, factores
como el ano de construccion, el tamano del edificio,
la tipologia, el numero de pisos, las caracteristicas
constructivas y las de las instalaciones, etc. Los resul-
tados revelaron una tasa promedio de renovaciones
de aire de 7,12 h-1 y una permeabilidad al aire a 50
Pa de 5,63 m3/(h-m?) [8]. En cuanto a la repercusion
energética de las infiltraciones de aire, estos estudios

1. Introduction

Residential buildings account for the 40 % of the
energy consumption and 36 % of CO2 emissions in
the European Union [1]. The energy systems and
the constructive characteristics are two of the main
factors that influence the energy consumption of a
building. Some of the constructive characteristics of
a building are the level of insulation, the quality of
the materials, the amount of thermal bridges, etc.
Another aspect that may influence notably the ener-
gy efficiency of the building is the air tightness of the
envelope, which determine the amount of uncon-
trolled air leakages in the building. From the point of
view of energy, a high air tightness is desired in or-
der to minimize the energy losses associated to air
leakages. However, an excessive level air tightness
of the building in combination with a bad ventilation
may lead to air quality problems, increase the con-
centration of pollutants and the level of humidity [2].
Therefore, a suitable characterization and control of
the air tightness of the buildings plays an important
role in the energy efficiency of the building.

Due to recent regulations limiting the thermal trans-
mittance of the envelope of the buildings [3], the
energy losses related to air leakage become more
important in detriment of the energy losses due to
thermal transferences, which have diminished in
nearly zero energy buildings (nZEB). Thus, projects
regarding this matter have increased in the past few
years [4], [5]. The first detailed studies were carried
out in the United States and Canada and showed
that the energy losses related to air leakage could
account for the 25 % of the heating demand and 3
% of the cooling demand in buildings located in cold
climates [6], [7]. In countries with a moderate clima-
te such as Spain, where natural ventilation was more
frequent until the entry into force of the DB-HS3 of
the CTE in 2006, this kind of studies are still in an
early development stage.

In Spain, the INFILES Project [5] developed bet-
ween years 2016 and 2018, is pioneer regarding this
matter. The study had a sample of 401 dwellings
spread throughout the Spanish geography. Several
aspects such as the year of construction, the size
of the building, the typology, the number of floors,
the constructive and energy system characteristics
were taken into account for the research. The results
showed an average air changes per hour of 7,12 h-1
and an air permeability at 50 Pa of 5,63 m3/(h-m?) [8].
Regarding the energy impact of the air leakage, this
research point out that they may account for the 10
% of energy losses of residential buildings in Spain

[9].

The building stock of any country is highly hetero-
geneous and there are many classifications in order
to categorize it. One of them is to differentiate the
property of the building between public and private.
Residential public buildings are buildings managed
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senalan que las pérdidas pueden suponer mas del 10
% del consumo de energia en los edificios residen-
ciales de Espaia [9].

El parque de viviendas de cualquier pais es altamen-
te heterogéneo y son muchas las clasificaciones que
se utilizan para sectorizarlo. Una de ellas es diferen-
ciar el grado de propiedad del edificio entre publico
y privado. Las primeras constituyen un modelo de
gestion de edificios residenciales llevado a cabo por
una entidad publica que ofrece el alquiler de vivien-
das a bajo coste a inquilinos que cumplen con una
serie de requisitos, normalmente relacionados con
un bajo nivel de ingresos. Por ello, este tipo de vi-
viendas puede verse afectado por problemas de po-
breza energética[11]. Ademas, este tipo de viviendas
suelen estar relacionadas también con un bajo nivel
de concienciacion energética, lo que implica que los
inquilinos pueden no actuar correctamente cuan-
do se detectan problemas de indole energética. Por
ello, mejorar la eficiencia energética en este tipo de
edificios es vital para evitar situaciones criticas tanto
en aspectos energéticos como en confort. La forma
habitual de llevar a cabo esto es prestar atencion a
los sistemas técnicos o al nivel de aislamiento [12].
Sin embargo, otro aspecto importante a tener en
cuenta a la hora de rehabilitar energéticamente un
edificio es el nivel de infiltraciones, tal y como de-
muestran todos los estudios al respecto. Mejorar la
estanqueidad del edificio puede afectar tanto a la
eficiencia energética del edifico como a la calidad de
vida de los usuarios.

El presente estudio caracteriza la estanqueidad al
aire del parque de viviendas de alquiler social de la
Comunidad Autonoma del Pais Vasco (CAPV). Es-
tos edificios estan gestionados en su mayoria por la
Sociedad publica de alquiler Alokabide y esta com-
puesto por un total de un total de 7700 viviendas
agrupadas en 234 promociones, repartidas por todo
el territorio de la comunidad. El presente estudio se
enmarca en el Plan Especial de Auditorias Energéti-
cas planificado a través de la iniciativa de Rehabilita-
cion Inteligente de Edificios Bajo Criterios de Energia
Casi Nulo, financiado por el Programa de Ciencia
Tecnologia e Innovacion (PCTI) [13]. Dentro de dicho
plan se ha clasificado el inventario del parque de vi-
viendas de alquiler social atendiendo a la severidad
climatica en la localizacion de los edificios, la califi-
cacion energética y el tipo de instalacion energética
(individual o centralizada). Con estos criterios se han
obtenido 11 grupos de edificios y se ha elegido 1 edi-
ficio representativo de cada grupo, de manera que
la seleccion represente de manera fiable a todo el
parque de viviendas de alquiler social del Pais Vasco.
Para este estudio se han llevado a cabo ensayos de
puerta ventilador en todos estos 11 edificios repre-
sentativos, con el objeto de evaluar el nivel de estan-
queidad del parque de viviendas publico de alquiler
de la CAPV.

by a public institution which offers low cost rent of
dwellings for tenants which meet a series of requi-
rements, normally in relation with a low-income
level. Therefore, this type of dwellings may be invol-
ved in energy poverty problems [11]. Besides, a lack
of energy awareness is also present in this type of
dwellings, which implies that tenants may not act
accordingly when energy issues are detected. Thus,
improving the energy efficiency of these buildings
is crucial in order to avoid energy and comfort pro-
blems. The level of insulation and the technical sys-
tems are the main aspects usually considered when
improving the energy efficiency of the building [12].
Nevertheless, another important aspect when refur-
bishing a building is the level of air leakages, as pro-
ved by several research. Improving the air tightness
of the building may affect both the energy efficiency
of the building and the quality of life of the tenants.

The present study characterizes the airtightness of
the social housing building stock of the Autonomous
Community of the Basque Country (Comunidad Au-
tonoma del Pais Vasco, CAPV). These buildings are
mostly managed by the public company Alokabide
and the stock is made up of 7700 dwellings grou-
ped in 234 buildings, spread all over the territory of
the community. The present work is related to the
“Energy Audit Special Plan” (Plan Especial de Audi-
torias Energéticas) designed inside by the project
Smart Refurbishment of Buildings Under Nearly
Zero Energy Criteria, funded by the Basque Gover-
nment Science Technology and Innovation program
(Plan de Ciencia tecnologia e Innovacion, PCTI) [13].
Within this plan the social housing building stock
has been categorized according to the climate seve-
rity of the building location, the energy performance,
and the typology of technical system (individual or
centralized). With these criteria 11 groups of buil-
dings have been obtained and 1 building has been
chosen out of each group, so as to represent in the
best possible way the social housing buildings stock
of the Basque Country. For this work blower door
tests have been carried out in all of the 11 represen-
tative buildings in order to assess the air tightness of
the social housing building stock of the CAPV.

2. Methodology
2.1. Description of the sample

The measurements have been done in one or more
dwellings in all of the 11 representative buildings of
the social housing building stock of the CAPV. Table
1 shows the main characteristics of each building,
mainly those related to the analysis of the air tight-
ness of the building, such as the year of construction
along with the constructive standard, the number of
dwellings, the climatic zone where the building is lo-
cated (according to the climatic zones defined in the
DB-HE of the 2013 CTE) and the compactness ratio
of the building. The heating demand of the Energy
Performance Certificate (EPC) is also shown in order
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2. MetOdOIOg'a to analyse the impact of the energy losses due to air
leakages.
2.1. Descripcion de los casos de estudio
As depicted from Table 1, the selected buildings
Las mediciones se han realizado en una o mas vi-  have been constructed between 2004 and 2015.
viendas en cada uno de los 11 edificios representa-  Therefore, some of them follow the prescriptions of
tivos del parque de viviendas de alquiler social de  the energy regulation NBE-CT-79 whereas the other
la CAPV de forma que representen con fiabilidad a  should meet the requirements of the DB-HE of the
la muestra estudiada. En la Tabla 1 se recogen las  CTE 2006. Another aspect that reminds the hetero-
principales caracteristicas de cada edificio, princi-  geneity of the building stock is the diversity of the
palmente aquellas que influyen en el estudio de la  size of the selected buildings. Some of the develo-
estanqueidad de la envolvente, tales como la fecha  pments are big buildings of hundreds of dwellings
de construccién junto con la normativa constructiva  whereas other are small isolated blocks of tens of
correspondiente, el nimero de viviendas, la zona cli-  dwellings. This can be related to the compactness
matica en la que se ubica (segln las zonas climaticas  ratio of the building, which ranges from 1,5 in highly
del DB-HE del CTE 2013) y la compacidad del edifi-  exposed buildings to 4,7 in those buildings that are
cio. También seindica la demanda de calefacciondel  relatively protected against environmental condi-
Certificado de Eficiencia Energética (CEE) para anali-  tions.
zar el impacto de las pérdidas energéticas debidas a
infiltraciones de aire. The number of dwellings in each building plays an
important role when deciding the amount of blower
Tal y como se puede observar en la Tabla 1, los  door tests that need to be carried out in order to
edificios seleccionados han sido construidos entre  obtain a representative result of the air tightness of
los afos 2004 y 2015, por lo que algunos han sido  the building. The methodology used to decide the
construidos bajo las prescripciones de la NBE-CT-79  number and typology of dwellings to be tested is
mientras que los mas recientes cumplen con lasres-  the one recommended by the “Laboratorio de Con-
tricciones del DB-HE del CTE 2006. El tamafo de los  trol de Calidad en la Edificacion del Gobierno Vas-
edificios seleccionados es muy diverso, sefial de que  co” (LCCE) in the Basic Guide of Thermal Control in
el parque de viviendas de alquiler social es muy he-  Buildings [14]. According to this guide, the number
terogéneo. Algunas promociones son grandes blo-  of tests to be carried out in a specific building de-
ques de mas de un centenar de viviendas, mientras  pends on the number of dwellings of the building,
que otras constituyen pequenos bloques aislados  as depicted from Table 2. When more than 1 tests
con pocas decenas de viviendas. Esto se puede rela-  need to be carried out in the same building a priority
cionar con la compacidad de los edificios, que varia  when choosing the dwelling is stablished. The crite-
desde 1,5 en el edificio mas expuesto hasta 4,7enel  ria followed to prioritize the dwellings is showed in
caso del edificio mas protegido de las condiciones  Table 3. However, another important factor when
ambientales. selecting the dwellings to be tested is whether they
are occupied or not, so as not to disturb the tenants.
El numero de viviendas de cada edificio influye  Therefore, in some cases the selection of dwellings
en la cantidad de ensayos que deben realizarse en  changes due to their availability.
éste para que el resultado sea representativo de la
estanqueidad general de la promocion. El método  The selection of dwellings for the blower door test
seguido para seleccionar el nimero y el tipo de las  has been done according to these criteria and has
viviendas objeto de ensayo es el recomendado por  involved 35 blower door tests. The characteristics of
. . . Compactness EPC Heating
sutaing | vl | oot || S|t | domand
[m*/m?] [kWh/m?a]
A 2009 NBE-CT-79 39 C1 38 43,4
B 2014 CTE DB-HE 2006 171 D1 4,7 46,0
C 2015 CTE DB-HE 2006 20 D1 3 37,6
D 2011 CTE DB-HE 2006 30 C1 29 48,6
E 2010 CTE DB-HE 2006 126 D1 2,5 82,7
F 2004 NBE-CT-79 60 C1 2,9 70,0
G 2006 NBE-CT-79 55 C1 1,5-2,2* 45,0
H 2006 NBE-CT-79 40 C1 34 757
1 2012 CTE DB-HE 2006 75 C1 33 46,4
Table 01. ) 2004 NBE-CT-79 1 C1 23 86,9
gﬁ;ig‘d‘:gjafﬁgfﬁcs ofthe K 2004 NBE-CT-79 228 D1 34 140,3
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el Laboratorio de Control de Calidad en Edificacion
(LCCE) en la Guia Basica para el Control Térmico en
Edificacion [14]. Segun esta guia, el nimero de en-
sayos a realizar en un edificio determinado depen-
de del nUmero de espacios habitables de este, tal y
como se indica en la Tabla 2. En los edificios en los
que sea necesario realizar mas de 1 ensayo se debe
establecer una prioridad a la hora de seleccionar la
vivienda a ensayar, dependiendo de las caracteristi-
cas de los espacios habitables. Los criterios seguidos
para seleccionar la prioridad de las viviendas a ensa-
yar se indican en la Tabla 3. Sin embargo, otro factor
importante para seleccionar las viviendas a ensayar
es si estan ocupadas por los inquilinos 0 no, para evi-
tar molestias durante la ejecucion del ensayo. Por
ello, en algunos casos los criterios de seleccion han
tenido que ser modificados segln su disponibilidad.

Con estos criterios se ha llevado a cabo la selec-
cion de las viviendas a ensayar, lo que ha supuesto
la realizacion de un total de 35 ensayos de puerta
ventilador. Las caracteristicas de las viviendas selec-
cionadas se indican en la Tabla 4. Se puede observar
que en algunos de los edificios no se ha podido com-
pletar la ratio recomendada de ensayos por edificio
(concretamente en 4 de ellos) principalmente por la
disponibilidad de las viviendas. Pero en estos casos
al menos se ha realizado 1 ensayo como minimo
en los 11 edificios representativos del parque de vi-
viendas de alquiler social, lo que permite obtener un
conocimiento del nivel de estanqueidad del parque.
En la Tabla 4 se muestra también la ubicacion de la
vivienda dentro de la promocion (planta baja, planta
intermedia o planta alta) asi como la tipologia de la
vivienda, diferenciando entre viviendas con 1 orien-
tacion, 2 orientaciones-esquina, 2 orientaciones-en-
frentadas o viviendas tipo testero (3 orientaciones).
Se indican también la superficie Gtil y el volumen in-
terno de las viviendas, siendo la superficie promedio
de las viviendas ensayadas de 64,8 m?y el volumen
promedio de 163,17 m3.

2.2. Descripcion del test blower door

El estudio de la estanqueidad de la envolvente de los
edificios se ha llevado a cabo mediante el ensayo de
puerta ventilador, cuya metodologia se especifica en
la norma UNE-EN 13829:2002 [15] para determinar
la permeabilidad al aire en edificios. Actualmente
esta norma ha sido anulada por la norma UNE-EN
ISO 9972:2019 [16], aunque no cambia sustancial-
mente el procedimiento empleado en el estudio. El
ensayo consiste en generar una diferencia de pre-
sion de 50 Pa entre el interior y exterior de la vivienda
mediante la instalacion de una puerta ventilador en
el acceso de la vivienda, tal y como se indica en la
Figura 1. Mediante un test automatizado se toman
10 puntos de medicion para determinar la curva de
infiltracion del edificio, que relaciona el caudal que
circula por el ventiladory la diferencia de presion en-
tre el interior y el exterior del edificio. En la Figura 1 se
muestra a modo de ejemplo la curva de infiltracion

the selected dwellings are shown in Table 4. As de-
picted from this table, in some of the buildings (na-
mely in 4 of them) the recommended ratio of blower
door test per building could not be met, mainly due
to the availability of the dwellings. However, in the-
se cases at least 1 blower door test has been carried
out, which allows to analyse the air tightness of the
building stock. Table 4 also shows the location of the
dwelling within the building (low floor, middle floor,
or top floor) as well as the typology of the dwelling,
differentiating between dwellings with single orien-
tation, 2 orientations-corner, 2 orientations and 3
orientations. The average useful surface of the dwe-
llings is 64,8 m? and the average intern volume of the
dwellingsis 163,17 m3.

Number of dwellings Number of tests
n<10 1
10<n<30 2
30¢<n<50 3
50<¢n <100 4
n> 100 6

Priority |[Dwelling characteristics
1 Most frequent typology within the building
2 Dwelling with highest ventilation flow
3 Dwelling with lowest ventilation flow
4 Low floor dwelling
5 Top floor dwelling
6 Other typology

2.2. Description of the blower door test

The analysis of the air tightness of the buildings has
been carried out with blower door tests, according
to regulation UNE-EN 13829:2002 [15], which is used
to determine the air permeability of buildings. This
standard is currently annulled by regulation UNE-
EN 1SO 9972:2019 [16], although the procedure of
the analysis does not change significantly. The test
consists in generating a pressure difference of 50 Pa
between the inside and outside of the dwelling using
the blower door in the access door of the dwelling, as
showed in Figure 1. By means of an automatized test
10 measurements points are gathered to determine
the infiltration curve of the building, which relates
the flow through the fan and the pressure difference
between the inside and outside of the building. Fi-
gure 1 shows as an example the infiltration curve of
one of the tests carried out and in Table 5 the para-
meters of the test are showed.

Two methods are specified in the regulation: method
A and method B. In method B all of the openings of
the dwellings (windows, doors, etc.) must be closed
and all of the intake and extraction openings, of both

Table 02.

Number of dwellings to be
tested in each building.

Table 03.

criteria for prioritizing the
selection of dwellings to be
tested.
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i Useful Internal
Building | Dwelling dvl-:ﬁ;mt;oxffrtit.h:he Typology of the dwelling 'ﬂ:ﬁ:ﬁ:ﬁ: surface volume Meﬂmd
building [m?]
[m’]
Al Middle Floor 2 orientations 2 66 162
A A2 Middle Floor 1 orientation 2 47 115
A3 Middle Floor 2 orientations 3 85 207 Yes
B1 Low Floor 1 orientation 1 45 114
B2 Middle Floor 1 orientation 1 46 117
B B3 Middle Floor 2 orientations 2 59 151
B4 Middle Floor 2 orientations-corner 2 58 151
B5 Top Floor 2 orientations 2 59 151
B6 Middle Floor 1 orientation 2 53 136
c Cc1 Top Floor 3 orientations 3 73 157
C2 Top Floor 3 orientations 3 73 180 Yes
b D1 Middle Floor 2 orientations-corner 1 68 176
D2 Middle Floor 1 orientation 1 46 119
E1 Middle Floor 3 orientations 3 82 207
E2 Middle Floor 1 orientation 2 58 149
E E3 Low Floor 2 orientations 3 81 208
E4 Low Floor 3 orientations 2 59 150 Yes
E5 Low Floor 3 orientations 3 82 206
E6 Middle Floor 1 orientation 2 57 146 Yes
F F1 Low Floor 3 orientations 2 64 170
G1 Low Floor 3 orientations 3 75 190
G G2 Top Floor 3 orientations 2 59 143
G3 Middle Floor 2 orientations 3 75 190
G4 Top Floor 3 orientations 2 54 122
H H1 Low Floor 2 orientations 2 88 223 Yes
I Low Floor 1 orientation 2 64 165 Yes
| 12 Middle Floor 1 orientation 2 70 178 Yes
13 Low Floor 3 orientations 3 83 214
14 Middle Floor 1 orientation 2 71 182
) )1 Top Floor 1 orientation 2 56 141 Yes
K1 Middle Floor 1 orientation 2 60 151
K2 Middle Floor 2 orientations-corner 2 58 147
R K3 Middle Floor 2 orientations 3 70 173
K4 Middle Floor 1 orientation 2 54 138
K5 Middle Floor 2 orientations 3 70 178
Table 04.
characteristics of the tested
dwellings.
Table 05. Parameters |Description Unit
parameters of the blower
door test. Vso Air flow at 50 Pa m3/h
Nso Air changes per hour at 50 Pa (ACHs) h?’
Wso Specific infiltration rate at 50 Pa m®/(h-m?
Oso Air permeability at 50 Pa m3/(h-m?)
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resultante de uno de los ensayos llevados a caboy en
la Tabla 5 se indican los parametros que se obtienen
del ensayo.

En la norma se especifican dos métodos de ensa-
yo: método A y método B. En el método B se deben
cerrar todas las aberturas de la vivienda (ventanas,
puertas, etc.) y también se deben sellar las aberturas
de admision y extraccion de ventilacion de cualquier
tipo, natural o mecanica. En el método A las abertu-
ras de ventilacion no se sellan, sino que se dejan en
posicion de cierre. En todas las viviendas ensayadas
se ha realizado el ensayo de puerta ventilador si-
guiendo el método B, mientras que en 8 viviendas se
ha realizado también el ensayo con el método A, tal
y como se ha indicado en la Tabla 4.

Para complementar el estudio se ha utilizado una
camara de termografia infrarroja y un termo ane-
mometro como equipamiento auxiliar. Con la cama-
ra termografica, con el ensayo en modo despresu-
rizacion, se pueden localizar los principales puntos
de infiltraciones, gracias al salto térmico que existe
entre la temperatura del aire interior y exterior. Con
eltermo anemometro se puede analizar la magnitud
de la infiltracion midiendo la velocidad a la que entra
el aire. Para este estudio se ha realizado una inspec-
cion de los principales puntos de infiltraciones en
cada una de las viviendas en las que se ha realizado

Openings

s\Window frame and wall «\Wall

juntion
*Glazing closing
*Glazing beads
*Hinge
*Roller shutter box
sShutter tape box

Opaque envelope

+Floor and ceiling

mechanical and natural ventilation, must be sealed.
In method A the ventilation openings do not need
to be sealed but remain closed. Method B has been
used to test all of the 35 dwellings selected, whereas
method A has been also used to test 8 of them, as
showed in Table 4.

Both an infrared camera and a thermo anemometer
have been used in order to supplement the analysis.
The infrared camera is used to detect, during the de-
pressurization test, the location of the main infiltra-
tion points, due to the thermal difference between
the inside and outside air. The thermo anemometer
is used to analyse the magnitude of the infiltration
measuring the air velocity. Within this work the main
infiltration points of each of the tested dwellings
have been analysed. Firstly, the infrared camera
has been used to locate the main infiltration areas,
as showed in the scheme of Figure 2. Secondly, the
thermo anemometer has been used to determi-
ne the magnitude of the velocity of the infiltration,
differentiating between low infiltration (0 — 1 m/s),
middle infiltration (1 -4 m/s) and noticeable infiltra-
tion (> 4 m/s).

Technical installations

sElectricity sockets/piping
*Telecoms sockets/piping
*Heaters piping

0001 T T
0 Depressurize
] Pressurize
1 T T I--I----
Building 8@@"'"!’ 1%
Leakage 700 r——1
(m¥h) 6001T——-r-
500
400
P
300 — I
i |
200 t '
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Building Pressure (Pa)
Figure 01.

example of blower door
installation and example of
the result of a blower door
test.

Figure 02.
schematics of detection of
the main infiltration points.
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el ensayo de puerta ventilador. Para ello, en primer
lugar, se utiliza la camara termografica para detec-
tar la localizacion de infiltraciones en los puntos mas
destacados, tal y como se indica en el esquema de
la Figura 2. En segundo lugar, se utiliza el termo ane-
mometro para medir la magnitud de la velocidad de
la infiltracion, diferenciando entre velocidades de
infiltraciones leves (0 = 1 m/s), infiltraciones mode-
radas (1 -4 m/s) e infiltraciones notables (> 4 m/s).

2.3. Calculo de pérdidas energéticas

Para determinar la magnitud de las pérdidas ener-
géticas asociadas a las infiltraciones del edificio es
necesario conocer el caudal medio de infiltracion
a lo largo del ano. Esto es muy complicado ya que
depende de muchas variables como la temperatura
ambiente, las condiciones del viento o la localizacion
de los puntos de infiltracion. Existen varios métodos
para estimar el caudal medio de infiltracion, desde
simulaciones muy complejas a modelos de calculo
sencillos. Un modelo de calculo del caudal de infil-
traciones muy extendido en este tipo de analisis es
el desarrollado por Sherman [17] a partir de la ecua-
cion de Persily-Kronvall:

VSC
Vi =N

Donde Vs, es el caudal de infiltraciones a 50 Pa obte-
nida mediante el ensayo de puerta ventilador y N es
una constante que se determina como:

N=C-cfi-cfy-cfs

Donde:

- Ces el factor climatico que depende de la loca-
lizacion. Para Pais Vasco se ha tomado C=20 por
comparacion con los valores disponibles para los
climas de EE. UU.

- cf, es el factor de correlacion de altura del edifi-
cio. Se ha tomado igual a 1 ya que este factor so-
lamente se aplica a viviendas de tipo unifamiliar.

- cf, es el factor de correlacion del grado de pro-
teccion. Se ha tomado igual a 1 por ser el valor
para un grado de proteccion normal.

- cf;eselfactorde correlacion del tipo de abertura
de infiltracion. Se ha tomado igual a 1 por ser el

correspondiente a aberturas medias.

Con esto, se puede estimar la repercusion energética
asociada a las infiltraciones como:

Eing =Ving~Cp-Gr

2.3. Calculation of energy losses

In order to determine the magnitude of the energy
losses associated to the infiltrations of the buildings
the annual average infiltration flow needs to be
known, which is overly complicated as it depends
on several variables such as the environmental tem-
perature, the wind conditions or the location of the
main infiltration points. Several methods are used
to determine the average infiltration flow, some of
them are complex simulation and others are simple
calculation methodologies. One of the most used in
this type of analysis is the one developed by Sher-
man [17] using the equation of Persily-Kronvall:

_ Vg
nf =N

Where Vsq is the infiltration flow at 50 Pa obtained
using the blower door test and N is a constant which
is derived as:

N=C-cfi-cfy-cfs

Where:

- Cis the climate factor which depends on loca-
tion. For the Basque Country, a climate factor of
C=20is chosen due to similar climate of the avai-
lable data for the EE. UU.

- cfyisthe factor which correlates the height of the
building. It has been taken equal to 1 because
this factor is only applied in single family houses.

+ cfyis the factor which correlates the grade of ex-
posure of the building. It has been taken equal to
1 as an average grade of exposure.

- cfzis the factor which correlated the typology of
the infiltration. It has been taken equal to 1 as an

average infiltration area.

Thus, the energy losses due to infiltrations may be
derived as follows:

Ei‘nf = anf' Cp -G

Where:
+ C,is the specific heat of the air [W-h/m?3-K].

« Gy are the annual degree days, for both heating
and cooling [kKh/al.

For the annual degree days, the online tool degree-
days [18] has been used and the base temperature
for heating has been set in 21 °C and the base coo-
ling temperature in 25 °C.
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Donde:
+ Cpeslacapacidad especifica del aire [W+h/m3-K].

« Gy son los grados hora anuales, tanto para cale-
faccion como para refrigeracion [kKh/a].

Para los grados hora anuales se ha utilizado la herra-
mienta degreedays [18] y se ha tomado como tem-
peratura base de calefaccion 21 °Cy como tempera-
tura base de refrigeracion 25 °C.

3. Resultados y discusion

3.1. Cuantificacion de la permeabilidad al
aire

La tasa promedio de renovaciones hora (n50) de las
35 viviendas ensayadas es de 4,00 h-1, mientras que
el caudal promedio de infiltraciones es de 642,0 m3.
En la Tabla 6 se muestra el valor promedio obtenido
de los principales parametros del ensayo de puerta
ventilador en cada una de las promociones anali-
zadas. Por otro lado, el valor maximo de la tasa de
renovaciones por hora obtenido es de 7,03 h-1 en el
edificio E mientras que el valor minimo esde 1,79 h-1
en el edificio A, tal y como se puede observar en la
Figura 3. En dicha grafica se observa también la dis-
persion que existe en los resultados obtenidos para
un mismo edificio. Por ejemplo, para los edificios B
y E, en los que se han podido realizar 6 ensayos en
cada uno, se tiene que existe una diferencia entre el
valor maximo y el valor minimo de 2,8 h-1y de 2,58
h-1 respectivamente. Esta diferencia es previsible y
esta recogida en la bibliografia [5], [6]. Es el resultado
de tener una grado de exposicion mayor o menor a
las grietas e infiltraciones de aire basadas en la geo-
metria y la posicion de la vivienda en el edificio. Por
ello, ademas, es por lo que se realizan un mayor nu-
mero de ensayos en edificios grandes.

3. Results and discussion

3.1. Quantification of the airtightness

The average air changes per hour (ACH50) of the 35
tested dwellings is 4,00 h-1, whereas the average in-
filtration flow is 642,0 m3. Table 6 shows the average
values for the main parameters of the blower door
test for each of the dwellings. The highest value for
the air changes per houris 7,03 h-1in building E whe-
reas the lowest is

1,79 h-1 in building A, as depicted from Figure 3. A
significant scattering within the results can also be
depicted from this figure. For instance, 6 tests have
been carried out in both buildings B and E, and there
is a difference between the highest and lowest value
of 2,8 h-1 and 2,58 h-1 respectively. This difference
is something expected and already expressed in the
literature [5], [6]. It is the result of having more or less
exposure to leaks and gaps related to geometry and
different locations of the dwellings inside the buil-
ding. That is the reason to conduct more tests in lar-
ger buildings.

An unexpected trend is observed when taking into
account the constructive regulation of each buil-
ding. Buildings have been arranged in Figure 3 ac-
cording to its constructive regulation, differentiating
between buildings constructed under regulation
NBE-CT-79 and regulation CTE 2006. It can be obser-
ved that, except for

building A, those buildings constructed according
CTE 2006 show an average value for the air changes
per hour noticeable higher than those constructed
under the previous regulation.

When analysing the dwellings according to its ty-
pology (Figure 4) it has been found that the 2 orien-

Building | Vso[m™/h] | nslh™l |, /:':?mz)] (m? ,?:_’mz)] co:;?;gtfion N"g:tesr of
A 393,0 26 6,3 1.7 2009 3
B 659,9 49 12,5 3,5 2014 6
C 776,4 4,6 10,6 33 2015 2
D 642,5 43 11,2 33 2011 2
E 977,7 56 14,2 7.8 2010 6
F 486,2 2,9 76 2,2 2004 1
G 560,7 3,6 8,7 2,6 2006 4
H 472,8 2,1 54 2,6 2006 1
I 671,7 3,6 9,2 2,7 2012 4
) 547,1 3.9 9,8 2,7 2004 1
K 4383 2,8 7,1 2,7 2004 5

Average 3,7 6024 9,3 32

Table 06.

main results of the blower
door test in the analysed
buildings.
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Figure 03.
air changes per hour (ACH50) 8
of the analysed buildings. NBE-CT-79 CTE 2006
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Figure 04.

air changes per hour
according to the typology of
the dwelling and the location
of the dwelling within the
building.
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Atendiendo a la normativa constructiva que se ha
aplicado a cada edificio, se observa una tendencia
contraria a la esperada. En la Figura 3 se han agrupa-
do los resultados diferenciando entre edificios cons-
truidos conforme a la norma NBE-CT-79 y conforme
al CTE 2006. Se observa que, a excepcion del edificio
A, aquellos edificios construidos bajo el CTE 2006
presentan unos valores de renovaciones hora nota-
blemente superiores a aquellos construidos bajo la
normativa anterior.

Sise analiza la estanqueidad las viviendas en funcion
de su orientacion en el edificio (Figura 4) se ha en-
contrado que las viviendas tipo testero tienen una
estanqueidad peor que el resto de las viviendas, aun-
que también se ha observado que las viviendas con
una sola orientacion han supuesto un valor de estan-
queidad moderadamente peor que las viviendas con

ACH50 [h-1]
N w N [6)] » ~ 0]

o -

3or.

2 or.

Low floor

E A D | B C

Buildings

tations-corner dwellings have a worse air tightness
than the other typologies, although it has been also
observed that the dwellings with just 1 orientation
suppose a moderate worse air tightness than the
dwellings with 2 orientations-corner or 2 orienta-
tion dwellings. The 2 orientation dwellings are the
ones with best air tightness results. According to the
position of the dwelling within the building, it can
be depicted in Figure 4 that the dwellings in lower
floors are the ones with worst air tightness values,
although the scattering may be significant. The air
tightness for dwellings in top floors is similar to those
in the lower floors, which is unexpected because the
top floors are more exposed to the environmental
conditions. The air tightness in middle floors it is in-
deed moderately better than in the other floors.

Middle floor Top floor

Location of the dwelling within the building

Dwelling typology
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dos orientaciones, tanto tipo esquina como enfren-
tadas. Las viviendas analizadas de 2 orientaciones
tipo pasante son las que de valor promedio propor-
cionan una mejor estanqueidad de la envolvente. En
cuanto a la posicion relativa de la vivienda dentro del
edificio se observa en la Figura 4 que las viviendas
situadas en plantas inferiores han supuesto el peor
valor medio de estanqgueidad, aunque la dispersion
observada en esta tipologia es bastante alta. El valor
de estanqueidad en las viviendas de plantas supe-
riores es similar al de plantas bajas, en contra de lo
que cabria esperar, ya que las plantas elevadas estan
mas expuestas a las condiciones exteriores. Se com-
prueba que el valor promedio de estanqueidad en
las plantas intermedias si es moderadamente mejor
que el de plantas bajas y elevadas.

Sise analiza la tasa de renovaciones hora en funcion
del tamano de la vivienda, se observa que hay una
gran variabilidad y no se percibe una relacion deter-
minante entre estos dos parametros, tal y como se
puede observar en los resultados de la Figura 5. Se
observa que las viviendas de menor superficie Gtil
son las que tienen una mayor tasa de renovaciones
hora, y que este valor va descendiendo ligeramente,
pero vuelve a aumentar con viviendas de mas de 70
m2 de superficie Util.

Otro de los parametros analizados es la compaci-
dad del edificio. En la Figura 6 se muestra la relacion
que existe entre la compacidad de las promociones
analizadas v la tasa promedio de renovaciones hora.
Se observa una cierta tendencia descendente en la
mayoria de las promociones, con la excepcion de los
edificios By G. Segun esta linea de tendencia, el valor
de n50 para una compacidad de 2 m3/m2 seria de
4,8 h-1y para edificios compactos con compacidad
4m3/m?2, el valor de n50 seria de 1,6 h-1.

(¢)]

ACHS50 [h-1]
N

w

40 <u.s.=50 50 <u.s. =60

60 <u.s. =70

If the air changes per hour are analysed according
to the size of the dwelling it is observed that there is
an important scattering and that there is no signifi-
cant correlation between these two parameters, as
can be depicted from Figure 5. It is observed that the
smaller dwellings have a high air changes per hour
value, and this value starts to diminish while the use-
ful surface increases, but it starts to worsen again
with dwellings of more of 70 m2 of useful surface.

Another of the parameters analysed is the compact-
ness ratio of the building. Figure 6 shows the correla-
tion between the compactness ratio of the buildings
and the average air changes per hour. A decreasing
trend is observed in most of the buildings, excepting
for buildings B and G. According to this trend, buil-
dings with a compactness ratio of 2 m3/m2 would
have an air changes per hour rate ACH50 of 4,8 h-1,
and for compact buildings with compactness ratio of
4 m3/m?2, this parameter would be 1,6 h-1.

As explained before, in 8 out of 35 dwellings tested
it has been also carried out the blower door test
using method A, where the ventilation openings as
well as the kitchen hood are not sealed. It has been
found that the air permeability 50 is significantly
different for the same dwelling when using method
A or method B. As depicted from Table 7, the value
of air permeability is always higher when using the
method A, as you might expect since the natural
ventilation openings are nor sealed and the mecha-
nical ventilation openings are in closed position. The
average difference between the two methods is 1,4
m3/(h-m2). The highest difference between the two
methods is 3,4 m3/(h-m2) and it was found in a 2
orientations dwelling. The lower difference is 0,3 m3/
(hem?2) and it was found in a 1 orientation dwelling.

70 <u.s. <80 u.s. >80

Useful surface of the dwelling [m?]

Figure 05.

air changes per hour (ACH50)

according to the useful
surface of the dwelling.
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Tal y como se ha indicado anteriormente, en 8 de
las 35 viviendas ensayadas se ha utilizado también
el método A de ensayo, en el cual se dejan sin sellar
las aberturas de ventilacion y la campana extractora
de la cocina. Se ha encontrado que la permeabilidad
al aire 50 es significativamente distinta entre unoy
otro método. Como se puede observar en la Tabla
7, para todas las viviendas ensayadas se obtiene con
el método A un valor de permeabilidad al aire ma-
yor gque con el método B, tal y como cabria esperar
debido a que las aberturas de ventilacion natural se
encuentran sin sellar y las de ventilacion mecanica
en posicion de cierre. La diferencia promedio entre
un método y otro es de 1,4 m3/(h-m2). La mayor di-
ferencia entre un método y otro es de 3,4 m3/(h-m?2)
y se produce en una vivienda de planta baja de tipo
pasante. La menor diferencia es de 0,3 m3/(h-m2)y
se produce en una vivienda de planta intermedia de
1 orientacion.

3.2. Deteccion del origen de las
infiltraciones de aire

Tal y como se ha explicado anteriormente, durante
los ensayos de puerta ventilador se ha procedido a
la localizacion de los principales puntos de infiltra-
ciones mediante el uso de una camara termografica
y un termo anemometro. Se han evaluado, por un
lado, los principales puntos sospechosos de infiltra-
ciones (ventanas, envolvente opaca, conductos de
instalaciones, etc.) y por otro lado se ha medido la
magnitud de la velocidad de la infiltracion median-
te el termo anemometro. En el total de 35 viviendas
ensayadas se han realizado mas de 1000 mediciones
de infiltraciones. En la Tabla 8 se muestra, de forma
porcentual, el cuadro resumen de la localizacion y
magnitud de los principales puntos de infiltraciones.

Se ha observado que, en lo referente a las infiltracio-
nes asociadas a los huecos de la envolvente, la ma-

3.2. Air leakage origin detection

During the process of the blower door test the points
of infiltration have been located using an infrared
camera and a thermo anemometer. Firstly, the com-
monly known infiltration areas (such as windows,
opaque envelope, technical system ducts, etc.) have
been analysed. Secondly, the magnitude of the ve-
locity of the infiltration has been measured using
the thermo anemometer. A total of 1000 measu-
rements have been conducted throughout the 35
blower door tests. Table 8 shows the percentage
value of the location and magnitude of the main in-
filtration points.

It has been observed that, regarding the infiltrations
of the openings of the envelope, most of them (27 %
of all the infiltrations detected) are located in the fra-
me of the opening, being a 10 % of the cases middle
infiltrations. A considerable amount of cases (13 %
of the total) are located in the shutter box, usually in
relation with a wrong installation or infiltrations near
the shutter strap. This is in accordance with similar
studies carried out also in Spain [18]. Regarding the
envelope, no significant defects have been found.
Most of them are low or middle velocity infiltrations
and are related with the electricity ducts and the fal-
se ceiling. Lastly, the sockets, telecoms facilities, hea-
ters, etc. are considered within the technical systems
group. An important amount of infiltrations have
been detected in this group (24 % of the total), but
the majority are low velocity infiltrations and are lo-
cated in sockets and telecoms facilities.

Figure 7 shows an example of six thermographic
images where different air leakages can be obser-
ved. Figure A shows an example of infiltration near
the frame of a window, which is one of the defects
most observed. Another of the important infiltration
points is the junction of a shutter box, as showed in
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yor parte (el 27 % de todas las infiltraciones detec-
tadas) se producen en el montaje del hueco, siendo Dwelling Method A Method B AB
un 10 % de los casos de tipo moderado. También se 3 2 3 2 3 2

. ’ o Aso[m°/(h-m?)] | qso[m°/(h-m?)] |qs0[mM°/(h-m)]
produce un importante nimero de casos (13 % del
total) en la caja de persianas, normalmente asociado A3 3.0 1.3 1.7
a un mal montaje o a infiltraciones en la zona de la D2 44 3,2 1,2
cinta. Esto concuerda con estudios similares lleva-
dos a cabo también en Espafa [18]. En cuanto a la E4 5.7 5.0 0.7
envolvente opaca, no se han encontrado defectos E6 4,7 4.2 0,5
significativos, y la mayoria de ellos son de tipo leve
0 moderado, siendo los puntos principales las insta- H1 59 26 34
laciones de conductos de electricidad y los falsos te- 11 3,7 2,7 1,0
chos. Por ultimo, en el apartado de instalaciones se 12 25 22 03
tienen en cuenta los enchufes, instalaciones de te- ! ! !
lecomunicaciones, radiadores, etc. Se ha observado J1 49 2,7 2,2
también en este apartado un importante namero de
infiltraciones (24 % del total), aunque la mayoria son Average a4 3.0 1.4

de tipo leve y se asocian principalmente a enchufes
e instalaciones de telecomunicaciones.

A modo de ejemplo ilustrativo en la Figura 7 se
muestran seis termografias en las que se observan
infiltraciones de aire. En la figura A se muestra el
ejemplo de infiltraciones en el montaje de una ven-
tana, que es uno de los defectos que se ha encontra-
do de forma mas frecuente. En la figura B se muestra
otro de los puntos de infiltraciones mas importantes,
el cierre de una caja de persianas. Otros puntos im-
portantes de infiltraciones son las instalaciones del
edificio, tal y como se puede observar en las figuras
Cy D, donde se muestran infiltraciones en un enchu-
fe y en el conducto de un radiador. Por otro lado, en
las figuras E y F se muestran ejemplos de infiltracio-
nes en puntos no tan habituales. El primero de ellos
corresponde a infiltraciones por el junquillo de las
ventanas. Este defecto se ha encontrado solamen-
te en 2 de las promociones analizadas. En la figura
D se muestran infiltraciones por el rodapié, otro de
los defectos encontrados menos frecuentes, ya que
solamente ha sido localizado en una de las promo-
ciones analizadas.

3.3. Cuantificacion de las pérdidas
energéticas

Se ha obtenido que las pérdidas de energia debidas
a las infiltraciones de aire, tanto por calefactar como
por refrigerar el aire de la vivienda, pueden suponer
de media 820 kWh/a para los edificios analizados.
En la Figura 8 se muestran las pérdidas de energia
por infiltraciones, tanto de calefaccibn como de re-
frigeracion, por unidad de superficie util para todas
las viviendas ensayadas. Se observa que el peso de

Table 07.

figure B. The technical systems are also an important
source of infiltrations, as can be depicted from figure
Cand D, where infiltrations around a socket and near
the duct of a heater are shown. On the other hand,
figures E and F show defects that are not as usual as
the previous ones. The first one shows air leakage in
the glass beading of a window, which was only found
in two of the buildings analysed. Figure F shows air
leakage in a skirting board, which was only found in
one of the buildings analysed.

3.3. Quantification of the energy losses

The energy losses due to air leakage, for both heating
and cooling the air of the dwelling, may account in
average for 820 kWh/y for all the analysed dwellings.
Figure 8 shows the energy losses due to infiltrations,
for both heating and cooling, by useful surface for
each of the dwellings tested. It is observed that the
energy losses due to heating overcome the energy
losses due to cooling, meaning an average of 91 %
of the total energy losses related with infiltrations.
This is mainly because of the climate characteristics
of the area where the buildings are located, where
the heating demand is considerably higher than the
cooling demand, with soft temperatures during the
summer.

Therefore, it is crucial to put the focus on the ener-
gy losses due to heating infiltrations. Figure 9 shows
the heating losses due to infiltrations, grouping the
results for each of the buildings analysed, and arran-
ging again the buildings according to its constructi-
ve regulation. As you might expect, the energy losses

differences in the air
permeability between
method A and method B.

Table 08.

summary of the main points
of infiltrations.

Total

Openings Opaque envelope
Roller shutter
Frame Glazing Bead Hinge box Strap box Wall Ceiling
Low [0-1mig 2% 3% 48 5%
Middle [1-4 mis 2% [hamT o 4%
Noficeable [= 4 mis] A% 2%

12,5% 10,1%

Technical
systems
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Figure 07.

examples of infiltrations
detection with the infrared
camera.

B. Infiltrations in a roller shutter box

C. Infiltrations around a socket.

E. Infiltrations in glass beadings of the window.

F. Infiltrations in a skirting board.

las pérdidas por calefaccion se impone con claridad
sobre la importancia de la refrigeracion, siendo de
media un 91 % del total de las pérdidas de energia
por infiltraciones. Esto se debe principalmente a las
climatologias donde se ubican los edificios, donde
la demanda de calefaccion es sustancialmente ma-
yor que la de refrigeracion, siendo las temperaturas
templadas en verano.

Por ello, resulta crucial centrar la atencion en las pér-
didas de calefaccion por infiltraciones. En la Figura 9
se muestran las pérdidas de calefaccion debidas a

are proportional to the air changes per hour, that is
to say, they are proportional to the results shown in
Figure 3. The highest energy losses are found in buil-
ding E, with 21,9 KWh/m2-y. This is also the building
with the highest air changes per hour (5,6 h-1). It is
located in the province of Araba-Alava, with interior
cold D1 climate. It should be noted that in buildings
C and D, having a similar air changes per hour rate
than building B, the energy losses due to air leaka-
ge are significantly lower. This is because these two
buildings are located near the cost with climate C1.
Buildings constructed under regulation NBE-CT-79,
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las infiltraciones agrupando los resultados obtenidos
para cada una de las promociones analizadas, y de
nuevo ordenando dichas promociones en funcion
de la normativa constructiva utilizada. Como cabria
esperar, las pérdidas energéticas son proporcionales
a la tasa de infiltraciones, esto es, son proporcionales
a los resultados de la Figura 3. El edificio con mayo-
res pérdidas de calefaccion es el edificio E, con 21,9
kWh/m?2-a. Este edificio es en el que peor tasa de
infiltraciones se habia obtenido (5,6 h-1) y ademas
se encuentra ubicado en la provincia de Araba-Ala-
va, con clima D1 de interior. Cabe destacar también
que los edificios Cy D, a pesar de tener una tasa de
infiltraciones similares a las del edificio B, conllevan
pérdidas de energia sensiblemente menores. Esto se
debe a que se encuentran ubicados en zona climati-
ca C1 en costa. Los edificios construidos bajo la NBE-
CT-79, al presentar una menor tasa de infiltraciones
suponen también una menor cantidad de pérdidas
de energia por infiltraciones, siendo el edificio H el
que menores pérdidas conlleva. Este edificio esta
ubicado en la provincia de Bizkaia, donde el clima C1
es mas benévolo, aunque conviene tener presente
que solamente se ha llevado a cabo 1 ensayo en esta
promocion, por lo que los resultados podrian no ser
del todo representativos.

La demanda de calefaccion indicada en el CEE de
un edificio incluye, entre otros factores, la demanda
de calefaccion debida a las infiltraciones de aire. En
la Tabla 9 se recuerda la demanda de calefaccion
del CEE de cada edificio y los resultados obtenidos
en este estudio de pérdidas energéticas de calefac-
cion debido a las infiltraciones de aire. En la quinta

35

having a lower air changes per hour rate also ac-
count for a lower amount of energy losses due to air
leakage, being building H the one with lowest energy
losses. This building is located in the province of Bi-
zkaia, where the climate C1 is benevolent. However,
as only one test could be carried out in this building,
the results may not be representative.

The heating demand indicated in the EPC of a buil-
ding includes, among other factors, the heating de-
mand related to the air leakage. Table 9 shows the
EPCheating demand of each building and the results
obtained in this work of heating energy losses due to
air leakage. The results shown in the fifth column are
the weight of the energy losses due to infiltrations
over the EPC heating demand, with an average of
21 % for the buildings analysed. Building B is the one
with the highest weight of the infiltrations over the
heating demand, in accordance with the high va-
lue of ACH50 found in the analysis (4,9 h-1). It is of
interest building E, where the worst ACH50 has been
found (5,6 h-1) whereas the weight of the infiltration
lossesisonly a 27 % over the heating demand. This is
because the heating demand of this building is con-
siderably high (82,7 kWh/m2-a). Similarly it happens
for buildings H and K, where the weight of the infil-
trations would only suppose an 8 % of the heating
demand. It is also important to highlight that the
weight of the infiltrations over the heating demand
in buildings constructed under regulation CTE 2006
is in average a 28 % versus a 12 % in buildings cons-
tructed under NBE-CT-79.

Figure 08.

energy losses associated to
heating and cooling of air
leakage in the dwellings.
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Figure 09.

energy losses associated to
heating due to air leakage of
the buildings.

Table 09.

weight of the infiltration
losses over the heating
demand of the buildings.

columna se indica el peso porcentual que tendrian
las pérdidas por infiltraciones sobre la demanda de
calefaccion del edificio, que de promedio supondria
el 21 % de la demanda de calefaccion del edificio. El
edificio B es sobre el que mayor peso tendrian las in-
filtraciones de aire sobre la demanda de calefaccion,
en coherencia con el elevado valor de la tasa de re-
novaciones por hora encontrado (4,9 h-1). Destaca
el caso del edificio E, donde se habia encontrado la
peor tasa de renovaciones por hora (5,6 h-1) y, sin
embargo, el peso de las infiltraciones sobre la de-
manda de calefaccion seria de un 27 % solamente.
Esto se debe a que la demanda de calefaccion es
considerablemente alta (82,7 kWh/m2-a). De forma
similar ocurre con los edificios H y K, donde el peso
de las infiltraciones solamente supondria un 8 % de
la demanda de calefaccion. Esto se debe también a
que la tasa de infiltraciones es baja y la demanda de
calefaccion del CEE es alta. También cabe destacar
que el peso de las infiltraciones sobre la demanda de
calefaccion en los edificios construidos bajo el CTE
2006 es de media un 28 % frente al 12 % en los edifi-
cios construidos bajo la norma NBE-CT-79.

3.4. Comparison with national and regional
data

Table 10 shows a comparison between some of the
main results of this work and results of national and
regional research, obtained from the project INFILES
[5]. The average air changes per hour rate of the so-
cial housing building stock of the CAPV analysed in
this work is moderately lower than the average value
for dwellings in Bilbao and noticeably lower than the
average national value. The latter is possibly because
in the CAPV air leakage problems have been taken
into account traditionally, probably due to the clima-
te conditions.

Regarding the building regulation it is observed that
at national level the airtightness results are contrary
to those found in the CAPV, that is to say, buildings
constructed under CTE 2006 show an air changes
per hour rate noticeably better than those construc-
ted under the previous regulation. However, in the
study carried out by Jesus Feijo-Muioz et al. [18], the
results follow the same trend as in this work, and the

30
_ NBE-CT-79 CTE 2006
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E
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S
=
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2 20
2 19,3}
o
>
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T
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. Heating infiltrations
- Construction EPC Heating demand ing it ! Weight of infiltrations
Building regulation [kWh/m?.a] energy losses energy losses [%]
€ [kWh/m?.a] &y
A NBE-CT-79 43,4 6,7 15%
B CTE DB-HE 2006 46,0 19.3 42%
C CTE DB-HE 2006 37,6 131 35%
D CTE DB-HE 2006 48,6 12,0 25%
E CTE DB-HE 2006 82,7 219 27%
F NBE-CT-79 70,0 8.1 12%
G NBE-CT-79 45,0 10,5 23%
H NBE-CT-79 75,7 57 8%
| CTE DB-HE 2006 46,4 11,2 24%
) NBE-CT-79 86,9 10,4 12%
R NBE-CT-79 140,3 11,0 8%
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i Reference This
Parameter Description value research
value
National social housing 70" 40
Bilbao dwellings 4,72 '
72"
NBE-CT-79 3.1
) ) 6,8°
According to regulations ;
6,9
CTE 2006 4,3
Air changes per hour 89°
ACH50 74"
Low floor 4.4
n50 [h-1] 80°
. . 7'7 1
According t9 the location Middle floor 3.7
of the dwelling 6.73
77"
Top floor 3 4,3
8.0
Energy losses due to air National average 13,32
leakage 12,9
[kWh/m?.y] Bilbao 11,42

3.4. Comparacién con datos nacionales y
regionales

En la Tabla 10 se muestra una comparativa de los
principales resultados de este estudio con resulta-
dos a nivel nacional y regional, obtenidos del pro-
yecto INFILES [5]. El valor promedio de la tasa de
renovaciones hora observado en el presente estudio
del parque de viviendas publicas de alquiler de la
CAPV es moderadamente inferior que el promedio
de viviendas de Bilbao y notablemente inferior que
el promedio a nivel nacional. Esto Ultimo se puede
deber a que en el Pais Vasco tradicionalmente se ha
prestado mayor atencion a las infiltraciones de aire,
probablemente por la climatologia de la zona.

Atendiendo a las diferencias segin la normativa se
observa que a nivel nacional se produce el efecto
inverso de la CAPV, esto es, los edificios construidos
bajo las restricciones del CTE 2006 presentan una
tasa de renovaciones hora notablemente mejor que
los construidos bajo la normativa anterior. Sin em-
bargo, en el estudio llevado a cabo por Jesus Feijo-
Mufoz et al. [18] si se observa la misma tendencia
que en este trabajo, siendo la muestra ensayada
de la zona continental de Espana. En cuanto a la
clasificacion segln la ubicacion de la vivienda en el
edificio, a nivel nacional no se observan diferencias
significativas en funcion de la planta de la vivienda,
mientras que los resultados de este estudio si que
indican que las viviendas ubicadas en plantas inter-
medias presentan un valor de la tasa de renovacio-
nes hora ligeramente inferior al resto. De nuevo, si
se comparan los resultados de este estudio con el
de JesUs Feijo-Muiioz et al. [18] si que se observa la
misma tendencia.

Por ultimo, las pérdidas de energia debido a las infil-
traciones de aire del parque de viviendas de alquiler

sample was located in the continental area of Spain.
When analysing the location of the dwelling within
the building, at a national level no differences are
found with this parameter, whereas in this work it
has been found that dwellings located in lower floors
do have a lower air changes per hour rate. Again, in
the study carried out by Jesus Feijo-Mufioz et al. [18],
a similar trend is observed.

Lastly, the energy losses due to air leakage of the
social housing building stock of the CAPV are in the
middle between the national value and the value for
Bilbao. The explanation for this is that in this work
dwellings located in the province of Araba-Alava are
considered, with D1 climate, and the energy losses
due to heating in this province are significantly hig-
her because of the severer climate conditions.

When considering the difference found between the
ACH50 value at national level and the value in this
study

(7,0 h-1 against 4,0 h-1) it can be explained that, as
there is no differences on buildings air tightness re-
gulations among Spanish territories, the differences
are due to a higher quality of the construction of the
buildings analysed in this work.

4, Conclusions

The airtightness of 11 buildings representing the so-
cial housing stock of the CAPV has been analysed. A
total of 35 blower door tests have been carried out
and an average air changes per hour rate (ACH50) of
4,0 h-1 at 50 Pa has been obtained. The results indi-
cate that the mostinfluential parameter towards the
airtightness of a building is the compactness ratio of
the building. According to the identified trend, buil-
dings with low compactness ratio of 2 m3/m2 can

Table 10.

comparison of the main
results of the work with
reference values.

[5] = national sample.
2[9] - national sample.
3[18] - continental Spain
sample
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social de la CAPV suponen un valor intermedio en-
tre el encontrado para el promedio a nivel nacional y
las viviendas de Bilbao. Esto podria deberse a que la
muestra analizada en este estudio incluye también
viviendas ubicadas en la provincia de Araba-Alava,
conclima D1, donde las pérdidas por calefaccion son
mas significativas debido a las condiciones climati-
€as Mas severas.

Respecto a la diferencia encontrada entre el valor de
n50 a nivel nacional y el valor obtenido en este es-
tudio

(7,0 h-1 frente a 4,0 h-1) se puede interpretar que, ya
que no existe diferencia normativa en cuanto al tra-
tamiento de la estanqueidad al aire de los edificios
entre uno y otro territorio, la diferencia puede deber-
se a que la calidad de la construccion en los edificios
de este estudio sea mayor que los edificios evalua-
dos a nivel nacional.

4, Conclusiones

Se ha analizado la estanqueidad al aire de la envol-
vente de una muestra representativa de 11 edifi-
cios del parque de viviendas publicas de alquiler de
la CAPV. En total se han llevado a cabo 35 ensayos
puerta-ventilador obteniendo un valor promedio de
la tasa de renovaciones por hora n50 de 4,0 h-1. Se
ha encontrado que el parametro mas influyente en
la estanqueidad al aire de los edificios es la compa-
cidad del edificio. Segun la tendencia encontrada,
en un edificio con compacidad 2 m3/m2 se puede
obtener un n50 de 4,8 h-1, mientras que en edifi-
cios mas compactos con compacidad 4 m3/m2 se
reduciria el valor de n50 en dos tercios, en torno a
1,6 h-1. Ademas, se ha encontrado que la normati-
va constructiva influye también notablemente en la
estanqueidad al aire del edificio. Los edificios cons-
truidos bajo la NBE-CT-79 tienen una tasa promedio
de renovaciones hora de 3,1 h-1, mientras que aque-
llos edificios construidos bajo el CTE 2006 tienen una
tasa promedio de 4,3 h-1. También se ha analizado la
influencia de otros parametros como la orientacion
de la vivienda y la posicion relativa de la vivienda
dentro del edificio.

Se han clasificado y analizado los principales puntos
de infiltracion con la ayuda de una camara termo-
grafica y un termo anemometro. Se ha detectado
que las areas mas importantes de infiltraciones son
el montaje de las ventanas, con un 27 % del total de
mediciones efectuadas, y las instalaciones, con un 25
% del total de infiltraciones, entre las que se incluyen
las infiltraciones en enchufes, telecomunicaciones o
conductos de las instalaciones de calefaccion.

En cuanto al impacto energético de las infiltraciones
de aire, se ha calculado que estas perdidas pueden
suponer de media 12,9 KWh/m2-a asociados a cale-
faccion y refrigeracion, lo que supone de media un
21 % de la demanda de calefaccion y refrigeracion

expect an ACH50 of 4,8 h-1 and compact buildings
of 4 m3/m2 would reduce it by two thirds, namely
1,6 h-1. Besides, buildings regulation is significantly
influencing the results as well. Buildings constructed
according to the NBE-CT-79 have an average ACH50
of 3,1 h-1, while buildings constructed under CTE
2006 have an average ACH50 of 4,3 h-1. The influen-
ce of other parameters such as the orientation of the
dwelling and the location of the dwelling within the
building has been analysed.

The main infiltration points have been classified and
analysed using an infrared camera and a thermo
anemometer. The most significant leakage areas
are located near the junction between the frame of
the windows and the walls, with a total of 27 % of
the infiltrations detected, and also in the technical
systems installations such as sockets, telecoms and
heater ducts, with a total of 25 % of the infiltration
points detected.

Regarding the impact of the energy losses due to air
leakage, it has been derived that these heat losses
account for 12,9 kWh/m?2-y, that is an average of 21
% of the total heating and cooling needs according
to the EPC of these buildings. A correlation between
the energy losses and the constructive regulation
has been found, in accordance with the results found
for the air tightness. Buildings constructed under re-
gulation NBE-CT-79 have heating energy losses due
to air leakage of 9,1 kWh/m2-y (12 % of their EPC
heating and cooling needs) whereas buildings cons-
tructed under CTE 2006, 14,0 kWh/m2-y (28 % of
their EPC heating and cooling needs). These results
are consistent with national values of recent studies,
where the energy losses due to air leakage are esti-
mated at 13,3 kKWh/m2e.y.
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del CEE de los edificios analizados. Se ha encontrado
una importante relacion entre las pérdidas de ener-
giay lanormativa de construccion, de forma paralela
alo encontrado para la tasa de renovaciones de aire.
Las promociones construidas bajo la norma NBE-
CT-79 tienen un promedio de pérdidas de energia
asociadas a calefaccion por las infiltraciones de aire
de 9,1 kWh/m2-a (un 12 % de la demanda de cale-
faccion y refrigeracion del CEE), mientras que las
construidas bajo el CTE 2006, 14,0 kWh/m2-a (un 28
% de la demanda indicada en el CEE). Estos resulta-
dos concuerdan con los valores encontrados a nivel
nacional, donde las pérdidas de energia debido a in-
filtraciones de aire se sitlan en 13,3 kWh/m2-a.
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Management, Rehabilitation and Sustainability: A case
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Gestion, Rehabilitacion y Sostenibilidad: Un caso de
intervencion en edificios escolares en Portugal

Andre Santos’, Leonardo Barros?

ABSTRACT

Given the advanced state of degradation of the Portuguese school patrimony, and the growing necessity of
rehabilitation, of both the school buildings, and the pedagogic strategies, in 2007, the public entity Parque
Escolar, E.P.E. was created by the Portuguese government. It was proposed to this new company to define a
strategy of systemic management, with clear objectives and criteria of planed procedures to rehabilitate the
public schools with secondary education.

One of the pursued ideals of the Programa de Moderniza¢do das Escolas com Ensino Secundario (PMEES) had
to do with the recovery, rehabilitation and modernization of the pre-existing buildings. In this context, each
project team was incited to consider the characteristics and the recovery viabilities that each building presen-
ted, adapting the new functional program to each lot and each school. It was even imposed an obligatoriness
in maintaining about 80% of the existing edification.

The necessity of preservation of a wide portion of the edification, that mainly results of the concern to ra-
tionalize and optimize the interventions expenses control, also introduces the consciousness on the theme
of sustainability. Having been recognized the capacities that each infrastructure presented, the preservation
attitude constitutes an important factor of minimization of the expenditure of energy, water, and materials.
Thereby, with the use and regeneration of a significative portion of the edification, was achieved a minimiza-
tion of the pollution caused by the materials, which, mostly, could not be recycled.

In this conjuncture, apart from the presented virtues, related to the energetic efficiency and to the environ-
mental sustainability, it should not be disregarded the immense pedagogic value that this rehabilitation stra-
tegy induces on the social and cultural environment.

Due to circumstances absolutely independent from this process, it was verified the transposition of a set of
legal diplomas of the European community to the Portuguese legislation, that were, by a mere circumstance,
simply due to timing, experienced for the first time in this Program.

The enormous infrastructural load inherent (as air quality treatment, security, and central control systems)
introduced an exponential increase of energetic costs. In the schools already in operation, it was verifiable
that this legislative objective revealed to be a tremendous obstacle to the efficiency and sustainability of this
interventions, given that it led to enormous and constant energetic and monetary expenditures. In this con-
text, in many cases, school budgets are hardly able to bear these high costs.

Thus, we can conclude that the profound and disruptive change of the paradigm that was necessary lead,
inevitably, to the introduction of a set of factors related to the theme of sustainability. Although important
steps were taken towards the innovation on the field of energetic efficiency, these rehabilitation interven-
tions in Portuguese schools, due to the incorporation of new legislation, contradicted that objective of assu-
ring a more effective sustainability.

Rey Words: School Architecture, Rehabilitation, Innovation, Technology, Energy.
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1. Introduccion

El Programa de Modernizacion de las Escuelas con
Ensefanza Secundaria (PMEES)1,

instituido en 2007 por Parque Escolar, E.P.E.2, en-
tidad de derecho publico creada a tal efecto por
el gobierno de Portugal, surge en un contexto de
emergencia de rehabilitacion del patrimonio escolar
portugués. Durante décadas, hasta 2007, el gran es-
fuerzo enlo que respecta a las infraestructuras esco-
lares, se concentrd en la expansion de la red a través
de la aplicacion de soluciones-tipo de construccion
normalizada y en serie (Heitor, 2011). Esta estrate-
gia, unida a la falta de una planificacion estratégica
para la prevencion y el mantenimiento del edificado
existente, condujo al universo de edificios escolares
en Portugal a un estado limite de deterioro. "Global-
mente, las instalaciones sufren de anomalias en la
construccion, deterioro fisico y obsolescencia fun-
cional que afectan al confort ambiental, utilidad e
imagen.” (Heitor, 2008, p. 1).

El estado de obsolescencia infraestructural se vio
acompanado por un retraso educativo y tecnologico
frente a los estandares contemporaneos. Ante di-
cha situacion, con la llegada del siglo XXI, se amplia
la conciencia politica de la necesidad de readaptar
constructiva, espacial y funcionalmente la escuela
publica portuguesa frente a las recientes innovacio-
nes educativas.

En este contexto, el Programa surge con la intencion
de dar respuesta a esta situacion de emergencia,
centrado en la rehabilitacion de las escuelas y en la
planificaciéon para la conservacion, mantenimiento y
adaptacion funcional en un largo periodo temporal.
A través de una estrategia de gestion estructurada
en las prioridades e inversiones, con intervenciones
graduales a lo largo del tiempo, se busco una solu-
cion innovadora, global y sistematica que permitiese
invertir el curso de degradacion del patrimonio esco-
lar, creando condiciones para la rehabilitacion de los
edificios, asi como para su modernizacion, para dar
respuesta a las exigencias de los nuevos patrones
pedagogicos, tecnologicos y energéticos.

Con base en una estructura conceptual, técnicay de
gestion centralizada, esta accion de rehabilitacion
y modernizacion se reveld pionera, tanto desde el
punto de vista cualitativo como desde el punto de
vista cuantitativo, en lo que respecta a la articulacion
de la ensefianza y de la arquitectura (Santos, 2015).
Teniendo en cuenta el elevado namero de escuelas
que aspird a la rehabilitacion en un corto espacio de
tiempo, el PMEES se apoy6 en un Modelo de Gestion
que se extiende desde las cuestiones financieras,
proyecto y ejecucion de la obra, hasta la gestion del
patrimonio para un extenso periodo de funciona-
miento.

La particularidad de este Programa de promover la

1. Introduction

The Programa de Modernizagdo das Escolas com
Ensino Secundario (PMEES) , established in 2007 by
Parque Escolar, E.P.E., a public entity created for this
purpose by the Portuguese government, emerged
in a context of emergency for the rehabilitation of
Portuguese school heritage. For decades, until 2007,
the great effort in terms of school infrastructures
has been concentrated on the expansion of the net
through the application of standard solutions in nor-
malized and mass construction (Heitor, 2011). This
strategy, together with the lack of strategic planning
for the prevention and maintenance of the existing
building, led the universe of school buildings in Por-
tugal to an advanced state of deterioration. “Overall,
the facilities suffer from construction anomalies,
physical deterioration and functional obsolescence
which affect their environmental comfort, useful-
ness and image.” (Heitor, 2008, p. 1).

The state of infrastructural obsolescence was ac-
companied by an educational and technological
delay in relation to contemporary standards. Faced
with this situation, with the turn of the 21st century,
the political awareness of the need to rethink cons-
tructively, spatially, and functionally the Portuguese
public schools in the face of the most recent educa-
tional innovations.

In this context, the Program arises with the expecta-
tion of responding to this emergency situation, focu-
sed on the rehabilitation of schools and the planning
for conservation, maintenance and functional adap-
tation over a long period of time. In a management
strategy structured around priorities and inves-
tments, in interventions phased over time, an inno-
vative, global and systemic solution was sought, that
would make possible to reverse the deterioration of
the school heritage, creating conditions for the buil-
ding rehabilitation, as well for their modernization,
regarding the requirements of the new pedagogical,
technological and energetic standards.

Based on a conceptual, technical, and centralized
management structure, this rehabilitation and mo-
dernization action proved to be a pioneer, both from
a qualitative and quantitative point of view, concer-
ning the articulation of teaching and architecture
(Santos, 2015). Taking into account the high number
of schools that it aspired to rehabilitate in a short
period of time, the PMEES was supported by a Ma-
nagement Model that extends from financial issues
to the project and the execution of the work, as well
as the heritage management in an extended period
of operation.

The particularity of this Program to promote the
rehabilitation of school buildings, which is a con-
sequence of the concern to optimize intervention
costs, also favors awareness to the sustainability is-
sue. If, on the one hand, preserving part of the buil-



Andre Santos

189

rehabilitacion de edificios escolares, que es conse-
cuencia de la preocupacion de optimizar los costes
de intervencion, favorece también la sensibilizacion
en el tema de la sostenibilidad. Si, por un lado, la
preservacion de parte del edificado contribuye para
una disminucion en los gastos energéticos, de agua
y de materiales, también es verdad que la valoracion
y recuperacion de la herencia edificada imprime en
las sociedades una sensibilizacion y responsabilidad
para un uso cuidado de las instalaciones escolares.

“Desarrollo sostenible pretende el equilibrio de las
dimensiones econdmicas, ambientales y sociales
de desarrollo desde una perspectiva global y a lar-
go plazo. Implica una amplia vision sobre el bien-
estar humano, una perspectiva a largo plazo sobre
las consecuencias de las actividades actuales, y un
compromiso total de la sociedad civil para alcanzar
soluciones viables.” (OECD, 2011, p. 3).

2. Programa de Modernizacion
De Las Escuelas Con Ensenanza
Secundaria (PMEES)

El Programa de Modernizacion de las Escuelas con
Enserianza Secundaria surge para “superar el atraso
educativo portugués frente a los patrones europeos,
integrar a todos los ninos y jovenes en la escuela y
proporcionarles un ambiente de aprendizaje moti-
vador, exigente y gratificante, mejorar progresiva-
mente los resultados, haciendo subir el nivel de for-
macion y de estudios de las proximas generaciones,
todo esto constituye una urgencia nacional. La supe-
racion de estos desafios es esencial para el desarrollo
personal y civico de cada uno, para el fomento de la
ciencia y de la cultura, para la cohesion de la socie-
dad, para la productividad y la competitividad de la
economia.” (Presidencia del Consejo de Ministros,
2005, p. 42).

1.1. Objetivos

Creado para poder dar respuesta a la globalidad de
las necesidades espaciales e infraestructurales de las
escuelas, el Programa se disena teniendo en cuenta
la heterogeneidad del universo escolar portugués,
del cual se destacan tres periodos de construccion
con distintas tipologias edificatorias, desde los pri-
meros institutos nacionales, a las escuelas de base
técnica e industrial 0 a las escuelas mas recientes de
naturaleza pabellonar, resultado de los programas
de construccion estandardizada en grandes cantida-
des. (Santos, 2015).

En este contexto, no existe ninguna referencia a un
modelo tipoldgico, un ejemplo que pudiese servir de
base. Los limites de la proyeccion son ahora fisicos
y legales (Neves, 2011). Asi, teniendo en cuenta los
diversos momentos de construccion de edificios es-
colares en Portugal y el marco legislativo, es objetivo
del Programa adaptarse y hacer alterar cada espacio
de acuerdo con el Modelo Conceptual, que tiene re-

ding contributes to a decrease in energy, water and
materials expenses, it is also true that the valuation
and recovery of the built heritage gives societies an
awareness and responsibility for the careful use of
school facilities.

“Sustainable development seeks to balance the eco-
nomic, environmental, and social dimensions of de-
velopment in a long-term and global perspective. It
implies a broad view of human welfare, a long-term
perspective about the consequences of today's acti-
vities, and the full involvement of civil society to re-
ach viable solutions.” (OECD, 2011, p. 3).

2. Programa de Moderniza¢ao Das
Escolas Com Ensino Secundario
(PMEES)

The Programa de Modernizacao das Escolas com
Ensino Secundario emerged to overcome the Por-
tuguese educational backwardness in relation to
European standards, to integrate all children and
young people in school and to provide them with a
motivating, demanding and rewarding learning en-
vironment, progressively improving results, raising
the level of qualification of the next generations: all
of this was a national urgency. Overcoming these
challenges is essential for the personal and civic de-
velopment of each one, for the promotion of science
and culture, for the society's cohesion, for the pro-
ductivity and competitiveness of the economy. (Pre-
sidéncia do Conselho de Ministros, 2005, p. 42).

2.1. Objectives

Created in order to respond to the spatial and infras-
tructural needs of each school, the Program was de-
signed taking into account the heterogeneity of the
Portuguese school universe, of which three cons-
truction period stand out with different building ty-
pologies, since the first national secondary schools,
to the technical and industrial schools, or the most
recent pavilion schools, which resulted from the
many construction programs of standardized buil-
dings in large quantities (Santos, 2015).

In this context, there is no reference to a typological
model, an example that could serve as a basis. The
limits of the project are now physical and legal (Ne-
ves, 2011). Therefore, taking into account the diffe-
rent moments of construction of school buildings in
Portugal and the legislative framing, it is an objective
of the Program to adapt and change each space ac-
cording to the Conceptual Model, which is reflected
in a diagram of the relation between different spaces
(Fig. 1), as well as in a Functional Hierarchy diagram
(Fig. 2), in a sustainable intervention to take advanta-
ge of a significant part of the preexistence.

Based on a conceptual and technical structure, this
proved to be a unique and singular moment of archi-
tectural intervention in the history of national school
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Figure 01.

Representative scheme

of the Conceptual Model

of the do Programa de
Modernizacao das Escolas
com Ensino Secundario.
Adapted from the original. ©
Parque Escolar, E.P.E.

Figure 02.

Representative scheme of
the Hierarchical Functional
Levels of the Programa de
Modernizacao das Escolas
com Ensino Secundario.
Adapted from the original. ©
Parque Escolar, E.P.E.
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laciones escolares. Desde el punto de vista infraes-
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pretende la rehabilitacion sostenible del universo es-
colar portugués.
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a las autoridades educativas a restaurar (..) la toma
de decisiones adecuadas y econdmicamente viables
a largo plazo, ambientes adecuados y estimulantes,

SR

TEACHERS -

EMPLOYEES

—

LIBRARY

MULTIPURPOSE
ROOM
AUDITORIUM

ADULTS
FORMATION

INFORMAL LEARNING [LEARNING STREET) KNOWLEDGE AND MEMORY
Il I I
11
L
BREAK
RIBRARY: DIRECTION == =] CLASSROOM
RESOURCE
i ATTENDANCE
PREPARATION FORMAL LEARNING
EVALUATION \ J

ADMINISTRATION

RECEPTION
ENTRANCE

FORMATION

TEACHERS

buildings, due to the innovations that were operated
not only in the teaching-learning methods, but also
in the quality of the school facilities, from the infras-
tructural, spatial and technological points of view, in
a Program that aimed to a sustainable rehabilitation
of the Portuguese school universe.

“This programme defines sustainability to encoura-
ge education authorities to restore (..) comprehen-
sive and cost-effective long-term decisions, suitable
and stimulating environments, comfortable working
conditions, school community participation.” (OECD,
2009, p. 5).

“Sustainability for schools and architecture, (..),
means more than energy efficiency and ecological
buildings. It incorporates values such as quality ar-
chitectural design, economic efficiency, social equity
and preservation of the environment in all phases of
planning, design, construction and maintenance.”
(OECD, 2009, p. 2).
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condiciones de trabajo confortables, participacion
de la comunidad escolar.” (OECD, 2009, p. 5).

“Sostenibilidad de las escuelas y de la arquitectura,
(), significa mas que eficiencia energética vy edifi-
cios ecologicos. Incorpora valores como la calidad
del proyecto arquitectonico, eficiencia econdomica,
igualdad social y conservacion del ambiente en to-
das las fases de planificacion, proyecto, construccion
y mantenimiento.” (OECD, 2009, p. 2).

1.2. Modelo conceptual

El PMEES se estructurd segun vectores esenciales
que defienden un principio de sostenibilidad en la
rehabilitacion de las instalaciones de los espacios
escolares, asi como en el fomento de estrategias vy
valores para una actitud de prevencion y de mante-
nimiento ademas de una utilizacion responsable y
cuidada.

En primer lugar, se asiste a la recuperacion y al
mantenimiento de los edificios, con el objetivo de
potenciar una nueva cultura de aprendizaje. Asi,
las intervenciones deberian actuar en el sentido de
correccion de los diversos problemas constructivos
detectados (Fig. 3), de mejorar las condiciones de
confort ambiental, en lo que respecta a las condicio-
nes hidrotérmicas, acusticas, de calidad del aire, de
seguridad y de accesibilidad para todos en los espa-
cios interiores y exteriores de la escuela. Simultanea-
mente, las intervenciones de modernizacion debe-
rian proporcionar una readecuacion de los espacios
lectivos y no lectivos a las nuevas necesidades peda-
gogicas, garantizando la flexibilidad y capacidad de
adaptacion de los espacios a las diversas actividades
que componen el curriculum, asi como a las alte-
raciones que en este puedan suceder, previendo la
creacion de una oferta educativa mas diversificada
(Santos, 2015; Heitor, 2011).

Asociado a la modernizacion tecnologica y al rea-
juste del espacio escolar, y de las practicas educa-
tivas, en un contexto contemporaneo, el Modelo
Conceptual prevé la introduccion de practicas de
aprendizaje informal, directamente relacionadas
con la necesidad de crear espacios agradables, ape-
lativos y confortables. A partir de esta ambicion de
ampliar la gama de practicas educativas mas alla del
curriculum formal tradicional, caracterizado por una
relacion de control en la transmision de conocimien-
to entre el docente y los discentes, se introdujeron
practicas pedagogicas de naturaleza colaborativa y
exploratoria, que lo complementan (Heitor, 2011).

La diversidad de actividades lectivas a las que se
aspiraba encontro respuesta formal en el concepto
de learning street, introducido por el arquitecto Her-
man Hertzberguer3 en la Escuela de Montessori4,
en Delft, en los Paises Bajos, en la década de 1960,
con fundamento en los ideales de Maria Montes-
sori5 (Heitor, 2011). La estructura de la learning street

2.2 Conceptual model

The PMEES was structured according to critical vec-
tors that defended a principle of sustainability in the
rehabilitation of school buildings, the promotion of
strategies and values for an attitude of prevention
and maintenance, as well as for responsible and ca-
reful use.

First, the restoration and maintenance of buildings
were carried out with the purpose of promoting a
new learning culture. In this sense, intervention ac-
tions should act towards the correction of various
constructive problems that were detected (Fig. 3), to
improve the conditions of environmental comfort,
regarding hydrothermal and acoustic conditions, as
well as air quality, safety and global accessibility to
everyone in the school's indoor and outdoor spa-
ces. At the same time, modernization interventions
should provide a readjustment of academic and
non-academic spaces to new pedagogical needs,
ensuring flexibility and capacity to adapt the spaces
to the diverse and distinct activities that constitute
the curriculum, as well as changes that may occur in
it, with perspective to create a more diversified edu-
cational offer (Santos, 2015; Heitor, 2011).

Associated with the technological modernization
and to the reframing of school space, as well as of
teaching practices, in a contemporary context, the
Conceptual Model predicts the introduction of infor-
mal learning practices, directly related to the need to
create pleasant, appealing and comfortable spaces.
Based on this ambition to expand the spectrum of
educational practices beyond the traditional formal
curriculum, characterized by a control relationship
in the transmission of knowledge between the re-
ached and the students, pedagogical practices of a
collaborative and exploratory nature were introdu-
ced, complementing it (Heitor, 2011).

Figure 03.

Advanced state of
degradation of the
Portuguese school
patrimony. Architect Rui
Mealha, secondary school
of Rio Tinto, Gondomar © R.
Mealha (2008).
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agrega todos los espacios lectivos a lo largo de una
calle comunitaria, a la cual se asocian las aulas como
pequenas unidades autbnomas, y es el elemento de
conexion mediador de relaciones que se establecen
entre los diferentes espacios, sean interiores o exte-
riores, de naturaleza formal o informal (Taylor, 2009;
Hertzberger, 1991).

En segundo lugar, el Programa pretende abrir la es-
cuela a la comunidad extraescolar, incentivando su
interrelacion con la institucion de ensenanza, para
aumentar los niveles de compromiso y de revalori-
zacion de la institucion de la escuela publica. Para
ello, se intentaron crear condiciones para el uso uni-
versal de todas las comunidades con la apertura de
espacios destinados a eventos sociales, culturales y
ludicos, como la biblioteca, auditorios, espacios ex-
positivos, y espacios deportivos (Santos, 2015). En
este proceso de innovacion y rehabilitacion de los
edificios escolares, la arquitectura fue convocada
para que crease condiciones para alcanzar el obje-
tivo de inclusion universal, sin discriminacion de cla-
ses, etnias, credos, limitaciones fisicas o cognitivas,
por medio de espacios atractivos, multifuncionales,
seguros, accesibles e inclusivos (Santos & Rocha,
2020).

En tercer lugar, y asociado al intento de abrir la es-
cuela a la comunidad, se considerd el objetivo de
que este proceso de rehabilitacion proporcionase un
reposicionamiento de la escuela en el tejido urbano
en el que seinsiere, como equipamiento publico fun-
damental para el funcionamiento de la sociedad y
de la conformacion fisica y social de la ciudad (Fig. 4).
De hecho, el espacio de la escuela, donde se toman
los primeros pasos de socializacion y de responsabili-
zacion colectiva, tiene un papel importantisimo en el
desarrollo personal y civico, por lo que transporta la
identidad, la memoria y los valores de la comunidad
(Santos & Mendonga, 2020).

Por altimo, y en cuarto lugar, el Programa incorpo-
ra de forma inédita la vertiente del mantenimiento
y gestion de los edificios tras la recalificacion, como
estrategia imprescindible para una prolongacion
sostenible de la vida util de los edificios, garanti-
zando reparaciones puntuales, asi como el mante-
nimiento cotidiano. Se espera, con este proceso de
modernizacion de las instalaciones, que se incorpore
un mayor sentido de responsabilizacion, asi como
un compromiso de los usuarios que incite a una uti-
lizacion cuidada y adecuada de los espacios y de los
equipamientos (Santos, 2015).

3. Modelo de gestion

De forma a invertir el proceso de degradacion del
parque escolar, se desarrolldo un modelo de gestion
capaz de reunir condiciones para el proceso de re-
calificacion, respondiendo a las directrices de las
innovaciones de la politica educativa nacional, que
estan en la base del modelo conceptual. El Programa

The diversity of teaching activities that was aimed
at found a formal answer in the concept of learning
street, introduced by the architect Herman Hertzber-
guer at the Montessori School , in Delft, the Nether-
lands, in the decade of 1960, based on the ideals of
Maria Montessori  (Heitor, 2011). The structure of
the learning street, that aggregates all the teaching
spaces along a community street, to which the clas-
srooms are associated as small autonomous units,
is the connecting element, mediator of the rela-
tionships established between the different spaces,
whether interior or exterior, of formal or informal na-
ture (Taylor, 2009; Hertzberger, 1991).

Secondly, it is a programmatic ambition to open the
school to the outer community, encouraging its inte-
rrelation with the educational institution, to increase
the levels of commitment and valorization of the
public school institution. To this end, it was sought
to create conditions for the universal use of all com-
munities by opening spaces for social, cultural and
recreational events, such as libraries, auditoriums,
exhibition spaces and sports spaces (Santos, 2015).
In this process of innovation and rehabilitation of
school buildings, architecture was called upon to
create conditions for achieving the objective of uni-
versal inclusion, without discrimination of classes,
ethnicities, creeds, physical or cognitive limitations,
through attractive, multifunctional, safe, accessible
and inclusive spaces (Santos & Rocha, 2020).

Thirdly, and associated with the attempt to open
the school to the community, it was also considered
an objective of this rehabilitation process to provi-
de a repositioning of the school in the urban fabric
in which it operates, as a fundamental public equi-
pment for the functioning of the society and of the
physical and social conformation of the city (Fig. 4).
In fact, the school space, where the first steps of so-
cialization and collective responsibility are taken, has
a very important role in personal and civic develop-
ment, wherefore it transports the community's iden-
tity, memory and values (Santos & Mendonca, 2020).

Lastly, and fourthly, the Program incorporates, in an
unprecedented manner, the maintenance and ma-
nagement of the buildings after the requalification
process, as an essential strategy for a sustainable
extension of each building's lifespan, ensuring oc-
casional repairs, as well as daily maintenance. It is
expected, with this process of modernization of the
facilities, to be adopted a greater sense of responsi-
bility, as well as a bigger commitment from the users
to incite a careful and adequate use of spaces and
equipment (Santos, 2015).

3. Management model

In order to reverse the deterioration of the school
universe, a Management Model was developed ca-
pable of bringing together conditions for the requa-
lification process, answering to the orientations of
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preconiza el desarrollo de soluciones sostenibles y
duraderas en términos fisicos, ambientales y funcio-
nales, de forma a garantizar también una reduccion
de costes de gestion y mantenimiento (Heitor, 2011).

Se tomb conciencia, por parte del gobierno portu-
gués, de que era preciso reinventar una metodologia
de intervencion sistematica que recuperase la vision
nacional de la red de escuelas, que adoptase criterios
claros en la identificacion de las escuelas objeto de
intervencion y que definiese el ambito de las inter-
venciones indispensables para la recalificacion de los
edificios y su adaptacion a las actuales exigencias de
la ensefianza (Rodrigues, 2012).

Ante la ambicion de, en un corto periodo de tiempo,
intervenir 330 escuelas publicas, de las cuales fueron
efectivamente rehabilitadas 172, se construyé un
modelo de gestion para las varias fases e intervinien-
tes en el proceso. El éxito del programa dependeria
en gran medida de la metodologia de intervencion y
de las garantias de su sostenibilidad, concretamente
en lo relativo a la definicion de las fuentes de finan-
ciaciony a la asignacion previa de los recursos finan-
cieros (Rodrigues, 2010).

3.1. Gestion financiera

El control y gestion financiera se impuso como es-
trategia esencial para garantizar la viabilidad y el
éxito del Programa. Con una perspectiva inicial de
inversion de 940 millones de euros, el 60% fueron fi-
nanciados por fondos de la Union Europea, mientras
que el 40% restante fueron garantizados por présta-
mos bancarios, activos inmobiliarios y actividades
empresariales, se hizo esencial dotar al Programa
de condiciones de implementacion, concretamente
financieras, capaces de invertir el historico de inca-
pacidad de control del coste de los anteriores pro-
gramas de construccion escolar en Portugal (Heitor,
2008).

Conscientes de que el éxito de las intervenciones de-
penderia en gran parte de la metodologia de inter-
vencion y de las garantias de sostenibilidad, en con-
creto enlo que respecta a la definicion de las fuentes
de financiacion y a la asignacion previa de los recur-
sos financieros necesarios para su ejecucion, hubo
una supervision sistematica del modelo financiero
(Rodrigues, 2012).

El presupuesto para las operaciones de rehabilita-
cion de cada una de las escuelas resulto, en primer
lugar, de la catalogacion de las preexistencias de
acuerdo con la tipologia. En un segundo momento,
fueron definidos criterios del analisis del valor inmo-
biliario y de los equipamientos, el valor patrimonial y
la adecuacion de las infraestructuras a la legislacion
vigente y a las exigencias educativas. También la ex-
periencia adquirida durante la fase piloto, en la cual
fueron intervenidas 4 escuelas, permitié constatar el
avanzado estado de degradacion de las infraestruc-

the national educational policy innovations, which
are the basis for the Conceptual Model. The Program
advocates for the development of sustainable and
long-lasting solutions in physical, environmental and
functional terms, in order to also guarantee a reduc-
tion in management and maintenance costs (Heitor,
2017).

The Portuguese government became aware that it
was necessary to reinvent a systematic intervention
methodology that would recover the national vision
of the school net, adopt clear criteria in identifying
the school to be the object of intervention and de-
fine the scope of the interventions indispensable for
the requalification of buildings and their adaptation
to current teaching requirements (Rodrigues, 2012).

With the ambition to intervene in 330 public schools
in a short period, 172 of which were effectively re-
habilitated, a Management Model was built for the
various phases and actors in the process. The suc-
cess of the program would depend strongly on the
intervention methodology and the guarantees of
its sustainability, namely regarding the definition of
financing sources and the previous allocation of fi-
nancial resources (Rodrigues, 2010).

3.1. Financial management

First of all, financial control and management was an
essential strategy to guarantee the Program's viabi-
lity and success. With an initial investment perspec-
tive of 940 million euros, 60% of which was financed
by European Union funds, while the remaining 40%
was provided by bank loans, real estate assets and
business activities, it was essential to provide the
Program with implementation conditions, namely
financial, capable of reversing the history of inabili-
ty to control costs of previous school building pro-
grams in Portugal (Heitor, 2008).

I
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Figure 04.

Refocusing the school in the
urban fabric. Architect Rui
Mealha, secondary school
of Rio Tinto, Gondomar © A.
Razimirko (2019).
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turas, afirmando la necesidad de ejecutar una inter-
vencion mas profunda en diversos componentes de
la construccion (Santos, 2015).

La estructuracion de la operacion, y del presupuesto,
en diferentes fases, desde el proyecto, a la ejecucion,
de acuerdo con cada una de las especialidades, fue
también uno de los aspectos esenciales para la efi-
cacia de su concretizacion.

3.2. Gestion de proyecto

Simultaneamente, fue importante implementar sis-
temas de gestion de proyecto capaces de seguir a
los diferentes equipos de modo a que el proceso se
encaminase para un objetivo comun. Se llevd a cabo
a través la produccion de un conjunto de documen-
tos de orientacion de los proyectistas para el cumpli-
miento de plazos, de presupuestos, marcos legales,
asi como de designios conceptuales.

Parque Escolar acompanio a los equipos de proyec-
to a partir de una posicion de complicidad, en un
proceso participativo, que se tradujo en un nivel de
compromiso, responsabilidad y disponibilidad, por
parte de los proyectistas, que supera claramente las
obligaciones inherentes al desempeio profesional.
De esta forma, la metodologia seguida se asienta en
principios de participacion de todos los intervinien-
tes, desde la entidad de gestion, a los equipos de
proyecto, 0 a las comunidades escolares y educati-
vas, que, por medio de la redaccion del documento
Plan Estratégico6, fueron capaces de delinear las es-
pecificidades de cada comunidad, para una efectiva
interrelacion con los tejidos productivos y economi-
cos (Santos, 2015).

Al mismo tiempo, se crearon mecanismos de segui-
miento de la evolucion de los proyectos que, ademas
de ser evaluados y aprobados por Parque Escolar,
fueron presentados y validados por las direcciones
de las escuelas.

Antes de la contratacion de los equipos de proyec-
tistas, se contrataron consultores externos que pre-
pararon el material en el que se apoyarian. Por lo
demas, en el transcurso del proyecto, se contrataron
consultores para prestar apoyo en cuestiones mas
especializadas, como el disefio de las bibliotecas o
de las cocinas, para permitir homogeneidad y mayor
control frente al desarrollo de todos los proyectos
(Santos, 2015).

Los manuales técnicos, desarrollados vy actualizados
por la experiencia acumulada por las varias fases de
implementacion del PMEES, permiten que todos los
proyectos sean desarrollados de una forma equili-
brada y que sigan los objetivos universales del Pro-
grama, con vistas a la innovacion y la sostenibilidad
global de los edificios escolares.

“Dado que la sostenibilidad es el objetivo final, PE

With a clear awareness that the success of the inter-
ventions would depend heavily on the intervention
methodology and sustainability guarantees, namely
regarding the definition of the financing sources and
the previous allocation of the financial resources
necessary for their execution, there was systematic
monitoring of the financial model (Rodrigues, 2012).

The budget for the rehabilitation operations of each
school resulted, in the first place, from cataloging of
pre-existing items according to the typology. In the
second place, criteria were defined by the analysis of
the real estate and equipment value, the patrimonial
value, the adequacy of the infrastructures to the cu-
rrent legislation and the educational requirements.
The experience acquired during the pilot phase, in
which 4 schools were intervened, also made it pos-
sible to see the advanced state of infrastructure de-
gradation, affirming the need to carry out a more
in-depth intervention in several construction com-
ponents (Santos, 2015).

The structuring of the operation, and the budget, in
different phases, from project to execution, accor-
ding to each one of the specialties, was also one of
the essential aspects for the effectiveness of its im-
plementation.

3.2. Project management

At the same time, it was important to implement
project management systems capable of accom-
panying the different teams, so that the process
would move towards a common goal, by producing
a set of documents guiding the project teams to
meet deadlines, budgets, legal frameworks, as well
as conceptual objectives.

Parque Escolar followed the project teams from a
position of complicity, in a participatory process,
which resulted in a level of commitment, respon-
sibility and availability by the project teams, which
clearly exceeds the obligations inherent to profes-
sional performance. In this way, the methodology
followed is based on principles of active participa-
tion of all actors, from the management entity, to
the project teams, or to the school and educatio-
nal communities, which, through the writing of the
Strategic Plan document, were able to outline the
specificities of each community, for an effective in-
terrelation with the productive and economic fabrics
(Santos, 2015).

At the same time, mechanisms were created to mo-
nitor the evolution of projects that, in addition to
being evaluated and approved by Parque Escolar,
were being presented and validated by the school
management.

Even before hiring the project teams, external con-
sultants were hired to prepare support material. In
addition, during the project, consultants were hired
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[Parque Escolar] desarrolld6 materiales y manuales
que establecen altos estandares y garantizan que las
necesidades de todas las partes interesadas se ten-
gan en cuenta. Como la sostenibilidad depende de
la eficiencia y de la calidad de los espacios de apren-
dizaje, los manuales y directrices de proyecto de PE
son proporcionados a todos los proyectistas en el
inicio del proceso y preparan el escenario para todos
los aspectos del Programa.” (Jorge & Costa, 2011, p.
2).

3.3. Gestion de obra

El modelo de gestion contempla también cuestio-
nes de ejecucion de obra, en la articulacion entre los
contratistas y las equipos de fiscalizacion, en la defi-
nicion de plazos para las diferentes fases, asi como
en la relacion con el sector del mercado de materia-
les.

También para la gestion de la obra fue necesario de-
sarrollar una estrategia para un proceso constructi-
Vo, garantizando el funcionamiento escolar durante
el periodo de intervencion, o que requiere que se
garanticen condiciones de seguridad. Esta condicion
implicd una planificaciéon de las obras, desde un pri-
mer momento prevista en el proyecto, definiendo
las varias fases y las correspondientes alteraciones
en el posicionamiento de la obra (Santos, 2015).

3.4. Gestion de edificios

Para garantizar una mayor sostenibilidad de las in-
tervenciones y de los edificios escolares, ademas del
modelo de gestion de proyecto y de obra creados
para los momentos de rehabilitacion y moderniza-
cion, el Programa garantiza la gestion de los edificios
de fase de utilizacién en un periodo de 30 anos, con
implementacion de sistemas de mantenimiento vy
de prevencion a largo plazo.

El modelo de gestion y financiacion del manteni-
miento y conservacion de los edificios escolares era
ineficaz e ineficiente, con un enorme desperdicio de
recursos (Rodrigues, 2012), por lo que la estrategia
de implementacion del mantenimiento a largo plazo
como componente esencial del proyecto, es funda-
mental para alcanzar los objetivos de la creacion de
un universo edificado educacional sostenible, capaz
de satisfacer las necesidades de educacion a largo
plazo (Almeida, Blyth, Forrester, Gorey, & Hostens,
2009).

Simultaneamente, se hace importante incorporar,
desde este momento, en la fase de proyecto, el con-
cepto de Life Cycle Design, para ser conscientes de
las opciones tomadas en la organizacion espacial, en
los sistemas constructivos y en los materiales, para
que faciliten su propia durabilidad, asi como la capa-
cidad de adaptacion a nuevos desafios educativos
(Ladiana, 2011).

to provide support on more specialized issues, such
as the layout of libraries or kitchens, to allow homo-
geneity and greater control regarding the develop-
ment of all projects (Santos, 2015).

The technical manuals, developed and updated by
the experience that has been accumulated by the
various phases of implementation of the PMEES,
allow that all projects were developed in a balanced
way and that follow the universal objectives of the
Program, aiming at innovation and global sustaina-
bility of the school buildings.

“"Given that sustainability is the ultimate goal, PE [Par-
que Escolar] has developed state-of-the-art briefing
materials and manuals which set high standards and
ensure that all stakeholders' needs are taken into ac-
count. As sustainability depends upon the efficiency
and quality of learning spaces, PE's design manuals
and guidelines are provided to designers early in the
process and these set the stage for all aspects of the
programme.” (Jorge & Costa, 2011, p. 2).

3.3. Execution management

The Management Model also contemplates issues of
work execution, in the articulation between the con-
tractors and the inspection teams, in the definition
of deadlines for the different phases, as well as in the
relationship with the sector of the materials market.

Also, for the management of the work, it was neces-
sary to develop a strategy for constructive phasing,
ensuring school functioning during the intervention
period, which requires that safety conditions be en-
sured. This condition implied planning of the works,
already foreseen in the project, defining the various
phases and the corresponding changes in the posi-
tioning of the construction site (Santos, 2015).

3.4. Building management

To ensure greater sustainability of interventions and
school buildings, in addition to the project and work
management model created for the rehabilitation
and modernization moments, the Program ensures
the management of buildings in use over a period
of 30 years, with the implementation of long term
maintenance and prevention systems.

The management and financing model for the
maintenance and conservation of school buildings
was ineffective and inefficient, with a huge waste of
resources (Rodrigues, 2012), so the strategy of im-
plementing long-term maintenance as an essential
component of the project is vital to achieving the
goals of creating a sustainable edified educational
universe, capable of meeting long-term education
needs (Almeida, Blyth, Forrester, Gorey, & Hostens,
2009).

Concurrently, it becomes important to incorporate,
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Figure 05.

Urban restructuring.
Architect Arquiteto Manuel
Fernandes Sa, secondary
school Rodrigues de Freitas,
Porto © A. Santos (2009).

4, Rehabilitacion

El marco de intervencion se caracteriza por una es-
trategia de rehabilitacion. El Programa determina
que las escuelas preexistentes sean rehabilitadas
y modernizadas, obligando a mantener cerca del
80% de la construccion original. En este sentido, los
proyectistas tuvieron que reconocer la viabilidad de
reconstruccion que cada edificio escolar presentaba,
y definir qué partes se mantendrian y lo poco que
seria demolido. En este sentido, ninguna de las 172
escuelas intervenidas materializa edificios construi-
dos de raiz. La opcion de rehabilitacion de los edifi-
cios preexistentes tiene como estimulo la eficiencia
energética, por el ahorro en el consumo de energia
(Ladiana, 2011).

Cuidar del patrimonio construido es mas que ges-
tionar eficazmente los recursos financieros en este
invertidos, es contribuir para la conservacion de la
historia, de los valores y de la memoria colectiva de
una comunidad (Afonso & Cruz, 2011). El Programa
transporta, asi, mas alla de la vertiente de sosteni-
bilidad ecologica y econdmica, una dimension de
sostenibilidad patrimonial. Se mantiene, asi, la pers-
pectiva de que cualquier objeto del pasado puede
convertirse en testigo historico a pesar de no haber
tenido, en su origen, un destino conmemorativo
(Choay, 2000).

4.1. Contexto

Dentro de la diversidad tipologica fue posible encon-
trar caracteristicas transversales a la generalidad de
los edificios escolares, lo que supuso la definicion de
tres grupos tipologicos. Esta catalogacion permitio
que el Programa se pudiese estructurar de forma a
dar respuesta a la globalidad de las exigencias espa-
ciales del universo en causa (Heitor, 2012).

El primer grupo, que se extiende desde la segunda
mitad del siglo XIX, con la construccion de las pri-
meras escuelas secundarias nacionales, hasta 1935,
se caracteriza por un modelo de edificio Unico,
compacto y con patios cerrados, que generalmente
ocupaba la totalidad de una manzana en una zona
urbana central. El segundo, que constituye cerca del
21% de las escuelas intervenidas, esta constituido
por escuelas de base comercial o técnica, construi-

from the very beginning of the project phase, the
concept of Life Cycle Design, to make conscious the
options taken in the spatial organization, in the cons-
truction systems and the materials, so that they faci-
litate their durability, as well as the ability to adapt to
new educational challenges (Ladiana, 2011).

4, Rehabilitation

The intervention context is characterized by a reha-
bilitation strategy. The Program determines the pre-
existing schools to be rehabilitated and modernized,
obliging them to maintain about 80% of the original
construction. In this sense, the designers had to re-
cognize the feasibility of reconstruction that each
school building had and define which parts would be
kept and the little that would be demolished. In this
sense, none of the 172 schools under intervention
materialized buildings constructed from scratch.
The option of rehabilitating preexisting buildings has
as stimulus energy efficiency, by saving energy con-
sumption (Ladiana, 2011).

Taking care of the built heritage is more than effec-
tively managing the financial resources invested in
it, it is contributing to the preservation of the his-
tory, values, and collective memory of a community
(Afonso & Cruz, 2011). The Program thus carries, in
addition to the ecological and economic sustaina-
bility aspect, a dimension of heritage sustainability.
Therefore, follows the perspective that any object
from the past can become a historical testimony
despite not having, in its origin, a commemorative
destination (Choay, 2000).

4.1. Context

Within the typological diversity of preexistences, it
was possible to find proprieties and characteristics
transversal to most school buildings belonging to
each construction period, which resulted in the de-
finition of three typological groups. This cataloguing
allowed the Program to be structured to respond
globally to the spatial demands of the universe in
question (Heitor, 2012).

The first group, that extends from the second half of
the nineteenth century, with the construction of the
first national secondary schools, until 1935, is charac-
terized by a single, compact building model with clo-
sed courtyards, usually occupying the entire block
in a central urban area. The second, which consti-
tuted about 21% of the schools involved, consists
of schools of a commercial and technical base, built
from 1936 to 1968, usually in areas with easy road
accessibility and in lots with large dimensions. Fina-
lly, the third, which comprises 77% of the universe to
intervene, is constituted by school that, since 1968,
resulted from the multiple construction programs
of modular and standardized structures, namely in
solutions of pavilion nature (Conselho de Ministros,
2007; Santos, 2015).
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das de 1936 a 1968, normalmente en zonas de facil
accesibilidad viaria y en lotes con elevadas dimen-
siones. Por ultimo, el tercer grupo, que engloba el
T77% del universo a intervenir, esta constituido por las
escuelas que, desde 1968, resultaron de los multiples
programas de construccion de estructuras modula-
resy estandardizadas, concretamente en las solucio-
nes de naturaleza pabellonar (Consejo de Ministros,
2007; Santos, 2015).

Un ejemplo de intervencion de rehabilitacion en edi-
ficios histéricos es la escuela secundaria Rodrigues
de Freitas, que, por su elevado valor patrimonial y
por la posicion destacada en el tejido urbano, pro-
tagoniza un enorme cometido en la conformacion
identitaria de la comunidad (Fig. 5). La intervencion
llevada a cabo en este edificio, ademas de procurar
dignificar su existencia, ha tenido como mayor mé-
rito la afirmacion del compromiso de la escuela con
el tejido de la ciudad, participando en el rediserno del
espacio publico y en la definicion de itinerarios pea-
tonales urbanos.

La escuela artistica Soares dos Reis es un ejemplo de
intervencion en escuelas con base industrial, cons-
truida originalmente en una zona de la ciudad en
crecimiento. A semejanza de lo que ocurre en otras
intervenciones en edificios escolares contempora-
neos suyos, la intervencion pretendié conectar la
preexistencia, compuesta por edificios paralelos en-
tre si que concentran en altura todas las actividades
lectivas y no lectivas, por medio de un nuevo cuerpo
longitudinal. Este nuevo cuerpo, constituye en esta
escuela, por la diversidad de momentos espaciales
que crea, en la articulacion de actividades educati-
vas, formales e informales, con actividades ludicas y
sociales, un ejemplo paradigmatico de la aplicacion
del concepto de learning street (Fig. 6).

La escuela secundaria de Rio Tinto es ejemplo de
una intervencion en edificios de base pabellonar.
Aunque en el interior del lote, con las intervenciones
de innovacion y actualizacion tecnologica, las reglas
estructurales y ritmicas impuestas por la repeticion
del modulo pabellonar hayan sido respetadas vy
mantenidas, hubo una clara transformacion espa-
cial, en particular en los espacios de circulacion y
socializacion (Fig. 7), mas alla de una revalorizaciéon
del papel del edificio escolar en el tejido urbano
(Fig.3; Fig. 4). La redefinicion del frente urbano, en
una composicion apelativa y contemporanea, llevo a
que la escuela pudiese asumir un papel de relevancia
en la conformacion identitaria de la ciudad y que se
abriese decisivamente a la comunidad.

Esta circunstancia promovié una doble condicion
pedagobgica. Por un lado, la sensibilizacion de la
oportunidad de recurrir a procesos de rehabilitacion,
incluso ante arquitecturas de menor valor patrimo-
nial o culturaly, por otro lado, en la contribucion a los
valores de |a sostenibilidad y la ecologia por la mini-
mizacion de los gastos de agua, de materiales y de

An example of a rehabilitation intervention on a his-
toric building is the secondary school Rodrigues de
Freitas, which, due to its high patrimonial value and
its prominent position in the urban fabric, is a major
intervenient in the identity of the community (Fig.
5). The intervention carried out in this building, in
addition to seeking to dignify the preexistence, had
its greatest merit in the affirmation of the school's
commitment to the city's fabric, participating in the
redesign of public space and in the definition of ur-
ban walking trails.

The artistic school Soares dos Reis is an example
of an intervention in schools of an industrial base,
originally built in a growing of the city. Similar to
what happened in other interventions in building
of the same period, this rehabilitation aimed to link,
through a new longitudinal body, the preexistence,
composed of buildings parallel to each other that
concentrated in height all the teaching and non-
teaching activities. This new volume constitutes in
this school, due to the diversity of spatial moments
that it creates in the articulation of formal and in-
formal educational activities with playful and social
activities, a paradigmatic example of the application
of the concept of learning street (Fig. 6).

The secondary school of Rio Tinto is an example
of an intervention in buildings of pavilion base.
Although inside the lot, with the intervention of in-
novation and technological updating, the structural
and rhythmic rules imposed by the repetition of the
pavilion module were respected and maintained,
there was a clear spatial transformation, particularly
in the spaces of circulation and socialization (Fig. 7),
in addition to the revalorization of the role of the
school building in the urban fabric (Fig. 3; Fig. 4). The
redefinition of the urban front, in an appealing and
contemporary composition, led the school to take
on a relevant role in the identity of the city and to
open itself decisively to the community.

This circumstance promoted a double pedagogical
condition. On one hand, in the awareness of the op-
portunity to result to rehabilitation processes, even
in face of architectures of less patrimonial or cultu-
ral value, and, on the other hand, in contributing to
the values of sustainability and ecology by minimi-
zing the costs of water, materials and energy. Thus,

Figure 06. Right.
Learning street. Architect
Carlos Prata, artistic school
Soares dos Reis, Porto © A.
Santos (2012).
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Figure 07.

Transformation of the
pavilion buildings. Architect
Rui Mealha, secondary
school of Rio Tinto,
Gondomar © A. Santos
(2014).

energia. Asi, convocando la totalidad de los edificios
independientemente de su valor espacial, material
0 constructivo, se demostré, a partir de esta fun-
cion publica que es vivida por toda la sociedad, que
es viable, y oportuna, la posibilidad de rehabilitar en
vez de construir de raiz. En este sentido, invirtiendo la
tendencia dominante de evolucion de la ciudad, se
permitié prestar atencion a valores sociales, cultura-
les e identitarios que superan la condicion patrimo-
nial del edificado, y se enfoca en su sostenibilidad.

4.2, Legislacion

Constituye un designio programatico que las trans-
formaciones de los sistemas estructurales e infraes-
tructurales, operadas de forma a dotar a los edificios
de condiciones de confort, cumplen con los estan-
dares actuales y permiten proyectar las escuelas en
el futuro. Este proceso de rehabilitacion acompano
la evolucion y la introduccion de nuevas directrices
técnicas.

Las exigencias infraestructurales que se comproba-
ron consecuencia del Protocolo de Kioto7 derivaron
en la transposicion de un vasto conjunto de textos
legales de legislacion europea para la normativa
portuguesa, entre 2006 y 2008, alterando significati-
vamente el marco legal portugués. Las alteraciones
se manifestaron en diversas areas, desde el Sistema
de Certificacion Energética y Calidad del Aire Interior
(SCE), a los Sistemas Energéticos de Climatizacion
en Edificios (RSECE) y al Reglamento de las Caracte-
risticas de Comportamiento Térmico de los Edificios
(RCCTE). Complementariamente, se promulgd nue-
va legislacion relativa a la mejoria de las Condiciones

summoning the totality of the buildings, regardless
of their spatial, material or constructed value, it was
demonstrated, from this public function that is ex-
perienced by the whole society, that it is feasible, and
opportune, the possibility of rehabilitating instead of
building from scratch. In this sense, inverting the do-
minant trend of evolution of the city, it was allowed
to focus attention on social, cultural and identity va-
lues that go beyond the patrimonial condition of the
buildings, and focuses on its sustainability.

4.2, Legislation

It is a programmatic objective that the transforma-
tions of structural and infrastructural systems, ope-
rated to provide buildings with comfort conditions,
are in line with current standards and that allow
schools foresee schools in the future. This rehabili-
tation process accompanied the evolution and the
introduction of new technical guidelines.

The infrastructural requirements that occurred as a
result of the Ryoto Protocol resulted in the transpo-
sition of a wide range of legal diplomas from Euro-
pean legislation to Portuguese legislation, between
2006 and 2008, significantly changing the Portugue-
se legal framework. The changes were manifested
in several areas, from the Energy Certification and
Indoor Air Quality System (SCE), to the Energy Con-
ditioning Systems in Buildings (RSECE) and to the
Regulation of the Thermal Behavior Characteristics
of Buildings (RCCTE). In addition, new legislation was
enacted regarding the improvement of Accessibility
Conditions, Acoustic Requirements and Fire Safety
(SCIE). These diplomas, in their joint articulation, de-
termine the inevitability of articulating in the design
and construction of buildings, an infrastructure load
of expressive complexity (Santos, 2015).

Due to the temporal proximity between the entry
into force of these legal diplomas and the implemen-
tation of the PMEES, this was the first moment of
introduction and experimentation of this new cons-
tructive canon, asserting itself as singular and para-
digmatic, emphasizing its experimental condition.

4.3. Infrastructural overload

After a considerable period of time has passed sin-
ce most of the involved schools were intervened, it
can be verified that the enormous infrastructural
load led to an exponential increase in energy cost,
reflected in the monthly monetary expense that, in
most schools, implied the deactivation of the infras-
tructural systems to guarantee the institutions' eco-
nomic survival. Evidently, the legislative impositions,
contrary to what would be desirable, from the point
of view of social and ethical responsibility, proved to
be a huge obstacle to the efficiency and sustainabili-
ty of the interventions, since it led to significant and
persistent energy and monetary expenditures.
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de Accesibilidad, a los Requisitos Acusticos y a la Se-
guridad Contra Incendios (SCIE). Estos textos legales,
en su articulacion conjunta, vienen a determinar la
inevitabilidad de articular en la concepcion y en la
construccion de los edificios, una carga infraestruc-
tural de expresiva complejidad (Santos, 2015).

Debido a la proximidad temporal entre la entrada en
vigor de estos textos legales y laimplementacion del
PMEES, este fue el primer momento de introduccion
y de experimentacion de este nuevo canon cons-
tructivo, afirmandose como singular y paradigmati-
co, enfatizando su condicion experimental.

4.3. Carga infraestructural

Superado ya un periodo temporal considerable des-
de que gran parte de las escuelas fueron interveni-
das, se llegb a la conclusion de que la enorme carga
infraestructural condujo a un aumento exponencial
del coste energético, reflejado en la factura mensual
que, en gran parte de las escuelas, llegd a implicar la
desactivacion de las infraestructuras para garantizar
la supervivencia econdmica de las instituciones. Se
comprueba que estas imposiciones legislativas, al
contrario de lo que seria deseable desde el punto de
vista de la responsabilidad social y ética, revelo ser
un enorme obstaculo a la eficiencia y sostenibilidad
de las intervenciones, ya que condujo a significativos
y persistentes gastos energéticos y monetarios.

“Debido a los rigidos criterios de eficiencia energé-
tica y a la eficacia de las medidas implementadas
durante el proceso de modernizacion, los resulta-
dos ilustran una diferencia significativa en relacion
con las escuelas no renovadas, que poseen menos
equipamientoy, por tanto, tienen costes energéticos
mas bajos. De hecho, la necesidad de crear condicio-
nes en las instalaciones escolares, en términos de ca-
pacidad, asi como funcionalidad y confort, llevd a un
mayor recurso a los sistemas.” (Jorge & Costa, 2011).

Para atenuar la diferencia de los consumos de ener-
gia, se previo la instalacion, en todas las escuelas, de
paneles fotovoltaicos, para la produccion de agua
potable caliente, para usar en las cocinas y en los re-
cintos deportivos. Ademas de eso, cada escuela esta
dotada de un sistema de gestion centralizada, para,
por el analisis de los patrones comportamentales,
rentabilizar el gasto energético, por el ajuste de la
iluminacion y de los sistemas de calefaccion y reno-
vacion del aire (Jorge & Costa, 2011).

“La clasificacion media obtenida en los certificados
de desempeno energético en las escuelas es B en la
fase de proyecto. Esta no tiene en cuenta la instala-
cion futura de paneles fotovoltaicos de 100 kWp en
cada escuela, que las convertira en energéticamen-
te eficientes. Gracias a la planificaciéon anticipada, el
refuerzo de las areas de cobertura existentes — para
acomodar la instalacién futura de los paneles - fue
incluido en la fase de proyecto y considerado en

“Due to the strict energy efficiency criteria and the
effectiveness of the passive measures implemented
during the modernisation process, the outcomes
illustrate a significant difference in relation to non-
renovated schools which have less equipment and
therefore lower energy costs. Indeed, the need to
create better conditions in school facilities, in terms
of capacity as well as functionality and comfort, has
led to a greater recourse to systems.” (Jorge & Costa,
2011, p. 4).

To mitigate the difference in energy consumption, it
was envisioned the installation, in all schools, of pho-
tovoltaic panels to produce heated potable water, to
be used in kitchens and sports venues. In addition,
each school has a centralized management system,
to, through the analysis of behavioral patterns, mo-
netize energy expenditure, by adjusting lightning,
heating and air renewal systems (Jorge & Costa,
2011).

“The average rating obtained for schools' energy per-
formance certificates is B for the design stage. This
does not take account of the future installation of
100 KWp of photovoltaic solar panels in each school
which will make them energy sufficient. Thanks to
early planning, the reinforcement of existing roof
areas — in order to accommodate the future photo-
voltaic installations — is included in the design stage
and factored into construction time.” (Jorge & Costa,
2011, p. 2). The installation of these panels should re-
sultinan energy rating of A or A+, above the rating of
most schools in Portugal before these rehabilitation
operations.

Figure 08.

Infrastructural overload.
Architect José Manuel
Soares, secondary school of
Santa Maria da Feira, Santa
Maria da Feira © A. Santos
(2012).
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tiempo de construccion.” Costa, 2011, p.2).

La instalacion de estos paneles deberia suponer una
clasificacion energética de A o A+, por encima de la
evaluacion energética de la mayoria de las escuelas
en Portugal antes de estas operaciones de rehabili-
tacion.

Aunque sea verdad que la arquitectura haya dado
respuesta a la necesidad de balance entre la produc-
ciony el gasto energético, en la articulacion de todos
los sistemas con las necesidades espaciales y educa-
tivas (Fig. 8), conviene referir que la perspectiva de
instalacion masiva de paneles fotovoltaicos, no se
verificd en la totalidad, comprometiendo la expec-
tativa de produccion de energia como estrategia de
equilibrar el aumento de los consumos. Asi, apenas
se instalaron paneles solares destinados al calenta-
miento de aguas sanitarias en zonas de vestuarios
de apoyo al ejercicio fisico y practicas deportivas.

Teniendo en cuenta el claro desajuste en relacion
con la carga infraestructural instalada en cada una
de las escuelasy las necesidades reales de confort, se
hicieron evidentes algunos factores de significativo
desencuentro, que carecen ahora de una reflexion y
un replanteamiento frente a las realidades economi-
cas y climatéricas portuguesas, para un mejor ajuste
a futura rehabilitaciones,

5. Consideraciones finales

“La verdadera sostenibilidad solo se alcanza cuan-
do los edificios escolares integran practicas socia-
les, ambientales y econdmicas en las practicas de
ensefanza, aprendizaje y gestion de los edificios.
Socialmente, esto significa garantizar aulas y pa-
sillos limpios y saludables y laboratorios con pocos
contaminantes. Ambientalmente, significa una es-
cuela que regula las emisiones de carbono, respeta
el paisaje natural y reduce el desperdicio. Econdomi-
camente, significa una escuela que mantiene su pre-
supuesto y que saca provecho de la luz natural y de
las condiciones naturales. Ademas, la infraestructura
escolar puede facilitar una plataforma y un modelo
valiosos para la ensenanza de los estudiantes acerca
de los tres aspectos de la sostenibilidad. Las acciones
tomadas en pro de la sostenibilidad también deben
ser a largo plazo y permitir la inclusion de preocupa-
ciones intergeneracionales.” (OECD, 2009, p. 2).

Del abordaje desarrollado, es posible comprender
que el Programa se desarrolld para procurar mo-
vilizar intervenciones sostenibles, superando las
cuestiones ambientales, y rebasando los valores
culturales, econdmicos y de uso, a partir de la tarea
de interpretacion de los edificios preexistentes para
ver los caminos que deben seguirse en cada accion
de intervencion. El mantenimiento de los edificios es
un tema que refleja la madurez de los conceptos de
ciudadania, responsabilidad y solidaridad de las so-
ciedades contemporaneas (Afonso, 2011).

Although it is true that architecture has responded
to the need of balance between energy production
and expenditure, in the articulation of all infrastruc-
tural systems with space and educational needs (Fig.
8), it should be noted that the prospect of massive
installation of photovoltaic panels have not been fu-
lly verified, compromising the expectation of energy
production as a strategy to balance the increase in
consumption. This way, there were installed only so-
lar panels to heat the sanitary waters, particularly in
the bathroom areas to support physical exercise and
sports practices.

Considering the obvious mismatch in relation to
the infrastructural load installed in each school and
the real need of comfort, some factors of significant
divergence become evident. Wherefore, they now
need to be reflected and rebalanced in face of Por-
tuguese economic and climatic realities, to better
adjust to future rehabilitations.

5. Conclusions

“True sustainability, then, is only realized when
school buildings integrate social, environmental
and economic practices into learning, teaching and
building management. Socially, this means ensuring
clean and healthy classrooms, hallways and labo-
ratories with few pollutants. Environmentally, this
means a school that manages carbon emissions,
respects the natural site and reduces waste. Econo-
mically, this means a school that maintains it budget
and takes advantage of natural sunlight and other
natural conditions. Additionally, the school infras-
tructure itself can provide a valuable platform and
model for teaching students about the three aspects
of sustainability. Actions taken toward sustainability
need to also be long-term and enable inclusion of in-
tergenerational concerns.” (OECD, 2009, p. 2).

From the developed approach, it is possible to un-
derstand that the Program was developed in order
to mobilize sustainable interventions, overcoming
environmental issues, beyond cultural, economic
and use values, starting from the task of interpreting
the preexisting buildings to define the paths to be fo-
llowed in each intervention action. The maintenance
of buildings is a theme that reflects the maturation
of the concepts of citizenship, responsibility, and so-
lidarity in contemporary societies (Afonso, 2011).

Through a vast Management Model, it was possi-
ble to control the Program’s guidelines, ensuring
its success in affirming its objectives, while giving
space to the characteristics of each of the school
buildings and the authorial sense printed by each
of the schools’ project teams. Also, in the projection
of maintenance actions, this Program proved to be
innovative, having designed a management plan for
the building over a period of 30 years.

The rehabilitation option has a double pedagogical
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Por medio de un vasto Modelo de Gestion, fue posi-
ble controlar las lineas directrices del Programa, ga-
rantizando su éxito en la afirmacion de sus designios,
sin dejar de dar espacio a las caracteristicas de cada
uno de los edificios escolares y al sentido autoral
impreso por cada uno de los equipos del proyecto.
Este Programa reveld ser innovador también en la
proyeccion de acciones de mantenimiento, ya que
diseno un plan de gestion del edificado para un pe-
riodo de 30 anos.

La opcidn de rehabilitacion goza de una doble condi-
cion pedagogica. Si por un lado, existe una clara op-
cion por la busqueda de sostenibilidad economica y
ecologica, por la opcion de mantenimiento de una
gran parte de la preexistencia, con enormes ahorros
materiales y energéticos, también es verdad que la
valorizacion de las preexistencias, tanto si tuviesen o
no valor patrimonial, llevd a la modernizacion e in-
novacion tecnologica de las escuelas intervenidas,
aproximoé a las comunidades e imprimio6 en la socie-
dad un nuevo sentido de concienciacion y respon-
sabilidad.

De hecho, la rehabilitacion de una enorme parte del
edificado, rehabilitando las caracteristicas patrimo-
niales, atestigua el éxito del Programa en la busque-
da de sostenibilidad, no solo del edificado, sino tam-
bién de los procesos educativos, que se revelaron un
campo fértil para la innovacion.

Desde el punto de vista energético, se llevaron a
cabo esfuerzos para un incremento de la sostenibili-
dad ambiental. Silos resultados fueron satisfactorios
en el proceso de rehabilitacion, el exceso de carga
estructural, resultado de las mas recientes imposi-
ciones legales, supuso un enorme gasto energético,
que no son en su totalidad equilibrados por los equi-
pos de produccion energética, en grande parte por la
incapacidad financiera para su instalacion.

Atendiendo a las realidades climatéricas, y también
financieras, que enmarcan el territorio y la economia
portuguesa, se constata la exageracion de estas dis-
posiciones legales, haciendo oportuna, y esencial,
una reflexion que induzca a sensibilizar para una rea-
daptacion de las exigencias técnicas frente a las rea-
lidades pedagogicas, sociales, culturales y climaticas,
de modo a que garanticemos condiciones para una
efectiva sostenibilidad, y para la comprobacién de la
reposicion de las condiciones de equilibrio.

condition. If, on the one hand, there is a clear option
for the search for economic and ecological sustaina-
bility and for the choice of maintaining a large part
of pre-existence, with enormous material and ener-
gy savings, it is also true that the valorisation of the
pre-existing, whether they had a greater or lesser pa-
trimonial value, which led to the modernization and
technological innovation of the schools involved,
brought communities closer together and added to
society a new sense of awareness and responsibility.

In fact, the rehabilitation of a vast part of the buil-
ding, rehabilitating the patrimonial characteristics,
testifies to the Program'’s success in seeking sustai-
nability, not only of the building, but also of the edu-
cational processes, which have also proved to be a
fertile field for innovation.

Also, from the energy point of view, efforts were
made to increase environmental sustainability. If the
results were satisfactory in the rehabilitation pro-
cess, the excess infrastructural load, which resulted
from the most recent legal requirements, resulted in
enormous energy costs, which are not fully balanced
by energy production equipment, largely due to the
financial inability for their installation.

Taking into account the climatic and financial reali-
ties that frame the Portuguese economy and terri-
tory, there is an exaggeration of these legal provi-
sions, making it opportune and essential, a reflection
that induces awareness for a readjustment of te-
chnical requirements in face of pedagogical, social,
cultural and climatic realities, so that we ensure con-
ditions for effective sustainability, and for the verifi-
cation of the restoration of equilibrium conditions.

" Programa de Modernizagdo das Escolas com Ensino Secundario (PMEES) was implemented in January 2007, deriving from the
awareness of the state of advanced degradation of the existing schools, aiming to intervene in 332 of the 477 schools with secondary

education in operation.

2 Parque Escolar E.P.E. was created on February 21, 2007 (Decreto-Lei n. 41/2007), as a company with administrative, financial and

patrimonial autonomy, with the mission of developing and implementing the PMEES, for the rehabilitation and management of

school buildings over 30 years.

3 Herman Hertberger (1932) is an architect who graduated from Delft University of Technology, the Netherlands. From his work
stands out the Montessori School, Delft (1966-70), the workshop building of Central Beheer, Apeldooen (1972), and the Chassé

Theater, Breda (1995).

“The Montessori pedagogical method is based on Maria Montessori's ideals. It has materialization is learning spaces that benefit the
accessibility and autonomy of children, in contrast to traditional pedagogical ideas.
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> Maria Montessori (1870-1952) was an lItalian doctor and educator, who graduated from Sapienza Universita di Roma (1896).
She developed proposals of pedagogical philosophies based on a model of human development through interactions with the
environment, in a way to explore the children’s innate capacity for cognitive development. Based on her ideas, the Montessori
pedagogical method was widely disseminated during the 20th century, with materialization in learning spaces that benefit children’s
accessibility, autonomy and freedom.

6The document Plano Estratégico, responsibility of each school, is the starting point for the preparation of the program for each
project, articulating the specific interests of every school with the national curriculum.

" The Ryoto Protocol was signed by 55 countries on December 11, 1997, framed by the growing concerns about the emission of
polluting gases.
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Mapping the Passive Natural Surveillance. A review
and parametrization of the eyes on the street of Jane
Jacobs

Mapeando la Vigilancia Natural Pasiva. Una revisiony
parametrizacion de los 0jos en la calle de Jane Jacobs

Ihigo Galdeano'

ABSTRACT

This research focuses on the parameterization of a generative algorithm that allows the comparative, valid
and reliable analysis of the different urban morphologies in terms of security. Specifically, this algorithm is
programmed to qualify and map the degree of the Passive Natural Surveillance, a glocal principle of the Cri-
me Prevention Through Environmental Design methodology (CPTED).

Thus, although exclusively architectural and morphological, this study is based on a theoretical framework
and on a dialectics formed by the material feminism and the environmental criminology. The analysis, the
approach and the scope of application seek the actuality, the suitability and the social relevance in the Auto-
nomous Community of the Basque Country (CAPV), because the last revision of its Land Planning Guidelines
(DOT) included for the first time the term 'security'.

In short, the algorithm has been applied on the left bank (Santurtzi, Portugalete, Sestao and Barakaldo) and
on the right bank (Getxo, Leioa and Erandio) of the Bilbao Metropolitan Area, mapping the natural surveillan-
ce of 8.000 hectares by a grid of 40.000 sectors. One grid where each sector represents the number of doors,
windows, showcases, etc., (Passive or Panoptic Natural Surveillance) which focus on that portion of public
space.

In conclusion, a new urban and criminological reading of the city, that allows the analysis of the different

morphologies. A new urban information source, a new support and help for the participatory detection of the
so- called 'hot spots of fear'.

Rey Words: Urbanism, Criminology, Algorithm, Grasshopper 3D.

(1) Doctoral Programme in Scientific Cross-Disciplinary Approaches to Heritage and Landscape, UPV/EHU, galdeanoeh@gmail.com
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CONSTRUCCION EN MADERA: EFICIENTE,
VANGUARDISTA Y SOSTENIBLE

LA ASOCIACION DE LA MADERA DE EUSKADI, BASKEGUR, LIDERA LA APUESTA
POR LA EDIFICACION EN MADERA CON PROYECTOS DE INVESTIGACION Y
FORMACION. DURANTE LA CELEBRACION DE EESAP 11 + CICA 4 HEMOS
MANTENIDO ENCUENTROS CON PRESCRIPTORES PARA FOMENTAR SU USO

El sector de la edificacidon es el responsable
del 33% de las emisiones de CO2, a la vez
gue genera el 40% de los residuos soélidos y
el 20% de la contaminacion de las aguas. En
cambio, las construcciones en madera son
los mejores sumideros globales de carbono
porgue los arboles durante su crecimiento
almacenan dicho diéxido que queda
capturado en la madera que luego se
transforma en tableros y en paneles CLT.

Eventos como EESAP 11y CICA 4 prestan
cada vez mas atencidn a la necesidad de
contar con edificaciones y ciudades mas
amigables y habitables. También al fomento
de la preindustrializaciéon para la que la
madera goza de importantes virtudes.

Pocos materiales han evolucionado tanto
como en los Ultimos anos. Tres de los cinco
grandes proyectos europeos en los que
participa Baskegur tienen a la construccidén
en madera como referente en campos como
la digitalizacion, la mejora de la eficiencia en
toda la cadena de valor y el desarrollo de
nuevos productos.

LA MADERA ES EL MATERIAL
IDONEO PARA EL FOMENTO
DE LA PREINDUSTRIALIZACION
AVANZADA

El director general de Baskegur, Oskar
Azkarate destaca el papel que la construccidén
en madera tiene dentro de la estrategia vasca
para el desarrollo de la bioeconomia, junto
con la quimica verde o el fomento de la
bioenergia, ya que es “la materia prima
natural mas abundante que existe en Euskadi
y puede ser utilizada por las empresas para el
impulso de soluciones constructivas
avanzadas".

Otro de los aspectos a tener en cuenta para
promover la construccién en madera es la
formacién. Por ello Baskegur y Gobierno Vasco
han puesto en marcha el "Master en
Estructuras, Construccion y Diseno en Madera"
que imparte la facultad de Arquitectura de la
UPV/EHU en su Campus de San Sebastian.

' BaskEgur



El aumento de la contratacién publica con
criterios de responsabilidad ambiental es
una enorme oportunidad para el desarrollo
del sector-forestal madera y de las técnicas
de construccion con dicho material..

En paises del norte de Europa es habitual
gue en los pliegos de licitacidon de
edificaciones publicas se especifique la
necesidad de garantizar que las obras se
construyan con criterios de sostenibilidad
ambiental. El uso de la madera permite
que las empresas que acuden al concurso
puedan lograr cumplir los parametros de
huella de carbono de la construccion, ya
sea con la instalacion de elementos
estructurales, como puertas, ventanas o
suelos o bien como mera envolvente del
edificio.

En el Pais Vasco, el sector forestal-madera
se esta preparando para posicionarse de
cara a los futuros requisitos de la compra
publica verde.

Baskegur, como Asociacién de la Madera
de Euskadi, potencia la implementacién de
las Declaraciones Ambientales de
Producto, las DAP -siglas traducidas del
inglés EDP, Environnement Product
Declaration-, que permiten conocer de
forma cuantificada y verificable el impacto
ambiental a lo largo del ciclo de vida de un
producto concreto o grupo de productos.

De esta manera los elementos realizados
con madera pueden medir su
sostenibilidad frente a otros materiales
utilizados en la construccién como el
aluminio o el hormigdn y demostrar
cientificamente que son mas respetuosos
con nuestro entorno.

Baskegur ha logrado recientemente un hito
a nivel europeo en el sector al lograr el
DAP sectorial para la familia de productos
de tabla y tablén, demostrando que el
sector-forestal madera de Euskadi se
encuentra en la vanguardia en el uso de
estas certificaciones y preparado para
cumplir los criterios que se puedan
demandarse en la contratacidn publica
verde.

Asimismo, Baskegur también trabaja con
Eraikune, Cluster de la Construcciéon del
Pais Vasco, en el proyecto Eraikal para
facilitar la implementaciéon de las
certificaciones de sostenibilidad en la
construcciéon en madera.

El Ministerio de Ciudades y Vivienda de
Francia exigira a partir de 2022 que las
nuevas construcciones de edificacion
publica financiadas por el Estado empleen
un 50% de materiales biolégicos, como por
ejemplo la madera. La decisiéon se enmarca
dentro de un proyecto global del Gobierno
de Emmanuel Macron para disenar unas
ciudades del futuro basadas en los
conceptos de sostenibilidad y
habitabilidad.

Esta es la senda por la que van a avanzar
las grandes economias de Europa y Euskadi
cuenta con la materia prima vy la
experiencia de empresas lideres para estar
entre las regiones de vanguardia en el

fomento de la construccién en madera.

BaskEgur

'ASOCIACION DE LA MADERA DE EUSKADI
'EUSKADIKO EGURRAREN ELKARTEA






MANTENIMIENTOS

Construcciones FHIMASA, $.A. ha sido y es adjudicataria de
numerosos contratos de mantenimiento de redes de agua
potable y saneamiento, asi como de viales y espacios peatonales
para entidades pablicas y privadas, tales como Consorcio de
Aguas Bilbao-Bizkaia, Ayuntamientos de Bilbao, Barakaldo,
Getxo, Santurtzi, Galdakao, Udal Sareak... etc.

En los dltimos 20 arios, la plantilla media de nuestra compaiiia
ligada a contratos de mantenimiento nunca ha bajado de los
140 trabajadores

OBRA CIVIL

A lo largo de sus mas de 50 aiios de experiencia en obra civil,
hemos ejecutado innumerables obras de urbanizacion de muy
diversa indole para entidades tanto pablicas como privadas.
En el curriculum de proyectos desarrollados encontrarés
parques (Etxebarria o Botica Vieja, en Bilbao), poligonos
industriales (Ugaldeguren en Derio o Sector | de Erandio),
urbanizaciones residenciales (Abanico de Plentzia, Sector Q de
Erandio) o grandes calles y avenidas de nuestros municipios.

CANALIZACION DE REDES

{Hasta donde llegarian las redes que hemos canalizado en estos
mas de 50 aiios (casi 20.000 jornadas de trabajo) si las
pusiéramos en fila? Nos encantaria saberlo... pero es un dato
muy dificil de calcular, dado que han sido muchisimas y de muy
diversa indole (agua y saneamiento las mas habituales... pero
también de telecomunicaciones, electricidad, alumbrado...) y
para diversos clientes pablicos y privados.

EDIFICACION

Esta importante disciplina de la construccion no podia faltar
en nuestro catéalogo: Edificios residenciales, pabellones
industriales, grandes depésitos de agua, oficinas, viviendas
unifamiliares... farman parte de nuestro pasado, presente y
seguirdan en nuestro futuro, junto a nuestra decidida apuesta
por la rehabilitacion, orientada a mejorar la eficiencia
energética y la accesibilidad universal.

INNOVACION

No olvidamos nuestro pasado... pero estamos preparados para el futuro. La constante innovacion
nos ayuda a mejorar nuestros objetivos: BIGDATA y TWIN-DIGITAL (en la optimizacion de la
eficiencia hidraulica de nuestras redes de abastecimiento de agua), DRONES (supervision de
proyectos), SERVITIZACION (para adaptarnos a las necesidades de nuestros clientes), REALIDAD
AUMENTADA (para poder ver canalizaciones subterrdaneas), IMPRESION 3D de HORMIGON
(ejecucion de formas hasta hace poco imposibles...)

COMPROMETIDOS CON NUESTRO ENTORNO F h i m O S 0

Comprometidos con el impacto que queremos producir

en nuestro entorno econdémico y social, estamos alineados Quintana, 5-ext
con los siguientes Objetivos de desarrollo sostenible: 48007-BILBAO
lgualdad de Género, Agua limpia y saneamiento, Trabajo

decente y crecimiento econémico, Industria, innovacion e 94.442.20.12
infraestructura, Ciudades y comunidades sostenibles, www.fhimasa.com
Produccién y consumo responsables. @fhimasa
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Patrimonio
Aislamientos térmicos Financiacion via ahorro energético
Accesibilidad Renovacidn energética global
Cubiertas a - Consorcio de Servicios Energéticos
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KURSAAL

Rehabilitaciones Integrales

Eficiencia energética
Monitorizacién de edificios
Espacios saludables
Formacion y divulgacién

Rehabilitaciones Passivhaus:
Standard EnerPHit

Investigacion
Nuevos procesos

(5 1 Innovacién
S KIRSAAL2 O /= O NKURSAAL 2/ B
Metodologia BIM BIM T+D innovacion
Modelado 3D
Or--mmmee KURSAAL '  ——f B O ) Jmeeeeee- )
Mantenimiento preventivo " ”“"“’@ Comunicacién y Difusién

Mantenimiento correctivo Noticias

Reformas

GoZee: como empezar en tan solo 30 segundos

1. En App Store o Google Play, escribe “GoZee”
en el campo de busqueda y descarga la
aplicacion en tu Smartphone o tu tableta.

2. Abre la aplicacion y utilizala en las paginas
que contengan el icono de GoZee.



Trabajamos cada
dia buscando la
superacion, para
asi continuar
siendo la empresa

punteray de
referencia en

el sector de la
rehabilitacion de
edificios.
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PROFESIONAL
ES CALIDAD

™4

ENFOQUE A
LA EXCELENCIA

1%

APUESTA POR
LA INNOVACION

PROYECTANDO EL FUTURO

Rehabilitamos el presente, I

GRUPO FH_|
KURSAAL

“El'impulso emprendedor que dio vida a Kursaal en 1998 mantiene intactas, mas de
veinte anos después, la estricta rigurosidad de nuestras actuaciones, la calidad, la
seriedad vy el gusto por el trabajo bien hecho como ejes.

Para ello siempre he considerado indispensable contar con un gran equipo de los
mejores profesionales que complementando su conocimiento garanticen resultados
de elevada calidad en la rehabilitacion. Este diferencial siempre se ha reconocido
por nuestros clientes e incluso nos llevé en el ano 2017 a recibir la medalla de Oro

Europea al Mérito en el Trabajo.

Sin embargo no dudo que Kursaal, como empresa emprendedora y pionera en el
sector de la rehabilitacién y concretamente en la mejora de eficiencia energética,
continuara aportando su granito de arena para la mejora de los procesos en el sector

de la rehabilitacion de edificios’”.

Josu Hernandez

Gerente

GRUPO KURSAAL
CAMBIAEL CONCEPTO
ACTUAL DE LAEMPRESA
REHABILITADORA
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ENERGY SAVINGS

CONSULTORIA
o)

Casos de éxito Control de calidad

INVESTICACION | OLU B) CERTIFICACION
Y DESARROLLO ENERGY SAVINGS

N ESTANDAR PASSIVHAUS

Equipo N ESTANDAR LEED.
BREEAM y VERDE

CERTIFIED PASSIVHAUS DESIGNER FORMACION

CERTIFIED PASSIVHAUS TRADESPERSON I

Empresa de Formacién @ @ @

y Certificacion Acreditada

Passive House Institute www.igluing.com
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EQUIPO L
Nuestro principal valor es el capital humano de nuestro equipo,
"Arquitectos, ingenieros y constructores forman parte del
mismo" Un equipo altamente cualificado y especializado en el
estdndar Passivhaus, en certificados medioambientales y en
principios de Biologia de la Construccion"

IGLU Energy Savings dispone de profesionales con titulaciones
de Certifed Passivhaus Designer, Baubiologie y Evaluadores
Acreditados para la certifcacion ambiental de edifcios con las
herramientas BREEAM y VERDE

FORMACION PASSIVE HOUSE C |

Ofrecemos formacion superior mediante cursos, talleres y
seminarios en los campos de eficiencia energética y
sostenibilidad en edifcacion” Hemos formado a mds de 500
alumnos a lo largo de 30 cursos cursos ofciales de Proyectista
Certifcado Passivhaus y Técnico de Ejecucion de Obra
Certifcado Passivhaus, para obtener las titulaciones de Certifed
Passivhaus Designer y Certifed Passivhaus Tradesperson"

Colaboramos con Universidades, Centros Acreditados de
Formacion y Asociaciones de la Construccion para ofrecer
formacion tanto a técnicos como a profesionales del sector de
la construccion.

O
CERTIFICACION CON ESTANDAR PASSIVHAUS ‘p
Edificios desde la fase de proyecto hasta el fnal de obra, con
seguimiento especializado incluyendo visitas a la obra y
asistencia técnica permanente"

N Amplia experiencia en el disefio, cdlculo, direccion de obra
y construccion de edificio ECCN Passivhaus

N Amplia experiencia formativa en los sectores universitarios
publicos y privados

N

CERTIFICACION AMBIENTAL L
Certificacion ambiental bajo los estdndares LEED, BREEAM y
VERDE para fomentar una construccion mds sostenible que
repercuta en beneficios econdmicos, ambientales y sociales a
los usuarios, inquilinos y propietarios de los edificios"

(} ’») ‘y) : BREEAM
| Passve House B

> 4
S

CONSULTORIA &

Asesoramiento a empresas que desarrollen trabajos de
construccion, obra civil, servicios de arquitectura e ingenieria
para este tipo de construcciones, tanto en la implantacion de
los métodos de trabajo, tecnologia y disefio de las actuaciones,
como en el control de calidad de los mismos y puesta en obra
de los elementos y equipos"

Trabajos de consultoria para la certifcacion de Edificios y
Componentes"

CONTROL DE CALIDAD @

Servicio de Control de Calidad en Edificacion

m Control de hermeticidad mediante ensayo de puerta
soplante “Blower Door”" Control de infiltraciones mediante
anemometros, termografia y ultrasonidos”

m Equilibrado de sistemas de ventilacion

m Control de puentes termicos mediante termografia y

ultrasonidos
(4

INVESTIGACION Y DESARROLLO 5‘5

Creacion de maquetas numéricas de edificaciones existentes
con objeto de estudiar estrategias de intervencion y
rehabilitacion energética, ejecucion y mantenimiento,
"Integracion de las nuevas tecnologias en el sector de la
construccion" Proyectos a destacar BIM ERAIKAL de
implantacion de BIM en el sector de la construccion y Proyecto
de Investigacion de la Rehabilitacion Energética del Parque
Inmobiliario de la CCAA de La Rioja

IGLU ENERGY SAVINGS ha participado en la certificacion de los primeros edificios publicos construidos
bajo el estandar Passivhaus en Espafia tanto para el estado como para otras administraciones publicas.

Actualmente participa en mds de 35 procesos de certificacion de edificios
habiendo participado en la certificacion de mds de 10.000 m? de edificacién

Estamos acreditados por el Passivhaus Institut para certificar edificios y componentes para ofrecer formacion oficial.
También estamos acreditados como certificadores de BREEAM, VERDE y Baubiologie.

1 DESIGNER m

I ‘r) o
BEHEIED TRADESPERSON

s
CERTIFIER

° ';' ° V4
[+ - Casa Pasiva
CERTIFIED e
£ g
Empresa de Formacion

ENERGY SAVINGS

y Certificacion Acreditadla
Passive House Institute

C/ GRAN ViA DIEGO LOPEZ DE HARO
19-21 29. 48001 BILBAO

(+34) 944 155 037
info@igluing.com
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VEKA SPECTRAL

Cuando un perfil de PVC

. Tate

-
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INNOVACION, DISENO y RENDIMIENTO definen VEKA
SPECTRAL. Una nueva tecnologia de acabados para
sistemas de perfiles de PVC VEKA que auna la perfeccion
del diseno y una técnica sobresaliente para desarrollar
proyectos capaces de estimular los sentidos.

VEKA SPECTRAL combina el lacado vy el foliado logrando
un aspecto ultramate de acabado sedoso, irresistible al
tacto, que repele las huellas y la suciedad, y le otorga una
alta resistencia a la intemperie, al rayado y a la abrasion.

Este exclusivo acabado de superficies cuenta con una
amplia variedad de colores para dar respuesta a cualquier
exigencia de disefio, en linea con las nuevas tendencias
arquitectonicas.

VEKA SPECTRAL es el fruto de una labor innovadora
propia del Grupo VEKA que constituye un punto de
inflexion en la fabricacion y el disefio de perfiles de PVC.

Sistemas de Ventanas de PVC
* % % Kk Kk k k

CONY
DE VOSOTROS

www.veka.es



El Grupo VEKA es el mayor extrusor y lider mundial dedicado
exclusivamente al disefio, y desarrollo de perfiles de PVC para VEKAPLAST IBERICA
carpinteria exterior. Con sede principal en Alemania, y avalada
por sus mas de 45 afos de experiencia, VEKA esta presente en
4 continentes, a través de sus 36 filiales y sus 24 plantas de
fabricacion en el mundo y opera en mas de 80 mercados.

La filial para Espafa y Portugal, Vekaplast Ibérica, cuenta con
una planta de extrusion de perfiles de PVC ubicada en Burgos,
con mas de 14.000m? de instalaciones. Con esta infraestructura,
VEKA desarrolla en la Peninsula sistemas de perfiles de PVC,
que dan respuesta a las necesidades de carpinteria de cualquier
proyecto: sistemas practicables y deslizantes, sistemas de
control solar tipo capialzado, mallorquinas y contraventanas,
perfiles complementarios y placas.

Sistemas certificados por el Instituto Passivhaus como
SOFTLINE 82 Passiv 1.0, garantizando valores y clasificaciones
maximas respecto a la Normativa actual, que permiten reducir
el gasto energético a la vez que obtener ambientes calidos y
confortables. VEKA SPECTRAL, es la ultima tecnologia de
VEKA en cuanto a acabados, que surge como una alternativa de
valor frente al tradicional y probado acabado foliado. Una nueva
superficie que convence por su estética especialmente elegante ’f*. i M ]

y su tacto sedoso y unico. La solucion perfecta para arquitectos ” il

y prescriptores ofreciéndoles nuevas posibilidades de disefio en 1 I |\ .|||| H ‘
fachadas vy edificios.

Una apuesta por la sostenibilidad, y el ahorro energético,
a través de la creacion de sistemas de ventanas que mejoren la
calidad de vida de las personas, con las maximas prestaciones
térmicas y acusticas y bajo la premisa del maximo respeto
medioambiental.

VEKA consciente de su responsabilidad medioambiental, ha
puesto los medios para cerrar el ciclo de vida de las ventanas
fabricadas con sus sistemas. En 1993 la compafiia puso en
marcha la instalacion de reciclaje de ventanas de PVC mas
grande y moderna de Europa en Behringen/Turingia (Alemania),
convirtiéndose asi en la primera empresa del sector con
instalaciones propias para la recuperacion integral y ecolégica de
la ventana de PVC en su etapa de post consumo. Posteriormente
dos nuevas plantas de reciclaje en Gran Bretafia y Francia, dan
muestra de la conciencia ecologica de la compafiia.

VEKAPLAST IBERICA
C/ Lopez Bravo 58 - 09001 Burgos
Teléfono +34 947 47 30 20
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LIKOTZ

CALIDAD,
SEGURIDAD Y
COMPROMISO.

Los cimientos en los que
se asienta Zikotz.

zikotz.com
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MAS DE 35 ANOS

TRANSFORMANDO ESPACIOS

FUNCIONALIDAD Y
NUEVAS TECNOLOGIAS

Edificacion de naves, pabellones
modulares, centros logisticos,
ampliaciones, reformas,..

PEQUENOS DETALLES
PARA GRANDES ESPACIOS

Pabellones deportivos, centros civicos,
edificios singulares,.. todo integrando
innovacion y sostenibilidad.

FUNCIONALIDAD Y ESTETICA
EN EL PUNTO DE VENTA

Desde grandes espacios a
supermercados, concept stores o
restaurantes. Desde su construccion
integral hasta cualquier tipo de reforma.

i e
audi Center Madrid Nort
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OTRA FORMA DE
CONSTRUIR LA VIDA

Grandes edificios residenciales, viviendas
unifamiliares o pequefas viviendas,
proyectos singulares personalizados,.. Todo
con un toque diferente, el toque Zikotz.

OTRA FORMA DE
CONSTRUIR NEGOCIO

Edificios corporativos, de oficinas,
espacios de trabajo en los que se
busca la maxima funcionalidad,
comodidad y eficiencia del espacio.
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Universidad Euskal Herriko
del Pais Vasco Unibertsitatea



