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Bienvenida

La Universidad de Granada, Infraestructuras para el Desarrollo Sostenible (i4sd) y el Social
Entrepreneurship Schoarganizaronel Foro de Ingenieria para el Desarrollo Sostenible en
Granada los dias 230 de septiembre de 2016.

El Foro tieneamo objetivo el intercambio de conocimientos, experiencia y resultados de proyectos
de investigacion o de ejecucion recientes que tienen su enfoque en el desarrollo sostenible

Este Foro esta dirigido a investigadores, profesionales del sector privaganysmos publicos y
cualquier persona interesada en los ambitos del desarrollo sostenible, el cambio climatico, energias
renovables, agua, movilidad sostenible, emprendimiento social y los instrumentos de financiacion
para proyectos relacionados con lastmibilidad.

Se invib a los expertos de entidades académicas, industriales, financieras y gubernamentales a
presentar sus resultados y experiencias de investigacion de las nuevas tecnologias y proyectos en el
Foro en las siguientes aredsste documentoontiene las ponencias y resumenes de posters de los
ponentes.

Welcome

The University of Granada, Infrastructure for Sustainable Development (i4sd) and Social
Entrepreneurship School (SES) orgahihe Engineering for Sustainable Development Forum in
Granada on 280 September 2016.

This Forum wsaaddressed to researchers, professionals from the private sector and public agencies
and anyone interested in the areas of sustainable development, clithatege, renewable energy,
water, sustainable mobility, social entrepreneurship and the financing instruments for
sustainability related projects

The Forum is aimed to exchange knowledge, experiences and results of recent research and/or
implemented projets that address issues of sustainable development

Experts of Academia, Industrial, Financial and Governmental Entigresinvited to present their
research results and experience of new technologies and projgudts document summarizes the
presentations and posters summaries of the speakers.
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Comité Cientifico / ScientifiCommittee

FRANCISCO AGRELA
UNIVERSIDAD DE CORDOBA

JAVIER ALEGRE
UNIVERSIDAD GRANADA

MONICA ALONSO
UNIVERSIDAD DE GRANADA

ANTONIO ESPIN
UNIVERSIDAD DE GRANADA

MIGUEL ANGEL GOME NIETO
UNIVERSIDAD DE GRANADA

EULALIA JADRAQUE
UNIVERSIDAD DE GRANADA

GERMAN MARTINEZ
UNIVERSIDAD DE GRANADA

MARIA JOSE MARTINEZHEVARRIA
UNIVERSIDADE GRANADA

BEGONA MORENO
UNIVERSIDAD DE GRANADA

JAVIER ORDONEZ
UNIVERSIDAD DE GRANADA

ROSALIA PACHECO
UNIVERSIDAD DE GRANADA

JORGE IGNACIO PEREZ PEREZ
UNIVERSIDAD DE GRANADA

EUGENIO PENICER
UNIVERSIDAD DE VALENCIA

JUAN CARLOS RUBIO
UNIVERSIDAD DRALAGA

MONSERRAT ZAMORANO
UNIVERSIDAD DE GRANADA

WOLFGANG WINKLER
UNIVERSIDAD DE HAMBURGO
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Comité Organizador / Organizingommittee

JAVIER ORDONEZ
UNIVERSIDAD DE GRANADA, ESPANA

JOAQUIN AVILES
I4SDEEUU

MARIAJOSE MANJO
SOCIAL ENTREPRENEURSHIP SESOMIA

ROSAIA PACHECO
UNIVERSIDAD DE GRANADA, ESPANA

JAVIER QUIROS FERNANDEZ
INERIAESPANA

JOSE MIGUEL GRANADOS
MERCAO SOCJASPANA

ANTONIO BUENO
AYUNTAMIENTO DE MOTRIL, ESPANA

DOUGLAS PRENTICE
GEOCAPITA, REINO UNIDO

ANDRES FERRER
CLUSTER DE DESARROLLO SOSTENIBEEPARRS
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Patrocinadores y colaboradores
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Patrocinadores y colaboradores

Para el Foro delngenieria paral Desarrollo 8stenible (ESDForum) hemos contado con los
siguientegatrocinadoresa los que les queremos trasmitir nuestro mas sincero agradecimiento a través de
esta publicacién:

COSENTINO (ALMERIA)

CONSTRUCCIONES OTERO (GRANADA)
FUNDACION ACCIONA MICRONENERGIA (MADRID)
EMASAGRA (GRANADA)

HIDRAULIAGRANADA)

AYUNTAMIENTO DE GRANADA

ESCUELA TECNICA SUPERIOR DE INGENIERIA DE CAMINOS, CANALES Y PUERTOS DE LA UNIVERSII
GRANADA

DEPARTAMENTO DE INGENIERIA DE LA CONSTRUCCIOROSFRONBENIERRLA UNIVERSIDAD
DE GRANADA

CENTRO DE INICIATIVAS DE COOPERACION AL DESARROLLO (CICODE) DE LA UNIVERSIDAD DE GR/
COLEGIO DE INGENIEROS DE CAMINOS, CANALES Y PUERTOS DE GRANADA
FUNDACION CAMINOS (MADRID)

También se ha contado condalaboracién especiae los siguientes colaboradores:

h.w! {h/L!U[ &[!' /1 L-1§
INERIA
GEOCAPITA

CLUSTER DE LA CONSTRUCCION SOSTENIBLE DE ANDALUCIA
AFS PROYECTOS
MERCAO SOCIBRANADA
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PATROCINADORES

7515 [ ot LY s

MaIne & antiopate

@] G\fundaciénacciona
Carmpm, S0 Wogrmoens Cu micronengia

Camnon. Canades y Powtns

ORGANIZADORES

: %gi” Universidad i4SD§> N

de Granada T SOCIAL ENTREPRENEURSHIP SCHOOL

COLABORADORES

J . INERIA ) GESCAPITA

Obra Social "la Caixa"

27~ cicode
7 N\ st Serein

"""""""""" M&TRIL

G
AVUNTAMIENTO
e GraNADA

20



21



Voluntarios

Equipo devoluntarios, que prestd un gran apoyo antes y durante el evento

MARIA AURORA ARCO
MARIA ANGELBRENAS
MUSTAPHA BOUZIANE
JULIAN FERNANDEZ
LAURA HINOJOSA

MARIA CARMEN JIMENEZ
BELEN JIMENEZ

VANESA LLORENS
CARLOS TORTOSA

BEATRIZ URIBE
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Areas tematicas
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Enerda y Desarrollo Sostenible

Objetivo de Desarrollo Sostenible Garantizar el acceso a una energia asequible, segura, sostenible y
moderna para todos

Conviene recordar una serie de cifras y datos importantes:

A Alrededor de 2600 millones personas en el mundo en desarrollo
se enfrentan a dificultades en el acceso a lecteicidad a tiempo

completo
} A Tres mil millones de personas dependen de la biomasa
ey _LMN*- ses tradicional, como la madera y los residuos de plantas animales, para

cocinar y para la calefaccién
A La energia es el principal contribuyente al cambio climatico, y

representaalrededor del 60% del total de emisiones de gases de efecto
mvernadero a nivel mundiall.300 Millones de personas no tienen acceso a la electricidad

A En los paises donde se dispone de datos, el nUmero de personas empleadas en los sectores de
energia renosble es actualmente alrededor de 2,3 millones. Dadas las actuales lagunas en la
informacion, esto es, sin duda, una cifra muy conservadora. Debido al fuerte aumento de interés en
las alternativas de energia, el posible nimero total de empleos de las aseegiovables para el
afio 2030 es de 20 millones de empleos.

Areas de Investigacion

Eficiencia energética; aplicacién del internet de las cosas en el campo de la energia; los desafios del cambio
climatico; la investigacion y los nuevos procesos sostendriemateria de energias renovables; objetivos

de energias renovables y programas de apoyo global y nacional para la electrificacion rural y urbana en los
paises emergentes; redes inteligentes; la planificacibn de plantas y sistemas de energia renovable;
renovacion de plantas y sistemas; y aplicaciones industriales de: pilas de combustible y produccion de
energia electroquimica, fotovoltaica y solar térmica (CSP), energia eélica, almacenamiento eléctrico,
recuperacion de calor y de almacenamiento, aislantetérmico, aplicacionede bombas de calor,
instalaciones de refrigeracion, reglamentos de los activos de desarrollo, contratos de venta de electricidad,
los desafios de la red eléctrica paraefgergia renovable y las normas de distribucion eléctricasy su
restricciones.
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Agua y Saneamiento

Objetivo de Desarrollo Sostenible 6: Garantizar la disponibilidad de agua y su gestion sostenible y el
saneamiento para todos

A Desde 1990, 2.600 millones de personas han obteridoeso a
mejores fuentes de agua potable, pero 663 millones todavia carecen de dicho
acceso.

A Al menos 1.800 millones de personas en el mundo utilizan una fuente
de agua potable que est4 contaminada con materia fecal.

A La escasez de agua afecta a mas des 4@ la poblacion mundial, y se

prevé que esta cifra aumente. Mas de 1.700 millones de personas viven actualmente en cuencas

fluviales donde el consumo de agua es superior a la recarga.

A Actualmente, 2.400 millones de personas carecen de acceso a sebésioss de saneamiento,

como retretes o letrinas.

A Mas del 80% de las aguas residuales resultantes de las actividades humanas se vierte en rios o el
mar sin que se eliminen los contaminantes.

A Cada dia, cerca de 1.000 nifios mueren a causa de enfermediidesicas prevenibles
relacionadas con el agua y el saneamiento.

A La energia hidroeléctrica es la fuente de energia renovable mas importante y mas utilizada y, en

2011, represent6 el 16% de la produccittatale electricidad en el mundo
A Aproximadamente €r0% del agua extraida de los rios, lagos Yfems se utiliza para el riego
A EI 70% de las muertes causadas por desastres naturales se deben a las inundaciones y los desastres

relacionados con el agua
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Smart citiesy edificacién sostenible

Objetivo de Desarrollo Sostenible 11: Lograr que las ciudades y los
asentamientos humanos sean inclusivos, seguros, resilientes y sostenibles

A La mitad de la humanidad, 3500 millones de persowias, hoy dia en
las ciudades.

A Para 2030, casi 60% de la poblacion maindviran en zonas urbanas.

Un 95% de Ia expansion urbana en los proximos decenios se producirdends en desarrollo.

828 millones de personas viven en barrios margmglel nimero sigue aumentando.

Las cidades ocupan apenas el 3% del planeta, pero representan entre el 60 y 80% del consumo de
energia y el 3% de las emisiones de carbono.

La rapida urbanizacion esta ejerciendo presion sobre el abastecimiento de agua dulce, las aguas
residuales, los meds devida y la salud publica.

Pero la densidad relativamente alta de las ciudades puede lograr un aumento de la eficiencia y la
innovacioén tecnolégica y al mismo tiempo reducir el consumo de recursos y de energia.
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Infraestructuras y Movilidad Sostenible

Objetivo de Desarrollo Sostenible 9: Construir infraestructuras resilientes,
promover la industrializacién inclusiva y sostenible y fomentar la innovacion

A La infraestructura béasica como carreteras, tecnologias de la
informacién y las comunicaciones, saneamiento, energia eléctrica y el agua
sigue siendo escasam muchos paises en desarrollo.

A 2500 millones de personas carecen de acceso a saneamiento basico y
J 3 casi 800 millones de acceso al agua, muchos cientos de millones de los cuales
viven en el Africaubsahariana y Asia meridional.

Entre 1y 1,5 millones de personas no tienen acceso asemwgios telefonicos fiables.

Infraestructura de calidad se relacepositivamente con el logro de objetivos sociaEgndmicos

y politicos.

La infraestructura inadecuada conduce a una falta de acceso a los mercados, puestos de trabajo, la
informacién y la formacion, la creacion de una bariierportante para hacer neguaos.

Las infraestructuras subdesarrolladas limitan el acceso ateiatesanitaria y la educacion.

Para muchos paises africanos, en particular los de bajos ingresos, las limitaciones existentes en
cuanto infraestructura afectan la productividad de éempresas en un 40 por ciento.

El efecto multiplicador del trabajo de la industrializacién tiene un impacto positivo en la sociedad.
Todo puesto de trabajo en la industria manufacturemecotros 2,2 en otros sectores.

Las pequefias y medianas empresas s@ealedican a la fabricacion y la transformacion industrial

son las mas criticas para las primeras etapas de la industrializacion y suelen ser dess may
creadoras de empleo. Ella®nstituyen méas del 90 por ciento de los negocios en el mundo y
representarentre el 5060 por ciento del empleo.

En los paises en desarrollo, apenas el 30 por ciento de la produccién agricola se somete a la
transformacion industrial. En los paises de altos ingresos, el 98 por ciento se procesa. Esto sugiere
gue hay grandes oparhidades para los paises en desarrollo en la agroindustria
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Financiacion para el desarrollo sostenible

A El desafio que plantea el crecimiento econémico sostenible junto
con la optimizacion de los recursos que son cadandez escasos requiere
una clara respuesta canstrumentos de financiacion apropiadas

A El contexto de las actuales tendencias mundiales para alcanzar los

Objetivos de Desarrollo Sostenible de las Naciones Unidas, el régimen de

& " financiacién dentro del prograa Horizonte 2020 de la Unién Europea y

los desafios del cambio climético después de la COP21 promoveran nuevas

formas de financiacién que facilitaran la ejecucion de los proyectos en este desafio.
Multilaterales y fondos publicos o privados que buscarsold retorno econémico sino también
impacto social y medioambiental, llega para queddasinanciacién de impacto
Lamedicion y la colaboraciéjynto a los previsibles buenos datos de crecimiento, parecen ser las
claves en torno a las cuales va a giearsector de la inversion de impacto durante 20EB.
fendmeno de la inversién de impacto social, es decir de invertir en empresas rentables y que a la
vez generen impacto positivo, esta en auge. El afio que comienza puede ser el punto de inflexion
para lainversion de impacto sociah nuestro pais, con mayores crecimientos en volumen
y nimero de actores. Desde el estallido de la crisis econdmica y el sinfin de nuevas oportunidades
gue ofrece la tecnologia, cada vez son mas los que se replanteaéticug economia son
inseparabley toman nuevas decisiones a la hora de pensar qué hacer con su dinero.
En paralelo, los emprendedores sociales en el &mbito de los proyectos de agua y energia dirigidos
hacia las comunidades rurales de los paises emergentes estgponiendo nuevas alternativas
llevando asi al sector privado a los sectores publicos tradicionales de cooperaciéon para el
desarrollo. Pero no basta con generar ideas innovadoras y transformadoras ni trabajar mas duro:
hay que conseguir un soporte fingiaro que permita seguir creciendo.
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Area Horizonte 2020

Todos los participantes estan invitados a encontrar potenciales socios para
las proximas convocatorias de los programas europeos de Horizonte 2020
durante elSegundo dia y para usar las salas de reuniones (separadas de las
sesiones) para intercambiar las ideas iniciales de las propuestas conjuntas,
para tratar desarrollos conjuntos de proyectos y para preparar las bases de
los documentos de trabajo. Recomendasngue se utilice esta herramienta

gue ofrece el foro como una oportunidad Unica para hacer que tu proyecto se
ejecute de manera mas eficiente y se unan las competencias de los
potenciales socios e inversores de nuestra region y de toda Europa.

¢, Qué edHorizonte 20207

La Unién Europea concentra gran parte de sus actividades de investigacién e innovacién en el Programa
Marco gue en esta edicion se denominara Horizonte 2020 (H2020). En el period2QMy mediante la
implantacién de tres pilares, cortiiye a abordar los principales retos sociales, promover el liderazgo
industrial en Europa y reforzar la excelencia de su base cientifica.

Horizonte 2020 integra por primera vez todas las fases desde la generacion del conocimiento hasta las
actividades masproximas al mercado: investigacién basica, desarrollo de tecnologias, proyectos de
demostracion, lineas piloto de fabricacién, innovacion social, transferencia de tecnologia, pruebas de
concepto, normalizacién, apoyo a las compras publicascpneerciales capital riesgo y sistema de
garantias.

Los objetivos estratégicos del programa Horizonte 2020 son los siguientes:

A Crear una ciencia de excelencia, que permita reforzar la posicion de la UE en el panorama cientifico
mundial.

A Desarrollar tecnologias y saplicaciones para mejorar la competitividad europea.

A Investigar en las grandes cuestiones que afectan a los ciudadanos europeos.
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29 de septiembre de 2016

Horario
8:30-9:00 Recogida de documentacion

SALON DE ACTOS

Bienvenida e Introduccion

09:00-09:30 Roberto Lopez Robles Monserrat Zamorano Belén Feriche

(Director Gral de Medioambiente, Salud y Consumo del

(Directora de la Escuela de Caminos) (Directora de Secretariado UGR)

Ayuntamiento de Granada)

Ingenieria para el Desarrollo sostenible: Los Objetivos de Desarrollo Sostenible (Naciones Unidas)
09:30-10:00

REDS (Red Espafiola de Desarrollo Sostenible) Joaquin Avilés (14SD) Javier Orddfiez (UGR)

Los ODS seis, siete, once y trece: Cuatro retos para la Ingenieria. Introduce: Joaquin Avilés (i4SD)

e Fco Javier "4 Maria del Mar n 4 o - 2
10:10-11:45 | Obietivo 13: Sinchez Obietivo 6: Rivero Objetivo 11: Bruno Sauer Obietivo 7: Vijay Modi
Cambio (Observatorio | Agua Limpiay Ciudades (Green ; (Universidad de
0 el b (Ongawa) A Y Energia ¥
Climético de S. Nevada) Saneamiento Sostenibles Building) Columbia)
11:45-12:00 Descanso. Café

SALON DE ACTOS SALON DE GRADOS SALA E-2

Smart Cities y Vivienda Sostenible Energia y Desarrollo Sostenible Agua y Saneamiento

Moderadores: Javier Quirés /Antonio Bueno | Moderador: Javier Ordofiez Moderador: Joaquin Aviles

Beatriz Corredor Sierra (ex-Ministra de Vivienda) Pep Puig (Som Energia) Khalid abdul Aziz AL-shail (SWDRI-SWCC)

Luis Llopis (Bonsai Arquitectos) David Rodriguez (Ser Brasil) Ricard Giné (WASH en UPC)

Rafael Fuentes (ICEX) Julio Eisman (Fundacién Acciona Microenergia) Raquel Lépez (Centro Tecnoldgico Cartiff)

12:00-13:45
Antonio Lopez-Nava (A3e) Laura Vegas (Energia Renovable Africa) Maria del Mar Rivero (Ongawa)
Luis Cotarelo (Mercao Social) Javier Guerra (Quantum Renewables Africa) Marcos Antonio Martinez (Emasagra)
Alejandro Cobos (Ineria Management) Sebastidn Rodriguez (i4SD) José Manuel Castillo (Tragsa)
Mariano Barroso (Anda. Smart Cities) Francisco del Pozo (Oxfam)
Debate Debate Debate
14:00-15:15 Descanso para comida
Modelos financieros para proyectos sostenibles. Modera: Marfa José Manjén. English
15:20- 15:50
Douglas Prentice (GEOCAPITA) José Moncada (La Bolsa Social)
Social Entrepreneurship School: proyectos de energia y agua en las comunidades rurales de los paises emergentes.
15:50- 16:15
Tito Spinola (Ashoka Espafia)
SALON DE ACTOS SALON DE GRADOS SALA E-2
Infraestructuras y Movilidad Sostenible Oral Communications English
Moderador: Joaquin Avilés Moderador: Maria José Manj Moderador: M¢€ José Jiménez
Jaime Briales (Ayunt. de Malaga) Javier Guerra (Quantum Renewables Africa) M2 José Jiménez CIEMAT
Juan de Dios Hermosin (Ayesa - Smart solutions) José Moncada (La Bolsa Social) CDIOMio. SUCo0G; Unlversuiiad Earlosil]
Neumann de Madrid
3 5 2 5 ; 3 i . 5 Faculty of Technical
Antonio Tejada (La Ciudad Accesible) David Rodriguez Mejias (Aaban) Milovan Medojevi¢ i :
| Sciences, Serbia
16:20-18:15 Ricardo Lopez Perona Agustin Vitorica (Gawa Fund) Marisluisaivartnes | Hexagen Safety &
1) u Infraestructure
(Agrupacion de Fabricantes de Cemento de S adrénd T e Aoatinaenion
Andalucia -AFCA-) Paolo Michele Sonvilla (Trust EPC Project) sealmenacronce csrcanRenIenay
Guevara Desarrollos S.L.

Faculty of Technical

Fabricio D'Amico (Univ. Roma) Sci Serbi
ciences, Serbia

Carmen Carpintero (Red Business Angels Cadiz) | Milana Medojevi¢

Clausura Primer Dia Foro

Alessandro Calvi (Univ. Roma)

Miguel Sénchez-Praena (SunEdison)

Marco Trombetta (Financieros sin Fronteras)

Debate

Debate

Rocio Alvarez-Arroyo

 Purificacion Amaya

Trinidad

Mohamed Laghdas

University of Granada

Sinapse Energia

University of Granada
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30 de septiembre de 2016

Horario SALON DE ACTOS
Informacién general sobre las convocatorias de la UE y los objetivos politicos. Introduce: Javier Ordéfiez
09:00-09.30
Carmen Sandoval (Asesora Facultativa en Asuntos Europeos)
Los desafios del cambio climatico después de COP21 y las politicas nacionales
y regionales espafiolas relevantes. El reto 5 del cambio climatico. Introduce: Javier Quirés
09:30-10:30
Juan Carlos Garcia Carrasco s s ; . 4 :
José Luis Mufioz (Climate-Kic Spain) Julie Urban (Factor CO2)
(coTl)
SALON DE ACTOS SALON DE GRADOS
Area H2020: Oral Presentations
Oportunidades de financiacion de proyectos de investigacion
2 = 5 1. Idealab: Fostering 5 L
e innovacion en Horizonte 2020. . 5 > Dr. Milovan Medojevic -
; ) " entrepreneurship and open innovation el ;
El reto 3 de energia. Introduce: Javier Quirés. : e University of Novi Sad
among students in University industry X
i (Serbia)
10:30-11:10 collaboration.
2. SARASWATI: Supporting
i consolidation, replication and up- ; A
- i . Antonio Palanco e . Dr. Jon Garcia - Ceit— K4
Cristina Quintana (Ciemat) 5 S scaling of sustainable wastewater i
(Agencia Andaluza del Conocimiento) s (Technical Research Center)
treatment and reuse technologies for
India.
11:20-11:40 Descanso. Café
3. Startify7, connecting with existing
Programas de responsabilidad social empresarial en PYMESs y | ICT enterprise training structures Dr. Miguel Valls - University
multinacionales. Introduce: Marfa José Manjén. through our 7 thematic learning of Almeria
academies.
11:45-12:30
Jose Maria Bolufer - 4. Housing Light Program in José Gabriel Martin -
ol ey Gustavo Calero Diaz : i 2 : : :
(Telefénica - Innovacién P s Cajamarca (Pert) and in Oaxaca Acciona Microenergia
2 (Hidralia - Grupo Suez -) iy i
Sostenible) (México). Foundation
5. Fertinnowa: Transfer of INNOvative
b s Elisa M. Sudrez - IFAPA
techniques for sustainable WAter use :
o s 5 - : 5 (Junta de Andalucia)
Casos de éxito de empresas startups de impacto y Premio in FERtigated crop.
Student Challenge.
Modera: Maria José Manjon (Social Entrepeneurship School) 6. WATTERSPOUTT (“Water Pilar Ferndndez - CIEMAT
12:30-13:45 Sustainable Point-of-Use Treatment (Plataforma Solar de
Technologies”) Almeria)
Pamoja Whitewall 2 . 7. RED-Heat-to-Power Project
Métrica 6 i4SD 5 2 Di Alarcén - CIEMAT
Cleantech Energy (“Conversion of Low Grade Heat to CRGGa
(Plataforma Solar de
. i i Eduardo Sebastian Power through closed loop Reverse el
Peik Stenlund José Gonzélez Diisas RodrRtiEz Electro-Dialysis”).
Mesa redonda de conclusiones de las mesas de debate del dia 1:
13:50-14:30 Energia y el desarrollo industrial sostenible, Agua y Saneamiento, Transporte y Movilidad,

Smart Cities y Vivienda Sostenible y Financiacién

Acto de Clausura:

Dorothy Kelly
Vicerrectora de Internacionalizacion
UGR

Domingo Barrera Mariola Fernandez
Director del CICODE Junta de Andalucia
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Data analysis methods for building energy
performance characterisation

Context and CIEMAT experiences in applications to test campaigns in warm sunny
weather

Maria José Jiménez*
CIEMAT/Energy Efficiency in Buildings R&D Unit, Madrid, Spain

a. *Corresponding author. Tel.: +34 950 387800, Extension 922; E-mail address: mjose.jimenez@psa.es

Abstractd This paper is an overview of CIEMAT experiences in the field of data analysis methods for building
energy performance characterisation. The context of these activities is also introduced. Most of these activities
deal with data analysis from tests carried out in warm and sunny weather conditions. These experiences include
a wide variety of case studies such as building components using tests cells, ventilated systems, and whole
buildings in occupancy conditions. Only key aspects of each case are presented here focusing on the physics,
and references are given along the document to complement this overview.

Key wordsd Building energy, Outdoor testing, Performance indicators, System identification, Thermal
parameters.

1. Introduction

The building sector accounts for about 40% of total final energy use and has significant potential
to save energy and reduce CO, emissions. A growing interest to promote energy efficiency in
buildings has led to the progressive implementation of related regulations, highlighting the need to
increase knowledge about energy performance of buildings and pushing research activities in this
field.

The Energy Performance of Buildings Directive (EPBD) 2010/31/EU (recast) requires that from
the year 2020 onwards all new buildings have to be 'nearly zero energy buildings', comply with high
energy performance standards and supply a significant share of their energy requirements from
local renewable sources. To achieve these objectives, an understanding of the dynamic nature of
building energy flows and occupancy behaviour is essential as is a robust energy performance
assessment for new and renovated buildings.

Currently, most compliance checks and labelling of the energy performances of buildings are
done in the design phase by theoretical calculations. However, studies have shown that the
performance of a building may deviate significantly from this theoretical performance as discussed
in several published papers (Tronchin and Fabbri, 2008; de Wilde, 2014; Galvin, 2014; Johnston et
al. 2016, etc.), and considered by research collaboration in the international context of EBC Annex
58. Further research considering dynamic full size tests, data analysis and simulation is necessary
to address this gap, to improve the reliability of building energy performance assessment
procedures and simulation design tools, and to support to regulation and standardisation aiming to
save energy in buildings (www.dynastee.org).

Using models to represent physical systems is a very useful and frequent practice in most areas
of physics and engineering. System identification techniques allow obtaining accurate models
representing physical systems, from data coming from experiments carried out in dynamic test
conditions. This is a very powerful feature as far as most real situations are dynamic, and
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consequently the capability to obtain models from dynamic tests allows the application to tests
campaigns obtained in real condition of use, providing very accurate and realistic models.

Thermal performance of buildings depends on the interaction of complex physical processes and
their simplified analysis or analysis under non-real conditions lead to uncertainties in the results.
The inclusion of thermal evaluation based on full scale testing can contribute significantly to solve
the mismatch caused by simplified analysis. Building performance characterisation based on full
scale dynamic measurements can help to bridge the gap between theoretically predicted and real
life energy performance of buildings. This objective can be achieved by means of two modelling
technigues based on experimental data:

1 Identification of empirical models applying system identification techniques and time series
analysis tools. This approach is very useful when the construction characteristics of buildings
are not available or incomplete. Experimental campaigns are necessary in this case (Jimenez
& Madsen, 2008).

1 Validation and calibration of simulation models built based on construction characteristics of
buildings. This technique requires comprehensive information regarding the geometrical
details and construction materials. This information is often not fully available (Enriquez et al.
2012a).

In addition to thermal performance assessment, data based modelling techniques can be applied
to predictive controls for the optimisation of thermal comfort, oriented to reduce energy
consumption. This application is also relevant regarding the implementation of EPBD 2010.

Techniques based on calibration of simulation models have been also applied to energy
performance assessment and control applications (Enriquez et al. 2012a). This technique requires
comprehensive information regarding the geometrical details and construction materials. This
information is often not fully available in rehabilitation applications.

Using data from outdoors full size tests, dynamic analysis methods based on system identification
techniques (Jimenez & Madsen, 2008) can be applied to model and thermal characterization of
building components, building systems and whole buildings. In this sense, this research line is
promising, and it could help to develop empirical models that may be used to quantify the energy
savings achieved with passive solar building components. These techniques allow deriving the
steady state properties of building components from a short test with fluctuating outdoor conditions.
The capability to extract these parameters from data from a test carried out under such dynamic
conditions, using a relatively short test period, is one of the main features of this approach, and it is
feasible mainly because dynamic analysis tools are being used.

Outdoor experiments using test cells (The PASSYS services; Strachan & Bacher, 2008; Strachan
& Vandaele 2008), are powerful tools for realistic estimation of the parameters characterising the
thermal behaviour of building components. These tests are carried out under real weather
conditions, implying dynamic testing, and therefore, analysis must take into account these dynamic
test conditions.

There are a wide variety of approaches to dynamic analysis. Despite their different levels of
complexity and accuracy, all of them require two ingredients: prior system modelling and system
identification to obtain the parameters modelled. Different methodologies employ different software
tools, requiring a certain degree of expertise from the analyst. Some of these approaches have
been applied to estimate the thermal properties of building components using outdoor test cells
(Strachan & Vandaele 2008), building components using in-situ measurements (ISO 9869:1994),
and full size buildings (Rabl, 1988; Madsen and Holst, 1995).

Generally, according to the test object properties, the purpose and characteristics of the test,
applied analysis is chosen ranging from averaging methods to dynamic approaches traditionally
considering linear and time invariant parameters, and more recently including nonlinear and time-
dependent parameters.

CIEMAT has been involved in activities in this field of research since 1986 till now, mainly
focusing in aspects related to outdoors tests of buildings, building components and passive building
syst ems, in sunny weather conditions. Some of the
have been in the area of data analysis that has been essential in successfully dealing with data
analysis from tests carried out in test cells under these weather conditions, and the application of
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these methods to model other systems such as solar chimneys and whole buildings. This paper
gives an overview of the work carried out by CIEMAT in this area of research and its context.
References are given along the document to complement this overview.

2. Average and Linear Regression Methods

In the past averaging methods were used. These average methods applied to the thermal
analysis of real size building components tested under dynamic outdoors weather conditions allow
the application of steady-state equations which significantly simplify analysis. However these
methods are valid provided that some hypotheses are accomplished, particularly the following:

1 The thermal properties of the material and the heat transfer coefficients are constant over the
range of temperature fluctuations during the test.

1 The change of amount of heat stored in the element is negligible when compared to the
amount of heat going through the element.

These conditions limit the applicability of this method thus leading to very long period of testing.

Most of previous reported works using average or linear regression methods based in averages
either assumed constant surface coefficients to estimate the air to air U value or estimated the
surface to surface L value (thermal conductance of the building element). In some of these papers
different integration periods were studied, nevertheless in some cases these methods gave very
inaccurate results.

Richalet et al. (2001) reports the application of multiple regression using daily averages to the
energy performance analysis of 10 single family houses located y different European countries. The
results showed higher inaccuracy in mild weather locations, mainly in Spain.

In some works a first order correction is mentioned, as an alternative to solve some of the
problems related to the application of linear regression method based in averages to dynamic tests
of building components, leading to pseudodinamic models although dynamic method are pointed as
more appropriate for such applications (van Dijk & and der Linden, 1993). Bloem and Martin (2001)
proposed a pseudodinamic analysis tool based in multiple regression using daily averages to
estimate the energy performance parameters of dwellings.

Modera et al. (1985) report on the study of the errors in the U-value estimates for different walls,
using the steady-state equation and simulated measurements under dynamic conditions. This study
is done for instantaneous measurements as well as considering integrals. It concludes that
i nstantaneous measurements c¢andt -vgluesobutiitdaecuracy is
significantly improved if time integrated variables are used. It is also shown that the error in the U-
value estimation is minimised by using a multiple of 24 hours as the integration period. It affirms that
the minimum valid integration period depends on the characteristics of the wall and weather
conditions. It also demonstrates that longer integration periods are required when temperature
fluctuations are higher, temperature difference between indoors and outdoors are lower and walls
are heavier.

Steady-state equations using daily averages are also used in coheating tests to obtain the heat
loss coefficient of full size buildings from field measurements (Johnston et al. 2012). These tests are
carried out in empty buildings, in the heating season, setting a constant indoor air temperature
(typically 25°C), and using electric heaters. Although this methodology is not a new concept, it is
currently the subject of much research and debate.

Several attempts to adapt coheating test to Spanish weather have been reported. However just
imitation of this method is not valid, and some further research and adaptations are necessary for
the application in Spain. General limitations of steady state methods, are discussed in works that
were published long time ago (Modera et al., 1985). This reference analyses and discusses the
errors on parameters estimates, and the influence of integration periods, characteristics of the wall
and weather conditions on the accuracy of results. These issues are crucial for tests in Spanish
weather.

Some published studies based on experimental data that have been carried out recently,
demonstrate that daily averages are insufficient to apply this analysis to some case studies in
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Spanish climate. However significantly better results, were obtained using longer integration
periods.

A recently published work (Naveros et al., 2012) further investigates the capabilities and
limitations of the average and linear regression methods applied to the thermal performance
analysis of real size building components tested in dynamic outdoors weather conditions,
considering the analysis to obtain the air to air U value estimate of an homogeneous opaque wall
tested at LECE from CIEMAT at PSA in the South East of Spain.

100

F,°DF

Fig. 1: Main heat exchange in the internal wall Fig. 2: Heat flux density measured in the wall
surface, considered for the analysis on internal surface clearly showing its dynamic
component level. regime.

This method has been used in a first approach to spot the main contributions to the energy
balance in the internal wall surface. Although the used equation is analogous to the one used in true
steady state conditions, dynamic features of the test have been taken into account in this work. A
dynamic energy balance equation is first considered and then this equation is integrated for a time
interval long enough to make the accumulation term much lower than the other terms. Finally
averages are used to estimate integrals. The minimum integration period that allows this
simplification has been identified.

This study concluded that in these weather conditions daily averages are insufficient for this
analysis. Better results were seen as the integration period increased from one to five days.
Integration periods larger than five days did not show significant improvements. It was
demonstrated that in this case study it is hecessary to include solar radiation and non-linear surface
effects in the considered energy balance equation. Although it was possible to obtain accurate
results, the main drawback of this method is that an excessively long test period is required to
obtain reliable parameter estimates.

Further work applied dynamic approaches that drastically reduce the required test period. This
first analysis has given very useful criteria to select the main contribution to the energy balance
equation used in those further dynamic approaches. Also the obtained parameters have provided
with a very useful support for the validation of this future work.

The same bottom-up analysis strategy, increasing the degree of complexity and accuracy, is
being applied to very complex rooms in occupancy conditions. First a very simple analysis
approach, linear regression based in averages, has been applied aiming to understand and identify
the main effects that are necessary to take into account in the energy balance in this room and how
these effects can be simplified. The capability to extract some of the main thermal parameters for
the considered room from the available data sets has been demonstrated (Castillo et al., 2014).
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