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[EU]
Gure ohiko kolaboratzaileak eta biltzarraren hamahirugarren edizioan parte hartu nahi 
luken oro gonbidatzen ditugu beren proposamenak aurkeztera. Aurreko edizioetan be-
zala eta bere alderdi akademikoan oinarrituta, biltzarra bereziki ikasle, profesional eta 
ikertzaileei zuzenduta dago.
EESAP8/CICA1 ediziotik,zientzia eta teknikaren zabaltze-eremua eraikuntza berrikunt-
zetara zabaldu da eta baita enpresa mundura ere, enpresa berrikuntzak indartzeko 
dauden gizarte beharrei erantzuna emateko, eta era berean, horiek hiritar guztien bizi 
kalitate maximoa lortzeko bidean jartzeko.
Antolakuntza batzordeak, CAVIAR (UPV/EHU) ikerketa taldeak osatua, gaurkotasuna 
duten eta berritzaileak diren gaiak lantzen dituen antolaketa baten aldeko apustua egin 
du. Espazioa honetan, horrela, adituek, ikertzaileek, ikasleek eta enpresek ezagutzak 
elkarbanatu ditzakete etaelkar eragin dezakete hitzaldi magistraletan, mahai-ingurue-
tan, komunikatu libreetan eta berrikuntzarako lankidetza tailerretan (networking).

[ES]
La decimotercera edición del Congreso Internacional sobre Eficiencia Energética y Sosteni-
bilidad en Arquitectura y Urbanismo (EESAP 13) abordará el tema de afrontar la oportunidad. 
En línea con el plan de recuperación de la Unión Europea, el objetivo se centrará en fomentar 
la mejora de la calidad de vida de las personas con modelos más ecológicos, digitales, resi-
lientes y mejor adaptados a los retos actuales y futuros.
Invitamos a todos nuestros habituales y a quienes quieran acompañarnos en la próxima 
edición de nuestro congreso a exponer sus propuestas. Como en las anteriores ediciones y 
dada su faceta I+D+i+t, el congreso se dirige especialmente a profesionales, investigadores 
y estudiantes.
Desde la edición EESAP8/CICA1, el congreso amplía el ámbito de la difusión científica y 
técnica al conjunto de la innovación en la construcción y se abre al mundo empresarial, con 
el que se vincula para atender a la demanda social de fortalecer la innovación empresarial 
y encauzarla hacia la consecución de la máxima calidad de vida para todos los ciudadanos.

[EN]
]The thirteenth edition of the International Conference on Energy Efficiency and Sustaina-
bility in Architecture and Urban Planning (EESAP 13) will address the theme of addressing 
opportunity. In line with the European Union’s recovery plan, the focus will be on fostering the 
improvement of people’s quality of life with models that are greener, more digital, resilient and 
better adapted to current and future challenges.
We invite all our regulars and those who want to join us in the thirteenth edition of our confe-
rence to present their proposals. As in the previous editions and given in its academic facet, 
the conference is especially aimed at professionals, researchers and students.
Since the EESAP8/CICA1 edition, the conference has extended the scope of scientific and 
technical diffusion to the entire innovative construction sector. Furthermore, it is opened to the 
business sector, due to their close relationship to meet current social demands on business 
innovation for achieving a higher quality of life.
Once again, the Organizing Committee, composed of CAVIAR Research Group (Spanish ab-
breviations for Quality of Life in Architecture, UPV/EHU), has opted for innovative and current 
interest subjects to promote an atmosphere in which professionals, researchers, students and 
companies will be able to interact and exchange knowledge with the aid of lectures, round-ta-
bles, research communications and collaborative innovation workshops (networking).

Aukerari aurre egitea - Afrontando la oportunidad - Addressing opportunity
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Francisco Javier Díez Trinidad  
Resilient energy performance prediction system

Camila Andrea Ludueña
Monitoring and simulation of thermal confort and air quality in social dwellings built in Bogotá- 

Colombia

EIBHO
Ejes de actuación para conseguir un parque edificatorio eficiente y sostenible

Madelyn Marrero Meléndez
Projecting sustainable design with PREDICE: Economic and environmental budgeting tool for Buil-

dings Life Cycle

Victor Echarri Iribarren
Ceramic panels with capillary tube systems in buildings: Energy savings and investment

Filomena Pérez Gálvez
Sustainable energy rehabilitation model in rural areas of Andalusia as tool to alleviate depopulation

María Jesús González Díaz
Applying sustainability to existing architectural heritage. A practical example: adaptive reuse in a 

1960s building in Valladolid (Spain)

Madelyn Marrero
Control Ambiental a través de los presupuestos. Aplicación a la construcción de naves

Arrate Hernández Arizaga
Reference state temperature influence in the thermoeconomic costs of a building thermal facility

Marta Gómez Gil 
European Digital Building Logbook: definition of its functionalities to maximize its potential

Markel Rueda Esteban
Environmental and economic life cycle evaluation of residential buildings refurbishments by the ca-

libration with monitored data

Belinda López Mesa
What is this thing called decarbonisation and digitalisation of buildings?

Mª Isabel Romero Gómez
Sustainable solution as alternative to polypropylene reinforcement fibres used y gypsum composities
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Strategies for decarbonization of the building stock towards European Union objectives
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WORKSHOP 2 
The importance of monitoring and life-cycle perspective in social housing retrofitting

Introduction to “Zero Plana” of Alokabide and Steckhome: monitoring relevance

Presentation on the value of calibration, perspective life cycle analysis and activity of relevance. 

16:20 Coffee

18:00 Session end
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Elma Durmisevic
Circular reversible buildings - Performance measurement and design tools
Pablo Martí Ciriquián
La aportación del BIG data a las estrategias de desarrollo urbano sostenible

Daniele La Rosa
The effects of urban green infraestructure in dense urban contexts: performance simulations for urban planing
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Ekhiñe Eguiguren Azcune
Towards sustainable urban regeneration of industrial areas in the Basque Country: Case 
studies in Donostia - San sebastián and Pasajes. 

Markel Rueda Esteban
Monitoring and energy management strategy during the energy refurbishment plan of the social 
rental housing stock of the Basque Country

Chris Merveille
SmartLivingEPC, Advanced Energy Performance Assesment at Building and District Level

Marta Gayoso Heredía
Summer energy poverty in southern Europe: a public policy perspective

Zhineng He
Simulation-based parametric analysis of control key-factors in building thermoelectric system

Miriam Martinez Trinidad
The IA Zero methodology: A roadmap to sustainable refurbishment of buildings through energy 
simulation

Maddi Garmendia Antin
Progress towards sustainable stormwater management: Field monitoring of permeable pavement

Darya Tretyakova
Digital twin as a tool to travel from A-class to NZEB

Irati Prol Godoy
Thermoeconomic analysis of a thermal system supplied with Heat Pump and auxiliary boiler for 
DHW and heating

Carlos Beltrán-Velamazán
Estimation of the solar potential of cities’ roofs and façades from 3D city models and from 
bi-dimensional GIS models in Spain
Milagros Álvarez Sanz
Development of Simple Model for the Estimation of the Heating Demand at District Level

Daniel Torrego Gómez
Rethinking Summer Energy Poverty from the south: debates and frontiers of an overlooked issue

Francisco Valbuena García
Improving the urban environment through a zero energy university building: the R&D + i in Soria 
campus

Jairo Posada Gómez
Calibration of energy simulations using real conditions of air quality, temperature and humididty, 
methodological proposal

11:00 Coffe

9:00 Presentation

13:30 Lunch

15:50 Break

17:25 Session end
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PRENERGET, framework for energy forecasting

Meritxell Gomez-Omella¹, Susana Ferreiro¹, Alvaro Garcia¹, Francisco Javier Díez Trinidad¹* 

¹TEKNIKER, Basque Research and Technology Alliance (BRTA), Iñaki Goenaga 5, Eibar, 20600, Gipuzkoa, Spain. 
*franciso.diez@tekniker.es

Key Words: Energy, Forecast, Machine learning, Artificial intelligence, Framework

Abstract
For the optimisation of energy management, it is crucial to be able to make decisions in advance. For 
this decision making it is necessary to have reliable predictions. In a building, there can be different 
types of predictions related to energy management; demand, production, temperature, price, occupan-
cy, etc. Machine learning algorithms are a good technology to make these predictions, but they must be 
adapted to each variable and context, so many algorithms are needed running in parallel. In this paper 
a framework that allows to facilitate the execution of these predictions is presented. The boundary 
conditions on which these algorithms are based change over time and the predictions become less 
reliable. The presented framework allows to adapt to these changes in order to maintain the reliability 
of the predictions.
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Buildings

Environmental and economic life cycle evaluation of residential buildings re-
furbishments by the calibration with monitored data
Markel Arbulu1*, Markel Rueda-Esteban1, Anna Figueroa-López1, Silvia Perez-Bezos1, Xabat Oregi1, 
Rufino J. Hernández-Minguillón1

Key Words: Life Cycle Assessment (LCA), Building and environmental monitoring, Building energy 
refurbishment, Occupant behaviour, Decarbonisation.

Abstract
Buildings are responsible of about the 40% of the energy consumption and the 36% of the greenhouse 
gas emissions of the European Union (EU), taking into account all the stages of the buildings’ life; in 
response, the energetic refurbishment of buildings is one of the main keys to pursue the decarbonisation 
targets of the EU.  Following this, numerous scientific studies, recommendations of the EU and recent 
publications such as the “Roadmap for the decarbonisation of buildings throughout their life cycle” pu-
blished by GBC in 2022; where the integration of the life cycle assessment (LCA) is defined as one of 
the pillars to be able to assess and quantify the decarbonisation of the building stock. Moreover, studies 
found the high influence of non-operational stages of the buildings’ life on the environmental and eco-
nomic sustainability of building refurbishment, and according to the literature, the LCA is the prioritizing 
analysis on building refurbishment studies. Besides, regular energetic assessments, like energy perfor-
mance certificates (EPC), are not considered reliable due to the standard input, presenting the need of 
calibration of inputs by real data calibration. Furthermore, other studies also showed the importance of 
the occupant behaviour for the energetic calculations, and the high influence of base temperature input 
for heating and cooling energy demand simulations.
The aim of the study is to provide a methodology to assess the environmental and economic sustainabi-
lity of energy refurbishment of residential buildings taking into account all the stages of the buildings’ life 
and the occupant behaviour. Therefore, the methodology is based in the environmental and economic 
LCA applying the calibration of input parameters by monitoring real data. 
The proposed analysis evaluates the environmental and economic sustainability of energy refurbish-
ment strategies related to the heating and domestic hot water (DHW) energy consumption. The me-
thodology is developed in six stages: (1) Building data collection: building typology characteristics re-
lated to the energetic performance and monitoring of temperature of the dwelling; (2) Input parameters 
calibration according to the thermal performance of the building by the monitored data; (3) Modelling 
and simulation of the scenarios data (baseline scenario and scenarios with retrofitting strategies); (4) 
Energy consumptions calculation related to heating and DHW; (5) Environmental and economic impact 
indicators calculation in all the stages of the building’s life for each scenario; (6) Prioritizing indicators 
calculation according to the environmental and economic impact.
As a result, the methodology evaluates the environmental and economic impact of the buildings’ life 
cycle for different scenarios applying refurbishment strategies, taking into account all the stages of the 
buildings’ life and the occupant behaviour by the calibration of input parameters by monitoring data. 
Thus, it provides a more accurate calculation in comparison to the regular methodology that is limited to 
quantifying the impact (economic and/or environmental) only during the use stage and by standard input 
parameters without reflecting the occupant behaviour.

¹CAVIAR Research Group, Department of Architecture, University of the Basque Country UPV/EHU, Plaza Oñati, 2, 20018 
Donostia - San Sebastián, Spain. 
*markel.arbulu@ehu.eus
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Projecting sustainable design with PREDICE: Economic and environmental 
budgeting tool for Buildings Life Cycle
Rivero-Camacho, Cristina1, Alba-Rodríguez, Mª Desirée2, Martínez-Rocamora, Alejandro3, Marrero, 
Madelyn4

(1, 2, 3 y 4) ETS. de Ingeniería de Edificación. Dpto. Construcciones Arquitectónicas 2. Universidad de Sevilla. Av. Reina Mercedes 
nº 4A, 41012, Sevilla. 
*madelyn@us.es

Key Words: Circular economy, Budgets, Environmental impacts, Exchange format, Construction.

Abstract
Construction in recent decades in Europe has represented a significant environmental impact, covering 
approximately 40% of energy consumption, and 25% solid waste generated. To all this, it must be added 
that many of the natural resources used are finite, and some are close to being exhausted. In order to 
achieve sustainability in the sector, it is necessary to replace the linear model based on “pick, use and 
throw away” by a circular one. In 2015, the European Commission approved the “circular economy 
package” that establishes guidelines to guarantee sustainable growth using resources and waste in a 
more intelligent and responsible way. The objectives are to optimize the use of construction products, 
consumption of water and energy, minimize construction and demolition waste (CDW) and promote 
the use of modular and industrialized elements that facilitate their reuse and recycling. Taking all these 
into consideration, and in order to improve the environmental performance of buildings, it is necessary 
to analyze them through environmental and economic indicators that quantify the magnitude of the 
impacts, from the extraction of raw materials, through the manufacture of products, their transport, pla-
cement, use and maintenance, and finally its management as waste.
To carry out these analyses, it is necessary to keep in mind that the construction sector is made up of 
multidisciplinary teams, which makes it unavoidable to develop methodologies that are easy to imple-
ment and adaptable, facilitating the export and import of data in standardized exchange formats such 
as bc3 (FIEBDC). This makes it possible to centralize all project information, an essential aspect in the 
implementation of circular economy strategies from the design phase. In this line, the PREDICE tool is 
presented, under development and financed by the Ministry of Development, Infrastructure and Territory 
Planning of the Junta de Andalucía, within the 2020 call for grants for the development of research pro-
jects in housing matters, rehabilitation and architecture.
The work generated responds to the complete evaluation of buildings´ life cycle (BLC): from design, 
urbanization, construction, through the maintenance and rehabilitation phases, until reaching its end of 
life. Various environmental indicators are used, such as the footprint family, embodied energy and cons-
truction and demolition waste. The methodology is based on the projects´ quantity surveying, and to tho-
se quantities environmental coefficients corresponding to the aforementioned indicators will be applied. 
They are economically evaluated based on the Andalusian Construction Cost Database (ACCD). With 
this idea of an environmental budget (where not only the materials are evaluated, but also the work-
force and the machinery), the aim is to promote good management and study from the design phase, 
in order to opt for solutions that reduce the environmental impact of the building life span. The results 
of the evaluation of an actual project, representative of the buildings in Andalusia, are presented. The 
sources of impact have been identified and the first conclusions of the research work carried out so far 
are presented. 
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Applying sustainability to existing architectural heritage. A practical exam-
ple: adaptive reuse in a 1960s building in Valladolid (Spain).
María Jesús González Díaz1,*

Key Words: adaptative reuse, sustainable heritage, applied art, housing, Valladolid

Abstract
How should sustainability be applied in an existing building situated in a consolidated, dense urban 
context? Could sustainable criteria be adapted at any scale? Are those criteria opposed to the values of 
architectural heritage? Is that possible to maintain the original design values, simultaneously modernize 
and revitalize it, improving its biodiversity and quality? What is the role of its urban image when confron-
ted with ecological awareness?
All these questions arose when the owners of an existing building of the 60s decided to intervene and 
adapt the building to present-day standards. The building is representative of its time: highly dense, with 
a steel structure, with expressive horizontal lines, long galleries and terraces and yellow brick façades. 
New use patterns arising from the last crisis pushed the owners to renovate and adapt the building, by 
changing the program of the two first stories, while keeping the original 68 dwellings. The former offices 
on the ground and first floors have been converted to 12 new apartments. The challenge covers various 
matters, which have been approached through the three pillars of the New European Bauhaus:
Environmental tasks optimizing the bioclimatic performance, oriented towards improving, air quality and 
reducing energy demands: by means of strong insulation systems as well as mechanical cross venti-
lation strategies, 55 % of energy demand has been saved. Embodied energy in building materials and 
circular economy have been considered as well.
Social improvements: the new apartments cover current living standards, with flexible as well as large, 
common spaces with equipment, greenery, and improving the accessibility for all. 
Special attention was placed on showcasing and reinforcing the original architectural values of the 
building. The original aesthetic choices of the building have served as an inspiration for the new in-
terventions. The use of similar yellow brick in the internal and external surfaces maintain the original 
patterns, as well as the glazed band that clads the first floor.  The open connection between the existing 
courtyards (patios) conforms an open, spacious corridor which enlarges the common areas, improving 
lighting and ventilation, and introducing biophilia in the previous density of the block.  The relations-
hip between applied arts and architecture, common in the 1960’s, has been revitalized and enhanced 
through this intervention, by researching the original typographies, and introducing site-specific artworks 
commissioned to local artists.
The intervention will be finished on 15th July 2022. It will be evaluated through the VERDE-GBCe   
(Green Building Challenge- Spain) method.

¹Dr. Arquitecta c/ Poeta Joan Maragall 3- 28020 Madrid
*info@mjg.es
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Reference state temperature influence in the thermoeconomic costs of a buil-
ding thermal facility
Arrate Hernández-Arizaga1,*, Ana Picallo-Pérez 1, José María Sala-Lizarraga 1

Key Words: Exergy, reference state, domestic thermal facility, TRNSYS, thermoeconomics

Abstract
In 2018, residential buildings were responsible for 17.1% of the energy consumption in Spain. To impro-
ve the energy efficiency of buildings, several actions have been taken by the European Union and later 
transposed by national governments. In our environment, located in the north of Spain, buildings have 
three main types of energy demand: electricity, DHW and heating demand. Usually, the proposals for 
reducing the primary energy consumption consider just the first law of thermodynamics that establishes 
the principle of energy conservation. Although energy quantity is conserved, energy quality degrades in 
energy exchange processes as the second law of thermodynamics establishes. Therefore, both the first 
and second laws must be taken into account to achieve an improvement in energy efficiency and the 
consequent energy savings. Exergy analysis applied to buildings allows quantifying the energy quality 
degradation, this is, the exergy destruction, since exergy is the thermodynamic property that characte-
rizes the energy quality. Nevertheless, exergy is a relative property, in the sense that its value depends 
on the reference state chosen. Further, thermoeconomics allows quantifying the exergetic, economic 
and environmental costs of the exergy destruction.
This work analyses a thermal facility that supplies DHW and heating of 26 social dwellings located at 
Durango (northern Spain). It consists of a 68 kW ground source heat pump (GSHP) and a 120 kW 
natural gas condensing boiler. The average hourly unit exergy cost (k ̅ j(*,h)), economic cost (c ̅ hj) and en-
vironmental cost ( a ̅jh) of the product of the ground source heat pump (GSHP) is calculated considering 
the dynamic outdoor environmental and the dynamic soil temperature as reference state temperatures, 
according to the data obtained from a TRNSYS simulation during a year. Average hourly exergy values 
(B ̅ih) of each i-th flow are used to build a functional diagram (FD) inside a software developed in Matlab 
that combines symbolic thermoeconomics and specific exergy costing (SPECO) approach, to calculate 
the k ̅ j

*,h, c j̅
h and  a j̅

h costs of each j-th flow. These costs vary along the year, due to the dynamic be-
haviour of the thermal installation and the dynamic nature of the reference state temperatures used to 
calculate the exergy values. The highest values obtained correspond to August with k ̅26

^(*,Aug.)= 3.4, c 
̅26

(Aug.)= 74.08 c€/kWh and a ̅26
(Aug.)= 2.12 gCO2/kWh, whereas the smallest correspond to January with k 

̅26^(*,Jan.)= 2.3, c ̅_26
(Jan.)= 50.09 c€/kWh and a ̅26

(Jan.)= 1.43 gCO2/kWh. The main conclusion of this work is 
that the dynamic reference temperatures used significantly influence the dynamic productive structure 
configuration as well as the exergy values of the flows and consequently the cost values. 

1University of the Basque Country. ENEDI Research Group. Energy Engineering Department. Faculty of
Engineering of Bilbao. Pl. Ingeniero Torres Quevedo 1, 48013-Bilbao
*arrate.hernandez@ehu.eus
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European Digital Building Logbook: definition of its functionalities to maxi-
mize its potential
Marta Gómez-Gil1,*, Belinda López-Mesa1, Almudena Espinosa-Fernández1

1Department of Architecture, University of Zaragoza, 50018 Zaragoza, Spain. 
*m.gomez@unizar.es

Key Words: Digital Building Logbook, Building Renovation Passport, Energy Performance Certificate, 
energy renovation, energy performance.

Abstract
The building sector has a crucial role to achieve the climate goals set by the European Union for 2050. In 
this sense, renovating the existing building stock is a high-impact option to reduce energy consumption 
and CO2 emissions in the EU. However, to achieve the goals set by EPBD (EU) 2018/844, the renova-
tion rate needs to move from the current value of 0.4–1.2% to 3%. One of the barriers that prevent reno-
vation rate growth is the lack of open data about the building stock, which makes it difficult to analyse the 
real state of buildings. This barrier has hardly been addressed in the literature, but a new tool recently 
identified in the Renovation Wave, is called to solve this problem: the Digital Building Logbook (DBL). It 
is understood as a digital repository of all the relevant data on a building, collected throughout its lifecy-
cle, to facilitate transparency, trust, informed decision making and information sharing among building 
owners and occupants, financial institutions and public authorities. Although the concept of a building 
logbook is not new in Europe (some initiatives have already been running at national and regional scale, 
such as the Woningpas in Flanders, the Hausakte in Germany or the Libro del Edificio in Spain), a com-
mon European Digital Building Logbook model does not exist so far. As the implementation of the DBL 
is a European priority, several groups have recently proposed DBL models, named the iBRoad-Log, 
the ALDREN BuildLog, the X-tendo Logbook and the Study on the Development of a European Union 
Framework for Buildings’ Digital Logbook. Even though these proposals are an important contribution to 
the subject, there is no consensus regarding crucial aspects, such as its functionalities, the indicators or 
data fields that the DBL should contain or the way to collect them. Additionally, the potential of the DBL 
has not been fully addressed nor the operation and use stage has been solved. In this paper, the full 
potential of the DBL will be explored, starting from a critical analysis of the existing European DBL mo-
dels, and going beyond by proposing and exploring new functionalities, such as the possibility to gather 
data that can be used to collect progress indicators to monitor the decarbonization in the building sector 
(as the ones proposed in Commission Recommendation (EU) 2019/786), or features, such as the con-
nection to existing platforms e.g. the Energy Performance Certificates (EPC), and the upcoming data 
from other European initiatives related to the buildings sector, such as ‘Renovation passports’, lifecycle 
emissions calculation using the Level(s) framework, the Smart Readiness Indicator or the sustainable 
product passports for construction materials.
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Abstract
The industrial development of the 19th and 20th centuries brought with it, in addition to the impact on the 
economic, social and cultural spheres of Basque society, a profound transformation of the landscape, 
the urban fabric and the territorial planning of the Basque Country. From the 1970s onwards, the indus-
trial crisis and the reconversion of industrial activities, together with the increasing presence of the servi-
ce sector, led to the disappearance of most of the industry from the city centers and the creation of new 
productive fabrics in peripheral areas. This urban transformation, based on environmental justifications 
and the profitability of the resulting urban development operations, had two fundamental consequences.
On the one hand, the loss of a large part of the built industrial heritage. This was due to the lack of 
social awareness of the heritage value of industrial facilities, the absence of legislation to protect these 
elements and the urgent need for land of great centrality for residential requalification. 
On the other hand, the consequent zoning of large-scale uses. The segregation of residential and in-
dustrial uses decoupled population centers from industry, encouraged urban mobility based on the au-
tomobile and facilitated the artificialization of rural land. This urban sprawl strategy, still in force today, 
has given rise to a diffuse and unsustainable city model. 
The municipalities of Donostia and Pasajes have not been alien to this reality. The aim of this paper 
is to analyze the industrial urban transformation of these two cities in the last years by means of the 
examination of reference bibliography, heritage cataloguing, urban plans of the area and field studies. 
The evolution and interventions in their industrial sites, the types of intervention applied and their degree 
of sustainability will be discussed, thus confirming that the actions carried out confirm the indicated 
trends. The main conclusion is that the urban regeneration of industrial areas must be approached from 
a metropolitan and territorial scale, facing the opportunity of a sustainable intervention on the existing 
city. To this end, it must seek the mix and diversity of uses, the proximity of the productive fabric and the 
enhancement of the industrial heritage.
This analysis is framed in the context of a broader research that consists of determining the bases of a 
new urban paradigm to combine the conservation of industrial heritage, sustainable regeneration and 
circularity criteria. 
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Abstract
Summer Energy Poverty is becoming a more concerning issue in southern European countries. Besides 
the growing interest in monitoring heatwaves and implementing prevention plans for vulnerable popula-
tion, different municipalities have driven specific analysis of the Urban Heat Island (UHI) phenomenon 
and promoted projects for its mitigation. Scientific literature has grown in the last decade on topics such 
as urban microclimate, passive urban cooling or assessing dwellers adaptability to high temperatures. 
However, there is still a gap between scientific knowledge and local policies when dealing with over-
heating, especially targeting people under summer energy poverty conditions and promoting mitigation 
measures. This work aims to bridge this scientific and policy knowledge gap by gathering existing me-
thodologies and approaches to summer energy poverty in the context of Southern Europe.
A collaborative collection and revision of nearly 200 resources was conducted from Italy, Greece, Bul-
garia and Spain by screening, examining and incorporating the main ideas, current debates, as well 
as limitations and frontiers in summer energy poverty related issues. Three different approaches were 
identified within the documents to develop a common framework for southern EU countries:
• Resources that incorporate technical discourses: exploring UHI or simulating cooling needs and buil-
ding/urban performance.
• Resources that explore the socio-economic dimension: including thermal comfort adaptive approach 
and qualitative research methods to explore lived experience in relation with the heat.
• Resources focused on health and recommendations for heat waves events.
Results show that, although authorities have developed local plans to tackle summer vulnerability and 
energy poverty as a whole, a cross-sectional vision is needed in order to incorporate scientific knowle-
dge focused on summer conditions. By doing so, specific indicators related to UHI, building and urban 
characteristics should be defined to better address summer energy poverty characterization.
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Abstract
Since the negative effects of rising temperatures on people’s health have been noted at the administra-
tive and political level, the implication of climate change on people´s health has become more relevant. 
Thus, subjects such as summer energy poverty are now part of the focus of action. 
This work has been developed within the framework of COOLTORISE Horizon 2020 project, focused 
on raising summer energy poverty awareness to reduce cooling needs and carried out in the Southern 
Europe. Regarding Italian, Bulgarian, Spaniard and Greek contexts, specific policy and good practices 
focused on tackling summer energy poverty were analysed in order to define a state of art for policy 
makers. To this aim, different documents, regional policies, good practices and local agendas from 
these countries were collected and analysed. Three categories were stablished to facilitate a diagnostic 
process. 

 •Policies, good practices, and political agendas focused on measuring energy poverty.
 •Reports that deepen in wellbeing conditions and urban scale.
 •Health-related policies.

When considering the specific policies related to summer energy poverty at the European level, results 
show that legislation on the transition towards cleaner energy has already been introduced. Several 
reports, policies, good practices and agendas consider the energy poverty perspective and the impor-
tance of conducting studies and monitoring. 
Existing large-scale projects were analysed too. Although projects as Energy Poverty Observatory 
(EPOV) have been carried out, there is still a long way to go, since not all European Union countries 
have managed to deepen their energy poverty policies. 
Regarding public health policies, the implications for people’s health have taken on greater importance 
in the political and administrative spheres because of the increase in temperature observed in recent 
decades, and the consequent concatenation of heat waves that occur every summer.
Conclusions present a set of proposals which provide policy makers and different stakeholders with 
a toolkit to address summer energy poverty and to guarantee a just transition with a people-centred 
approach.
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Abstract
The use of sustainable urban drainage systems (SUDS) in cities is becoming increasingly widespread. 
Partly, because of concerns about climate change and the associated flood risks, and partly, because 
of increasingly strict requirements regarding the quality of discharges and the insufficient capacity of 
our wastewater treatment plant systems. However, there is still much uncertainty in their design and 
implementation: costs, life-cycle, modelling, etc. 

One of the most widely used tools in the management of urban drainage networks is hydrological-hy-
draulic modelling. Almost all water utilities have models that allow them to understand the operation of 
the network, prioritize investments, and estimate the impact of changes in the network. However, these 
models can only be realistic (and useful) if we provide real data for their calibration. In this sense, very 
little information is available to integrate sustainable urban drainage systems into the models. 

This research consists of the field monitoring of both rainfall events and SUDS behaviour. Specifically, 
the SUDS technique analyzed are permeable pavements. For this, the first step is the construction of 
a 1-1 scale model, integrated in the urbanization of the city. Then, a monitoring system is designed to 
collect data continuously. Obtained data shows not only the effectiveness of the monitoring site for ga-
thering SUDS data, but also the ability of SUDS to control precipitation.

Also, collected data allows evaluating the behaviour of the permeable pavement under real operating 
conditions and will be used later to carry out the calibration of the model. This calibration is fundamental 
to properly apply rainfall-runoff models and, therefore, to better understand SUDS performance and 
adequately plan the future implementation of new SUDS. 
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Abstract
The use of renewable energies is a key aspect in the construction of cities of the future. Spain’s Integra-
ted National Energy and Climate Plan (ENCP) of the Ministry for the Ecological Transition and Demo-
graphic Challenge highlights the relevance that renewable energies are increasingly taking, in particular 
photovoltaic and thermal solar, hoping to achieve a use of renewable energies of 42% of the total by 
2030. To achieve this objective, its strategy highlights self-consumption, distributed generation of energy 
and the promotion of local energy communities. In these approaches, the integration of photovoltaic 
panels in buildings is particularly important, generating energy in the buildings where it is consumed.
In order to analyze the opportunities offered by sunlight on roofs, it is necessary to carry out extensive 
analysis of the solar potential of roofs with a sufficient degree of precision. There are several tools to 
calculate solar potential; the two most common ways to calculate solar potential in buildings are: with 3D 
models and specific software for their calculation and with Digital Surface Models and energy calculation 
plugins in GIS software such as ArcGIS. This communication analyzes both calculation methodologies 
to assess whether there are significant differences between them, applying them to the case of a neigh-
borhood in the city of Zaragoza (Spain), called Ruiseñores. Two models are used for this task: a 3D city 
model generated automatically from the Cadaster data and a GIS-based model from ArcGIS using the 
Digital Terrain Model with the available LiDAR.
The results of the solar access of the roofs and façades at urban scale could be used to find out the 
photovoltaic potential of an entire area to be renovated, to incorporate photovoltaic production or to 
generate energy communities. This urban approach would be particularly useful to determine districts 
where energy networks can be implemented by analyzing suitable solar energy producer buildings su-
rrounded by potential energy consumers, such as dwellings, shops and offices that can be connected 
to the first one.
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Abstract
The energy rehabilitation of buildings has great potential to significantly reduce energy consumption in 
the building sector. In this sense, the Energy Performance of Buildings Directive 2010/31/EU, recently 
updated in Directive 2018/844/EU, represented a turning point in the promotion of energy efficiency in 
buildings in the EU, introducing legal requirements for both new and existing buildings. This directive 
introduced important concepts such as the optimal cost of investments and the nearly zero energy buil-
ding (nZEB). For this purpose, it becomes necessary to develop extensive design processes with an 
optimization perspective that covers all possible aspects in matters of building design (envelope, sha-
ding, components of cooling and heating systems, regulation criteria, among others), starting from the 
most initial design phases, to comply with the prescriptions of the Directive, ensuring the thermal comfort 
of the occupants. In addition, the need of speeding up the emissions reduction rate associated with 
buildings has led to transcending the individual limit of each building, applying the nZEB principle at the 
neighborhood or district scale, from both an architectural and urban planning perspective. This has gi-
ven rise to the concept of Net-Zero Energy Districts. Software tools for the energy simulation of buildings 
allow estimating the thermal demand of different alternatives and obtaining optimal designs. However, 
they require many evaluations at a high computational cost, making the analysis practically impossible 
when the object of study is entire neighborhoods. Therefore, there is a need for simple methods for es-
timating energy demands that offer sufficiently accurate results. One of the main steady-state methods 
for calculating energy demand is the degree-days method. However, this model has limitations that 
must be known to consider its scope and applicability. Among the main uncertainties of this method is 
the selection of the base temperature, which in practice will be affected by the level of efficiency of the 
evaluated building. Although there have been approaches for calculating a variable base temperature, 
the tendency is to use a generic base temperature, without considering the specific characteristics of 
the analyzed building. This has a significant impact on the demands estimated using this method, which 
tend to be significantly overestimated. In this sense, the present work aims to develop a simple model 
for calculating district heating demand. To this end, the most relevant design and operational aspects 
for residential buildings were taken into consideration, leading to the selection of 7 independent para-
meters. A total of 5,000 simulations have been carried out, based on a multi-family building located in 
the neighborhood of Otxarkoaga (Bilbao). Using linear regression techniques, a relationship between 
these independent variables and the base temperature has been determined. The heating demand can 
be consequently determined by applying the degree days formula. The results show the potential of this 
prediction method as an effective alternative tool to support decision-making on energy rehabilitation 
solutions through an initial estimation of heating demand with good precision. 
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Abstract
Energy efficiency of buildings is one of the main concerns in the sector given the current objectives of 
decarbonizing the built stock. Furthermore, within this stock of buildings, there is an important type of 
social rental housing of out in this building typology within the framework of a collaborative project. The 
aim is to establish the necessary means to guarantee the interior conditions of hygrothermal well-being 
and control of energy consumption on a social renting housing block. The paper shows the overview of 
the proposed platform, based on a preload system in which a series of enabling technologies have been 
combined. Results of the research showed the correct behaviour of the implemented system leaving 
open the research line for long-term monitoring in order to correlate the effect of different occupant pro-
files and the behaviour of the building.
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Abstract
The Universidad de Valladolid (UVA) has built a 3,500 m2 R&D + i (Research & Development + In-
novation) building on the Soria University Campus, for R&D + i activity and training. It is designed to 
adapt to educational changes. The UVA has been investigating how to improve the sustainability of its 
new buildings for the last ten years or so. In the Soria building, we have also tried to improve the urban 
connections between its location – in the outskirts of Soria – and the same small town of around 39,000 
inhabitants.
With this approach, the new building covers three objectives: to achieve a nearly zero-energy building 
(NZEB) performance; to make it functionally adaptable to an educational and changeable use; and to 
improve the nearby urban landscape. The three objectives must coordinate with each other to achieve 
a coherent and harmonious solution.
Three strategies have been used for obtaining the NZEB objective. They are: (a) multiple design so-
lutions that minimise energy demand, (b) the incorporation of selected technologies with strict energy 
efficiency criteria and (c) the generation of on-site energy.
For this, the external conditions and the location have been studied and assessed, to make the site its 
own energy resource (through geothermal energy, solar wall, and photovoltaic production). The dynamic 
simulation carried out with Design Builder version 5 showed a reduction in final energy consumption of 
84% compared to the current requirements of the Spanish CTE regulation, and 81% in non-renewable 
primary energy, which represents an 86% reduction in emissions of CO2. Its energy certification is A, 
and it is being evaluated through the international LEED and national VERDE-GBCe certifications.
We have also designed a building which is capable of continuous adaptation to the changing needs of 
education, taking into consideration both its spatial and geometric possibilities and its internal conditions 
of use. We have considered variables such as air quality, humidity, temperature, comfort, hygiene, light-
ning, and ventilation with the aim of making them optimal at all times. The building opened its doors du-
ring the Covid-19 pandemic. Since then, it has proven its characteristics of adaptability to the ever-chan-
ging conditions of the pandemic and health protocols, being fully operational during this hazardous time. 
In summary, the building proved its comfort and security during such an unexpected situation.
The original site was a semicircular plot bordering a vacant area in the form of embankment, just on the 
edge of the urban area. It was next to sports facilities, and nobody had planned any specific use for the 
site or any specific urban norms for it. However, it was decided to locate the research centre there - ba-
sically on wasteland - because use can be made of the energy possibilities (especially geothermal) of 
the embankment and improve the connection of this area with the rest of the town. Hence, the building 
offers a sense of community and increases the green feeling of the area.
Co-financed by the Ministry of Education of the Junta de Castilla y León.



24 Abstract book

Buildings

Simulation-based parametric analysis of control key-factors in thermoelec-
tric frames 
Zhineng, He1*, César Martín-Gómez1, Amaia Zuazua-Ros1

¹1 Universidad de Navarra, Department of Construction, Building Services and Structures, 31009, Pamplona, Spain
*zhe.1@alumni.unav.es

Key Words: Electricity, Efficiency, Strategy, LabVIEW, Window

Abstract
The thermoelectric systems (TE) have been studied for years as a potential energy efficient system in 
buildings due to its good integration with solar system and building structures. However, compared to 
the conventional air-conditioning system, the TE has lower COP, which negatively affects its applica-
tions in buildings. To improve the COP of the TE, control strategies against the dynamic working condi-
tions would be critical for the future development of building integrated TE. Changing the key-factors of 
control strategies would affect the performance of the TE to different degrees under the same working 
condition. In this work, the numerical model of the TE window system is established on LabVIEW based 
on the Peltier effect, heat transfer and fluid mechanics. The simulation results indicate that the tempe-
rature difference between two sides and the total heating capacity increase, but the COP drops with the 
driving current of Peltier cells increases under certain condition. More working Peltier cells for the same 
heating capacity under certain condition means less driving current and better COP. In addition, higher 
air flow mass rate decreases the temperature difference between two sides and increases the tempera-
ture difference between object side and indoor space, which improves the COP.
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Abstract
Broad development and implementation of Net Zero Energy Buildings (NZEB) can support reducing 
energy consumption and associated carbon emission rates drastically. This paper presents a case study 
carried out on La Balma which is a recently built A-class energy-rated multifamily building located in 
Barcelona, Spain. 
The analysis is performed on a dynamic building energy model using IES VE simulation software, which 
acts as a Descriptive Digital Twin, prior to adding operational and sensor data. This tool is used to as-
sess potential strategies for converting a high-efficiency building into an NZEB, by means of deploying 
onsite energy generation from renewable sources coupled with building energy systems optimization. 
The building is a low embodied energy cross-laminated timber featuring six-story construction finished 
in 2021 under very high energy standards. The low energy demands suggest that it could be possible 
to achieve an annual positive balance. The discussion reflects on which services can be included in this 
assessment.
A big share of renewable energy sources leads to a necessary shift from traditional supply control to 
a more flexible demand control in terms of energy production, distribution, and storage. Therefore, the 
energy flexibility approach is also considered in the study. This approach explores the benefits of utili-
zing PV generation together with energy-storing in batteries and buying electricity from the grid during 
low-tariff hours. All these strategies aim to become less dependent on intermittent energy generation 
patterns typical for renewable energy sources.
Furthermore, the building’s future performance and resilience to Climate Change is analysed under the 
weather of Barcelona in 2050 and 2100 for the key IPCC predicted scenarios. 
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Abstract
The execution of building projects in the Colombian territory, for the most part, are done without taking 
into account the quality of their interior environment, prioritizing other aspects, such as costs, interior 
and exterior aesthetics, fixed bathroom and kitchen furniture; Leaving comfort, air quality, temperature 
and humidity as minor characteristics. 
According to Resolution 0549 of 2015, new buildings throughout the national territory must adapt diffe-
rent characteristics to improve their energy efficiency and reduce water consumption, but it is not until 
2022 that it is adopted in the single national registry of construction licenses, some boxes in which it is 
explained how the requirements described in the law are fulfilled.
This has caused construction project designs start establishing strategies for saving water and ener-
gy on a massive scale, without really checking how effective they are. Also, many of the ways they 
are supported have unreliable checking procedures. In pursuit of optimizing the process of performing 
thermal-energy simulations, it is necessary to carry out a methodology for the correct calibration of com-
putational models through on-site monitoring. In order to be certain of the functioning of the buildings 
prior to their construction and/or rehabilitation. The study consists of two main phases, which in turn are 
divided into stages. The first, On-site measurements, with a sensor that can be remotely monitored and 
obtain data in real time, and the second, hygrothermal and air quality simulations, which are calibrated 
with the measurement data.
The following stages were developed: 1. Bibliographic review of air quality measurements in interior 
spaces of dwellings. 2. A methodological proposal for the on-site measurement procedure. 3. Des-
cription of the study case 4. Analysis of the data found. The second phase is developed using the 
Design Builder simulation software, using Energy Plus as the calculation engine. For this study, data on 
indoor air temperature, relative humidity, and fluid dynamics simulations were obtained. The following 
stages were developed: 1. Bibliographic review of thermal and fluid dynamics simulations in homes 2. 
Bibliographic review of simulation calibration by comparison with on-site measurements 3. 3D survey 
of spaces. 4. Review of the data found in the analysis of the measurements. As a final step with all the 
findings of this research work, a methodological proposal is made for the development of calibration of 
computational models, for the simulations of indoor air quality data and hygrothermal comfort, in tropical 
climatic zones. In this way, the correct functioning of the passive and active strategies that are proposed 
on a building can be guaranteed, without having surprises or incorrect functioning of the initial approa-
ches. For this it is also necessary the correct execution in the construction stage of the same.
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Abstract
For years, Spain has faced the need of renovating its old building stock to address energy efficiency 
in existing buildings and to meet the targets set by the European markets and standards. Now, in an 
uncertain post-pandemic era, Spain is starting to react to this need and 6.8 billion euros from the Next 
Generation funds have been allocated to urban regeneration and building energy retrofits. In this scena-
rio of recovery and sustainable transformation, the IA ZERO methodology is postulated as an alternative 
to the traditional refurbishment process.
Supported by the Basque Professional Association of Energy Managers (APROBASGE) and Biscay’s 
School of Building Administrators (CAFB) and generated under the ERAIKAL/20 lines of the Government 
of The Basque Country, the IA ZERO methodology promotes a comprehensive and advanced energy 
management model for residential buildings and their energy refurbishment. The goal is to provide a 
systemic procedure and tools that allow developing a diagnosis of the starting point, determining the 
transformation itinerary, and generating systems or processes to more effectively manage all aspects 
related to building energy. The IA ZERO approach relies on initial energy audits of the existing conditions 
and whole-building energy simulations to guide sustainable refurbishments towards Nearly Zero Energy 
Buildings (NZEB). This paper describes how energy models are used in the IA ZERO methodology to 
identify weaknesses, to investigate retrofit alternatives, to combine scenarios and to compare them with 
the performance of the existing building. Energy simulation is a very powerful decision-making tool used 
to identify synergies that lead to significant energy performance improvements such as the ones that IA 
ZERO aims to achieve. presented in this paper.
This paper presents the goals of the IA ZERO methodology and how energy simulation is used as a key 
guiding tool to achieve those goals in the retrofit process. The IA ZERO methodology is undergoing a 
refining and consolidation process through four pilot projects, two of which are exposed in this paper. 
These projects serve as illustrative case studies for future projects and to better understand the scope, 
the caveats and the benefits of this innovative approach. It is concluded that IA ZERO stands out from 
conventional refurbishments and provides a comprehensive roadmap to more sustainable energy retro-
fits that aims to guide neighborhood communities towards the optimal renovation strategy.
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Abstract
The European Directives promote the use of energy from renewable sources and defines a common 
system to promote energy from renewable sources in all sectors. These efforts are transposed to the 
Spanish legislation by the National Integrated Energy and Climate Plan 2021-2030, in which Spain has 
set out to improve its energy efficiency and reduce primary energy consumption. Therefore, reducing 
energy consumption is in the spotlight of many researchers, especially in the sectors with the greatest 
potential for consumption savings, which are buildings, along with transport and industry.
Because of that, one of the important new features of the Building Technical Code (CTE in Spanish) 
2019 has been the widening of the technologies allowed for compliance with section DB-HE4, and Heat 
Pumps become eligible to reach the minimum renewable share in DHW and heating production.
The Department of Territorial Planning, Housing and Transport of the Basque Government has a Labo-
ratory of Quality Control of Buildings (LCCE) to carry out diverse testing on construction materials, com-
ponents, systems and construction sites to assess compliance and enhance the quality of mechanical 
properties, acoustics and energy efficiency. The ENEDI Research Group of the University of the Basque 
Country (UPV/EHU) works in the Thermal Area of the LCCE improving the energy efficiency in new de-
velopments, existing buildings and refurbishments, as well as promoting the use of renewable energies; 
through experimental tests, research activities, training and advising society on the energy performance 
of buildings. An experimental facility bench allows testing of different configurations of thermal systems, 
by emulating real thermal and DHW demands.
The main objective of this work is to show the results of an experimental test carried on LCCE’s system 
laboratory that reflects the dynamic behaviour of an Air Source Heat Pump (ASHP) thermal facility to 
cover the heating demand of a multifamily house. The smart control gives priority to the ASHP accor-
ding to the dynamic demand and external conditions, so the auxiliary condensing boiler is activated in 
peak demands. A thermoeconomic analysis is applied, that is, an analysis that considers the two laws 
of thermodynamics and uses exergy as a basis. Thus, cost-sharing along the system is performed and 
the cost formation in each operation mode is evaluated in depth. The most inefficient equipment and the 
equipment that generates the most overcosts for the installation have been identified. This extensive 
analysis is very useful for further implementation of heat pumps in thermal refurbishments as well as for 
energy savings in buildings.
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The potential for improvement in the new generation of Energy Performance Certifica-
tion with an integrated approach to assessment at neighbourhood level. SmartLivin-
gEPC Project- case study of Leitza
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Abstract
A significant amount of valuable information about energy consumption in buildings can be gleaned from 
databases with Energy Performance Certificates (EPC). However, the literature shows that there are 
many challenges to be overcome in next generation EPC schemes. In this respect, this communication 
presents the SmartLivingEPC project, funded by the European Commission’s Horizon Europe program-
me, whose aim is to develop a new method for calculating an EPC. To this end, the project will be based 
on the use of digital tools (BIM, digital twins, etc.). In addition, it will integrate various indicators that 
until now have not been included in the methodologies, such as life-cycle analysis, air quality, acoustic 
quality, water consumption, level of building intelligence (SRI) or the actual operation of the facilities. An 
assessment methodology will be proposed both at
COMUNICACIÓN COMPLETA / FULL PAPER
the level of theoretical calculations (asset rating) and at the operational level (operational rating). Moreo-
ver, in addition to developing the rating system at building level (Building EPC), another rating scheme 
will be obtained at the level of building complex level (Complex EPC). This extension to the neighbour-
hood level and energy communities is one of the most important innovative aspect of SmartLivingEPC. 
To this end, the small town of Leitza in Navarre, Spain, will participate as pilot community with a mix of 
private residential dwellings, small commerce and public buildings such as a school, a sports centre and 
the town hall. Community-owned assets such as a PV plants providing electricity for collective self-con-
sumption add tangible benefits which will be reflected in the EPC score. In a first phase, the potential of 
energy communities to provide knowledge about energy measures to its members, and empower them 
to participate in a just energy transition has been observed. And It is hoped that more targeted communi-
ty-led refurbishment activities can be triggered as a result of the participation in the project. Therefore, it 
can be said that the integration of the Renewable Energy Communities in EPC Schemes could improve 
the capacity of the EPCs to encourage energy saving measures.
The project, which receives co-funding from the Horizon Europe programme, started on the 1st of July 
2022, will run for three years and involves 15 partners from 12 different countries.
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