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Study, comparison and proposals to improve the energy efficiency of three independent 2 0 2 O
buildings in Spain.

ABSTRACT

Data are available for three independent buildings in Spain: Two blocks of residential flats (one in
Valencia and one in Barcelona) and a nursing home in Moguer, Huelva. From this, in the first place we
will talk about energy efficiency as well as a global review of the regulatory framework both in the
European Union and its adaptation to Spanish legislation. With all this, we will use the CE3X software
recognized for energy certification to obtain the annual consumption per square meter and the annual
emissions per square meter for each of the buildings. With all this, we will try to understand the possible
differences between them from the equipment they use, their orientation, location or construction
materials. Thus, an attempt will be made to improve the performance of the building with worse ratings,
based on the proposal of a series of improvements.

Keywords: energy efficiency, buildings, Spain, consumption, emissions, CE3X.
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1. INTRODUCTION

1.1.OBJECTIVES

In this Bachelor Thesis, we are going to work with three different buildings: a residential building located
in Valencia, an individual apartment located in Barcelona and a Nursing Home located in Moguer,
Huelva.

The objective is to evaluate them energetically, compare them with each other and try to understand
the causes of their possible differences, later proposing improvements to the building that obtain worse
results. However, to do this, we will explain, as we have already said, the European regulatory
framework and its translation to the Spanish regulatory framework, as well as the different energy
certification programs recognized by the Spanish government. And we will explain, in more depth, the
chosen program based on the example of an independent building located in Zaragoza.

1.2.REGULATORY FRAMEWORK IN SPAIN

The regulations in Spain regarding the energy certification of buildings has evolved over the years, also
influenced by European regulations. Next, we will present this chronologically.

1979 - NBE-CT79: It is the first regulation in Spain that requires a minimum of insulation in buildings. It
only focuses on the insulation of buildings and is influenced by other European regulations.

1980 - RICCA: In Spain, it is the first regulation regulation of the thermal installations of buildings
(heating, air conditioning and ACS). It establishes the requirements that facilities that consume energy
for non-industrial thermal purposes must meet to achieve a rational use of it, taking into account the
quality and safety of the same and the protection of the environment

1993 - Directive SAVE 76/93: This is a European Directive that proposed the energy certification of
homes as a measure of information to the user and the achievement of more efficient homes.

1998 - RITE: This is a Regulation of Thermal Installations for Buildings. It is included in Royal Decree
1751/1998 and repeals RICCA.
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2002 - Directive 2002/91 / EC": .This Directive was inspired by the Kyoto protocol and commits the
Member States of the European Union to reduce their CO2 emissions. The Directive relies on three
tools: establishing requirements for the use of energy in new and existing buildings, introduction of
energy performance certificates. In this way, the first two are based on a methodology for calculating
the integrated energy efficiency of buildings.

As we have also said, in Spain, the European Directive is transposed through the Basic Document for
Energy Saving (HE) of the Technical Building Code (CTE) which includes basic energy saving requirements
in buildings (DB HE), and the Regulation of Technical Installations in Buildings (RITE), as well as by the
Sustainable Economy Law.

2007 - Royal Decree 47/2007: This is a regulation that requires certifying the energy efficiency of newly
constructed buildings. As of November 1, 2007, it is mandatory to make available to buyers or users of
buildings an Energy Efficiency Certificate. This Royal Decree establishes the format of the label that
expresses the energy efficiency of buildings, and the procedure for obtaining it. In this certificate, and
through an energy efficiency label, each building is assigned an Energy Efficiency Class, which will vary
from class A, for the most energy efficient, to class G, for the least efficient.

2007 - Royal Decree 1027/2007 RITE: The new RITE repeals the previous one from 1998. Aspects of the
energy efficiency of conditioning facilities are reinforced and included, as well as the inspection and
maintenance of boilers and air conditioning systems.

2010 - Directive 2010/31 / EU”: Refers to the Energy Efficiency of Buildings. The content of the Energy
Efficiency Certificate is the element that is further developed with respect to the 2002 standard. It
replaces the 2002 Directive. Regarding the values to be included, the certificate will have to present the
energy efficiency measure, plus other benchmarks such as minimum energy efficiency requirements.
Likewise, recommendations for energy improvement have to be presented and it is required to address
major building reforms. Its purpose is to promote the energy efficiency of buildings located in the
European Union, taking into account external climatic conditions and local particularities, as well as
internal environmental requirements and profitability.

In the 2002 Directive, the exhibition of the energy performance certificate was mandatory for buildings
of more than 1000 m? occupied by public authorities or institutions that present public services
frequented by the public. In the 2010 Directive, said mandate is limited to buildings occupied by public
authorities and frequented by the public, but the area drops to 500 m?2, which will be 250 m? as of July 9,
2015. In addition, you are required to show the certificate to potential buyers or tenants, and to deliver
it to final buyers and tenants.

2013 - Royal Decree 235/2013: With this, Spain adapts to the new European directive 2010/31 / EU, and
repeals Royal Decree 47/2007. It provides that when buildings or units thereof are constructed, sold or

! https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2003:001:0065:0071:EN:PDF
? https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32010L0031
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rented, the energy performance certificate or a copy thereof shall be shown to the buyer or potential
new lessee and given to the buyer or new lessee.

2018 - Directive (EU) 2018/844°: In May 2018, the Energy Performance of Buildings Directive (EPBD) is
amended again, giving rise to ‘Directive (EU) 2018/844’.

1.3.ENERGY PERFORMANCE CERTIFICATE

As the project is going to be based concretely on the results that we obtain through free use programs
to obtain energy certificates, we are going to explain more concretely what these energy certificates are
and what they offer us.

Under European law, a building's energy performance certificate is a 'certificate recognized by a
Member State or by a legal person designated by it, indicating the energy performance of a building or
unit thereof, calculated from according to a methodology.”

The energy certificate provides information on the energy consumption and CO2 emissions of a property
and offers an evaluation of these from 'A' to 'G'.

Now, we are going to have to define different concepts that could be confused but are different:

e The certificate is the document, it is signed by a competent technician and contains both
information on the energy characteristics of the building (or building's dwelling) and its energy
rating. The energy certificate includes: the identification of the building, the certifier and the
method and legislation, the data used for the calculation (thermal envelope, facilities, normal
operating and occupancy conditions, etc.) and the energy rating. In addition, it should include
recommendations for improvement and additional information.

e Certification is the process that leads to the issuance of the certificate.

e The rating is a measure of the energy efficiency of a building or part of it. It is expressed through
a series of energy indicators. Possible grades can be a, b, ¢, d, e, f, g. As seen in the following

Figure 1: Notes offered

by the energy
certification  programs.
Source:
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4

? https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3A0J.L .2018.156.01.0075.01.ENG
* https://en.wikipedia.org/wiki/Energy Performance Certificate (United Kingdom)
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e The energy label: It includes: building data (building address, regulations in force at the time of
construction, the type of building and its use and the cadastral reference), BIDI code, energy
scale (ranging from G to A) and the rating obtained by the home or building. It would look like
the following figure:
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Figure 2: Energy certificate format. Source:

In Spain, to obtain an energy efficiency certificate we can make use of different official computer
programs, recognized by the Ministry of Industry, Energy and Tourism and by the Ministry of
Development. These programs can be used as a verification tool for energy saving regulations and to
certify either existing buildings or new buildings, both for residential use and for tertiary use. These
programs can be used as a verification tool for energy saving regulations and to certify either existing
buildings or new buildings, both for residential use and for tertiary use. The official computer programs
for energy certification in Spain, therefore, are the following: CE3, CE3X, Cerma and Lider-Calener
(HULC). And more recently, from July 5, 2018, the software 'CYPETHERM HE Plus' and 'SG SAVE' are also
recognized. Now, let's explain them a little more in depth:

e The HULC (Lider-Calener)® program allows you to check compliance with the requirements set in
DB HEO and DB HE1. And you can work with:

Single family homes

House belonging to a block of houses
Complete block of flats

Tertiary building

O O O O O

Large tertiary building

> https://www.codigotecnico.org/index.php/menu-recursos/menu-aplicaciones/282-herramienta-unificada-lider-
calener.html
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e CE3X° will obtain the energy rating of the building immediately and automatically. To do this, it
will compare the data entered by the user with a large database to determine the values most
similar to those of the building to be rated and interpolate to obtain the energy demand. And
you can work with:

Single family Home

House belonging to a block of houses
Complete block of flats

Tertiary building

O O O O O

Large tertiary building

e CE3 is also a simplified process for obtaining a building's energy certificate. It establishes
seasonal correlations to estimate the energy demand of a building. It allows the certification of
existing buildings of all kinds, both residential and tertiary:

Single family Home

House belonging to a block of houses
Complete block of flats

Tertiary building

Large tertiary building

o O O O O

e CERMA’ performs an hourly simulation of both energy demand and equipment performance
and allows the energy certification of:

o Single family home
o House belonging to a block of houses
o Complete block of flats

1.4.CE3X IN-DEPTH EXPLANATION.

As we are going to work with CE3X, we are going to give a more detailed explanation and by means of
the realization of a practical case provided by the program itself we will be able to understand better
how it works.

CE3X®is a free software defined as a "Recognized Document for the Energy Certification of Existing
Buildings" in Spain. It has been developed by Efinovatic and the National Center for Renewable Energies
(CENER). The program is owned by IDEA (Institute for Diversification and Energy Savings) and its

® https://www.efinova.es/CE3X
7 https://www.five.es/tienda-ive/cerma/
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distribution is free. Through this program, any type of building can be certified in a simplified form:
residential, small tertiary or large tertiary, being able to obtain any qualification from "A" to "G" (with A
being the best result and G being the worst result).

It serves to:

o Obtain energy efficiency certificates.

o Justify compliance with the CTE.

The following will explain what they are and how the inputs are introduced into the program:

o First of all we will have to define the type of building that we are going to study. It can be:
residential, small commercial or large comercial:

Tioo de edifico

Pequerio

Residendial terdario

Certificacion energética simplificada de edificios existentes

Gran
terdario

Figure 3: First step to make an energy certificate of a building using the CE3X program. Source: CE3X

o Then, for all the different options, we have to identify the building that we are going to study:
The name of the Project, Adress, autonomous community, city, and postal code.

Localizacion e identificacion del edificio

Nombre del edificio ‘

Direccidn ‘

Provinda/Ciudad auténoma ~

[ &

Referenda Catastral

Localidad v

Figure 4: Second step to make an energy certificate of a building using the CE3X program. Source: CE3X

o In addition, it offers the possibility of entering the client's data (if it exists) and the certifying

Datos del cliente

Figure 5: Third

Nombre o razén social [

|| step to make an

Direccién [

Provincia/Ciudad auténoma ~

Teléfono

Datos del técnico certificador

Nombre y Apelidos [

Direccitn [

Provincia/Ciudad auténoma ~

Teléfono

loeaidad [ ] oo [ ] | ENETBY
] el I | | certificate of a
building  using
‘ 2 the CE3X
i L—— program.
‘ I:l‘ Source: CE3X
Localidad [ Codigopostal [ ] 9

E-mail [ |

Titulacién habilitante segin I
normativa vigente
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technician. Since they will later appear in the final report. This data consist in: Name, Adress,
Autonomous Comunity, City, postal code, phone number, and e-mail.

Then, both general data and data that allow the definition of the building will have to be
entered: The general data consists of the regulations in force in the building (which definitely
depends on its construction year), the type of building (Single-family, block of flats or individual
dwelling), as well as again the city and town in which it is located with the aim of finding the
climatic zone” in which we find ourselves since in Spain climatic zones are defined by localities
and heights above sea level according to the CTE (Technical Building Code). Also, the data that
allow the definition on the building consists in: useful living area (m2), free height of each floor
(m), number of floors, building ventilation (renovations / hour) and daily demand for domestic
hot water (I / day). It would be important to define domestic hot water as that which is intended
for human consumption that has been heated. It is used for sanitary uses (baths, showers, etc.)
and for other cleaning uses (dishwashing, washing machine, dishwasher, floor scrubbing).
Normally the water comes from the building's water installation.

Datos generales

Tipo de edifico ~

Provinda /Ciudad o Localidad . Zona dimatica
uténoma

Definicién edificio

Superficie Gt habitable ] me
Altura libre de planta m

Mimero de plantas habitables |:|

Ventilacién del inmueble 0.63 renfh

Demanda diaria de ACS ] vam

Masa de las particiones internas Media -

[se ha ensayado la estanqueidad del edificio

Imagen edificia Plano situacidn

Figure 6: Fourth step to make an energy certificate of a building using the CE3X program. Source: CE3X

As an aside, it is also important to mention that the demand for domestic hot water can be a
known data or can be estimated from from section 4.1 of section HE4 (in the CTE), which
explains how the DHW reference energy demand is calculated for a temperature of 60°C. For
this, it includes table 4.1, which, depending on the use of the building, determines the value of
the demand in liters / day per unit:

® http://www.apici.es/wp-download/legislacion/CTE/CTE%20Parte%202%20DB%20HE-DA%201%20Zonas-

climaticas-solar v01.pdf
1% https://www.terra.org/data/cteseccionhed.pdf

10



Study, comparison and proposals to improve the energy efficiency of three independent 2 O 2 O
buildings in Spain.

Tk D foisiasiats it Table 4.1: Reference demand at 602C.

Criterio de demanda Litros/dia-unidad unidad Elifeliis e M CE T
person
Vivienda 28 Por persona Single family Home 28
Hospiltalesyclinicas 55 Por persona Hospitals and clinics 55
Ambulatorio y centro de salud 41 Por persona Ambulatory a1
Hotel **** 69 Por persona

Hotel **** 55 Por persona S Sl el 69
Hotel *** 41 Por persona 4 star hotel >3
Hotelhostal ** 34 Por persona 3 star hotel o
(Camping 21 Por persona 2 star hotel 34
Hostallpension * 28 Por persona 1 star hotel 28
Residencia 41 Por persona Camping 21
Ceniro penitenciario 2 Por persona Nursing home 41
Albergue % Por persona Penitentiary center 28
Vestuarios/Duchas colectivas 21 Por persona Hostel 24
Escuela sin ducha 4 Por persona Changing rooms / Showers 21
Escuela con ducha 2 Por persona School without showers 4
Cuarteles 28 Por persona School with showers 21
Fabricas y talleres 21 Por persona Quarters 28
Oficinas 2 Por persona Factories 21
Gimnasios 2 Por persona Offices 2
Restaurantes 8 Por persona Gyms 21
Cafeterias 1 Por persona Restaurants 8
Coffee shops 1

Table 1: Reference demand at 602C depending on the type of building. Source: Section 4.1 of section HE4 (in the CTE)

If we refer to a building with apartments, or rooms (as it would be in the case of a hotel),
depending on the number of bedrooms in each apartment, we will have to attend the following
table to calculate the number of persons:

Tabla a-Anejo F. Valores minimos de ocupacién de cédlculo en uso residencial privado

Nimero de dermitorios 1 2 3 4 5 6 | 26

Nimero de Personas 15| 3 4 5 G @ 7
Number of bedrooms: 1 2 3 4 5 6 >6
Number of persons: 15 3 4 5 6 6 7

Table 2: Minimum calculation occupancy values in private residential use. Source: Section 4.1 of section HE4 (in the CTE)

11
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Then, we will have to consider a factor depending on the apartments of the whole building:

Number of single- [0,3] [4,10] [11,20] [21,50] [51,75] [76,100] >101
houses

Centralization 1 0,95 0,9 0,85 0,8 0,75 0,7
factor

Table 3: Multiplication factor according to the number of individual apartments. Source: Section 4.1 of section HE4 (in the
CTE)

Multiplying this terms would be the method to estimate the demand for domestic hot water in
case we did not have the data.

o Then we have the thermal envelope section in which we would have to define our building. For
this, we will have to define the facades (North, Northwest, South, East, West, etc), the roof, the
ground, the thermal bridges, windows, etc. All this depending on the dimensions, materials, etc.

[l Edificio Objeto Envolvente térmica del edificio
QO cubierta >
@Muro (O En contacto con e terreno [
(®De fachada
Qe O Medanera il ]

f
(O Particdn interior ‘
() Hueco/Lucernario i
O Puente térmico

Muro de fachada

Nombre de fachad Zona Edifico Objeto )
Dmensiones Caracter&ocas
Superfide m2 Orientacién hd
togd [ |m 5 7
Abwe [ |m PatrGn de sombras | Sin patrén v

Pardmetros caraclen&ticos def cerramiento

Propiedades térmicas | For defecto ~ Tran

Figure 8: Fifth step to make an energy certificate of a building using the CE3X program. Source: CE3X

o In addition, we will have to define the building's air conditioning facilities: DHW equipment,
heating equipment, refrigeration equipment, mixed heating and cooling equipment, mixed
heating and cooling equipment, etc.

[f Edificio Objeto Instalaciones del edificio

(®) Equipo de ACS () Contribuciones energéticas
(O Equipo de sdlo calefacddn

() Equipo de sélo refrigeracién

() Equipo de calefaccion y refrigeracion

(O Equipo mixto de calefaccidn y ACS

() Equipo mixto de calefaccin, refrigeracién y ACS

Equipode ACS

Nombre [Egupo acs Zona Edificio Objeto >

Caractensiicas Demanda cubierts
ACS
Tipo de generador Caldera Estandar o
Superfice {m2)

Tipo de combustible Gas Natural v sorcage () |0 |
Rendimiento medio estaconal

Rendimiento estacional | Estimado segin Instalacion [ Rendimiento medio estacional

Potenda nominal 24 K

Carga media real ficmb ? Aislamiento de la caldera | Antigua con mal aislamients o

il

Rendimients de combustion %

[] con Acumulacién

Figure 7: Sixth step to make an energy certificate of a building using the CE3X program. Source: CE3X
12
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1.5.CE3X: PRACTICAL CASE AND BRIEF STUDY OF THE INFLUENCE OF INPUTS ON OUTPUTS.

Next, we will work with one of the example buildings that the program makes available to the user
to understand the operation of the program. Subsequently, we will carry out an analysis using an
Excel sheet to raise different cases and how the building's energy efficiency responds to possible
variations.

In this way, the building in question is a block of flats located in Zaragoza. We have the following
information to enter into the program:

CERRAMIENTOS OPACDS
g= = oA VIYABIE €D cener
. “Transmitancis bwics
135! Lijm) Lifm| Saperficle (mZ) Modo definickn ") Ofros ooy
Fachara et 8 0 W00 Estimato
Eathada pesn 70 "0 700
DATOS GENERALES octida oomd x yw Estmods 1% Disbies hoja con cenara no ventilada. Sin
Fachata poté LU 10 8500 Eatimata e
Faihata sir 1} 1 000 Estimada
Cutiora e afon Conarida 10
Camars sanitans wE L1 2k ] Estmado. 1w
¥ p—r— [T [T] 2300 [T7)
£ Mortor o comens pava lhailer(s 1800402000 "] 1 19 00
H
) Tabigue LM soncilla (40 mm < Esp = 80 mm) o 0448 1000 o
T Comars d avo s vontlar herzoral 10 cm 0
3
A o FU entrevigaca cerdmioo-canto 250 mm 0x 0008 ired 03
Coatinciin Zaragoza | Placa die a0 0 sscayols 750 < d < W0 1] azs ] 008
Tipa de edificio Blogue de viviendas (dividido en des poriales) | ~ I " Makartal Esposor m) Condueiividad (Wime)
Superficie habitable 1203 44 m2 - :[ { ? ] Azudep cordmion Ll 1%
Al de planta 26m [l I 3§  owmdeme i b
> ] Mormigin an masa 2000 « 4 € 2300 o1 ]
Nimero de plartas B+l [ |
Nimera de viviendas 1w 7 —{| HUECOS
e e b i "I Ports 4l iscan achde st (Damlrion y cocms) (1] 12 11 [] [] w08 Oesie
Madia (farades con piezas de entrevigado y £l )| 2 ) g -
Masa de los fo 5 iciones interiores th -
il tsbiquerts oy aibahberia [}T{ | - Huiecan tachasda osste Galeria) (1) 23 11 i 1 M Oeate
'f ﬂt-l’l Huscos fashada esta (Salonan) (1] 1] 13 i i 336 Exie
L1 m) L2(m)  Wplantas  Superficie folalim2) \ . :‘rﬁ":’;:’""mmm‘"“”“ “j ;; "' : ‘:"7 ;“"
oral 3 ™
Plantas tipo e 84 4 128344 J ' Pl 165 2) i 22 . ! 0 £
> ] 5 .
“ T | (1) Vikio doble 0%
t = 2 (2) Vidrio doble. Varts 4 uBN

Figure 9: Information about the CE3X example building. Source: CE3X

¥ g o Yl
ronatpe |mlm|m

i ion e | |mlm

T b b b ke o die

TRPRT SR ——— '

PR R

wsraacones |

* E1 50 % de 18 Viviendas tenen lsmeon slsctricos pars ACS obn scumlsdoma son sacsst aislamisme Wmico. Calsiscoitn saminaimds por eshifas slscirices
* E1 50 % de ien viviendes cambik su instalacion por cakders mixts pars caksfacolon y ACS de gas netursl

Tipo de Cmpniis FenmEin
Thp da generagor e Bt Wpdo defndeion Anfgieded dal B neden
Tarmos slécinoos pama 405 Efncio Joule Elmcinoiad By, E=frnadc Mas de 10 afios 100% B
Entuifam alecincas Efntio Joule Elscinoidad LY Extrnado Was de 10 afios 100%

" Arbigus con meal
eelindar aislamisrio

(11U, por defemin. 10 depdabics de volumen 200 ibos cads una. Talls = 80 *C. Thajs = 50 °C

Caldara minta calel, y ACS

Figure10: Information about the CE3X example building. Source: CE3X
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In summary, we have the following information:
Location: Zaragoza Width (m) High (m)
Building type: Block of flats East facade 37.6 10
Living area: 1293,44 m2 West facade 37.6 10
Free height of plant: 25m North facade 8.6 10
Number of floors: 4 South facade 8.6 10
Number of homes: 16
Year of construction: 1959

50% of the houses have electric thermoses with accumulators for DHW with little thermal
insulation. Heating supplied by electric stoves.

50% of the houses changed their installation for a mixed boiler for heating and DHW using
natural gas.

Table 4: Summary of Information on the CE3X example building. Source: CE3X

So we have entered all this data into the software, as we have explained in the previous section.

o ldentification of the building to be studied:

Localizacién e identificacién del edificio

Mombre del edifico | Blogue de Viviendas, Zaragoza |
Direcdién | €/ Don Quijote de la Mancha, 14-16 |
Provinda/Cudad autdnoma | Zaragoza v Localidad Zaragoza v codgopostal [- |

Figure 10: First step to make an energy certificate of a building using the CE3X program. Source: CE3X

o General data and data that allow the definition of the building:

Datos generales

Normativa vigente Anterior N Afio construccién | 1960
Tipo de edifiio Blogue de Viviendas. v

HE-1 HE-4
Provincia/Ciudad Zaragoza <l Localidad Zaragoza = Zona dimdtica |03 v

autdnoma

Definicion edificio

Superficie (il habitable m
m

Altura libre de planta
Niimero de plantas habitables D
Ventilacién del inmueble 0.63 ren/h

Demanda diaria de ACS 1612.3 I/dia

Masa de las partidones internas |Media v

[[1Se ha ensayado la estanqueidad del edifido

Imagen edificio Plano situacion

Figure 11: Second step to make an energy certificate of a building using the CE3X program. Source: CE3X
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o Thermal envelope:

{7l Edificio Objeto Envolvente térmica del edificio
() Cublierta
(@) Muro () En contacto con el terreno
..... . (®) De fachada ::iﬂ:sks i
& Osueio O Mediareria i -
..... - () Particién interior I
& Fochado Ocste O |
""" BH 0 - Galer () Puente térmico
& Muro de fachada
- Nombre: Zona Edificio Cbjeto ¥
Dimensiones CaractenEticss
Superficie m2 Orientacién v
Longitud %
M:a g : Patrdn de sombras S\n_patrén w
Pardmetros caracteristicos del cerramiento
Propiedades térmicas  Por defecto ~ Transmitancs termica 2.38 Wik

Figure 12: Third step to make an energy certificate of a building using the CE3X program. Source: CE3X

o Building's air conditioning facilities:

[ Edificio Objeto Instalaciones del edificio
- & S6lo ACS (60%) [Termoeléctril
¢ Solo calefaccion(60%)/estufa|
-4+ Calefaccién y ACS (40%)/ Gas

(®) Equipo de ACS (O Contribuciones energéticas

(O Equipo de sélo calefaccién

(O Equipo de sélo refrigeracién

(O Equipo de calefacddn v refrigeracion
(O Equipo mixto de calefacddn y ACS

() Equipa mixto de calefaccidn, refrigeracién y ACS

Equipo de ACS

Hombre [ Equipo acs Zona Edificio Objeto -
Caractersticas Demands aubierts

Tipo de generador Caldera Estandar v S

Superficie (m2)
Tipa de combustble |Gas Natural = Porcentae (%)
orcentaje (%)

Rendimiento medio estacional

Rendimiento estacional | Estimado segin Instalacidn ~ Rendimento medie estaconal 61.8 %

Potencia nominal I:l kw

Carga media real fianb N Aislamiento de la caldera | Antigua con mal aislamients. v

Rendimiento de combustion |:| %

[] Com Acumulacién

Figure 13: Fourth step to make an energy certificate of a building using the CE3X program. Source: CE3X
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So, after entering all these inputs in the program, we get the following outputs:

o ENERGY RATING OF THE BUILDING IN EMISSIONS

Total Indicator Partial Indicators
Heating DHW
(kgCO2/m2 year) | (kgCO2/m2 year)
41,02 |E 8.9 |G
Cooling lllumination
(kgCO2/m2 year) | (kgCO2/m2 year)
3,07 IC < -

530E

e

kgCO2/m?2 year |kgCO2/m2 year
CO2 emissions from electricity consumption 30,48 39422 11
CO2 emissions from other fuels 2251 29118 4

Figure 14: Energy rating of the building in emissions. Source: CE3X

o ENERGY RATING OF THE BUILDING IN NON-RENEWABLE PRIMARY ENERGY CONSUMPTION

Total Indicator Partial Indicators
[ <200 A Heating DHW
204 B (kWh/m2 year) (kWh/m2 year)
2862 E 220,33 I= 4779 lG
Cooling [lumination
rusaes Fg (kWh/m?2 year) (kWh/m?2 year)
ECT> 18.11 D B -

Figure 15: Energy rating of the building in non-renewable primary energy consumption. Source: CE3X

o PARTIAL RATING OF THE ENERGY DEMAND FOR HEATING AND COOLING

Heating demand (kKWh/m2 year) Cooling demand (kKWh/m2 year)
<77 Ag <21 Ag
77478 Bg 2139 B2
1134E 185D
CET > LTI
BT > T

Figure 16: Partial rating of the energy demand for heating and cooling. Source: CE3X
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As we have seen, the program calculates the energy consumption of non-renewable primary energy
used in heating, cooling and domestic hot water, as well as the corresponding CO2 emissions and the
energy demand for heating and cooling. It also offers us a rating based on the standards that we have
explained previously.

After doing the example, we have tried to understand a little more how the program works, and how
we can vary the outputs from the inputs. For this, we have worked on an excel sheet, Coming to the
following conclusions:

o As the ventilation factor increases (measured in renovations per hour), the consumption of non-
renewable primary energy used for both heating and cooling increases. The consumption of non-
renewable primary energy for domestic hot water is not influenced. CO2 emissions also increase
accordingly, without influencing those that would correspond to the demand for domestic hot

water.
Consumption of primary non-renewable
Energies related to Ventilation
350
300 w
250
200 .__.___.—-—-—I—."‘.'—. —o—Global
—i— Heating
150
DHW
100
== Cooling
50 —
0 T T T T 1
0 0,2 0,4 0,6 0,8 1

Graph 1: Consumption of primary non-renewable Energies related to Ventilation. Source: Amutio, J.

However, as we can see the effect of ventilation does not have a special impact since the
variations are small. The biggest changes will be reflected when changing the equipment for
heating, cooling and domestic hot water.

o Depending on the fuel or technology we use, the consumption of non-renewable primary energy
also varies. In this case we have made the example with the DHW of the building.
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NON-RENEWABLE PRIMARY ENERGY
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B NAT GAS. CONDENSING
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Graph 2: Non-renewable primary energy consumption for DHW depending on the equipment used. Source:
Amutio, J.

For example, in this case we can see that the non-renewable primary energy consumption does

not vary especially, except in the case where the fuel is biomass.

If we now compare among the facade materials that we can choose, we will find greater

differences, which will only affect the energy consumption for heating and cooling, since it is

understood that the consumption of domestic hot water will be the same.

300

250

200

150

100

50

0

NON-RENEWABLE PRIMARY ENERGY
CONSUMPTION FOR HEATING

B NOT VENTILATED

DOUBLE
M VENTILATED DOUBLE

M ONE COATING 1/2

BRICK
B ONE COATING 1 BRICK

B ONE COATING
CONCRETE

Graph 3: Non-renewable primary energy consumption for heating depending on the walls. Source: Amutio, J.
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NON-RENEWABLE PRIMARY ENERGY
CONSUMPTION FOR COOLING

m NOT VENTILATED DOUBLE

W VENTILATED DOUBLE
M ONE COATING 1/2 BRICK
B ONE COATING 1 BRICK

B ONE COATING CONCRETE
= VENTILATED FACADE

Graph 4: Non-renewable primary energy consumption for cooling. Source: Amutio, J.

2. STUDY OF THE BUILDINGS

2.1.BLOCK OF FLATS IN VALENCIA

The first building we are going to work with is a block of flats built in 1963 in the heart of the city of

Valencia. This is located on Avenida Primado Reig, 125. First of all, we access the Electronic Office of
the Cadastre in Spain, since we have the cadastral reference of the building in question
(6840312YJ2764B). From this, we can access data on surfaces, plans, etc.

Figure 17: Representation of the building to be worked on. Source: Cadastre and Google Maps.
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Figure 18: AutoCAD plans of the building to be worked on. Source: AutoCAD.

From the information of the cadastre and the AutoCAD plans, we obtain the following data:

Orientation Width (m) Height Area (m2)
(m)

Facade 1 Southwest 14 28,35 396,9
Facade 2 Northwest 15,84 28,35 449,064
Facade 3 Southeast 15,84 28,35 449,064
Facade 4 Northeast 14 28,35 396,9
Floor - 205,76
Cover - 205,76
Yard - 16

Table 5: Dimensions of the facades. Source: Cadastre and Google Maps.

We enter the data of our building in the CE3X program:

o Identification of the building to be studied:

Figure 19: First step to
Localizacion & identificacion del adificio make an energy
Horive e 3% [Fermchotas g 2 Valenca, Spar] 1 certificate of a building
Dwecnin Ao FRIMADG REIG 135, WAECIA using the CE3X program.
ProwncaiCudsd sultroms Wikercia w Loesbdad Walenna - Codgn Postal | #3020 Source: CE3X
oedevenca Catmival A0400 L3717 e
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Here we enter the location data of the building: The street, the town, the postal code and the

cadastral reference.

o General data and data that allow the definition of the building:

&) CE3X - res: CAUsers\Javier\Documents\UPV\ERASMUS\1 clases\TFG\1. EDIFICIOS DEFINITIVOS\EDIFICIO ENTERO VALENCIA\valencia building.cex —

Archivo Librerias Patrones de sombra Resultados Cemplementos Ayuda Acerca de
|24 = o ] [ - €A
e =/
Datos administrativos  Dates generales  Envalvente térmica  Instalaciones

Datos generales
Normativa vigente Anterior <] = Afio cans truccon [ 1563
Tipo de edificia Blogue de Viviendas ~

Ciudad Valenda [ Localidad i = Zona dimatica g3 v

Definicion edificio
Superficie Gtil habitable 2137 mz

Altura libre de planta
Nimero de plantas habitables | ER|
Ventilacién del inmueble 0.63
Demanda diaria de ACS 1361

Masa de las partidones internas | Media |~

[1Se ha ensayado la estangueidad del edifico

Plano situacién

Figure 20: Second step to make an energy certificate of a building using the CE3X program. Source: CE3X

In the second image, we enter the year of construction of the building, 1963. With this, the current

regulations will appear automatically the year of construction of the building. In our case, it is prior to
NBE-CT-79". We also specify that it is a block of flats and with the province and the town and will

place us in the climatic zone B3-1V

Then we have to add certain building data. We introduce the useful living area, the free height of the
plant (2.7 m), the number of habitable floors (9), the ventilation of the building (0.63 renovations /
hour) that we have assumed and the DHW demand, which We have calculated it according to what

was previously explained.

liters

18 houses * 28— * 3 * persons * 0,9 = 1361 l/day

person day

Equation 1: Calculation of the domestic hot water demand. Source: CTE.

" https://w3.ual.es/Depar/proyectosingenieria/descargas/Normas_Edificacion/NBE-CT-79.pdf
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o Thermal envelope:

@ CE3X - res: C\Users\avier\Decuments\UPV\ERASMUS\T clases\TFG\1. EDIFICIOS DEFINITIVOSYEDIFICIO ENTERO VALENCIA\valencia building.cex - [m} B
Archivo Libreris Patrones de sombra  Resultades Complementos Ayuda  Acerca de
12 Ee b =l T€BES
Datos administrativos  Datos generales  Envolvents t8rmics  Instalaciones
i Edificio Objeto Envolvente térmica del edificio
=~ Building Floor
- O cubierta
- Sw - wanl
e P e
1=z] @) De fachada
H S O Medianeria
E O Partin interior
W O ruecofucemari
- SE - wall O Puente térmico
-
‘E"‘é'wa“ Muro de fachada
% Nombre ‘ NE - Wall Edificio Objeto ~
Dimensiones
==]
- Superficie m2 NE ~
-4 Cubierta con aire Longmud - — =
Akea [28.35] m il
Parsmetros caractensticos del cerramiento
Propiedades térmicas |Estmadas ~ Transmitantis témica &9 witn 2k
Tipo de fachada Doble hoja con camara ~
Camara de aire No ventilada ~
[ Tiene sisiamiento térmico
< >
Zonas —

Figure 21: Third step to make an energy certificate of a building using the CE3X program. Source: CE3X

For the following section, regarding the thermal envelope, we have taken measurements with the
cadastre and with the plans that we had. In addition, we have simplified the geometry of the building
a little. The building has windows on the southwest facade (facing the avenue) and on the northeast
facade. The other two facades are attached to two other buildings and have no windows. We have
assumed that the facade of the building is double-leaf without a ventilation chamber.

o Building's air conditioning facilities:

&) CE3X - res: CA\Users\Javier\Documents\UPVW\ERASMUS\1 clases\TFG\1. EDIFICIOS DEFINITIVOS\EDIFICIO ENTERO VALENCIANvalencia building.cex

NZANIC - =L€RM

Datos administrativos  Datos generales | Envolvente térmica  Instaladenes

Patrones de sombra

Instalaciones del edificio

(O Equipo de ACS

[ Edificio Objeto
e S i mvmisicns
@) Equipo de sélo calefaccisn
> Equipo de séla refrigeracién
(O Equipo de calefaccion v refrigeracicn
© Equipe mixto de calefaccién ¥ ACS
O Equipo mixto de calefacddn, refrigeradicn y ACS
Equipo de sodlo calefaccion
B Zona

Demands cublerts

Edifica Objeta

Sticas
Calefacddn

generador Efecta Joule ~
e N |
Tipo de combustible Electricidad = Porcentaje (%) :’
Rendimiento medio estaconal
Rendimiento estacional Estimado segn Instalacién ~ Kexx

Rendimients nominal

Zonas

Figure 22: Fourth step to make an energy certificate of a building using the CE3X program. Source: CE3X
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We have also added the building's air conditioning installations: a 24 kW natural gas boiler for the
DHW and the heating demand.

Obtaining the following results:

o ENERGY RATING OF THE BUILDING IN EMISSIONS

Total Indicator Partial Indicators
Heating DHW
| (kgCO2/m2 year) | (kgCO2/m2 year)
12,54 [E 474 |F
Cooling llumination
(kgCO2/m2 year) | (kaCO2/m2 year
1,63 E E .

189E

”

kgCO2/m2 year |kgCO2/m?2 year
CO2 emissions from electricity consumption 1,63 349112

C0O2 emissions from other fuels 17.28 36928 63

Figure 23: Energy rating of the building in emissions. Source: CE3X

We obtained an E rating for CO2 emissions. This is divided into emissions from heating, domestic hot
water and cooling. Being that these separately obtain a rating of E, F and B respectively. In this way,
domestic hot water emissions obtain the most negative rating and cooling emissions obtain the
most positive rating.

o ENERGY RATING OF THE BUILDING IN NON-RENEWABLE PRIMARY ENERGY CONSUMPTION

Regarding non-renewable primary energy consumption, we obtained an overall rating of E.

Total Indicator Partial Indicators
(<38 A Heating DHW
1642 B (kWh/im?2 year) (KWhim?2 year)
GDE 59,21 |E 2239 [
Cooling [lumination
[rssss  ~ Fg (KWh/m?2 year) (KWhim2 year)
> 9 64 |C B | =

Figure 24: Energy rating of the building in non-renewable energy consumption. Source: CE3X

Individually, we obtain an E, G and C for heating, domestic hot water and refrigeration respectively.
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o PARTIAL RATING OF THE ENERGY DEMAND FOR HEATING AND COOLING

Heating demand (KWh/m2 vear) Cooling demand (kWh/m2 year)
e
m =1y B
o2 317D 99C
- Ay Ll i e
2701 G

Figure 25: Partial rating of the energy demand for heating and cooling. Source: CE3X.

2.2.NURSING HOME IN MOGUER, HUELVA

The next building we are going to work with is a nursing home located in Moguer, Huelva. This is
located on Divina Pastora Street, 3. First of all, we access the Electronic Office of the Cadastre in
Spain, since we have the cadastral reference of the building in question, (1577022PB9217N). From
this, we can access data on surfaces, plans, etc.

Figure 26: Representation of the building to be worked on. Source: Cadastre and Google Maps.

We obtain the following data:

For heating and cooling, in the building, there are 3 YORK water-water chillers / heat pumps that
supply heating and cooling through fan coils. The characteristics are shown below:

Brand Model Heating Cooling
Power Power
YORK BRAW-40G- 76 28
38

Table 6: Heating and cooling equipment. Source: ‘Auditoria Energética’ - UPV.
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For domestic hot water, a boiler located in the basement that consumes diesel is used. It is a
FERROLI PREX THERMIX with 125 kW of nominal useful power.

Type of establishment Geriatric
Number of beds 40
Location Moguer, Huelva
Type and characteristics of the Two-sided attached building
building
Structure Reinforced concrete
Exterior enclosure Brick
Interior divisions Brick
Total area 2119 m2
Number of floors 3
Semi-basement floor area 255 m2
Ground floor area 932 m2
First floor area 932 m2
Free height between floors 2,8m
Roof Tile, pitched
Floor 40x40 porcelain tiles

Table 7: Information about the building. Source: ‘Auditoria Energética’ - UPV.

Regarding electricity consumption, it is intended to:

kWh/year kWh/m2year

Air conditioning (heating and cooling) 67086,68 35,99
ACS 59880,00 32,12
Hlumination - -

Table 8: Electricity consumption. Source: ‘Auditoria Energética’ - UPV.

Regarding the fuel consumer facilities , ithas been common in recent years to place two orders of
3,000 liters per year.

Also, through the Cadastre, we have measured (from the online application itself) the size of the
facades, as well as heights and surfaces.
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Orientation Width (m) Height Area (m2)
(m)
Facade 1 South 46,3 6 277,8
Facade 2 West 25,4 6 152,4
Facade 3 North 48,3 6 289,8
Facade 4 East 14,8 6 88,8
Floor - 932
Cover - 932

Table 9: Dimensions of the facades. Source: Cadastre and Google Maps.

We enter the data of our building in the CE3X program:

o Identification of the building to be studied:

Localizacion e Identificacidn del edificio

[ :_'mmnm.'\zh'a

Dwecode _.tﬂen'.m Pastors, 3

Provingia Cradad madnoms sty - Lotakdad Do -
Rusfereria Catastral [Temzweszim 1 [

Cédign Fostal | 21800

Figure 27: First step to make an energy certificate of a building using the CE3X program. Source: CE3X

o General data and data that allow the definition of the building:

&) CE3X - PT: C\Users\Javier\Documents\UPVAERASMUS\1 clases\TFG\1. EDIFICIOS DEFINITIVOS\GERIATRICO HUELVA\nursinghome.cex

Definicion edificio

Superficie Gt habitable

— a >
KiEvos R P SRR AR (A5 (ALGESEE
Nz | = € B[S
[ D] b =
e o e
Datos generales
Normasva voente  [eeicrrs S s consnucitn
Edificio completo < Perfil de uso [tntensidad Baja - 16h =
" e : : HE-1 HE-
= I .

Altura libre de planta
Numero de plantas habitables
Ventilacidn del inmuel ble

Demanda diaria de ACS

Masa de las partidones internas | Media  ~

[I5e ha ensayado la estangueidad del edificio

| tmagen edificio

Plano situacisn

Figure 28: Second step to make an energy certificate of a building using the CE3X program. Source: CE3X
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In the second image, we enter the year of construction of the building, 1995. With this, the current
regulations will appear automatically the year of construction of the building. In our case, it is the
NBE-CT-79". We also specify the province and the town. As we have said, Moguer doesn’t appear on
the software but we have selected ‘Other city’ and we have manually checked the Moguer climate
zone (B4-V)

Then we have to add certain building data. We introduce the useful living area (1864 m2). The
building also has a 255 m2 basement that we have not included as habitable.We have also added the
free height of the floor (2.8 m), the number of habitable floors (2), the ventilation of the building (0.8
renovations / hour) that we have assumed and the DHW demand, which we have calculated it
according to what was previously explained.

liters

Dersonday 10+ persons x 09 = 1476 1/day

Equation 2: Calculation of the domestic hot water demand. Source: CTE.

o Thermal envelope:

@ CE3X- PT: C\Users\Javier\Documents\UPVAERASMUSL T clases\TFG\1. EDIFICIOS DEFINITIVOS\GERIATRICO HUELVA\nursinghome.cex = [=] <

Archivo Librerias Patrones de sombra  Resultados Complementos  Ayuda Acerca de

LizEMNic] B EL~€EIN

Datos administratives  Datos generales Envolvents térmica  Instalaciones

[.] Envolvente térmica del edificio
@ Roof
=Bl South wall O cubierta
==}
=B west wall ur O En contacto con el terreno |
@ De fachada Espacios T

B north wall O Medianeria
B East wan

4 Floor

(O Puente térmico

Muro de fachada

Nombre [

Dimensiones

Superfice m2

Pardmetros caractersticos def cerramiento

Propiedades térmicas |Por defecta ~ Transmtancs témics L8 W2k

Zonas

Figure 29: Third step to make an energy certificate of a building using the CE3X program. Source: CE3X

For the following section, regarding the thermal envelope, we have taken measurements with the
cadastre and with the plans that we had. In addition, we have simplified the geometry of the building
a little. The building has 26 windows on the south facade (facing the avenue) and 11 windows on the
west facade. The other two facades are attached to two other buildings and have no windows. From

12 https://w3.ual.es/Depar/proyectosingenieria/descargas/Normas_Edificacion/NBE-CT-79.pdf
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the data we have on the building, we know that the facade is made of brick. We have two options to
select and we have assumed the one that offers us better results.

o Building's air conditioning facilities:

&) CE3X - PT: Ch\Users\Javien Documents\UPVAERASMUS\T clases\TFGY 1. EDIFICIOS DEFINITIVOS\GERIATRICO HUELVA\nursinghome.cex — m] =
Archivo Librerias Patrones de sombra  Resultados  Complementos  Ayuda  Acerca de
ClZEMHic 3 &L AT€BEN
Datos administrativos | Dates generales  Envolvente térmica  Instalaciones
il Edificio Objeto Instalaciones del edificio

&

+2 Heating and Cooling @ Equipe de ACS (O Contribudienes energéticas

(O Equipo de sdlo calefaccién O Eauipos de

O Equipe de sslo refrigeracion (O Equipes de aire primaria
(O Equipo de calefacdisn y refrigeracin
(O Equipo mixto de calefacddn y ACS

(O Equipo mixto de calefacdsn, refrigeradsn y ACS

Equipo de ACS

Nombre DHW Zona Edifico Objeto ~

Caracteriticas Demands asbierta
acs
Tipo de generador Caldera Estandar ~|
T
Tipo de combustible GassleoC ~ RG—— [
Rendimiento meda estaconal
Rendimiento estacional  |Estimado segun Instalacion ~ Rendimiento medio estaconal
o
? Aislamiento de la caldera | Antigua con mal aislamiento ~
*

Zonas

Figure 30: Fourth step to make an energy certificate of a building using the CE3X program. Source: CE3X

We have also added the building's air conditioning installations: A standard C-diesel boiler used for
domestic hot water. We have the data and we have entered it, it has a nominal power of 125 kW and
an efficiency of 88%.

And we obtain the following results:

o ENERGY RATING OF THE BUILDING IN EMISSIONS

Total Indicator Partial Indicators
Heating DHW

<3¢ AZ
e BY (kgCO2/m2 year) | (kgCO2/m2 year)

' 3,9 |E 6,78 |G

15 :
BaF Cooling llumination

(usmy Fg (kgCO2/m2 year) | (kgCO2/m2 year)
(2t Gg 491 D = 7

kgCO2/m2 year |kgCO2/m2 year
CO2 emissions from electricity consumption 8.81 16426 41
C0O2 emissions from other fuels 6,78 12640 64

Figure 31: Energy rating of the building in emissions. Source: CE3X. 28
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We obtained an F rating for CO2 emissions. This is divided into emissions from heating, domestic hot
water and cooling. Being that these separately obtain a rating of E, G and D respectively. In this way,
domestic hot water emissions obtain the most negative rating and heating emissions obtain the

most positive rating.

ENERGY RATING OF THE BUILDING IN NON-RENEWABLE PRIMARY ENERGY CONSUMPTION

o
Regarding non-renewable primary energy consumption, we obtain an overall rating of F.
Total Indicator Partial Indicators
<131 A Heating DHW
131 B2 (kKMVh/im2 year) (kWh/m2 year)
s 23,04 |G 2571 [E
Cooling lNumination
mams 0 Fg (kWh/m2 year) (kWh/m?2 year)
ET 28 08 D ; B
Figure 32: Energy rating of the building in non-renewable primary energy consumption. Source: CE3X.
Individually, we obtain an G, G and D for heating, domestic hot water and refrigeration
respectively. The worst score is obtained in the consumption for domestic hot water and the best
score is obtained in the consumption for refrigeration.
o PARTIAL RATING OF THE ENERGY DEMAND FOR HEATING AND COOLING

Heating demand (kKMVh/m?2 year) Cooling demand (KMWh/m?2 year)
<24 A <58 A
(za3s By [ noar B
298G 282D
DT ET—— >
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Figure 33: Partial rating of the energy demand for heating and cooling. Source: CE3X.

2.2.1. COMMENT AND COMPARISON WITH CALCULATIONS MADE MANUALLY

From the data we had (real 2014) regarding the electricity consumption of the residence and
knowing that two 3000-liter diesel-C orders are placed each year which is used in domestic hot
water. Assuming that all are used and from the lower calorific value of Diesel-C, we manually
obtain the kWh / m2 year in heating, cooling and DHW. So we have obtained the following
results using an excel sheet:
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kWh/year kWh/m2year

Air conditioning (heating and cooling) 67086,68 35,99
lllumination - -
DHW 59880,00 32,12

Table 10: Electricity consumption. Source: ‘Auditoria Energética’ - UPV.

However, the results obtained by computer software are these:

Heating DHW Cooling

kWh/m2 year 23,04 25,71 28,98

Table 11: Non-renewable primary energy consumption. Source: CE3X.

2.2.2.

O

The first thing we are going to mention is that, regarding sanitary hot water, the results are quite
acceptable. On the other hand, regarding air conditioning, we had calculated 35.99 kWh / m2
year, however, the computer software indicates a combined consumption of heating and
cooling of almost double.

COMMENTARY AND COMPARISON OF THE BUILDING IN VALENCIA AND THE NURSING HOME
IN MOGUER.

We will now show and comment on the results we have already obtained as well as briefly
commenting on their differences.

ENERGY RATING OF THE BUILDING IN EMISSIONS

Total Indicator Partial Indicators
(<38 A Heating DHW
2001 B2 (kgCO2/m2 year) | (kgCO2/m2 year)
189 E 12,54 |E 474 |F
Cooling lllumination
jasns Fg (kgCO2/m2 year) | (kgCO2/m2 year
— 1,63 |B : =
Total Indicator Partial Indicators
ETTRY Heating DHW
(3555 B2 (kgCO2/m2 year) | (kgCO2/m2 year)
156 F 28 IE 818 1}
Cooling lllumination
(usmy  Fg (kgCO2/m2 year) | (kgCO2/m2 year)
_" 491 D _ il

Figure 34: Comparison of the energy rating of the buildings in emissions. Source: CE3X.
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We found that, without taking into account lighting, the tertiary building has lower CO2 / m2
emissions in general. The residential building has higher emissions in terms of heating (12.54 vs.
3.90 kgCO2 / m2 year). Regarding sanitary hot water and refrigeration, the emissions from the
nursing home are higher than those from the housing block. In addition, it would be important to
note that the emissions in relation to the housing block are mostly from natural gas, since both
heating and domestic hot water use a natural gas boiler. In the case of the tertiary building, it
does use a heat pump that works with electric energy and fan coils for heating and cooling.

ENERGY RATING OF THE BUILDING IN NON-RENEWABLE PRIMARY ENERGY CONSUMPTION
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e}

Total Indicator

Partial Indicators

91,2E
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Total Indicator

ik
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Heating DHW
(kWh/m2 year) (kWh/m2 year)
59,21 |E 22,39 G
Cooling lllumination
(kWh/m2 year) (KWh/m2 year)
9.64 IC - -
Partial Indicators
Heating DHW
(kWh/m2 year) (kWWh/m2 year)
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Figure 35: Comparison of the energy rating of the buildings in non-renewable primary energy consumption. Source:

CE3X

In this aspect, and as expected since it is directly related to CO2 emissions, non-renewable

primary energy consumption also comes out lower in the tertiary building. However, the tertiary

bulding receive a worst general rating, even though in the tertiary building the ranges for each
rating are different. As was the case with CO2 emissions, the consumption of the building in
Valencia in terms of heating is much higher than in the tertiary building. However, in terms of

DHW and refrigeration, energy consumption is higher in the tertiary building, although with a

smaller difference.

PARTIAL RATING OF THE ENERGY DEMAND FOR HEATING AND COOLING

Heating demand (kWh/m2 year)

Cooling demand (KWh/im2 yvear)

Figure 36: Comparison of

9.9C

the partial rating of the
buildings in energy
demand for heating and
cooling. Source: CE3X.
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As for the demand for heating and cooling. In the tertiary building the heating demand in kwh /
m2 year is slightly higher than in the Valencia building. However, since the scale is different, it
gets a much worse rating. Regarding refrigeration, the demand in the tertiary building would be

almost triple the demand of the building in Valencia.
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2.3.BLOCK OF FLATS IN BARCELONA

The last building we are going to work with is a block of flats built in 1885 in the heart of the city of
Barcelona. This is located on Francisco Giner Street, 19. First of all, we access the Electronic Office of
the Cadastre in Spain, since we have the cadastral reference of the building in question
(9835205DF2893F). From this, we can access data on surfaces, plans, etc.

We know the following information about the building:

Figure 37: Representation of the building to be worked on. Source: Cadastre and Google Maps.

The building has a ground floor and 4 floors above. From this and the measurement tool of the
cadastre itself we are going to extract the proportions of the building.

Orientation Width Height Area

(m) (m) (m2)
Facade 1 Southwest 7,8 14,5 113,1
Facade 2 Northwest 14,8 14,5 214,6
Facade 3 Southeast 14,8 14,5 214,6
Facade 4 Northeast 7,8 14,5 113,1
Floor - 101,1
Cover - 101,1
Yard - 13,6

Table 12:
Dimensions of the
facades. Source:
Cadastre and
Google Maps.
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Furthermore, we know that homes are heated by electric radiators. We also know that there are no
cooling facilities in the building and that a standard butane gas boiler with 24 kW power is used for
domestic hot water. Is also important to mention that the southeast and northwest facades are in
direct contact with the adjacent buildings andthat the building has 8 windows on the Northeast
facade.

We enter the data of our building in the CE3X program:

o Identification of the building to be studied:

Localizacion e identificacion del edificlo

Meerbrg del il "MW-Mr 'm
Do Fravcics Ginir S50et, 19

Provnas Cuded sutinoms Bromiory w bocalded Bercelona ™ Cidgo Postel | 05012
Ftferencs Catherril ‘B]!—?J;;T:Fm:; =

Figure 38: First step to make an energy certificate of a building using the CE3X program. Source: CE3X

o General data and data that allow the definition of the building:

&) CE3X - PT: C\Users\Javier\Documents\UPVAERASMUS\1 clases\TFG\1. EDIFICIOS DEFINITIVOS\GERIATRICO HUELVA\nursinghome.cex — o >

NZEMmHic 3 =~ 1€BIN

Datos administrativos Datos generales | Envolvente térmica  Instalaciones

Datos generales

e vaerte [t E o consrccar
Tipo de edificio Edifico completo <~ Perfil de uso | tntensidad Baja - 16h ~

Huelva -~ Localidad otro - Zona dimstica  [B4 < [v =

Definicion edificio

Superficie Gl habitable
Altura lre de pianta
Namero de pantas habitables
Ventiacién delinmusble
Demands diaria de ACS 7%

Masa de las partidones internas | Media |~

[I5e ha ensayado la estangueidad del edificio

Imagen edificio Plano situadsn

Figure 39: Second step to make an energy certificate of a building using the CE3X program.
Source: CE3X
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We enter the year of construction of the building, 1884. With this, the current regulations will
appear automatically the year of construction of the building. In our case, it is the one before the
NBE-CT-79. We also specify that it is a block of flats and with the province and the town. And we
introduce the climate zone (C2-lll).

Then we have to add certain building data. We introduce the useful living area (558 m2). We
have also added the free height of the floor (2.7 m), the number of habitable floors (5), the
ventilation of the building (0.63 renovations / hour) that we have assumed and the DHW
demand, which we have calculated it according to what was previously explained.

liters
—  * 9 x houses * 3 persons * 0,95 = 718,2 l/day
person day

Equation 3: Calculation of the domestic hot water demand. Source: CTE.

o  Thermal envelope:

) CE3X - ress Ch\Users\Javier\Decuments\UPVAERASMUS\T clases\TFG\1. EDIFICIOS DEFINITIVOS\PISO INDIVIDUAL BARCELONA\barcelona building.cex
Archivo Librerias Datrones de sombra  Resultados Complementos  Ayuda  Acerca de

1ZEHOC @ &I AT€ BN
Datos administrativos | Datos generales  Envolvente térmica  Instalaciones  Calificacion Energética

;] Envolvente térmica del edificio

[ South East wall g,
B north West wall O cubierta | |
< B North East wall
= = O Muro e :
[ ~ [N
H O suelo 1 £
""" = O partaisn interior _ !
LB ';uth i Rt O HuecofLucernario !
e @ Puents térmic R
=
- 'R—m' Puente térmico por defecto
Y
-l Floor

EApilar

[A Contorno de hueco

[Acasa de persiana

[ Encuentre de fachada
[FEncuentro de fachada
[CJEncuentro de fachada

[AEncuentro de fachada con solera

< >

Figure 40: Third step to make an energy certificate of a building using the CE3X program. Source: CE3X

For the following section, regarding the thermal envelope, we have taken measurements with the
cadastre and with the plans that we had. In addition, we have simplified the geometry of the building
a little. The building has 8 windows on the north east facade (facing the avenue). The other two
facades (south east and north west) are attached to two other buildings and have no windows.

From the data we have on the building, we know that the facade is made of brick. We have two
options to select and we have assumed the one that offers us better results.
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o Building's air conditioning facilities:

& CE3X - PT: C:\Users\Javier\Documents\UPV\ERASIMUSAT clases\TFG\1. EDIFICIOS DEFINITIVOS\GERIATRICO HUELVA\nursinghome.cex — m] X

LIZEOC [ &=L~ T€]mirs

Datos administratives  Datos generales  Envalvente térmica  Instalaciones

[ Edificio Objeto Ir iones del edificio
o X

+# Heating and Cooling @) Equipo de ACS

O Equipe de sélo calefaccidn

(O Equipo de sélo refrigeracisn
(O Equipo de calefacsian y refrigeracion
O Equipo mixto de calefacdsn v ACS

) Equipe mixto de calefacdsn, refrigeraciin y ACS

Equipo de ACS

N o zona | Edificio Objeto ~]
Caractersticas Demanda cublerta
Tipo de generador Caldera Esténdar ~ s
= Superficie (m2)
Tipo de combustible Gassleoc ~ NA— |
Rendimiento medi estacinal
Rendimiento estacional | Estmado segdn instalacién ~ Rendimierto medi estacional 7.7
125 law
0.2 = Aislamiento de la caldera | Antigua con mal aislamients ~
s =%

| Zonas.

Figure 41: Fourth step to make an energy certificate of a building using the CE3X program. Source: CE3X

We have also added the building's air conditioning installations: A standard butane boiler used for
domestic hot water and electric radiators for heating.

And the following results have been obtained:

o ENERGY RATING OF THE BUILDING IN EMISSIONS

Total Indicator Partial Indicators
Heating DHW
(kgCO2/m2 year) | (kgCO2/m2 year)
238 E 1471 |G
Cooling llumination
(kgCO2/m2 year) | (kgCO2/m2 year)

0.25 |A - |—

kgCO2/m2 year |kgCO2/m2 year |

CO2 emissions from electricity consumption 24 05 1341 B,Sﬁl
CO2 emissions from other fuels 14 57 807586

Figure 42: Energy rating of the building in emissions. Source: CE3X.

J85E
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We obtained an E rating for CO2 emissions. This is divided into emissions from heating, domestic hot
water and cooling. Being that these separately obtain a rating of E, G and A respectively. In this way,
domestic hot water emissions obtain the most negative rating and cooling emissions obtain the

most positive rating.

o ENERGY RATING OF THE BUILDING IN NON-RENEWABLE PRIMARY ENERGY CONSUMPTION

Total Indicator

H2saes  Fg
[Em———— i

2104 E

Partial Indicators
Heating DHW
{kKWhim2 year) {(kWhim2 year)
14052 |E 68,43 [E
Coaoling [Numination
(K\MWWhim2 year) (KWh/im2 year)
1.46 A B 2

Figure 43: Energy rating of the building in non-renewable primary energy consumption. Source: CE3X.

Regarding non-renewable primary energy consumption, we obtain an overall rating of E.
Individually, we obtain an E, G and A for heating, domestic hot water and refrigeration
respectively. The worst score is obtained in the consumption for domestic hot water and the
best score is obtained in the consumption for cooling.

o PARTIAL RATING OF THE ENERGY DEMAND FOR HEATING AND COOLING

Heating demand (kKMWVh/m?2 year) Cooling demand (KMVWh/im?2 year)
<77 Ag [ <21 Ag
T By a0 By
ok 1.6A
EXETT N > asier  Fg
B <> e —

Figure 44: Partial rating of the energy demand for heating and cooling. Source: CE3X.

2.4.COMPARISON OF THE THREE BUILDINGS

2.4.1. COMPARISON OF THE INPUTS OF THE THREE BUILDINGS

Valencia Building

Nursing Home

Barcelona Building

Year of construction
Climatic Zone

Useful living area

1995
B4-V
1864

1884
C2-11
558
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Habitable Floors 9 2
Households 18 - g
Beds (Nursing Home) - 40 -
DHW demand (I/day) 1361 1476 718,2
Construction material Double Leaf Brick Brick Brick

DHW equipment
Heating equipment
Cooling equipment

Natural gas boiler

Natural gas boiler

Diesel Qil Boiler

Heat pumps

Butane Boiler

Heat pumps -

Electric radiators

Table 13: Comparison of the inputs of the three buildings. Source: Amutio, J.

2.4.2. COMPARISON OF THE RESULTS OF THE THREE BUILDINGS

Firstly, even if they are buildings of different sizes, it must be said that we can compare these variables

because the results obtained are given in values divided by square meter.

_ Nursing Home Barcelona Building
Global Heating | DHW | Cooling Global Heating | DHW | Cooling Global Heating | DHW | Cooling
keCO2mdyear| 1890 1254 47 163 156 39 6,18 491 385 38 ua 025
KWh/m2 year 91,20 50 | »Y 9,64 n P I O 204 1405 | 6843 146
Demand 37 99 3 31 19 15

Table 14: Comparison of the results of the three buildings. Source: Amutio, J.
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Graph 5: Comparison of the emissions: Total, heating, DHW and cooling. Source: Amutio, J.
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Regarding emissions in KgCO2 per square meter and year, it should be said that the building with the
highest emissions corresponds to the oldest building (more specifically from the last century), located in
Barcelona. This has a heating system with electric radiators and uses butane cylinders for domestic hot
water. Then, we would have the building located in Valencia, from the 90s. Furthermore, the difference
with the previous one is substantial. The Valencia building uses a standard Natural Gas boiler for both
heating and DHW. Finally, the one with the least emissions per square meter per year is the tertiary
building located in Moguer, although the difference with the building in Valencia is not particularly
great. This used a diesel boiler for ACS and a heat pump for heating and cooling.

Global Consumption Heating Consumption
250,00 160.00
140,00 -+
200,00
| 120.00
,% 150,00 | ®Valencia Building ,% 100.00 | 1 mValencia Building
_E ‘ B Nursing Home ,E 0,00 1 1 B Mursing Home
2 100,00 - 5 ® Barcelona Building g 60,00 ® Barcelona Building
¥ |
‘ 40,00
50,00 1
| 20,00
0,00 S— 0,00
DHW Consumption Cooling Consumption
30,00 35,00
70,00 i oo -+
60,00 | 25,00
% 50,00 | B Valencia Building E’J" 20,00 B Valencia Building
E 40,00 B B Nursing Home E B Nursing Home
z | £ 1500
E 30,00 + = Barcedona Building E = Barcelona Building
20,00 cishd
10,00 5,00 -
0.00 0,00 ——

Graph 6: Comparison of the non-renewable primary energy consumption: Total, heating, DHW and cooling. Source: Amutio, J.

Regarding non-renewable primary energy consumption in kWh per year per square meter, the building
with the highest consumption continues to be the oldest building in Barcelona. In this way, the rest of
the positions are also maintained. The next one is the building in Valencia, and finally the tertiary
building.
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3. IMPROVEMENTS IN THE WORST PERFORMING BUILDING.

3.1.REPLACEMENT OF THE ELECTRIC RADIATORS WITH HEAT PUMPS THAT ARE USED FOR HEATING
AND COOLING.

In this case the housing block with the worst results has been, as we have seen and commented, the
housing block in Barcelona.

It currently uses electric radiators for heating. However, we are going to propose replacing this
heating system with heat pumps.

These systems are not very well known by the users but nevertheless they were chosen by
Greenpeace in 2011 as the best heating system in terms of energy efficiency. This feature is due to
its operation: it is based on transporting heat instead of generating it. Air conditioning systems with
heat pumps are the best option to obtain the highest level of efficiency in generating comfort in
buildings. The simple combination of heating and cooling services makes it the least aggressive
solution with the environment, with less energy expenditure and more versatile.

For this, the application allows us to choose between different heat pumps. These are: From before
1994, between 1994 and 2013 and after 2013. Also, we choose heat pumps with variable cooling
flow (Air-Air).

We are going to choose the intermediate option.
The following results have been obtained:

o ENERGY RATING OF THE BUILDING IN EMISSIONS

Total Indicator Partial Indicators
<61 AZ Heating DHW
193 B (kgCO2/m2 year) | (kgCO2/m2 year)
271 E 12,29 D 14’.‘”. G
Cooling lllumination
asws  Fg (kgCO2/m2 year) | (kgCO2/m?2 year)
> 0.34 IA R | R

kgCO2/m2 year | kgCO2/m2 year

CO2 emissions from electricity consumption 12,64 7052 91
CO2 emissions from other fuels 14 47 8075 .86

Figure 45: Energy rating of the building in emissions with heat pumps. Source: CE3X.
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We obtained an E rating for CO2 emissions. This is divided into emissions from heating, domestic hot
water and cooling. Being that these separately obtain a rating of D, G and A respectively. In this way,
domestic hot water emissions obtain the most negative rating and cooling emissions obtain the

most positive rating.

o ENERGY RATING OF THE BUILDING IN NON-RENEWABLE PRIMARY ENERGY CONSUMPTION

Partial Indicators

Total Indicator
EIr>
143.0E
I >
2305 Gg

Heating DHW
(KMWh/m2 year) (KWWh/m2 vear)

72.58 D 68,43 [

Cooling lumination
(KWhim2 year) (KWWh/m2 year)

2 04 |A 5 :

Figure 46: Energy rating of the building in non-renewable primary energy consumption with heat pumps. Source: CE3X

Regarding non-renewable primary energy consumption, we obtain an overall rating of E.
Individually, we obtain an E, G and B for heating, domestic hot water and refrigeration
respectively. The worst score is obtained in the consumption for domestic hot water and the

best score is obtained in the consumption for refrigeration.

o PARTIAL RATING OF THE ENERGY DEMAND FOR HEATING AND COOLING

Cooling demand (kKWWh/im2 year)

Heating demand (KWh/m?2 vear)
(<77 Ag [-21 Ag
77170 Bg (2130 Bg
T18E
EETTT I o> [nser  Fg
BT > e

1.5 A

Figure 47: Partial rating of the energy demand for heating and cooling. Source: CE3X.
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3.1.1. COMPARISON OF CHANGES IN RESULTS AFTER CHANGING THE HEATING AND COOLING
SYSTEM IN THE BARCELONA BUILDING.
Total Consumption Heating Consumption
250 160
140
200 o |
§ 150 B Barcelona Building - Boiler g 100 B Barcelona Building - Boiler
‘Er B Barcelona Building - Heat E il W Barcelona Building - Heat
E Joa-4 Pumps ’ g 60 + Pumps !
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Graph 7: Comparison of results after changing the heating and cooling system. Source: Amutio, J.

We have managed to reduce non-renewable primary energy consumption from 210.4 to 143.0 kWh /
m2 year in a total way. This decrease is due to the decrease in consumption in heating, since for
domestic hot water it remains the same and consumption in relation to refrigeration increases since
before we did not really have refrigeration equipment.
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3.2.INSTALLATION OF PHOTOVOLTAIC PANELS TO COVER PART OF THE DEMAND FOR ELECTRICAL
ENERGY

We are going to study one of the improvements that we are going to propose for the building that
consumes the most energy and has the most emissions, the building located in Barcelona.

For this, we are going to work with photovoltaic technology for self-consumption. With this, we are
going to pretend that the building has a small energy contribution from electricity. With this, we will
be able to reduce the qualifications since they contemplate non-renewable primary energy and we
would also reduce CO2 emissions.

This option is especially interesting, since, although some in Spain there was a so-called "Sun Tax", it
was repealed on October 5, 2018. The Sun Tax™® was defined as a "backup toll" applied to energy
generated through the use of photovoltaic panels. Therefore, the consumer should pay the
corresponding taxes for the energy produced in his self-consumption installation. However, we no
longer have to worry about it.

So the goal is to install photovoltaic panels on the roof of the building. We will begin to define the
improvement. First of all, we are going to try to install the photovoltaic panels on the roof, since we
have a free space that we could take advantage of. These spaces are:

Figure 48: Spaces destined for the installation of photovoltaic fields. Source: Google Earth.

Measuring with the Google Earth tool, the space of the first image is 4x8 m2. That is, 32 m2. The
space of the second image is 2x8 m2. That is, 16 m2.

In addition, we also have to take into account that to take advantage of the space, the orientation of
the panels would not be the most recommended (south), but rather that they would have to fit well
with the orientation of the building. With this, let's find the azimuth angle of the panels.

3 https://www.factorenergia.com/es/blog/autoconsumo/que-es-impuesto-al-sol/
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Figure 49: Obtaining the azimuth angle according to the orientation of the building. Source: Amutio, J.

The azimuth angle of the panels will be taken from 552. Now, we would have to define the beta
angle that the photovoltaic panels will have. For this, we are going to work with the acceptable
losses in the photovoltaic panels.

Thus, for our azimuth angle, if we wanted to tolerate a maximum loss of 10%, the beta angle of
inclination of the panels should be between 102 and 402. In this way, we are going to choose a fixed
352 angle for the photovoltaic panels that we are going to place.
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Figure 50: Solar gain as a function of tilt angle and azimuth angle. Source: Google Images
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Now we are going to study how many panels fit us in the first space (32 m2) in series and in parallel.

We are going to work with Atersa A200 panels. These are 1,618m wide and 0.814m long. Here we
can see the type plate of the Atersa A200 panels.

Pl py v i | cwmen § Priwinn TEINaEl 435

Fawn (Wl Lan

hon (o) 1A

N i LU PR B TR A e T P

i my e pmEin il said

Cris bl i Bt Cris sl Lvgiado Wbl clars de 3. 2nwm

LELE Mirarelm e aligminin (e e sl
T T T p— QUL |5 ¢ CLED R
e T — Ciew Sodst dewn” || ] UDemine

T o 1w ®CA i cnrlinaiey WA

Figure 51: Name plate of ATERSA A200 panels. Source: ‘Auditoria Energética’ - UPV

As we have two different spaces, we are going to place them horizontally in the bigger space, that is,
the long side parallel to the ground and the short side perpendicular to the ground to avoid shading,
to avoid shading. However, in the small space, as presumably we will not be able to put more than
one row, the short side will be parallel to the ground to be able to place more panels. Furthermore,
we know that the latitude of Barcelona is 41.38 = 419. From this we will obtain the value of k.

M =0,814m
sy B = 35°
4]
o d = h*k (distance between panels)
Moos k=2,747
C=Moosf+d

Latitud | 298¢ i e 41° 43° 45°
k 1,600 | 2,246 | 2,475 | 2,747 | 3,078 | 3,487

Figure 52: Diagram of the position of the panels and data necessary for the calculation. Source: ‘Auditoria Energética’ - UPV

With all this information:
h = MsenB = 0,814*sen(35) = 0,4669

d=h*k=0,4669%2,747 = 1,2826
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. 8 . .
Nseries< Teis <4,94 -> 4 panels in series

Nparalel € <2,71 -> 2 rows of panels.

0,6667+1,2826

And in the other space, taking into account that the width is the same and that the length would
become two meters, the panels that we are going to be able to put in series would remain (4) but
the rows of panels that can be placed in parallel are probably 0 or 1. We check it:

. 8 . .
Nseries< 12 <£9,828 -> 9 panels in series

2

— < 1,026 -> 1 row of panels.
0,6667+1,2826

Nparalel2 £

In this way, in total we are going to work with 3 parallel rows of 4 panels two of them and the other
with 9 panels. That makes a total of 17 panels.

Taking into account that the power of the panels is 200 W, in our small photovoltaic field we will
have a total power of:

P =17 panels * 200 W / panel = 3400 W = 3.4 kW

We assume an average of 1800 h of solar PV full load hours in Barcelona => annual PV generation =
3.4 kW * 1800 = 6120 kWh/year.

The energy consumption of the barcelona building with the heat pump is = 143,0 kWh/m? year *
558 m? = 79794 kWh/year

So, with this, the net consumption will be:

Net consumption = 79794 — 6120 = 73674 kWh/year

In this way, with both measures, the consumption will be:

Consumption 2 = 73674/558 = 132,02 kWh/year m?

So we have obtained a reduction of:

Reduction = 143,0-132,02 = 10,97 kWh/year m?

And, with both measures (the photovoltaic field and the heat pumps) we have a total reduction of:
Total reduction =210,4 - 132,02 = 78,38 kWh/year m2

In this way, the contribution of the photovoltaic panels is going to be used only to complement the
heating demand. The heating demand is currently 71.9 kWh / m2 year, which means 40120,2 kwWh /

year. In this way, since our photovoltaic panels could provide 6120 kWh / year, this means that we
could cover 15,25% of the annual heating demand with photovoltaic panels.
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Thus, we add the energy contribution of the photovoltaic field to the program:

o Building's air conditioning facilities:

[l Edificio Objeto Instalaciones del edificio
) Equipo ACS .
1~ Heating and Cooling (0 Equipo de ACS
..... T b cred (7 Equipo de sélo calefacdién

(0 Equipo de sdlo refrigeracién
(7 Equipa de calefaccidn y refrigeraddn

(7 Equipo mixto de calefaccin y ACS

(0) Equipo mixto de calefaccidn, refrigeradion y ACS

(®) Contribuciones energéticas

Contribuciones energéticas

Nombre

| Photovoltaic Field

[ vl

[] Fuentes de energia renovable
Porcentaje de demanda de ACS cubierto
Porcentaje de demanda de calefaccion cubierto

Porcentaje de demanda de refrigeracion cubierto

%

R

%

L

Figure 53: Introduction of the photovoltaic field in the CE3X program. Source: CE3X.

Now, we run the simulation again and if our previous calculations are correct, we should get the

same results:

o ENERGY RATING OF THE BUILDING IN EMISSIONS

Total Indicator Partial Indicators

o Heating DHW
(Lins B (kgCO2/m2 yearE} (kgCO2/m?2 year|}

: 10,42 C 14.47 G

he Cooling lllumination
wans  Fg (kgCO2/m2 year) | (kgCO2/m2 year)
e G 0.34 E A S [ =
kaCO2/m2 year |kgCO2/m2 year

CO2 emissions from electricity consumption 10,76 6006,67
C 02 emissions from other fuels 14 47 8075 86

Figure 54: Energy rating of the building in emissions with photovoltaic field. Source: CE3X.

We obtained an E rating for CO2 emissions. This is divided into emissions from heating, domestic hot
water and cooling. Being that these separately obtain a rating of C, G and A respectively. In this way,
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domestic hot water emissions obtain the most negative rating and cooling emissions obtain the

most positive rating. This means that we have managed to improve the individual rating of the
heating (from D to C).

o ENERGY RATING OF THE BUILDING IN NON-RENEWABLE PRIMARY ENERGY CONSUMPTION

Total Indicator Partial Indicators
[ <768 A3 Heating DHW
#0434 By (kWh/m2 year) (kWhim2 year)
132.0E 61,51 D 68.43 [
Cooling Numination
#asams  Fg (kWh/m2 year}| (kWhim2 year)
2305 Gg 2 04 A % _

Figure 55: Energy rating of the building in non-renewable primary energy consumption with photovoltaic field. Source:
CE3X

Regarding non-renewable primary energy consumption, we obtain an overall rating of E.
Individually, we obtain an E, G and B for heating, domestic hot water and refrigeration respectively.
The worst score is obtained in the consumption for domestic hot water and the best score is
obtained in the consumption for refrigeration. This means that we have managed to improve the
individual rating of the heating (from E to D).

o PARTIAL RATING OF THE ENERGY DEMAND FOR HEATING AND COOLING

Heating demand (KVWh/im2 year) Cooling demand (KWh/im2 year)
<17 Ag <21 Ag
77418 B 2130 B
719E 1.5A
(maoes ~ Fg usnr  Fg
210 Gg El—

Figure 56: Partial rating of the energy demand for heating and cooling. Source: CE3X.

In this way, the manual calculations coincide with those obtained by the program, and although we
have not managed to increase the total rating of non-renewable energy consumption, we have
managed to lower the individual rating of non-renewable energy consumption for heating.
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3.2.1. INSTALLATION OF THE INVERTER

However, photovoltaic cells convert sunlight into direct current (DC) electricity. In this way, we will need
an inverter that converts DC into alternating current (AC) electricity to be usable in homes. Since the
power that we can obtain on our roof is not excessively high, we will need a photovoltaic inverter of that
order of magnitude. With this, the INGECON® SUN 1Play 5TL M model has been chosen. The data sheet
for this will be attached in the annex.

Now we have to see if we can connect the photovoltaic panels to the inverter. For this, we will need
data from the data sheet of the photovoltaic panels and the inverter. We are going to use the following
formulas:

P,
DC-MAX
Fs = -

'PGFV— MPP=STC

NOTC — 20°
Tﬂm.x . TAmb_MAX + GMAX (0—8)

Vison(T) = Vigopzstc < € F 2 Pe g Vi op o (] + (T — 259) - -Bi.fc) & Vyop—zsec + (T — 25%) - By e

Lioo(T) = hicp s 8T & Juon ause ('1 + (T —25°) - ﬂ'lz‘c) ® Iyop—zsec + (T — 25%) - @y e

Equation 4: Equations to be used to know if the photovoltaic inverter can be used (or not). Source: UPV.

We calculate the maximum number of panels in series:

Bv = By/c * Voc = 44,46 * —0,0032 = —0,142
C

Vinod_oc.max = Vmoda_oc + (T — 25) * By = 44,46 + (=5 — 25) * —0,142 = 48,728V
C

850
<—< <
NSpmax < 28728 = 17,44 < 17 panels

We calculate the minimum number of panels in series:

NOTC — ZOQC)

47°C — 20°C
amb_max + Gmax ( 08 (—

=73,75C
0,8 )

Tm ax
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Vinod_mpp_min = Vmod_mpp + (Tmax — 25) * B% = 37,18 + (73,75 — 25) * —0,142 = 30,257 V

90
> > >
NSpin = 30257 = 2,97 = 3 panels

We now calculate the maximum number of strings (parallel rows) we must have to use this photovoltaic
inverter.

ap = (Xl/c * Imod_SC_STC = 0,0008 * 5,78 = 4,624
(4
Imod_SC_max = lmod_sc sTcC + (Tmax — 25) * XA = 5,78 + (73,75 — 25) * _0,0008 = 6,005 A
[

N <22(*)<366<3 1
Pmax = 6,005 = ’ = 5 panels

(*) The inverter has two inputs with a maximum of 11 A each.

This way, knowing that we have three rows in parallel: 2 rows in parallel have 4 panels each. The other
row has 9 panels. In this way, we comply with the limit of parallel rows and each row complies with the
limit of panels in series so we can connect the inverter by selecting the panels in the row.

Row Ns Np Ns_max Ns_min Np_max

1 4 3 17 3 3

N
S
ENENEN

Table 15: Selected values and upper and lower limits. Source: Amutio, J.
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3.2.2. COMPARISON OF INITIAL RESULTS, WITH HEAT PUMPS AND WITH BOTH MEASURES.

Total Consumption Heating Consumption
250 160
140
200
M Barcelona Building - 120 W Barcelona Building -
- Boiler S Boiler
[} [}
g 150 o g 100
E M Barcelona Building - IE 20 M Barcelona Building -
— Heat Pumps — Heat Pumps
£ 100 - El R
= m Barcelona Building - HP = ® Barcelona Building - HP
= + PV 40 + +PV
20 +
] o -
DHW Consumption Cooling Consumption
20 2.5
70
2
60 M Barcelona Building - ® Barcelona Building -
—~ 1 Boiler = Boiler
g o g 15
] el M Barcelona Building - (] M Barcelona Building -
‘-E. Heat Pumps ‘-E. Heat Pumps
= 30 - o sz 17 o
= m BarcelonaBuilding - HP = ® Barcelona Building - HP
720 - +PV + PV
0,5
10 1
a - o -

Graph 8: Comparison of initial results, with heat pumps and with both measures

As we can see, the measure with the most impact on the initial assessment is the replacement of the
use of electric radiators by heat pumps. On the other hand, the implementation of the photovoltaic field
on the roof has a much smaller influence on the final result.

In the following, we will carry out the economic analysis of both measures, because although heat
pumps actually have a much greater impact, they also require a higher investment.
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BUDGET

1. ECONOMIC ANALYSIS OF IMPROVEMENTS

1.1. PHOTOVOLTAIC FIELD IN THE ROOF

The photovoltaic modules of the selected model have been found at a price of € 314.60. Which means
that the total of 17 models would cost € 5348,2. On the other hand, the photovoltaic inverter is priced
at € 1216,29. This makes a total of € 6564,49. We will also understand a total of € 1500 additional for
installation and wiring. This would make a total of € 8064,5.

PANEL SOLAR ATERSA A 200 -200W

€ 314,60 VA incluido

Cantidad: 1

Mvertencia: Wtimos articubos
o stock!

Figure 57: Prices of the chosen products. Source: Internet catalogues.

Item Units Cost/Unit  Total cost
ATERSA A200 17 314,60 5348,20
INVERTER 1 1216,29 1216,29
INST. & - 1500 1500
WIRING

TOTAL 8064,49

Table 16: Cost of the installation of the photovoltaic field. Source: Amutio, J.

As we are obtaining the heating from the heat pumps that work with electrical energy, with this
measure what we are saving is the consumption of the electrical kWh. Therefore, to calculate the
savings, we need to obtain an annual average price of the electric kWh in Spain, so we have used the
monthly average data of the electric kWh in Spain in the wholesale market, collected in the following
table:
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Evolution of the kWh price 2019 (PVPC)

Month Energy Term (€/kWh)
January 0,1289
February 0,1194

March 0,1138

April 0,1153

May 0,1109

June 0,1084

July 0,1125
August 0,1057
September 0,1018
October 0,1085
November 0,1047
December 0,0956
Annual average 0,1105

Table 17: Evolution of the kWh price 2019. Source: pvpC."’

In this way, taking into account that we are saving 6120 kWh / year, this means a saving of € 676,26 /
year. With this, we calculate the return period.

Investment _ 8064,5
Saving 676,26

Return period = = 11,925 year

Equation 5: Return period.

1.2, REPLACEMENT OF THE ELECTRIC RADIATORS WITH HEAT PUMPS THAT ARE USED FOR
HEATING AND COOLING.

Heat pumps are becoming more and more popular as an air-conditioning system because, as we have
said, it is a very efficient system. The main question is often: "How much does it cost to install a ground
source heat pump?.

Well, the first thing to note is that this will obviously depend on the type of home, size of home and heat
pump chosen.

In our case, we find that the homes in the building to be improved in Barcelona are of a reduced size (56
m2). Thus, we must know that in apartments are recommended aerothermal heat pumps for air
conditioning by heat pump and even more if the home is in the Mediterranean area, as is the case.

" https://www.esios.ree.es/es/pvpc
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In addition, we can say that the substitution of the electric radiators by the Aerothermia makes special
sense in the selected building because these electric radiators can be used in the own installation, which
would reduce the cost of the installation, as we will see next.

Now, we are going to proceed with the economic study of the installation of Aerothermia in the house.
In addition, we must say that although the price of installation of these systems is usually chosen, its

amortization period is usually reduced.

Therefore, for the installation of the equipment of Aerotermia in the house we will need:

1. Aerothermal heat pump: There are two types:
- Monobloc: Includes the entire refrigeration circuit in a unit that is located outside.
-Bibloc: Includes one outdoor unit and one indoor unit.

2. DHW Accumulator: Necessary if we were to use it for DHW as well. This is not the case.

3. Inertia tank.

4. Drive groups.

In this way, we have a building with 558 useful m2 to heat. At the same time, we know that the annual
demand for heating is 71.9 kWh/m2 and the annual demand for cooling is 1.5 kWh/m2.

Thus, we need:

kWh
558 m2 * 71,9W = 40120,2 kWh

Equation 6: Annual demand for heating

kWh
558 m2 *1,5—— =837 kWh
m2

Equation 7: Annual demand for cooling

We are therefore assuming an annual use of 2000 hours of aerothermal heating and cooling systems.
Also, we are going to focus on heating consumption as we will of course comply with cooling
consumption.

We need, therefore, for the whole building:
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40120,2 kWh

2000 R = 20,06 kW

Equation 8: Power needed.

Bearing in mind that we have to heat 9 houses and that each one is going to have an aerothermal heat
pump, we need each heat pump to have an output of around 2.22 kW.

However, a higher power model has been chosen, the Thermor Alfea Extensa Ai 5 heat pump.

Bomba de calor Thermor Alfea ExtensaAi5 ¢ >

%
S

Figure 58:

SKLE: 526230

Therefore, the estimated cost of the aerothermal equipment and its installation is shown in the

following table:

EQUIPMENT  UNITS COST/UNIT TOTAL

COST
HEAT PUMP 9 2744,99 24704,91
INERTIA TANK 9 374,99 3374,91
INSTALLATION = 3000 3000
TOTAL 31079,82

Table 18:

In this way, we see that the initial inertia that would have to be made in the building is high, being that

divided by 9 houses would mean an outlay of 3453.31 euros per house.
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This system in old buildings has an average return period of 8 - 9 years.

In conclusion, it seems an interesting solution that would above all improve the emissions and
consumption of our building.

ANNEX
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ENERGY CERTIFICATE OF THE BUILDING IN VALENCIA.

CERTIFICADO DE EFICIENCIA ENERGETICA DE EDIFICIOS

IDENTIFICACION DEL EDIFICIO O DE LA PA

RTE QUE SE CERTIFICA:

Nombre del edificio Residential Buiding in Valendia, Spain
Direccign AN, PRIMADD REIG 125, VALENCIA
Municipio ‘alencia Cadiga Postal 4020

H Comunidad
Pravincia Valencia Comunidad Autdnoma Valenciana
Fona climitica B3 Afio construccicn 1063
Nonmativa vigante [construccion []
rehabilitacion) Anterior a la NBE-CT-73
Referencials catastralles BE40312Y J2TE4E

de edificio o parte del edificio se certificac

o Edificio de nueva construccicn

» Edificio Existente

» Vivienda > Tercario
= Unifamiliar o Edificia compleio
» Blague o Lacal
» Blogue comgleto
o Vivienda individuzl
DATOS DEL TECNICO CERTIFICADOR:
Nombre y Apelidos [ Javier Amusia Just | WIF(NIE) [ ZT7osi67E
|Razén sacial | Bachsior Thesis | WiF =
Valencia [ Cadiga Postal 46022
y Comunidad
Pravincia Valencia Comunidad Autenoma | oo 0- L0
w-mail: : rmiticdBE@gmail com | Teléfana
i ilitants seg vigente | -
Procedimienta reconocido de calificacion energética utilizado y | ~oooo o
versidn: 5
CALIFICACION ENERGETICA OBTENIDA:
CONSUMO DE EMISIONES DE DO DE
MARLA NO RENOVAI CARBONO
[eWhim® CO m*
I [ 20 ad
| mima B [ B ]
NnIE RLET
[moms  FJ [onme
TR 1o g,

El técnico abajo firants declara responsablements que ha realizads la certificacin energética del edificio o de 1 parte que se
cerlifica de auerds can &l procsdmients establecida por la normativa vigenls y gue son ceros os datos que figuran =n =

presenie documenio, y Sus anexos:

Fecha: 1204/2020

1. SUPERFICIE, IMAGEN Y SITUACION

[ superficie habitabie [m7] [ 2137.0

2. ENVOLVENTE TERMICA

Carramlentos opacos

Nombre Tipo Superficie | Transmisncia | Modo de obtencidn
Building Floor Suelo 210.0 2.50 Por defecto
S - Wl Fachads 363.4 1.69 Estimadas

NE - Wall Fachada 325.8 1.69 Estmadas
Cubierta con aire Cublerts 2106 227 Estimadas
South East Wall Fachada A40.06 0.00

Horth West Wall Fachada 44906 0.00

Huecos y lucernan os

Modo de Modo de
e Tipo e | e | e Jobtencice. Sbtencidn.

Ventaras G1 Hueco 3 3.78 0.64 Estimado Estimasdo
Ventaras G2 Hueco 15 378 0.64 Estimado Estimado
Ventanas G3 Hueco 250 3.78 0.64 Estimado Estirmado
Ventanas G4 Hueco 4.0 378 0.64 Estimado Estimdo
Wentaras GB Hueco 375 378 064 Estimado Estimado
Ventanas GO Hueco 18.0 378 0.64 Estimado E:
Wentaras G0 Hueco 14.0 378 0.64 Estimado Estimado
Ventaras G11 Hueco 16 3.78 0.64 Estimado Estirmsdo
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3. INSTALACIONES TERMICAS
Generadores de calefaccién
Potencia R imien! e Maoda de
o] T nomnar i | Eetctonn a) | Sl obtencién
Calefaccon y ACS Caldara Estdndar 4.0 63.8 Gas Natural Estimado
JOTALES Calefaccion
Generadores de refrigeracién
Potencia Rendimiento e Modo de
L] U nominal [kKW] | Estacional [%] Em:- obtencién
TOTALES Refrigeracion
Instalac de Agua Call Sanitaria
Demanda diaria de ACS a 60” {litrosidia) I 1361
Potencia Rendimien! e Moda de
] Ui nomma i | Eeenate) | D | dbearn
Calefaccion y ACS Caldera Estandar 24.0 63.8 GasNalwal |  Egimado
TOTALES ACE
ANEXD Bl
CALIFICACION E?IEHGE“C& DEL EDIFICHDY
Eona cimatica | &= | [ Az |
1. CALFIC ACSON ENERGETICA DEL ENFICIO EN EMISIONES
T T Y T T - —
& EAL EFACCRIN e
Emigadve s
e | RRRESCES | .
- mae 1284 T4
st
Emisionas globaks fgC02m? atal L] %_I -
183 R

gy Oy i gl o
I CO2 g 153 349112 |
| COZ or ofos 1723 35g2a73 |
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El técnico abajo firmante declara responsablemente que ha realizade la cerificacién enerpélica del edificio o de |a parte qus se
cerlifica de acuends con el procedimients establecida par kb normaliva vigenle y que son dertos los datas que figuran en &l

pressnle documenlo, ¥ SUs anexos:

Fecha: 17/04/2020

buildings in Spain.
2. ENERGY CERTIFICATE OF THE NURSING HOME IN MOGUER
CERTIFICADO DE EFICIENCIA ENERGETICA DE EDIFICIOS
IDENTIFICACION DEL EDIFICIO O DE LA PARTE QUE SE CERTIFICA:
Nombre del edificio Hursing hame in Moguer, Husiva
Direccion Calle Dinina Fasiora, 3
[ Moguer Cadigo Postal 21800
Provincia Husha Ci daluci:
Zona climatica B4 Afio construceién 1895
Nonmativa wigente foonstruccion [] MEE.CT.79
Referencials 157 TIRZPRA21TN
Tipo de edificio o parte del edificio que se cedifica
- Edficic de nusva comsirceitn | » Edificia Existante
© Vivienda « Tarciano
o Unifamiliar = Edificia compleio
- Blogue = Local
o Blogue compleln
o Viviend individusl

DATOS DEL TECHNICO CERTIFICADOR:
Nombre y Apellidos - [ NIFNIE) | -
Razén sacial |- | WiF I-
Domicilio
Municipio Cadiga Postal -
Pravincia Valencia Camunidad Auténoma S::nfﬂ
a-mail: | Teléfana
Titulacién habilitante segin normativa wigente
Pmn;:hnhm reconocido de calificacién energética utilizado y CEXv2a
VEers| 3
CALIFICACION ENERGETICA OBTENIDA:

CONMSUMO DE ENERGIA EMISIONES DE DIGXIDO DE

PRIMARLA NO RENOVABLE CARBONO
CO2 m’
T
i B g e
% < | U LT L
[T

ANEXO I
DESCRIPCION DE LAS CARACTERISTICAS ENERGETICAS DEL EDIFICIO

En este x

s= describen las caracterislicas snergéfcas del edificio, emalvente iEmmica, instalsciones, condiciones de

funcianame=nto y ooupacitn y demas datos uliitados para chlenes la calificacién energetica del edificic.

1. SUPERFICIE, IMAGEN Y SITUACION

[ superficie habitabie [m?] 1 18840

Imagen del edificio

| — —

2. ENVOLVENTE TERMICA
Cerramientos opacos
Mambre Tipa Superficie | Transmitancia | modo de obtencisn
Roof Cublarta 032.0 227 Estimadas
South Wal Fachada 26T 2.38 Estimadas
We=1 Wall Fachada 13777 238 Estimadas
East Wall Fachada 888 2.38 Estimadas
Floar Cubierta 032.0 2.27 Estimadas
Horth Wall Fachada 2608 0.00
Huecos y lucernarios
Modao de Modo de
rficie | Transmitancia | Factor
Nomibne Ti 3‘1" bibencion. obtencitn.
= ] 20 solar | ¢ 3 Factor salsr
South Windaws Hueco 3458 3.78 0.63 Estmado Estimado 59
West Windows: Hueco 14 63 378 0.63 Estimado Estimado
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3. INSTALACIONES TERMICAS

Generadores de calefaccién
Potencia Rendimien de Moda de
HNambne Tipa nona i) | Evaceaaii] | Bt | abmein
Heating and Cooling :BMDEGE Calor - 2531 Electricidad Enfimada
TOTALES Calefaceitn
Generadores de refrigeracion
Potencia Rendimiento de Mada de
Nombre Tipa mlnﬁ"m Estacional H:mu abtencitn
Heating and Cacling Caﬁ?ﬂDBEdﬂf Calor - 1902 Eleciricidad Esimada
TOTALES Befrigeracion
Instalaciones de Agua Callente Sanitaria
Demanda disria de ACS a 60° (litrowidia) | 1476.0
Nontr e v, [peten | g | S
DHW Caldera Estindar 125 Br.7 Gazdleo-C Estimado
TOTALES ACS
5. CONDICIONES DE FUNCIONAMIENTO Y OCUPACION (sélo edificios terclarios)
[ Espacio I Superficie [m] | Porfil ds uso |
I Edificic ] 1864.0 | Intensidad 16h
ANEXO N
CALIFICACION EHEHGETICA DEL EDIFICID
[ zena cimiatica [ &2 | [ rmrariad Bma - =0 |

1. CALIFIC ACSON ENERGETICA DEL ENFICIO EM EMISIONES

[T T T T L —
EAL EBFACCRON s
SRy e | Emmmesams |

.80

=
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3.

ENERGY CERTIFICATE OF THE BUILDING IN BARCELONA.

CERTIFICADO DE EFICIENCIA ENERGETICA DE EDIFICIOS
IDENTIFICACION DEL EDIFICIO O DE LA PARTE QUE SE CERTIFICA:

Mombre del edificio id Building in Barcelona, Spain
Frsnc:lscn Giner Straat, 16
Municipl Barcalona Cadigo Postal 0amz2
Provincia Barcelona C. Idad Autd Cataluna
Zona climatica c2 Ao construcclén 1884
Mormativa wigente (construcclon ! Anterior 8 la NBE-CT-Ta
catastrales OB35205DF 2B05F

Tipo de edificio o parte del edificio que se certifica:

o Edificio de nueva construccidn | = Edificio Existents
» Vivienda > Terciario
» Unifamiliar © Edificio completo
= Blogue > Local

= Bloque completo
2 Wivienda individual

DATOS DEL TECNICO CERTIFICADOR:
Nombre y Apeliidos - | NIF(NIE) | -
Razdn social - | NIF |-
Domicilio -
Municipio . Cédigo Postal T
Provincla Valencia c. Idad Autd Enlmn|dfau
e-mall: - | Teléfono
Titulacion habilitante uaglh nnrmuihrl whpente
¥
“ CEXwv23
CALIFIGACION ENERGETICA OBTENIDA:
COMNSUMO DE ENERGIA EMISIONES DE DIOXIDO DE
PRIMARIA NO RENOVABLE CARBONO
Whim® & 02 me afio)
> -1 A
EEE T
HOAE EE
B, ETCIEESEL
uams G urs G

El técnico abajo fiumante declars respnnssblemanla que ha realizado Ia certificacion energética del edificio o de |a pane que s&
certifica de acuerdo con &l pi do por |a vigents y que son deros los datos que figuran en el
presents documents, y sus anexos:

Fecha: 24/04/2020

ANEXO |
DESCRIPCION DE LAS CARACTERISTICAS ENERGETICAS DEL EDIFICIO

En este apartado se describen las caracterislicas snergéSicas del edificio, srvalverie (frmica, inslalacionss, condiciones de
funcionamesnto y ocupacitn y demds datas utiizsdos para cblener |a calificacitn enemgélica del adificio.

1. SUPERFICIE, IMAGEN Y SITUACHIN

[ superficie hatitabie me] [ 5580 |

2. ENVOLVENTE TERMICA
Cerramlentos opacos
Nombre Tipa: Superficie | Trapamitanci® | Modo de obtencian

South East Wall Fachada 214 6 0.00
North West Wall Fachada 214 6 0.00
North Easl Wall Fachada 104.45 2.38 Estimadas
South Wes=1 Wall Fachada 1131 2.38 Estimadas
Roof Cublerta 101.1 227 Estimadss
Floar Suely 101.1 0.82 Estmadas

Huecos y lucemnarios

Moda de Mado de
fficie | Transmitancia | Factor
Momibre Tipo S T+ soiar | poblencién | obtencién.

Windows Hueco B.64 3.78 0.63 Estimado Estimads
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3. INSTALACIONES TERMICAS

Generadores de calefaccién
ot v | e, | meew [ ges [ s
Sélo calefaccitn Efecta Joule 100.0 Electricidad Estimado
TOTALES Catefaceitn
‘Generadores de refrigeracion
Potencia Rendimiento e Modo de
] L nominal kW] | Estacional [%] Eml.- obtancisn
TOTALES Eefrigaracion

Instalaciones de Agua Callente Sanitaria

Demanda diaria de ACS a 60" (litros/dia) I 1182

o o | i | Steee [ fme | e
Equipo ACS Caldera Estandar 24.0 44.0 GLP Estimado
TOTALES ACE
ANEXC N
CALIFICACION E:HEHGE“M DEL EDIFICKY
[ Z=na ctmatica = [ = [ ]
1. CALIFIC ACSON ENERGETICA DEL EIMFICIOD EM EMIBIONMES
FOICADORES PANCIALES ]
- CALEFACCION ace
Effigadvis
| nomtcaen, |- | FRRERAS |,

m PO S E LA RO FRT VDY
roemer—
Emisianas gobakes kgl O02im? afaf - -

L cadticacian giotal Sel sdicn se szpree an Mrmincs de deicsn de cerbong: lbeeadc. @i st come consscusresin del
EETALTE StErgELTD el s

RGO ate | kgoOXwia

I GOz gar pa410.50 |
[ Emasoees cos sor oiras combustbees 1547 BoTS s |
2 CALFICACION ENERGETICA DEL EDIFICHD EM CONBUMD DE EMERGIA PRIMARLA N0 RENDVAELE
oo ey b ra L IS ConEUTEE o E SSfEs proTecarie de e ns renesbies Sue ne
ha suinric nagdn procesn de cossersicn o Earmformecdn
T T T O = S—
| - =a A CALEFACCION acs
By
L a Energiy a
S | R |
2mAE L] ]
[masas  F]
E - - P P E s PR LY
mmmc’ meﬁrﬂmmmm m A &M 7 =
146 -

3 CALIFICACION PARCIAL DE LA DEMANDA EMERGETICA DE CALEFACCION Y REFRIGERACION

- ¥ = b i P [ b e

La

=i dal et

DENAMDH, D CRLEF AT CIoM [ OEwAnOA DE REFMICERACIOR ]

-2 &) [-2: =3 e
(2 B =

o
T [nanr FQ
[roms O
Cemarias oo cakiacodn Tidhde? afko] Demanta ce refvgeracin bt 3ol
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4. ENERGY CERTIFICATE OF THE BUILDING IN BARCELONA WITH HEAT PUMPS

CERTIFICADO DE EFICIENCIA ENERGETICA DE EDIFICIOS

IDENTIFICACION DEL EDIFICIO O DE LA PARTE QUE SE CERTIFICA:

Hombre del edificio Resdential Buiding in Barcslona, Span
Direccion Francimoo Giner Stest, 18
Municipia Barcelona Cadigo Postal [9H
Provincia Barcolona Comunidad Catalunia
Zona climatica [ Ao constroceien TEE4
Honmativa vigante (oonstruccion [ Anbetior a la NBE-CT-T9
Referencials catastralies SE3SZ050F 2853F
Tipo de edificio o parte del edificio que se certifica:

- Edificin de nusva comstruccitn |  Edificio Existents

» Vivienda = Tercaro

= Unifamiiar o Edificia complelo
= Blogue o Local
» Blogus complsto
Vivienda indhvidusl

DATOS DEL TECNICO CERTIFICADOR:
Nombre y Apeliidos T- [ NiFNIE) | -
Razén social - | wiF I-
Domicilio
Municipio Codigs Postal z
Pravincia Valencia Comunided Auténoma | Lot
o-mail: Teléfona
Titulacien habilitants segln normativa vigents
Procedimients recanocido de  calificacion mommn utilizada y I CE2a
wersidn:

CALIFICACION ENERGETICA OB‘I‘EI'IDA

CONSUMO DE ENERGIA EMISIONES DE DIOXNIDO DE
PRIMARIS. NO RENOVABLE GARBONO
CO2! m? afio]
- A
>

|-

AR

[El técnico abajo firmante declara
presents documento, y SUS anexos:

Fecha: 2410472020

deel edificio o de |a parte que 5=
cartifica de acwsrdo can el procedimismc emtapieitt p par tu TRt Vigenks y (e s ciios, ke dalos G Tguran n o

ANEXO I
DESCRIPCION DE LAS CARACTERISTICAS ENERGETICAS DEL EDIFICIO

En este apartado se describ
funcianameenta y ocupacion y demas.

1. SUPERFICIE, IMAGEN Y SITUACION

en las caracteristicas
datas

del edificio. emalvente

=nargesoas temica,
ARRraicn pain CUSEr 14 CUTRAIon Shergetics el baRcio.

instalaciones, condiciones de

[ superficie habitable [m3]

[ ssa0

Imagen del edificio

2. ENVOLVENTE TERMICA
Ceramientos opacos

Hombre Tipa S“mﬂ‘ Tﬂmﬂ_“;’q‘ﬁ‘ Modo de obtencian
South East Wal Fachada 214 6 0.00
Morth West Wall Fachada 214.6 0.00
North East Wall Fachada 104 46 233 Estimadas
South Wes1 Wall Fachada 1134 2.38 Estimadas
Roof Cubiarta 1014 2207 Estimades
[Floar Suelo 101.1 0.92 Estimadas
Huecos y lucarnarios
Modo de Mado de
rficie | Transmitancia | Factor
Niomibre i &T bbencidn. L
v ) imstimiion) sodar | vo Factor sokar
Wiindows Hueco BG4 378 0.63 Estimado Estimado

63



Study, comparison and proposals to improve the energy efficiency of three independent
buildings in Spain.

2020

3. INSTALACIONES TERMICAS

Genaradores de calefaccién
Potencia Fendimien do Moda de
] o el g Eetaciona (] | Bimran obtencion
Heating and Cooling cﬁﬂmblidf Cﬂlﬂfl-l 1938 Electricidad Estimada
TOTALES Calefarsion
Generadores de refrigeracién
Potencia Rendimien do Moda de
Nambre Tipa mmm::w Estacional Eml Hﬁ"m:. abtencidn
Heating and Cocling caﬁﬁmDBEdE[ Calor - 1430 Electricidad Enimada
JOTALES Refrigerscion
Instalaciones de Agua Callente Sanitaria
Demancda diaria de ACS a 60° {litros/dis 71
Potencia Rendimien de Moda de
e o norsinal k] | Estacional (%] Emn. abtentibn
Equipo ACS Caldera Estandar 24.0 44.0 GLP Estmado
TOTALES ACS

ANEXC I
CALIFICACHIN EIEI?GEI’IC& DEL BEDMIFICHD

[[(2=na ctimatica =) | | T— |

1. CALIFIC ACION ENERGETICA DEL EINFICHS EN EMISIONES

-2 A CALEFACCHON acs
ETuSona s -
o | RRSRORARS .
TraE 1z=3 L T
m P P E AR CRT UL

Emisionas plobates RoCORIn: acf _.%_I . _.a%_l -
o) -

L calificaciie globul el sdiicn ae axsncs an lnminos de difodn de crbono e o b stk comes consecsercie el
[ [ramp s

I Co gor | T | ?E =:EI I
L SO gor otros 1447 |

T CALFICACIIN ENERGETICA DEL EDFICID EN CONBLUMD DE EMERGLA PRIMARLA MO RENDWAELE

Fhee e = . Py - areda zer w sfos Siooeswnie de Famies nocercssbles Sue ns
ha suifcc nngdn procsso de comyverSn O oot
T T T T = - —
CALEFRCERIN s
= Arnana Eneg &
agmemne | Fagee |
waanE Taas [TFE]
- -
Cioniswme ghobuad e, o resovable 4 ™ g, -
I CHLFRCACHON D Lo [=F ETICA DE CALEFACCION ¥ REFRIEERACION
- w == ln aremegia prasa s Eriasmarn e

L
cankort dul wdificic
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5. ENERGY CERTIFICATE OF THE BUILDING IN BARCELONA WITH HEAT PUMPS AND

PHOTOVOLTAIC FIELD

CERTIFICADO DE EFICIENCIA ENERGETICA DE EDIFICIOS
IDENTIFIC ACIOM DEL EDIFICIO O DE LA PARTE QUE SE CERTIFICA:

Hombre del edificio Residential Buiding in Barcelona, Spain

Drireccian Francisco Giner Strest, 19

Municipia Barcelona Cadigo Pastal DBO1Z
Provincia Barcelona Comunidad Cantalufia
Zona climatica 2 Arfio construccidn 1884

Normativa wigante (construccion ! | Anterior a la NEBE-CT-70

Referencia's catastralios DEIEA0SDF2803F

Tipe de edificia o parte del edificie que se certifica:

- Edificic de nusva comstruccitn | » Edificia Existents

« Vivienda = Tergana
= Unifarmiliar Exdificia compbelo
Lacal

DATOS DEL TECNICO CERTIFICADOR:

Hombre y Apeliidos

ILELENE
Raz6n social |- | WIF I-

Dromicilio

Ll . | Céadigo Postal

Comunidad

Provincia Walencia I Comunidad Autdnoma Valarcinns

a-mail: - | Taléfana

Titulacidn habilitante segin normativa vigente .

Pr [ de calificacién energética utilizado y | oo
versign: I i

CALIFICACION ENERGETICA OBTENIDA:

CONSUMD DE EMISIONES DE DIGXIDO DE
PRIMARLA HO RENOVABRLE CARBOND

Whim® SO m* afia]
[ 2ex A i
By [=rer B3
e E mze

El técnico abajo firnants declara responsabilements que ha realizade ks cenificacitn energélica del edifico o de |a parte qus s=
cerifica de acusrde can el procedimients sstablecida por la normativa vigenls ¥ gue son certos los datos que figuran en =l
presente documenio, ¥ SUS anexos:

Fecha: 24/04/2020

ANEXO |
DESCRIPCION DE LAS CARACTERISTICAS ENERGETICAS DEL EDIFICIO

En este apartado se describen las caracterislicas energéficas del edificio, emalvente iErmica, instalaciones, condiciones de
funcionamesnto y oCupacien y demas datos Uizsdos para chlenes la caliicacion energélica del sdificio.

1. SUPERFICIE, IMAGEN ¥ SITUACION

[ Buperficie habitable [m*] [ sse.n |

Imagen dol sdificic Plano de

2. ENVOLVENTE TERMICA

Cearramientos opacos
Marnbre Tipe. Sugerficie | Tranamitancia | Moda de cbtencian
South East Wall Fachada 214.6 0.00
Mot West Wall Fachada 214 6 0.00
North Easl Wall Fachads 104 46 238 Estmades
South West Wall Fachada 1131 2.38 Estimadeas
Rock Cubierta 1011 2.27 Estimadas
[Floar Sualn 01,1 0.92 Estimadas
Huecos y lucernarnos
Modo de Modo de
rficie | Transmitancia | Factor
Momibre i| obbencidn.
po s"im-] Wi K] solar r.n Faror
Windaws Hueco 5.64 3.78 0.63 Estimado Estimado
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2. INBTALACIOMES TERMICAE
Generadores de calefaccién
otencia Rendimien da Moda de
st il e nomingl | Eotaciena ) | Eearas obtencién
Heating and Cooling ghombads Caler 1836 Elechicidad | Estimada
TOTALES Calsfaccidn
Generadores de refrigeracién
Potencia Rendimiento de Moda de
Hombire Tipo nominal kW] | Estacional [%] Eﬂlﬂ abtencién
Heating and Cocling cﬂﬁﬁmbﬂide[ Calor - 143.0 Electricidad Estimadn
JOTALES Refrigeracion
Instalaclones de Agua Callente Sanitaria
Demanda diaria de ACS a 80° [litros/dia T18.
Potencia Rendimiento de Maoda de
] Tipo nopgnat o) | Estacionarpa) | Eiarais obtencisn
Equipo ACS Caldera Estandar 24.0 4.0 GLP Estimado
TOTALES ACE
6. ENERGIAS RENOVABLES
Térmica
(5 de ia Final en funcitn del servicio Demanda de
. ACE cubiorta
MNombre e %]
(5 Refrigeracién ACE
Phiotavoltaic Field 1555 - o &
TOTAL 15.25 = - =
ANEX L]
CALIFICACION EHEFIGETICA DEL EDIFICIO
[ z=na ciminea [ = | [ Facecum |
1. CALIFIC ACSIN ENERGETICA DEL EFICIO EN EMISIONMES
[T LY, Lo - S—
CALEFACCHIN acs
Emissoe s ™
e | EREERARS | .
asae 1042 B4.4T
[ PR PG E LA RN L LI AN
Smicianes glenaies FoCam: ey _A%_I . %4 :
B3 -
ot bl gk aall el il e et s il ki e, e Cntebanres Wttt s ieubabina cxiras toatsbmias ek chidl
et r— i p—
gl Ooimt ans L e ]
I SO oo 1076 G006 .67 |
| CiE oor clras 1447 BOTS B |
2 CALIFICACSON ENERGETICA DEL EMFICIO EN CONSURD DE L] LE
P mrergia o - = e For w ssfics procecente de foentes no rencesbles Sue s
ha suincc NEEgan ProcEsn oe ComyErEecn o b
T T T T Y T - —
[ - CALEFACCION ACE
e Eregugpamana Sy Spmaria
e [=] =
‘o e 1Kl sE A
ﬁ P P E A LUNIRACHN
Censume globad ip s oA 3 g -
hageray | Tl | . | TSR |
3. CALIFICACEOR DeE LA DA ETICA DE CALEFACCION ¥ REFRIGERACION
L L w wn be ersesgie L rw mhecres de
o] del .
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6. A200 ATERSA PHOTOVOLTAIC PANELS TYPE PLATE

Caracteristicas eléctricas (STC: 1kW/m32, 250C+20C y AM 1,5)* Curvas modelo A-200M

l—zﬂﬂ" CURWA I-V (& TSC y LicW)'mT)
Potencia Mominal [ £5%) 200 W "
Eficlencia del mid ulo 15,16% s _"\
Corrente Punto de Mixima Potencia {Imp) 5,38 A am I\
Tensién Punto de Mixima Patencia (vmp) 718V 4 .
Corriente en Cortocircuito (Isc) 578 A g o i
Tengién de Clrculite Ablerte (Voc) a6V - |
Coefidente de Temperatura de Ise {a) 0,08% /o fmidp? M 8 B M N w4 W
Coeficients de Temperatura de Voc () <0,32% foC CURMA IV [ 259C)

Cosficiente de Temparaturs de P (1) 0,430 foC b a-'—__"‘\\
Caracteristicas fisicas g —

Dimensiones {(mm & Zmm) 1618xB14535

Peso (kg) 14,8 e o ARR

Area (m?) 163 3

Tipa de céiula Monacristalina 125x125mm (5 pulgadas) l =

Células en serie 72 (Ex12) im

Cristal delantero Cristal temyplado ultra clare de 3,2mm Rl -
Marco Alescitn de aluminio pintads en polidster e Lh L
Caja de conexiones | Opcional QUAD IP54 / QUAD IPES

Cables Cable Solar 4mm* 1100mm

Conectores MC4 o combinable MC4

Temparnturs -40 °C a +85 oC g

Mixima Tensibn del Sistema | Proteccidn 1000 v / CLASS 1T ] L

Carga Mixima Viento 2400 Pa (130 kry'h) o

Carga Méxima Nieve 5400 Fa (551 kg/m’)

¥ Egperificsciones eildrices medkis an STC. MOCT: 476250, ¥ Max. Comente Inverss (IR): 10,14,

Tlernciie medda STC: 1% [Pepk #10% (I, Wbc, Imp, Vg,
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7.

INGECON® SUN 1Play 5TL M PHOTOVOLTAIC INVERTER TYPE PLATE
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8. THERMOR ALFEA EXTENSA Al 5 HEAT PUMP TYPE PLATE

Caracteristicas Model:

Cadigo - 524775
Clase Eficiencia Estacional Calefaccion Baja Temperatura - A+
Clase Eficiencia Estacional Calefaccion = A+
+7°C [ +35°C)

Potencia calorifica - Suelo radiante kW 4.5
Potencia consumida - Suelo radiante L4 1.0
GOP - Suslo radiants = 4.5
+7°C [ +45°C)

Potencia calorifica - Radiadores baja t® / Fancoils kW 4.5
Potencia consumida - Radiadores baja t* / Fancails kW 1,3
COP - Radiadoras baja t* - 34
Potencia frigorifica - Suelo refrescante kW 55
Potencia consumida - Suslo refrescante kW 1.8
EER - Suslo refrescante & 3

{+35°C/+7°C)
Potencia frigorifica - Fancoils kW 32
Potencia consumida - Fancoils L 1.6
EER - Fancuoils o 1.8
Dibujo técnico
T .. T—
T
L ‘:
/
=1
X3 i
L e | i - |
96,88 G- R
Unidad exterior Unidad exterior
Mféa Extensa+ 5,648 Alféa Extensa+ 10 Madulo hidraulico
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