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Executive summary

The current D6.1 repabbut T6.1 activitisgiiming to gather relevant information from the 8 demo sites visit anc
available historical data to feed appropriate inputs in TRNiSY $astodd&nd detailed engineering of the demo
sites in following Task6.2

SunHorizon participamtselaboriag technology packages be depl oyed during @fAWP6
sites across Eurppemeet the requirements related différent climatic conditiomsdifferent building typologies

The organisation of the partners accordingdtesheirevery demo site demonstratioefeodd as T6.has
beerregularly updated since the beginning of the project

For eacbfthe &emo sitemanaged 8unHorizothe T6.1 work focuses on the ahglgsisulation/support partners
ofthe data collected every demo responsibténg T2.TThe main objectives are:

- to extracdnd to summarize tekevant informatifmr the building and energy system modelling in T2.4 (moderate
level of detail for mlkenergy assessmestying on the KPI definition in parallel in B2epdDg.

- to help the technology manufacturing partmetsrstand the boundary tonsliof existing heating/cooling
system for the partial or full scopeTeicthelogy Package (Tieyv system to be deployed in the building

- to highliglanyspecific technical, economical, regulatory requirement that thefdéts have to

TheD6.1 eporillustrates the main activities followed by each T6drougetiming this task T6.1 until delivery of
the current D6.1 report at M18. In parallel to WP4 work reitgetRdvimmitoring, a sketch of the monitoring to be
installed along th@s at M24 was issued by the 8 groups during T6.1.x tinas $inbe pdrformed during the
general preliminary definition phase of the project. This preliminary monitoring plan will be refined further with .
Electric as monitoring solutigeiers during the next T6.2 detailed engineering phashlfead by RI

The8demo speciectionsf D6.1 repardntainageneral description of the demo case, local weather characteristics
building geometry, building use and occupants, exigjingdheatling systems, specific requirements for the coming
TP imegration in the building, preliminary monitoring plan.

The crosswork performed in task T6.1 and T2.4 allonsettenkzagy baseline for tteu@Horizotemo cases.
Itwasrequired to design and size the componentg ohtRiling the contradrghe detailed engineering in the

T6.2 next phase of the demonstraticuonthesioshows an overview of the key aspects of the 8 demo cases from
T2.4 building energy basslmulation work. It emphasizes that the demo case groups worlkiiagl ito garzdider

very different integration constraints (single famiy poanulti ment bui |l dings or type
sport center, civic centeraar¥ at i ons i n envel opeds r eemanidotingdata | ev
details). Some demo cases show already good energy efficiency performance level for the-260eityiaiinange 32

in space heating) or the primary enesgynednby the existing heating / cooling sysgeni @95 kWh/m? as
wholenonrenewable primary energy demand) or both while others showshsompmitghlights also different
system boundaries when including the specific electricitprcafshenphole building for the evaluation of the TP2
and TP4 with PV dledly production or only the electricity consumed by the DHW / heating / cooling system ft
evaluation of the TP1 and TP3 with renewable solar thermal production.

1DTS/LV/2020/050



* *
Horizon S
* x %
Table of Contents
EXECULIVE SUIMIMAIY. ...cei ittt ammme et e ettt e ek mmmmn et e e ekttt e e 4 mmmmm et e e 4 et e e e e mmmmm e e e e e nnn s 2..
TaADIE OF CONIENES.....iiiiiiiii ittt ettt e e e e mmnnee e et e e e e e s s s s bbb mmmmm e e s s bbbt b et e e e e e e mmmnnteeeeeeeeeeeeannns 3...
S 1 o1 0T [ X1 [ o U SSPUPSPPPRPRN 5.
2 Berlin demO BE HL....oooiii ittt ettt ——— et e e e e e mnnnnn e e eae s 2
2.1 Local weather CharaCteriSHCS .......oooie i 8..
2.2 BUIldING GEOMELIY BNOLLSE. .. .eiiiiiiieei it ceeeee et ee e e e e et emm e e e e e e e e s s mmmmmmeeeeeeeeeeaaannnes 11.
2.3  Heating/coolisgstem with heat, cold and DHW distribution............oocceeeeei oo 15
2.4 Specific requirements for the new heating/cooling SYStem..........cccccmvvviiiiiiiieeeiiinieeeeee e 16
2.5  Preliminary monitoring PIAN...........ouiiii e e 17.
3 NUIMDEIQ TEMO SITE H2......eieieiiiiiee e eeeree et e e et e e e e e e s mmmmmn et e e e e e e e e e annsn e e s mmmmmn s 19
70 R € 1= =T = 1o L= T Tod 1 o] (o T RS 19
3.2 Local weather CharaCteriSHCS . ........oiiiiiiieeeee ettt mmmne e e e e e e e e ernn e e e e neeeeees 19
3.3 BUIldING GEOMELIY GNOLLSE. ....uiiiiiiieeii i ceeeee et e e e e e et emem e e e e e e e s s mmmmmmeeeeeeeeeeaaannnes 23.
3.4  Heating/cooling system with heat, cold and DHW distribution.........cccceceoooiiiiiiiinn e, 31
3.5  Specific requirements for the new heating/cooling SYStem..........cccccmvvviiiiiiiiieeiiiiiiceeeee e 38
3.6 Preliminary monitoring PIAN............uuiiii e errrer e 40.
4 Sant Cugat dEIMO SITE F3.. ... eeeeeiiiiie e ceeeee et e e e e e e e bbb e e e e e e e e s mmmmemeeeeeeeeeeeaannne e s mmmman 41
4.1 GENEral dESCIIPION .. .uuuutiiitieii i eermeeteaet e s mmmmmm e ee e s s e e s s eeseesmmmmmm s eeseeseeseeaeaeeeeemmmmnnssd 41
4.2 Local Weather CharaClEBISIi.........uuiiiiie it ceeeeeeee e e e ettt mmmm st e e e e e e e s s mmnnnneeeeeeeeeeeanns 42
4.3  BUilding gEOMEIY AN LUSE.......ooiiiiiiiiii ettt ettt aeaaaeeeeeeeeeeeeeesssesssamaaanssessssessssnnrrnns 44.
4.4  Heating/cooling system with heat, cold and DHW diStribution.........ccceeoooiiiiiiieeieeccmeees 63
4.5  Specific requirements for the new heating/cooling SYStem..........cccaeeeeriiiiiiiiiieeeeeimmmmeiee 67
4.6  Preliminary MONItOriNG AN .......ooii ittt ceeea et mmmme e e e e mmeenn e e 61.
LI Y/ = To [T I [T T T 1 (= SR 71
LT R € 1= =T = 10 L=YTod 1 o] (o T PRI 71
5.2 Local WeatheralACErISTICS ... . iiiiieeiiiiiiiiteeeee ettt e e mmmmn ettt e e e e e e e e e mnnnn e e e e e nnneeeees 71
5.3  Building geometry and.LISE........coooei i i 75.
5.4  Heating/cooling system with heat, cold and DHW distribution.........cccccc...ooooooiioee . 83
5.5  Specific requirements for the new heating/cooling SyStem..........cccccuviviiiiiiiiieiiiiiiceeeee e 89
5.6  Preliminary monitoring PIAN...........ouuiiiii e s 90.
6 SaN LOreNGO 0EMO SItE #D........uiiiiiiiiiee e cemeee ittt eeere e e e e e e mmmmmn bbb e e e e e e e e e e e eean a3
(ST R € 1= =T = 10 L=ETod 1 o] (o T PR 93
6.2  Local weather CharaCteriSHCS .. ..ccooei oo a3
6.3  Building geometry and.LISE........ccooo it 95.
6.4  Heating/cooling system with heat, cold and DHW distribution........................................ 105
6.5  Specific requirements for the new heating/cooling SyStem..........ccccccueviiiiiieiiiniiinniceeeaeees 112
6.6  Preliminary monitoring PIAN............uuiiii e e 113
7 Verviers SC demO SIte HB.......ccooeii it 115
4% R C 1= g T=T = Tl o (=S Tox o] (T o PP PP PPPPPP 115
7.2 Local weather CharaCteriSHCS ........ooee i e 115
%S T = 10 1o [T [o e T=To T g L= o T L= 116

3



* *
Horizon SN
* x %
7.4  Heating/cooling system with heat, cold and DHW distribution.........ccccccvoiiiiiiiiiiiniiieeeen 121
7.5  Specific requirements for the new heating/cooling SYStem..........cccccviiiiiiiiiiee s eeeeeeee. 128
7.6 Preliminary monitoring PIAN...........ouiiiii e e 129
8 VEIVIEIS SP BMOSIHET .......ciiieitiiieieie e cmmmee ettt e e e e e e e s eerea e e e e sttt et e e e s mmmmnbbeae e e e e e e e e e e e s mean 133
S T R € 1= =T = 1o L= T Tod o] (T T PP 133
8.2  Local weather CharaCteriSHCS ... .....uiiiiiiiceeeee e ettt emmmme et e e e e e e e e s meenen e e e e e e nnnees 133
8.3 BUIIdING GEOMELIY BNOLLSE. .. .eiiiiiieeeii i eeeeee e e e e et eme et e e e e e s s mmmmmn e e e e e e e e e aannnes 133
8.4  Heating/cooling systeith heat, cold and DHW distributian...............ccceeovooiiiiiiiii e 136
8.5  Specific requirements for the new heating/cooling SYStem..........cccccviiiiiiiiieeee s eeeeeeee. 140
8.6 Preliminary monitoring PIAN...........oumii e e 141
O RIQA TEMO SILE HB.. .. i mmmee et et e mrrea e e e e st emmmmm e et e e e e e e mmnnnn e e e e an 143
o T R € 1= g T = 1o L= R Tod 1 o] (o T PP 143
9.2  Local weather CharaCteriSHCS ... ......iiiiiiieeeeee e ettt e s mmmme e e e e e e e s s s mmenen e e e e e e e nnnnes 143
9.3  Building geometry and.LISE.........cooe i e i, 145
9.4  Heating system with heat and DHW diSEDULON. ..........eteeooeciiiiiiiie e mreeee e 150
9.5  Specific requirements for the new heating/cooling SYStem..........cccccviiiiiiiieeeeeisieeeeeeee. 156
9.6  Preliminary monitoring PIAN...........ouiiiii e e 158
10 [070] 0 [o1 11 (o] o PSP P PP PP PP PP PRRRRRUPPPPRPPPP 160



* K 5%

Horizon

* % %
* 5 %

* 4 K

1 Introduction

The technology packages are el aborated by the Sun
the 8 demo sites across Europe as summarizegyirdéhd he organisation of the partners according to their roles
in every demo site demonstratiorhaseemegularly updated since the iagirof the project and st&tus
summarized Trablel.

Location Resp. Technology Packages Solar,

TES, MON, Ul

Bayreuth (Germany) ~ BH | TP1:TVP,BH, RATIO, SE,CW |
2 Nurnberg (Germany) BH TP2: DS, BH, RATIO, SE, CW

3 Saint Cugat (Spain), AJSCV = VEO TP3TVP, FAHR, RATIO, SE, CW
4 Madrid (Spain), EMVS VEO TP4: DS, BDR, RATIO, SE, CW
5 San Lorenzo de Hortons (Spai BDR TP4: BDR,BDR,BDR, SE, CW

6 Verviers Sport Centre (Belgiur GRE TP1: TVP, BH, RATIO, SE, CW

7 Verviers Swimming Pool (Belg GRE TR2: DS, BH, RATIO, SE, CW

8 Riga (Latvia) RTU 2x TP2DS, BH, RATIO, SE, CW

Figure 1: overview of the 8 SunHorizon demonstration cases

For eacbf the 8lemo siemanaged in Sunhorizon, thevbBdbcuses on tl@alysibysimulation/support partners
ofthe data collectieg every demo responsibténg T2.The main objectieee:

- to extra@ndtosummarize thelevant information for the building and energy system modelling in T2.4 (model
level of detail for oMezakrgy assessmerdlying o the KPI definition in parallel in T2.3 (D2.3 report),

- to help the technology manufacturing partmeterstand the boundary conditions of existing heating/cooling
systeniorthe partial or full scope of duhinologyaekage (TPew system to beptigyed in the building

- to highlight specific technical, economical, regulatory requirements that tfec@&Ps have to

Figureillustrates the main activities followed By dademo grougurngthis task Teuhtil delivery of the current

D6.1 report at M18 parallel to WP4 work relatedditechP Monitoring, a sketch of the monitoring to be installed
along the TP¢$ B24 was issued by the 8 groups during Tg.girxcenitehas to performed during the general
preliminary definition phase of the grbiggireliminary monitoring plan will be refinetituiSitiineider Electric

as monitoring solutions gnspling the next Tédetaile@ngineering phdsad by RING

The following-2 sections amummarizing these energy baseintents for the 8 demo cases folkimiley
pespectives: general description of the demo case, local weathistichabaiiding geometry, building use and
occupants, existing hga#ind cooling systems, specific requirements for the coming TP integration in the buil
preliminary monitoring plan.
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Table 1: distribution of the generic roles among the partners in relation with each specific demo case

Participants
location

Resp in
Sunhorizon

Owner:

Local technical

team

Genegal support
analysis,
simulation,
control

Superv support
methodology,
KPlIs

SOL
supply/integratio
n

HP
supply/integratio
n

TES
supply/integratio
n

MON
supply/integratio
n

ul
supply/integratio
n

demo 1

Berlin

BH: Steve BH: Steven

Paupe Paupe

BH : Norber BH :Norbert
DISCHINGE DISCHINGE
R R

CEA, Davic CEA
Chéze Wyttenbach
RINA RINA
Alessandra = Alessandra
Cuneo Cuneo
TVP Marcc DS Laetitic
Scarpellino, Brottier,
Guglielmo = JeanMarie
Cioni Drap

BH : BH :
Guillaume Guillaume
Aniés Aniés
RATIO RATIO
Julian Julian
Krucks/ Krucks/
Thomas Thomas
Lechner Lechner
SE Luiza SE
Bentivoglio, Bentivoglio,
Franceco Francesco
Martinell Martinelli
CW Dan CW Dan
Eric Archer Eric Archer
Vivian Vivian
Esquivias Esquivias

demo 2

Nurnberg

demo 3

demo 4

demo 5

Sant
Cugat

VEO
Silvia
Jane

AJSCV:
Victor
Martinez,
Pau Asens

CNR ITAE
Andrea
Frazzica,
Guiseppe
Dino /
CARTIF
Andrea
Gabaldon ,

IES G.
Tardioli

RINA
Alessandr:
Cuneo

TVP Marcc
Scarpellinc
, Guglielmc¢
Cioni

FAHR
Badir
Kanawati

RATIO
Julian
Krucks/
Thanas
Lechner

SE Luiza
Bentivoglic
Francesco
Martinelli

CW Dan
Eric
Archer,
Vivan
Esquivias

Madrid

VEO
Silvia
Jane

EMVS
Diego
Romera,
Daniel
Morcillo

CARTIF
Manuel
Andres
Chicote,
Andrea
Gabaldon

RINA
Alessandr
a Cuneo

DS Ladtia
Brottier,
Jean
Marie Draf

BDR
Pierre
Koenig

RATIO
Julian
Krucks/
Thomas
Lechner

SE Luiza
Bentivoglic
Francesco
Martinelli

CW Dan
Eric
Archer,
Vivian
Esquivias

San
Lorenco

BDR:
Elise
Betchold,
Pierre
Koenig

CEA
Antoine
Leconte

RINA
Alessandr
a Cuneo

BDR Elise
Betchold,
Pierre
Koenig

BDR Elise
Betchold,
Pierre
Koenig

RATIO
Julian
Krucks/
Thomas
Lechner

SE Luiza
Bentivoglic
Francesco
Martinelli

CW Dan
Eric
Archer,
Vivian
Esquivias

demo 6

Verviers Spol
Center

GRE Thibauli
VANDERHAUWA
T

Verviers
Municipality Yvon
Hardouin
Verviers
Municipality Yvon
Hardouin

CARTIF  Manu

Andres Chient ,
Andrea Gabaldon

RINA  Alessandi
Cuneo

TVP
Scarpellino,
Guglielmo Cioni

Marcc

BH : Guillaume
Anies

RATIO Julia
Krucks/  Thome
Lechner

SE Luiza
Bentivoglio,

Francesco Martine

CwW Dadftric
Archer, Vivia
Esquivias
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demo 7 demo 8 ‘
Verviers Swimmii 2 separate
pool houses:

Sunisi (8a

i

Imanta(8b)
GRE Thibauli RTU Zane
VANDERHAUWAI Broka,

T Jevgenijs

Kozadajev

s
Verviers -
Municipality Yvon
Hardouin
Verviers -
Municipality Yvon
Hardouin
CARTIF  Manui RINA Silvie
Andres Chicot¢ Vela (8a
Andrea Gabaldon Imanta)/

(8b Sunisi)

Carlo

Maccio,

Matteo

Porta

(simulation

8ab)
RINA  Alessandi RINA
Cuneo Alessandra

Cuneo
DS Laetitia Brottie DS Laetitic
JeanMarie Drap | Brottier,

JeanMarie

Drap
BH Guillaum BH :
Aniés Guillaume

Aniés
RATIO Juliai RATIO
Krucks/  Thome Julian
Lechner Krucks/

Thomas

Lechner
SE Luiza SE Luiza
Bentivogljo Bentivoglio
Francesco Martine Francesco

Martinelli
CW Daiftric. CW Dan
Archer, Vivia Eric Archer
Esquivias Vivian

Esquivias
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2019 2020 | |
T6.1.x demo resp. Baseline and Site boundary conditions Jan. Feb Mar. Apr.May Jun.Jul.Aug. Sep.Oct. Nov. Dec. Jan. Feb!Mar.!Apr.
SunHorizon timeline 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19
Energetic system requirements : :
sim/supp Collected data analysis and summary 1 1
demo resp. Missing information management : :
demo resp. Building, users, specific requirements to TPs : :
demoresp.  preliminary monitoring plan | 1
Report writing : :
task leader CEAlraft ToC with sections resp. —
demo resp. inputs collection and overall management D6.1.x |
task leader CEAnputs merge and general sections writing :P§1':

Figure 2: T6.1 main subtasks and timeline
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2 Berlin demo site #1
The #1 Berlin demo isitctuallg houséocatedeviertweg lihBerli(1220Y, i n Ge roidéuilding fromt 6 s
the beginning of K&century renovated in 289@lustrated Bygure3 andFiguret. The building é@mposed of
three floors (284m2), split into 2 apartments occupied by 4 and 3 people typically. Iwthsepasateaydst
boilers provide space heating and DiHetforseparate apartments. Thengxdsitn? solar thermal panels installed
on tke roof are supporting the DHW supply for the upper apartment only.

Figure 3: north facade view from the main street (left) i south facade view from garden in the backyard

Figure 4:view of the south facing roof with existing solar thermal panels

2.1 Local wathecharacteristics

The closest weather stdtimm the demo site (red bullet close to Lichterutfdahlem and Befliampelhof
as ydbwhighlighted in tRegureb.



* K 5%

* *
Horizon L
*
* 4 K
N
X WelBensee
¢ Wedding Gesundbrunnen <
. Hohenschénhi
Devrientweg
Rue E b 4 Charlottenburg Prenzlauer
Slemensstadt Nord

Bertin, Deutschland Berg

ﬁ (ﬁ f—) Moabit

AVORIS PARTAGER TINERAIRE

§ Lichtenberg
SR Chartottenburg Berlin
ithelmstadt
Westend Friedrichshain
Seeburg Tiergarten
Engelsfelde
Fri
Rummelsburg
Halensee Kreuzberg
Alt-Treptow
Grunewald Wilmersdorf
Gatow
Waldsiedlung z
Schéneberg Neukalin
Schmargendorf Plapterwaid
A 100
Friedenau
anicke (A7)
e aumschulenweg
Dahlem Steglitz
Niede
Britz
Johannist
Marlendorf
Lichterfelde
Pfaueninsel Zehiendort A
ATTS ENTED

Figure 5 : closest weather stations to the Berlin demo site

On the websitgtps://www.infoclimat.fr/climatologie/andberifidhlem/valeurs/10381,hinifound historical
monthly dataseistil 2015 for Berlin Dalhem closleewstatioand gig an outlook and qualitative representation of
the variations over the past three déc&itpsres andFigurer. For the TRNSYS simulation we need higher time
resolution datasets and the closest standard meteonorm (typical weather synthetic data, not simple averag
historical data) weather station fdsedinsTemgelf, nearly as close as Dahlem from the demo case place.

Temperatures a Berlin-Dahlem =
Période 1900-2079 - Moyenne TX - 13.1°C Moyenne TN : 5.13°C Moyenne TM - 9.11°C
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Figure 6: overview of Berlin-Dahlem temperature
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Figure 7: overview of Berlin-Dahlem cold days statistics
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Figure 8: overview of Berlin-Dahlem heat demand and solar radiation resource

Figur®shows the Tempelhol standard Meteonorntdatpastdith th®ahlem monthly dataset of 2013. The view

on the right compares the average, minimonaxandm outdoor air temperatures for both datasets and reveals
acceptable agreement for each variable. The left view compares the sun hours measured iasBahigm 2013 da
the calculated value from Meteonorm Tempelhof station. Sun hours etecadt@unésen radiation on horizontal
plane rises above 120 W/m2. The deviation is significant during summer while acceptable during the heatinc
Therefore, wemnclude that the Meteonorm Tempelhof weather data is representing relevatiomgefahénecondi
design of the new heating system. Additionally, this weather file is suitable to combine with building model ir
estimate the space heating loadjas consumption with the existing heating system and to compare with the ant
manal energy consumption records performed by the owner 0\x2818¢@008 reported.thThe figure is also

indicating the total solar radiation falling on 1m?2 horizontal area; total amount reaches 1MWh/m?.

10
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Figure 9: Comparison of two weather datasets for Berlin demo case

2.2 Buildingeometrgnd use

2.2.1 Summary of the demo site survey

As reported in D2Hesurvey performed in February 2019 allows to get drawings from the buildin@@&novation in
From these drawings, overall geometry was sketched-figsted€ ifite information was used to design a more
detailed 3D model in T2.4 which main assumptions and results are afs@.2&poetddnmo site visit also provided

manual annual meters records by the buildingbs ow
below.
w
S->N next,.'""

row house

2 previou;"'
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25
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|
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B &
mE g
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fresh|{water public
KG & street
12m

Figure 10 Overview of the #1 Berlin demo building dimensions
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total water consumption

w18

jany

a4

Figure 11 : annual fresh water consumption of the whole building

FronFigurellderives thetal cold water consumption about 500L/day. DHW consumption assumption for the des
commonly seleciadhe range 3®L/day at 45°C. Considering two families, 7 people, are living in the two apartme
of the building, this means Dr#dimption in the range-ZHIL/dayFromFigurel2 derives thaypical total gas
consumptiaof the whole buildisg@bout 32MWh/ydamontigurel3 thetypical electricity consumed by the whole
buidling is about 4MWh.

Gas consumption Devrientweg 14
in kWh calendar years

30 000
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25 000 Obemgeschosse  — |
——
20 000 A

15000 \\// _ A\/J/—_‘
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Figure 12: annual gas consumption of the two apartments
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Figure 13: annual electricity consumption of the two apartments
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2.2.2 Building modeand baseline

From the analysis of data collected during the demo $itgusetdsiiows an overview of this more accurate model
ofthebui | di ngds real geometry (like roof or cover e
compositions. It is useditoutate the reference figures for the final design and configurations to ksteleployed on

BE=
_ Tk

Figure 14: overview of north (left) and south (right) facades

Table 2: building energy demand summary

QHEAT max design heating rat|

kWh w
ground 12511 5244
1st 7561 3895
2nd 4336 2725
tot 24411 11864

It defines 4 thermal zones as the cellar, the ground floor, the first floor and the second floor (attic). The model
ground temperature variations derived from the outdoor air temperature variation. The basement is not heatec
undergrounthe East/West lateral walls are adiabatic. The reference total heated area is 284 m2. The sunny fa
oriented S+ 30°W (right viéigimrel4).

The infiltratioir @hange rate is adjusted from initial first guess\&thPddnsistent with the renovated windows

in 2006.Table2 gives an overview of the heat demand for each zone and the 24.4MWh as annual heating de
Without any information regarding people occupancy schedule, equiprimgnipfnthe actuahperature
distribution in the dwellings or consumption estimation of the wood stove in the ground floor apartment, consta
heat gains are assumed as 60W/pers. and 7W/m?2 of reference heated area (2400W fog}hE raide tzuild

15 we assume about 5660 hours actual heating demand to keep air temperature close to 20°C in the whole builc
means about 13.6 MWh of extra heatinglderaddition to the radiatore dpesatting loop. Once deducell ~ 4

MWh heat gains from electricity, it means about 3 wood steres (4.5 kWh/kg).
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Figure 15: heating demand rate for Berlin adjusted building model

Figurel5shows max heating rate from the radiator loop is 11.9 kW which is aligned with the BH20 variable cap
to max 20 kW. At the maximurimdpeate, the distribution is 44%, 33% and 23% for thét grmu@dfldors
respectively. Consequenthgshmetry between the floors leads to nearly the same heat consumption for the uj
apartmentstand 2¢floor) and for the ground fl@strapnuninsulated towards the unheatedieééiad the annual
simulatioof the building to estimate thnbgedemand leads also to the temperature distpbesientad Figure

16and it revesthat the cellar temperatoieeropped below 10%0st of the time during heating season while the
heated zone remained close @ fi°point

Operative Temperature Air Temperature
B abel

—TOP cellar abel e TAIR ellar -

—TOP aroundfioor abel ? ) lab

ZTAR oor — labe

abel TAR_a '\ lab

800 800

580 580

@
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o
8
o

J

IMI f‘\kmmw‘m 'M" lwm“l bl m MM\'" M‘W’I

( II\.!M ( W il l”i ]\' | “ “ le U\’”\“wlﬂv\ !f\ﬂmw'\ﬂ

Operative Temperature
Air Temperature

-30.0
730 1460 2190 2920 3650 5110 5840 6570 7300 8030 8760
Simulation Tlme -8760 00 [hr]

Figure 16 : temperature variations along the typical year for the 4 zones according to ambient and ground temperatures
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2.3 Heating/coolisgstem withkeht, coldndDHW distribution

From the energy demand penrapepétcial evenis the buildidd#eleaned frothe survey
9 Solar thermal flat panels 2x2m?2 installed during sun{aiso 209@rétje condensing gas boiler in upper
apartment)
1 End of building renovation in 2007
1  Wood burning stove installed &(iddwerlooy
1 New tenant in thund floapartment in 2Q23months with temant
1

More wood burned in January 2014 comgasdoteandfuture yearahere it is usessentiallfor
entertainment

The leatng curvérom the survesapproxnatel$0°Cflow temperature wHE2f Coutdoor temperatwsitors also
noticedhermostatic valves on every radiator to adapt to local users r&ptigoséitts 3 on the vahNis)
supposed20°Gequirementd| the time for the rooms, thrlbaer and upper apartments.

w9o40x7

o l [\
| =1 é-N — )
Bk DG 5rooms—F : Sl
m = C
iy
agz
2o
w1130x€E i
Lty S e
€ 2 10G SroomsH Th%
E £
S35t
g% ., W1000x7 d
§i8s [——p s
private backyard, Wmmm - \ - /
garden EG 6rooms| [ /

’_,_| R T — _T
J_ Tamb
gas
fresh|water |

(- public
KG | 2 street

Figure 17: Overview of the existing heating system integrated in the building

From th&.2.1it is assumed\Weonsumption 8)0L/day 45°C for 7 peopleveragd@ng the year. A statistical
DHW profiles generfat@s used to generate a consatanasubhourly DHW prdéileun the simulations in T2.4.
It leads to an estimated 4.4 MWh heat demand for DHW.

2Jordan, Ulri ke, Kl aus Vaj en, and Uni E®OOMESTIC HOTRMATERe | .
PROFILES WITH STATI STI CAL MEANS cHSERSoaSNoRd Corigress, §.Bando QISD | -
http://www.solar-4assel.de/sat_publikationen_pdf/2005%20ISES
SWC%?20Jordan%20und%20Vajen%20Program%20to%20 @mrassie4@P0Hot%20Water%20Profiles%20with%20Statist
ical%20Means%20for%20User%20DefineddtRiyG. pdf.
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Assuming referenceag condensing bodanuaéficiency of85%and50% DHW loatinuatoveragby the solar
DHW installation lead2405+0.5*431..4/0.85= 3AMWh gas consumption, aligned \WitVB2as averagmnual
gas consumption2012018 period frdfigurel2

2.4 Specific requirements for théneating/cooling system

In addition to the pure energy demand of the existing #1BERLIN building and its occupants which was summar
previous section, the newshBlLmeet a few extra requirements retpefdaagion of the componerkeibuilding,

the regulatory and economic frameworks wbengptreentEVP solar panels, BOOSTHEAT gas burneg and CO
heat pump, RATIOTHERIMe integrated:

1

= =4 = =

up to 14m2 TVP LT solar collexiold béntegrated on ralic frame foreseen on thhstacing roof in
replacement of 4m2 existing ones. The chimneys outlets through the roof to be considered carefull
fastening the support to the roof. TVP LT solar panels are expected to outperform theofoomgipnes and t
with the 1ISO9806.

Adnissible mechanical load (static and dynamic) on the roof up to 7 TVP solar panels (2m2 each) : specil
ordered by Boostheat to evaluate if-eafdn@ment to be done on such historical building from early XX
cenury.

Boostheat outdoor fahamild be installed the ground, aside the sabetjt 15 meters from the BH unit

in the basemefithe installation should also comply with the regulation regarding the noise emission, sar
air source heat pump reopging frorEN14511

in thetechnical room in the basement where is foreseen to install the RATIOTHERM tank(s) and indoor
Boostheat: free floor area ~ 15 m? availaligcoLibéight: 2 m

TheDHW use temperature is assumed at 45°C, RiHil¢exycling loop request tir@rowner

The expected room air temperature for userébés c
Separate ener¢HW, space heating, electrnoitgijtoring for ground floor and upper floors otwupants
derive buil dreakdpdns gener al costs

Theumradeof heating systempirivate contektr #1 BERLIdemo casd o e s n 6t pphefgrui r e
admirstrativeoermineithefor solathermatollectointegration on the roof nor for the gas heallpimp.
maximum gas capacity of the Boostheat mv2fikthah the existing 49&8\burners installed therefore no
change request to address to the local natural gas supplier. Since existing solar collectors already integ
the roof and the new ones will be integrated following the samesprineigles, thn o @ gonsider c o n
regarding neighbourhood rules apart from the mechanical support of the roof structure
Theperformance tests performed on the TVP solar @tlestbest therncaimpression heat pump and
Ratiothen thermal storage and hydraulic packadeégter rates than existing solar collectors

In theSunHorizoproject, Major KPIs like PES@id@Gsawand Cf fuel/energy costs are relying on following local
constraints listedlable3, assumed conversion factors both for baseline and TP1 in BERLIN demo case calculatic

Table 3: conversion factors to consider in #1 BERLIN demo case

Energy carrier = - - gCQkwh a/ k'
Solar thermal 0 1 0

Environment Ail 0 1 0 -

Gas 11 0 220 0.0608
Electricity 2,3 0,2 420 0.3

3Cheze, David, George Benett, Yu Hialeant Hyppolite, Carlo Maccid, Matteo Porta, Nicolas Lamaison, Federica Fuligni, Pat
James, and Andénh er o . 2017. 6Heating and Cooling Tecabank3llogy A
THERMOSS project. https://thermoss.eu/download/deliverables/?wpdmdI=1215&ind=1536331629332.
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2.5 Preliminary monitoring plan

| Database
Services =)

Outdoor x Flowmeters

“““““““““““““““““““““““““““ X rOOm SENsors (T°,C02,hum, occup ,etc._.)

-
" Wire -dl/Jess ?
o x Flowmeters protocpls ?
LJ,QR?NLHPE' rt %’ I x Electricity meters |
L)
2 =0/ less ?
5‘% x Flowmeters protofols 7
GF apart o I  Electricity meters
3 x Gas meters
¥ room sensors (T°,002,hum , ocoup etc...)
Wire -d/“less 7
basement MODEUSTCP  MODBUSTCP  MODEDS TCP protocols ?
server Server Server Control and status variables Wire rd/-less ¥
TVP RATIO BH read by SE “protgcals ?
? NB ? infthe Berlin case, No need to :
- return Gontrol variables setpoint to local ¥x Flowmeters
i Local Internt
controlefs e o
- exchange signal between local controllers — switch WIFF

Figure 18: preliminary communication architecture for monitoring in Berlin case

During thpredesign period from M1 to M18 of the tagyseliddnhary TP1 design, integration in Berlin demo site
and simulatioahd T6.1energy baseline representatlm)partners involved in the Bertin site discussed to
establish the list of sengw@swill be relevant to monit&utmidorizaiechnology TP1 to be specifically implemented

in the demo site. #1Berlinspseific discussions with Schneider in parallel lead to draft this rogipeimeiples

of communication betwiberheating technology controllers and Schneider monitoring gateway with the cloud ser
developed in WP4 and WBGrdflorizors illustratedrigurel8 this communication will essentially rely on MODBUS
TCP forhie Berlin caskigurel9shows the specific sensors to monitor TP1 in Berlin and highlights the requiremer
be able to manage separately the energy consumption metering (heat and electricity) for tiéated apartments.
these preliminary monitoring plans, the commrahengioring architecture with all sensors and communication
devices will be further developed by Schneider during tH24nesatiddil@ 6.2) through iterative process with the #1
Berlin casetheitechwlogy providefEVP, RATIO, Cevid Boostheitparticular ademo site responsible.
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Figure 19: preliminary monitoring plan of the TP1 implemented in Berlin case

Lionel Ducrue BH

28.02.2020
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3 Nurnberg demo site #2

3.1 General description

The Nirnberg demostafourfamilyapartment building, one aparipesrfloor. There a2 inhabitants in 2018
2019, all year round. It was built in 1906, it is not insulated, its heated surface is 330 m2.

Space heating systems and domestic hot water systems i@l adtasehthere is no cooling system in¢he whol
building.
Heating systems, from ground floor to top floor:
1 Apt. #1Wood + coal stove + 3.0001 aquarium at 24°C electrically heated 24/7
1 Apt. #2Combined gas boiler, 18kW, efficiency 84%, Viesgraadr2d@W Kombi, installed in 1992 in the
basement. There is no storage water tank
1 Apt. #3Combined gas boiler, 18kW, efficiency 84%, Wolf CGU 18, installed in 2006 in the apartment, ex
narrow site. There is a storage water tank
1 Apt. #4Coal bekup stove
Domestic hot water productgtersg, from ground floor to top floor:
1 Apt. #1: Electric
1 Apt. #2Combined gas boiler
1 Apt. #3Combined gas boiler
1 Apt. #4: Electric

The demosite responsitB®astheat

Rersume Pologne

Iande s oes

France Cooatie Sele Turquie

Espagne

Figure 207 Nurnberg demosite building

3.2 Local weather characteristics

The simulation uses Meteonorm weather file in NUrnberg. This weather station is located at the airport, GPS c
are 49.50° north, 11.08° east, elevation is 312 m above seditaele Tiv¢éhe demo location is very small: only 4
km.

Meteonorm weather DEENuernberfj07630.tm2
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Figure 211 Weather station in Niirnberg

3.2.1.1 Weather Database comparison with temperature recerdé0oyears

Meteonorm standard yearperatures are compared to historical temperatures over 40 years, using data from
infoclima.fr website.

Weather database comparison : Meteonorm (MN) and Infoclimat.fr 12FB3 (IC)

T [C]; w[g/kg_da]
1 P P NN
oo O O O o1 O O

T_out_avg MN [°C] === T out maxavg MN [°C] === T out min avg MN [°C]
T out_avg IC [°C] T _out_max avg IC [°C] T _out_min avg IC [°C]

Figure 221 Ambient temperature (T_out) comparison between Meteonorm and historical measurements over 40 years in
Nurnberg

Met eonormds yearly temperature average is 0.75AC
This difference requirelser analysis of historical weather values.
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Miurnberg yearly average temperature over 40 years [°C]

12

11

10

1978 1982 1986 1990 1994 1998 2002 2006 2010 2014 2018
Figure 231 Yearly average temperature in NUrnberg over last 40 years [Source: infoclimat.fr]

Figurel shows historical yearly average temperature in Nurnberg over last 40 years [Sourcdtigogiitaat. fr]

rising trend at an average rate of 0.0416°C/year over thertadtatikiygpat the trend line, Meteonorm average
temperature corresgpmapproximately to year 1980. Since climatic conditions tend to warm up constantly, average
older measurements may not be applicable in the future years. Thereforeefivee detedeperature correction.

3.2.1.2 Increasing Meteonorm temperaturdé&seline and retrofitted cases

We chose to modify Meteonorm ambient temperature so that it corresponds approximately to the trend line in
This means a yearly average tempeo&t@.97°C, which is also the average over {@1800&riod. S
Meteonorm average temperature is 8.73°C, this requires to set the temperatt#fCédsmlate humidity
remains unchanged, as there is no clear model to modify it.

Sunhaeon project in Nirnberg concerns only heating systems, whiehténpsature correction has to be
validated using only heating season months. Indeed, if summer months alone were responsible of the climate
the above correction would nagdtistic for the heating season. Therefore, a comparison bemngen dvidte
historical temperatures was performed without warmer months (June July and August). Meteonorm average is
5.81°C. Increasing this value with the difference cdlovktede get 7.05°C, which corresponds approximately to
trend line 2011, as shown Bigure4

Niirnberg yearly average temperature without June July and August

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 20138

Figure 241 Yearly average temperature in Nirnberg without June July and August [Source: infoclimat.fr]

Figureés presentslet eonor més main outputs, with the temper at
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Figure 251 Meteonorm weather and solar data in Nirnberg

3.2.1.3 Increasing Meteonorm temperature for building model assessment (year 2018)

The building nmadvalidtion is performed through a measure/simulation energy consumption comparison. Since
consumption measurements are available only for year 2018, simulation has to use a weather file as close as |
the actual 2018 weather, knowingithapdific year is known to be the warmest ever measured. A quick analysi
shows that year 2018 temperature average is 2.644°C higher than Meteonorm weathdfifileré@aNirnberg (

Weather database comparison : Meteonorm (MN) and Infoclimat.fr year 2018 (IC]

O8]
o1 O

(6]

T [C]; w[g/kg_da]
. R NN
h o v o o

R ch} & 60@‘
N < x§
N Q\?’ v S &
132 > Q
T _out_avg MN [°C] === T out_maxavg MN [°C] === T out_min avg MN [°C]
T out_avg IC [°C] T _out_max avg IC [°C] T _out_min avg IC [°C]

Figure 26 1 Weather comparison in Nirnberg: Meteonorm database and actual year 2018

Although the temperature difference is not constant over the year, the model uses a constant +2.644°C corre
Meteonorm outside temperature, only to check that buildireumptehdsrsimilar to actual energy measurements.
Then, the baseline energy consumption prior retrofit is calculated with the 1.24°C corrected Meteonorm fil
represents a broadeerage of NUrnberg weather.
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3.3 Building geometry and use

3.31 Bui | denearafd@scription

ID card:

Year of construction: 1906

Type: 4 family apartment houses

Not monument protected

Not insulated

Location: Friedrichstr. 54, 90408 Nirnberg

Closest existing weather station: Nurnberg
https://www.wetterdienst.de/Deutschlandwetter/Potsdam/Aktuell/103810

9 Heated surface: 330 m?, 4 floors

9 Inhabitants: 12, livirgréhall year long

1 Comfort air temperature: 20°C by default

1 Occupancy schedule: not known
1

2

= =4 =4 =4 -

Comfort water temperature: 70°C/60°C for apt. #2 and #3

BuildingPhotos, drawings, general dimensions

The Nirnberg Friedrietsste building was modelled using Sketchup 3D drawing software and the TRNsys 3D plu

Figure 27 1 Photo and existing drawings of the Nirnberg building

The size of the building is calculated using the drawings andrtheeradiorsation. Global size is then double
checked with Google map information.
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Figure28-Cal cul ati on of buildingbs actual size

For each room, a graphic estimation sets the ratio lef@hibiicitiy these ratios witkvirsurfaces provides
length and width of each room.

Doing this for rooms
10. 36 m an Bigus28 ofi9.@ m.h

Double check with Google map:
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Figure 291 dimension double check with Google map

When taking into account overhanging roof edge and wall thickness, the 12.38 m dimension is lowered by 2 tir
and 2 ties 0.48, we have thereddoailding inner width@f m when calculated from eijty to be compared with
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9,9 m when calculated with drawings. These two methods provide quite close results, which confirms the ¢
dimensions. The thermal medslvalues obtained with the drawing calculation method.

3.3.3

Building modelling

The delivable D2.5 details the building model. Here is a quick sum up:

T

T
1

=A =4 =4 A = =4 =

3.34

External wallBhey are made of brick (12 cm)+ air gap (4 cm) + limestone (32 cm). These d@abbe walls ar
thick There is no insulation.

Internal walls: mortar (1 cm) + brick (16hongr{1 cm). Seigure8283.3.7

WindowsAindow ratie0,2, averagemdow lengthl,6 m and averagedow height0,9 m There are

two layers of windows with a large od style 5 cm spacing

Roof: Terra cotta (tiles) (15 mm) + Heavy wood (10 mm) + Plastic film (1 mm) + Heavy wood (35 mm
wooden frameworkn@total thickness. It is not insuld . Roof s window rSeet i o i
Figure3383.3.8

Slabs: Concrete (5 cm) + heavy wood (15 cm) + light wood cladding (2 cm). The sladeiieanden bas
apartment 1 is diffarérick + sand (25 @ee 8.3.10

Ground floor: The ground floor is made of 25 cm of brick and sand. It is not insulated

Ventition: Ventilation air change rate is natural; there is no air heat recovery nottitatohahagalnzn
infiltration rate is 0.8 ACH, except in the attic: 1.5 ACH

Shutters: Windows agaipped with old style shutters, not modeled

Solar shadindgSolar shadings are describétigomel 3(83.3.)

Thermal zone4$ heated zones, 1 per floor. DeEgund37(83.3.6

HVAC: No HVAC modeled for baseline simulation prior retrofit. For model/measurement comparison
thermostats for apt #1 to # 4 ae2@%Q, 20°C, 18°C, 17°C. For baseline calalil#tiermostats are set

to 20°C.

Internal gains: 7 adults + 5 children. 50W/p at night, 100 W/p during the day. An occupancy scenario i
See3.4.5

DHWdrawoff profiledldp/day from 10 to 45°C, for 11.5 inhabitants (one person present only half of the fir
Yearly consumption is 167900 L.

Specific electricity: Yearly consumption is 16041 kwh for the whole building. The distribution is as follo
#1 to apt. #4):QM; 5162 ; 1465 ; 5414 kWh

Main schematics (baseline situation)

Figure80depicts the existing system inside Nurnberg building
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Figure 301 Existing heating and domestic hot water systems
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3.3.5 Shadings

Solar shadings

Scale 5

[

All buildings heights
are similar

Figure 311 Solar masks from closest buildings

3.3.6 Thermal zones

There are 4 thermal zones representing the 4 dwellings on top of each other. In addition, there are 3 unheate
zones, representing the stairway, the basemeat@nd-trenumerical reasons, the basement is divided in two heatec
zone and thetal geometry of the stairway was modified.

3.3.7 External wall composition

External walls are made of bridkreesione, double, 48cm.thickVi t h b ui | d iom(§0663, weydefme o f
the external wall as follows for thermal simulation:

(fromnside to outside): Thermal settingsvalue = 1.669 m/m2.K

T 12 cm brick Solar absorptance: Front = 0.5 ; Back = 0.5

1 4 cmairgap Longwave emission adefit: Front = 0.9 ; Back = 0.9

91 32 cm limestone wall Convective heat transfer coefficient: Front = 11 ; Back = 64
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Figure 321 External wall composition, with TRNsys settings

3.3.8 Roof
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m

4,07m

5,7m

115m

Figure 331 Roof dimensions

Roof 6s

1
1
1
1
1

Terra cotta (tiles), thickness 15 mm
Heavy wood, thickness 10 mm
Plastidilm, thicknedsmm

Heavy wood, thickness 35 mm
Total thickness 61 mm

composition

0,7m

There is no drawing available concerning the
dimensions are calculated from approxil
measurements performed on site: Slope arot
length around 10.8 m. Overall dimensions
buil ding ar e al so u
dimensions as follows:

- Parapetds h
- Parapet dlss5ml
- Rofods tria
- Roof sl ope

eigh
engt
gl e

SQ n on

|
|
|
t

S5 o> o

n e
6s | eng

Thermal settingsvélue = 2.595 m/m2.K

Solar absorptanéeont = 0.1Back = 0.5

Longwave emission coeffi¢iemtt = 0.9Back = 0.9
Convective heat transfer coeffleient: 11; Back = 6
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Construction Type Manager
- L [X]
construction lype: [ex1_rooF |
Layer
front/ inside
ren . ~
No_ | Layer [ Thickness [ Twpe | e
BOIS_LOURD 0.035 massive PaT COUCHE DE PLA
FRO4 FLASTIC 0001 massive = |PeRozedls
assive PARD3_CHAPE
P4R04_PLASTIC
P4R05_ENDUIT_MORTIEF
\5001_FIBFREBDIS_LIEGE
15002_CELLULOSE
\S003_LAINE_LDY_LDR
By (iS04 TH4Q MOUSEALYE
— 15005_TH35_MOUSEALVE
1S006_TH30_MOUSEALVE H o
15007 _TH25 MOUSEALVE Flgure 3471 Roof
total thickness: 001 m 1S008_LAINE_AIR_NON_Y .
COUOT_BETON_PLEIN v
u- value: 255 WAT2K  forreferene only S Composmon- TRNSyS
fincl. h_i=7. 7 w/m"2K. and h_o=25'w/m"2 K) settin gs
Solar Absorptance Longwave Emission Coefficient

fant: 01 - fant: 03 -
back. 05 - back. 03 -

Note.

The emissiviy of inside surfaces are applied by the

detaied longwave radiation mod anly!

For the standard model fixed values of 0.9 are used
Convective Heat Transfer Coefficient

front back

@ userdefined  © intenal calculation @ userdefined " internal caleulation

[~ Nill] kithm™2K D f5+ kifhm 2K

3.3.9 Windows

The window ratio is 0.2 on vertical surfaces. Average window length and height are 1.6 m and 0.9 m. The tral
coefficient is not knowm, n d o w tayypeer si,s ofltdwol alr ge space type 5 ¢ m¢

|

Foke i w18 3es bimorr Tik

Figure 351 Final model geometry
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Figure 36 1 Window
distribution on stairway
facade, front and rear
facades

Windows on front and rear
fagades are modelled as a
singk surface equivalent
window per facade.
Stairway facade windows
are modelled according to
their actual positions.

3.3.10 Slabs between flo®

The sl abs composition between heated floors is no
- 5.cm concrete slab

- 15 cm heavyoad

- 2 cm light wood cladding as surface rendering on ceiling

The lower slab between basement and apartment 1 is defined as follows:
- Brick, sand, 25cm

Sand thermataracteristics:

- Capacity: 0,83 kJ/kgK (source: https://www.engineeringtoolboxlwesvapacitig 391.html)

- Density: 1500 kg/m”~3  (source: https://theconstructor.org/buildiodipriigiegiegerials
construmon/14891/)

- Thermal conductivity: 1 Wm86 kJ/(h.m.Kpource: https://link.springer.com/article/10.1007%2Fs00231
00703571 or https://www.engineeringtoolbox.comfttretadivitd 429.html)

Zone5 A Zonel: basementl
- A Zone2: basement2
A Zone3: flatl
T N A Zone4: flat3
- o - A Zone5: flat4
L A Zme6: staircase
A Zone7: attic
ones8 A Zones8: flat2
L. =
Zbne3

Zone2 -

Figure 37 1 Thermal zones of the Nurnberg building in the numerical model
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3.4 Heating/cooling system with heat, cold and DHW distribution

3.4.1 Initial heatingquipment

Space heating systems and domestic hot water systems are not centralizeesdfigneors fimeeach zone from
ground floor to top floor:

A Apt. #1: Wood + cstalve + 3.000 aquarium at 24°C electrically heated 24/7

A Apt. #2: Combined gaiel, 18kW, efficiency 84%, Viessmann Vitopend 200W Kombi, installed in 1992 in
basement. €fe is no storage water tank

A Apt. #3: Combined gas boiler, 18kW, efficiency 84%, Wolf CGU 18, installed in 2006 in the apartment, e
narrow site. Thésea storage water tank

A Apt. #4: Cobhckup stove

Figure 38 - Existing heating systems

There is no cooling system in the whole building

3.4.2 Domestic hot water systemusd profiles

There is a shower, a bathtub amtherk#ink in each apartment.
Domestic hot water production per zone:

1 Apt#lassumed to ledectric

1 Apt. #2: Combined gas boiler
1 Apt. #3: Combined gas boiler
1 Apt #4:assumed to be electric

A DHW profile is generated for 2 reasons:

1. For determining thetipm of energy dedicated to domestic hot water production, so that spagy baating ener
be calculated from global energy measurements. This is used to check if the simulated energy consumption
numerical TRNsys building model compliesisuitedneaalues.

2. In the system simulation, the DHW profile is used to perfortertiesvobiis

The DHW profile is generated using thealgH®@l. Parameters aréosatlOL/person/day DHW consumption. It is
translated in energy assuming @etame rise from 10°C to 45°C. The daily flow settings is calculated for 11.
inhabitast Indeed, a person is present only half of the time in apt #3
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DHWkalc settings are showit alned.

According to DHAIc redts, the yearly domestic hot water consumption is 167900 L for the full building.
With the 10°C to 45°C assumption, this corresponds to 6823 kWh. The madmandererggur is 25.3.kWh

Table 4 DHW profile settings in DHWcalc tool

LOGFILE PROBABILITY FUNCTION SETTINGS Ratio of the mean daily @fédwolum
DHWxNurnbergx12px4DER)VxNurnbergx] tapped
x40Lpj_log.txt Step function probability distribution for we
wedenddays on wekenddays/on weekdays: 12
for a mufamily house with 4 households Seasonal Variations:
Mean DHWblume tapped during 6 time peri Sine amplitude: 0 %
Total duration: 365 days weekdays Day of sine maximum: 45
Start da: 1. day of the year time period ratio of daily Ddluvhe
Mean daily draof vol.: 460 I/day 22:0006:30 2% Holiday Periods:
No. of categes: 4 06:307:30 50 % Period: r7.9.
Time step duration: 6 min 07:3612:00 6% Nr. of holidays: 14
Daylight saving time:  applied 12:0013:00 16 % Relative consumption: 0
13:0018:00 6%
FLOW RATE SETTINGS 18:022:00 20%
Categories: 1 2 3 4 weekendays
time period ratio of daily DblWne
Mean flow Rate: 10 60 1400 4( 23:0e07:00 3%
Durationof draoff: 6 6 6 6 min| 07:0009:00 14 %
portion: 14 36 10 40 % | 09:0015:00 20%
sigma: 20 20 20 20 l/nh | 15:0617:00 20 %
minflow rate: 6 1/h 17:020:00 38 %
max. flow rate: 4800 I/h 20:023:00 5%
Hourly DHW drawoff [L] Hourly DHW drawoff [L]Jan. 1st to Jan. 10th
700 400

11 311 3/3 2/4 35 206 37 2/8 2/9 2/10 2/11 2/12 11 2/1 31 41 5/1 6/1 711 8/1 91 101 111
Date Date

Figure 391 DHW profile settings in DHW-calc tool

Hourly DHW energy demand [kWh/h]
30

25
20
15

10 Figure 407 Hourly DHW energy demand

11 20/2 11/4 31/5 20/7 8/9 28/10 17/12
Date
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A Apt. #1: 0 (will be installed for the project)
A Apt. #2: 9 units, type 22, installed in 1990, with theriaestatic va

A Apt#3: 9 units, type 22, installed in 1990, with thermostatic valve

A Apt. #4: 9 units, (installed in 2018, but the hea gtdlumissing)
The radiator models are not connected for baseline energy consumption definition.

Tty

Figure 41 - Radiators, type 22

3.4.4 Specific electricity consumption

A

g -

Known equipment in the existing building:

1 Plate cookers
0 Apt. #1: Electric
0 Apt. #2: Gas
0 Apt. #3: Gas
0 Apt. #4: Electric

1 All apartments: refrigerator, lights (energy saving bulls$ and LED

1 Apartment #1: Massive heated aquarium. It is considered as an additional electric heater.

As this is not enough information for determining realistic electrical consumption, a profile tool is used to calc
specific electricity consumptionhirggatment throughout the year at a 1h time step.

This consumption is used for two things:
1. For determining the portion of electricity dedicated to specific use, so that space heating energy and/or (

hot water production energy can be calcutatibéioenergy measurements. This participates in the input

data required to define the baseline situation before retrofit.

2. In the retrofitted system, specific electricity consumption is one of the majar oty \prside Aeeds

the building drarticipates in the space heating process as a lot of equipment finally transform electricity
heat.These hourly profidéso allows to calculate a real time photovettaicgeiption rate

The electricity consumptionepi®fiialculated using @REST v2.2.1 tool developédughborough University,

Leicestershire LE11 3TUCQHA added a VBA macro that allows to run the simulation for each day of the year. Re
are aggregated through daily and hourly totalz@orecsact through hodelail for the whole building.

Each dwelling is described in the CREST tool as ddsviged in

Table5i Dwel I i ng

description

in the

CR&m&idn speci fic

electricity

Dwelling index Nun_1ber of Building index Primary _heatin PV system inde Solar the_rmal Coo!ing systen
residents system index* collector index index
1 2 3 3 0 (no PV) 0(no ST) 1 (no cooling)
2 4 3 3 0 0 1
3 1 3 3 0 0 1
4 5 3 3 0 0 1
*with Bulding index Building description Primary heating system in¢  Type of heating unit
1 Detached 1 Boiler (regular)
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2 Improved detached 2 Boiler (combi)
3 Semidetached 3 Boiler (system)
4 Improved sefmi¢tached 4 No Heating or Coolin
5 Terraed 5 Electric Water Heate
6 Improved terrace
7 Cement block apartmer]
8 Small briekuilt house
Table 6 - Simulation inputs in the CREST specific electricity tool
Specify the date: CEAOG6s VBA nmuationtoot 365timest he s
2. Specify if this is a weekday (wd) or weekend (we): CEAO6s macr o speciddyof¢hsyedirwd o
Latitude (°):49,4628482 Longitude08P4719 Local standard
3. Specify the location for solar: (this function of the tool is not used) meridian (°):15
4. Specify the location for temperature: (this function of the éal is not us | England (Germany not available)
5. Specify country and year for appliance ownership UK (Germany not available), 2019, urban area
6. Country uses daylight saving time (summer time)? Yes
7. Specify the number of dwellings to simulate in this run: 4
No, parameters are set manually in the "Dwellings" work
8. Stochastically assign dwelling parameters? Tableb)
9. Include highsolution dynamic output? Yes
10. Include daily demand totals for each dwelling? Yes
11. Overwrite existing data? Yes
12. PV included as an option? No
By using CEA6s VBA macro, 1
13. Run or stopetmodel by clicking the buttonsrighhe year profile

Hourly secific electricity consumption [kWh] (whole building) Hourly secific electricity consumption [kWh] (whole buildingan. 1st to Jan. 10th

10
b
8+ T + * 8

Tk

+
o

"

i

"+
N
%
N
N
t

¥
e

+
+
Lt

71 311 33 2/4 3/5 2/6 3/7 2/8 2/9 2/10 2/11 2/12 171 2/1 3/1 4/1 5/1 6/1 711 8/1 9/1 10/1 111

Figure 421 Specific electricity profile T hourly consumption for the full Nirnberg building

The yearly specific electricity cptisaris given dablée7, for each apartmant for the full building.

Table 7 - Yearly specific energy consumption

Appt. 1 [KWh] Appt. 2 [KWh] Appt. 3 [KWh] Appt. 4 [KWh]
Per apartment 3999,8 5162,4 1464,8 5414,0
Whole building 16041

3.4.5 Inhabitants and Internal gains

Inhabitants distributioomfstreet level to top floor:

1 Apt. #1: 91 m2, 2 inhabitants (adults)

1 Apt. #2: 81.5 m2, 3 inhabitants (2 adults + 1 child)
1 Apt. #3: 81.5 m2, 4 inhabitants (& aduthildren)

1 Apt. #4: 76 m2, 2 inhabitants (adults)

Eachheated zone air volume is set t03378 m
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hedle Tye Manager

For each of the 12 inhabitants, the internal gains are cal("
follows:

- 50W/person at night Con oty e

- 100W/person during daytime et

- For apartment #3, the gameduced in order to take ™= "
account the 50% time presenc e £

- Then, the gains below are multiplied by the daily = =
profileRiguretd. Gains:

0 aptl value200W (2p) 5 U J U
0 apt2 valued00W 4p) o '
0 apt 3 value: 8D (p; 50%presence S EEEEE R

0 apt4 values00W %p)

wORFDL

HERE

WOFFDL

WIRED

IREDE
OFELY

4 T G WE 1

Figure 4317 Occupancy scenario in the Nirnberg building

= LR

3.4.6 Measure@nergy consumptions

Gas consumption (approximately over year 2018) Electricity consumption

Gasmeters | ' _gas boiler| Thermal energy
kWh % kKWh From to E_elec Climate factor
Apt. #1 - - - kWh
Apt. #2 14200 84% 11928 01/05/2003 30/04/2004 45010 1,07
Apt. #3 15600 84% 13104 01/05/2004 30/04/2005 43196 1
Apt. #4 - - - 01/05/2005 30/04/2006 33352 0,96

Cold water consumption average over H2028period is 248ymar This isn line with the assumptiddd
me for hot water only.

3.4.7 Method for missing energy measurement compensation

The energy consumption measurerentt fully available for the existing building prior retrofit. In addition, the com
level in each apment is not equivalent. Therefore, we need to have a specific method so that initial energy situat
be &sessed in a realistic way. This baseline has to be suited to a comparison with retrofitted situation.

This method is described by the ftopesented diguretd
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DHW profile frg
DHWcalc tool

Specific electrig
profilerbm
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Figure 44 7 Baseline definition method - Flowchart

Horizon
Tune paramete
. N NOK
Missing
measuremer| Heat load
r assumptiong | compariso
Building mode
Measuremen Energy typ
Weather: standi 2018 ) distributior]
corrected for yeg compariso
2018 . . oI
Simulation ]
Real thermostz —
Ly Buildingnodel

Weather: standa
corrected for ye
20052018

* X %

* %
* 4 %

* 4 K

b

Simulation|— Heat log

Baseline p
energy typ

/

baseling

Allthermostats :

20°C

*Assumptions for compensating missing measurements:

The distribution marergy type is based on 2018 measurements withfrasdiassamptions and simulation in a

Space heating consumption distribution aver the 4 apartmentstite ggiranldtjon. It is used as a

convergence criteria waetting other parameters.
Energy dedicated to DHW production is calculated witbatoetdaH\W
Specific electricity needs are calculated with the CREST tool

The remaining electricity (measuieare greater than CREST estimation) is affectieg joungage in

apt. #1 and apt. #2.

For

apartment

aquarium at 24°C) and 60% coal.

For apartment #6al consumption cannot be very high because obthe ahtladt stove, in addition to the

#1,

Boost heat 6s

fact that coal must be carried manually ufy ftotre 4

For

apartment

comparable weather. It is detailEabts
Table 87 Detailed baseline energy consumption (2018 weather)

#3,

Boost heat 6s

Fundion

Energy

Apt. 1 [kWh]

Apt. 2 [kWh]

Apt. 3 [KWh]

Apt. 4 [kKWH]

Space heating

Electricity

4658

6100

7400

Gas

9555

12807

Qil

2800

Coal

13974

4500

Wood

4658

Total

23290

15655

15607

11900

DHW

Electricity

1187

2967

Gas

2373

297

Specific

Electricity

4000

5162

1465

5414

With this set of parameters, measured and simulated distriloutitnsmetessful§onvergence (simulation minus

measurement) is 0.1% on space hda8fgprlectricity, 0% baat distribution per zone.

assumption

assumption
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3.4.8 Baselingesults

The #2NURNBERG energy rekeliie isstimateds follows by Sunhorizon RB052018 weathandfollowing
conversion coefficients in sefon
Table 9 - Initial yearly consumptions prior retrofit (baseline

Consumption PEren

kWh kWh kWh kWh tCO2_eq a
oil 3801 4281 0 4281 1,241 165,51
Wood 5104 1021 5104 6125 0,041 395,06
Gas 30701 33772 0 33772 7,430 1866,65
Coal 22360 24596 0 24596 8,485 1257,71
Electricity | 43420 99866 8684 108550 41,944 13025,99
Total 163535 59,141 16710,93

The basgle assessment is thefodews:
Non renewable primary energylotal = 163535 kWh

Oil; 4280 2% Wood, 1021; 1%

Gas 33771 21%

Electricity 99866

61% Coaj 24596 15%

Figure 451 Non-renewable primary energy consumption per fuel i Baseline situation
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Greenhouse gases emissiorn®tal = 59,141 tC@q
Wood, 0; 0%

QOil; 1,2, 2%

Gas 7,4, 13%

Coa} 8,5, 14%

Electricity 41,9
71%

Figure 461 Greenhouse gases emissions by fuel i Baseline situation

3.5 Specificequrements for the new heating/cooling system

In addition to the pure energy demand of the existing #2NURNBERG building and its occupants which was su
in the previous section, the new TP2 shall meet a few extra requirements regarditigetberguatients in the
building, the regulatory and economic frameworks where the components DUALSUN PVT solar panels, BOOST
burner and GBeat pump, RATIOTHERM will be integrated:

1
)l

= =

= =

up tor5m2 DUALSURNTsolar collectocsuld béntegratedn tited south facing r¢aver: tilesyolar

panelsoof integrationeispected to comply with the 1ISO9806.

Admissible mechanical load (statwirdidnowlynamic) on the roof ug7#solar paneld.@n? each):

specific study ordered by Boosthealuate if roof-esforcement to be done on such historical building from
early XXcentury.

Chimneys: there are 4 independent chimney ways. Two are used by the existing gas bwiiexs, 2 are fre
pi p e s Wood stavehchimney is separate.

Boosthatoutloownitinstallation is foreseen eihidye attior in the courtyard on the backside of the building
Installation of Boostheat indoor unit, RATIOTHERM tanks and hydraulics is foreseen in théhtechnical roc
basement consideriadjiindgeometrgheight 2;2,15 i tiny entrance throlilghwidaccess antirning
180°+90as shown iRigured7.

The DHW use temperature is assumedatd@cycling loeyll be required because of centralized DHW
preparabn in the basement

The expected r oom aiwith themenrl B2 irstad@d° CGlor everyrd aparsmemtsd s ¢
Separate ener(HW, space heating, electrivityitoring fervery apartmento der i ve bui | d
costdreakdan.

Compared to the heating systems already iroptatdjamal/regionaigulatory constraint was identified
through the dissions at demaogp level in the actual upgrade/renovation context of the hedting system
restrict the deploynwititeof the DUALSUN solar PVT panels on trdheafas fired thermal compression
BoostHeat heat pump
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In theSunHorizoproject, Major KPIs like PES@id@&Gsawand Cfuel/energgosts are relying on following local
constraints listed Tiable1lQ assumedonversion factors both for baseline and TP2 in NURNBERG demo cas
calculation&lnclear situation for the-ileedectricity tariff after 2020 in Germany prevent to predict reasonable fixe
sale prickess thab ¢ ki dale. W

Table 107 Conversion factors for primary energy, greenhouse gases and energy costs

PEFnren PEFren fGHG Cf or Ef

- - gCO2/kWh 0/ k Wh
Qil 1,1 0 290 0,0425317
Wood 0,2 1 40 0,0774026
Gas 1,1 0 220 0,0608
Coal 1,1 0 345 0,0562493
Electricity 2,3 0,2 420 0.3

b

Figure47i N¢rnberg buil dingbs basement tiny entrance
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3.6 Preliminary monitoring plan
DS
475 mlors NUREMBERG, sensor scheme

Outdoor Weather statio

environmer

Apartment #4
7 rooms 6 indoor temperaturessei| M} | —A
(9radiators) X Window openina sens

Apartment #3

6 indoor temperature sen M]_
7 rooms ’ .
(9 radiators) Window opening sens: } e 1

Apartment #2

6 indoor temperature se

7 rooms Window opening send _A
(9 radiators) M

Apartment #1 6 indoor temperature sg
7 rooms i :LD.&I:\LD.QfEu [A
(x radiators)

5 Flowmet{| ;Iovx:tmet 'IZIOV\:tmet | Gasmzetgr TS || e
asemen artme artme apart. ectrici{|[Electricity
1p(DHW Flowmety JFlowmet 3p(DHW (gag cooke || meter ||| meter
Apartmef fApartme - (apart. H|lapart. #
4(SH) f| 3(SH) existen |
Gas mete! Gas metel — —
. . Gas mete |Electricif| |Electricif
Ratiothe|Ratiothe BH B apart. 2 t t
MAIELSUPD (SH & DHY Matersupp (sH&DHV (BB [t | |(apart -
400L (Floor 18 BH.20 Floor 3 & ¢ (gas cooke |(apart. #|| |(apart. #

existe

Electricity me eciricity me '|

I—I_ _| (subcotnter]  Gas suppl  [— (subcounter Gas suppl [Eledtic supp]
i

18 | -
Lionel Ducrue E
External ur External ur 28.02.2020

Figure 481 Preliminary monitoring plan
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4 Sant Cugat demo site 8

4.1 Generallescription

The Sant Cugat demo site buildingdMbigic Center) is a municipal facility (tertiary building) that has different spac
to develop &linds of cultural activities.

Mirasol Civic Center offers: a wide program of couvsaksimaps; public cession of spaces; service to support
entities and collectives of the neighbourhood; revitalization of popular and traditional cel@actyitbdd aervic
stable cultural program with-Bnratt shows.

It is located in Ma@lneighbourhood of Sant Cugat del Valles, a town close t¢FBguceigna

5 b )

X

Figure 50: aerial view of the Sant Cugat demo site

Type of building: Tertiary Civic Center. This building waspbaittes: two

1 the first one was built in October 1996
1 the second one was built in February 2006 and it represents the demo building in which the SunHorizon
wil be validated.
The part of the demo site building affected by the project is theedmdtaidgs{agcond phase; built in 2006), it is
located on the south part of the buridungS0).
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The heating andbting demands are coverahbgdependent HVAC installation for eaGhe@nditioned area
consists in 12 rooms and 1 corridor.

Currently, the heating and cooling installation (second stage building) is formed by the following equipment:

1 Reversiblair to water heat pump: BB/gnominal cooling capac§)3 (nominal heating capacity)
1 Air handling unit: 110 kW (cooling cap@tig (heating capacity)
There is no DHW demand, so the entire consumption is due to the space heating and cooling.

4.2 Local weather characteristics

The pilot is located in Sant Cugat del Vallés, a town close to Barcelona where, being a Mediterranean region, |
of solar irradiation and temperatures are expected.

In Sant Cugat del Vallés, the summers are shphtumat, dry, amdstly clear and the winters are long, cold, and
partly cloudy. Over the course of the year, the temperature typicalBf €tmi28°ftand is rarely belédCor
above32°C.

1 Temperature

Thewarm seasdasts for2.8 months, fmdune 18 Sepeémber 13, with an average daily high temperature
above6’C. The hottest day of the yeaugsist 4, with an average hz$i@and low dfFC.

Thecookeasomasts fo8.9 months, frawovember X8 March 16, with an averagetdgiiyemperaturelowl5C.
The coldest day of the yeharigary 8, with an average I8%€ahd high df3C.

i) T L] T T T T T T T T T
01 02 03 04 05 06 07 08 09 10 11 12

Figure 51: Weather analysis for Sant Cugat del Valles: Average temperature diagram
T Wind

The average wind speed per hour in Sant Cugat has slight seasonal variations over the course of the year.

The windiepart of the year lasts 7.0 months, from October 2 to May 2, with averagebairdilspdeldsneters
per hour. The windiest day of the year on April 5, with an average wind speed of 13.1 kilometers per hour.

The calmest time of the year lasts filspfoom May 2 to October 2. The calmest day of the year is August 17, w
an average nd speed of 10.8 kilometers per hour.
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22 km/h
20 km/h
18 km/h
16 km/h
14 km/h
12 km/h
10 km/h
8 km/h
6 km/h
4 km/h
2 km/h
0 km/h

ene. feb. mar. abr. may. jun. ju.  ago. sept. oct. nov. dic.

Figure 52: The average wind speed per hour (dark grey line), with the percentile bands 25° to 75° and 10° to 90°

The averageredominamtind direction in Sant Cugat varies during the year.

The wind most often comes from the south for 6.1 months, from April 11 to October 13, with a maximum perc
52% on August 8. The wind most often confesvireshfor 5.9 months, from Oc®tweApril 11, with a maximum
percentage of 47% on January 1

1 Precipitation
Awet days one with at le@sD4 inchesf liquid or ligeéduivalent precipitation. The chance of wet days in Sant Cugat
del Vallés vias throughout the year.

Thewetter sasorasts9.5 months, frokagust 2®June 7, with a greater ttE¥chance of a given day being a wet
day. The chance of a wet day pe2k&anOctober 3.

Thedrier seasdasts2.5 months, fralane ToAugist 23. The smallest chancevet day i8%onJuly 13.

Among wet days, we distinguish between those that exipegienesnow alone, on@xturef the two. Based on
this categorization, the most common form of precipitation throughrdithalgmea, with a peak giviity
of22%onOctober 3.
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Figure 53: The percentage of days in which various types of precipitation are observed, excluding trace quantities: rain
alone, snow alone, and mixed (both rain and snow fell in the same day).
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1 Solar Energy

This section discusses the total daily incident shortwave solar energy reaching the surface of the ground over a
taking full account of seabeariations in the length of the day, the elevaamadaitibve the horizon, and absorption
by clouds and other atmospheric constituents. Shortwave radiation includes visible light and ultraviolet radiatior

The average daily incident shortwaversergy experieneggemaeasonal variation over thuiese of the year.
Thebrighteperiod of the year last8@months, fravtay #oAugust 15, with an average daily incident shortwave
energy per square meter ab&@kWh. THeightesdayof the year dly 5, with an averageé.@kWwh.

Thedakerperiod of the year lasts3formonths, frabctober 2t February 12, with an average daily incident
shortwave energy per square meteBhkldwh. Thaarkestlay of the yeardgcembet7, with an averag .of
kWh.

Average Daily Incident Shortwave Solar Energy
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Figure 54: The average daily shortwave solar energy reaching the ground per square meter (orange line), with 25th to
75th and 10th to 90th percentile bands.

4.3 Building geometry and use

Thedemo site building is divided in two structural areas, otapdr@dth@éeach, as it was constructed in two
stages. Whiled roof constructed in the first stage is leaning, the roof of the second stage is flat and represents a |
place wherinstalling solar collectors.

1

Figure 55: Demosite bulding 3D view from the South Figure 56: Demosite building top view
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The extension of tidccenter is placed in the southetrof the plot, closing with a third volume the open patio of the
existing building. In this way, the floor of the building goes from an "L" shape to a "U" shapedifdirimg two v
courtyards. The first enclosure, of a different naturegcenilidtineore open, of a more playful and dynamic nature,
which, if necessary, can also be closed.

The extension becomes a new facade to the south, which seeks to takéhadgaothgeesftation to improve the
interioexterior of the building, eaing the cultural and leisure activities of the center.
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Figure 57: Distribution of the diferents areas at Sant Cugat civic center
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The demo site area involves only one section of the entire building, as Feguedshtbd imost recent one built
in 2006. The building structures have the following properties:

Table 11: Construction type description for Sant Cugat

ComstucionType  Name  Aeam  UVae(WmR)  Gvae

External Wall SC_External_wall 412.57 0.25 -
Roof SC_Roof 96.85 0.33
Exposed Floor SC_Exposed_floor 853.85 0.22 -
Door 2013 Door 26.34 2.17
Internal SC_lInternal_ Ceiling/Floor 378.73 3.4 -
Ceiling/Floor
Internal Partition SC_InterndPartitions 497.77 1.08
External Window SC_External_Window 284.62 1.9 0.41
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Figure 58: Part of the building considered as conditioned spaces during the energy model creation

The regbortion of the building is the one sgrtteel dxisting heating and cooling system. The total floor area for the
portion of the building served by the heating and cooling system is éf &aheub&ilGlaor area in the model for

the part of theilding considered is of about 8@8dinéing a quite accurate reproduction of the geometry and
conditioned spaces of the buitdmgyvaluated total net volume for space conditioning is of ahoES3AB0 m
underlined the presence of slight nhisreteen measures definition in therandeyand measures indicated and
considered for the evaluation of heating and cooling load in the executive project proxsde by éneTdese

small differences are due to small variations ofdtrg dadng the process of model crestitmtte way inner
volumes voids and plenum are considered in the energy model and approximated to the actual surface. A 3D r
built in IESVE environntégt(es9
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Figure 59: comparisons between actual geometry of the building and its digital representation

The use of actual schedules of operatiotwfding is reported below. These schedules of operation have beer
gathered directly from a survey of the buslaingd lbe noted that those schedules are not the operative schedules «
the building. A data analysis procedure has been cartedBMSotata from Veolia in iISCAN to identify the actual
schedules of operation of the AHU and therefore createquefdéon to be used in VE.

Schedules have been modified considering the actual data from the building derived fromlawvewvey. The
schedules have been used in an updated version of the energy model:

1 814h; 1€2h (from Monday to Friday)
1 101330h; 1&0h (Saturday)
1 1622h (Sunday)

Those schedules have been identified as the most frequent for the opeildiranaiftibagh there is not distinction
between summer and winter periods. As regard the heating and cooling opeyatianeecionl stiteas suggested
by the Sant Cugat municipality:

1 Heating: fromtJanuary teApril and frorsillovembeo 3% December
1 Cooling: fromtdune tos1October

Tablel2provides a description oftpected occupancy in the building during differeaptna¢ising. An additional
analysis was carried out on the data from the BMS operated by Veolia in the building. In particular, return tempe
the AHU during the year 2019 were confeidérecevaluation of both operational schedules dihthariuiin
estimation of the temperatwgogas of the rooms in the building. This underlined some differences between the
extracted from the survey and D6.1 and the actual opieeahioitdofg. It is evident that for weekdays during the
heding season (November 2019) the AHU operates from 5.30 am to 8.30 pm. For weekends it operates from 5
6 pm for Saturdays and from 10 am to 8pm for Sundays (from December 208)atletutnriag weekends

after 6 pm follow a descendentwigislightslope. This may indicate that the building is still occupied although th
heating system is not operated. The survey indicates that an av@ragepd #0ay be still preseheibuilding

for that time of the day. AHU operationchapdped to maximize comfort of the people in the building during this tin
of operation. The return air temperature sugggsimaiséEC for the heating season.

From the analysis ofdhta, the following schedules of operation have beaheibeddory.

1 5.362Ch (from Monday to Friday)
1 5.301&h Saturday
1 1020h (Sunday)

It should be noted that operational data during summer time and cooling season is not availabte€rom the BN
building for this reason the same schedulemtes e have been used.
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Table 12: occupancy schedule from building survey
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Regarding the prograinthe existing building, the theatteeasdniaitizens' area will keep the same scheme of
operation but instead will change the use of the area where all the workshops are currently located.

Therefore, the current concierge will be eliminasedfanthied into a ruwlttionadffice (@image above). The
sametoilet408) will be maintained. The current workshops will have the following functions: offices for Social S
and SOM (05), support rooms for organizationigdf@®)s playgired (07) and the currentfomdtionatom will

host thdibrary (11).

Themultifunctiorralom will be intervened to improve and enhance its operation. New locker rooms (16) with direct
to the theatre 0s c estaefl?) with suffitiemtvineightfor thensdendrilicect bceessstg a
the street through the service yard will be constructed. Alternative routes will be built for improve a@essibility ar
of architectural barriers on the theatre.

The areas of thelbimg where the SunHorizon system iegtatbed include the following areas:
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Description Num | Surface Total
(m?) surface
(m2)
MULTIFUNCIONAL ROOM EXTENSION
16 Dressing room 2 12,30 24,60
17 Store 1 32,45 32,45
18 Room 1 1,05 1,05
TRAINING AND LEARNING CHILDREN AND
ADULTS
19 Expression classroom 2 1 64,40 64,40
20 Civic center direction office 1 32,20 32,20
21 Local entities 1 32,20 32,20
room
22 Expression classroom 1 64,40 64,40
23 Music classroom 1 15,45 15,45
24 Music classroom 1 23,10 23,10
25 Youth area 1 64,00 64,00
COMMUNE AREAS
26 Big workshop 1 64,25 64,25
27 Exhibition hall 1 64,00 64,00
28 Multi-use space 1 149,45 149,45
29 Exhibition corridor 1 106,80 106,80
30 Meeting area 9,70 9,70
BAR-LIVE PERFORMANCE
31 Events room /Assembly hall 1 105,60 105,60
32 Toilets 1 23,55 23,55
33 Warehouse 1 16,60 16,60
34 Warehouse 1 29,85 29,85
35 Dressing room 1 4.60 4.60
36 Cold store 1 2,15 2,15
37 Pantry 1 4,40 4,40
38 Installations 1 25,10 25,10
Total useful area building extension 959,90
Total useful area porch extension 169,10

1  Working hourandoccupancy

Occupancy has been estimated based on the surface of each area, considering the square meters per person
the type of activitgtttakeplace in it.

The occupancy in each zone are described in the following table:

Area Activity Num . m?2 per Cs Cl Working

pers. pers. W) W) hours

Ground floor - - - - - -

Expression Classrooms 25 2.6 90 95 6-18h

classroom 2

Civic center Office 12 2,7 90 95 6-18h

direction office

Local entities Office 12 2.6 90 95 6-18h

and col |l

room

Big workshop Workshops in educational 25 2.6 60 40 6-18h

centers

Exhibition hall Exhibitions 15 43 920 95 6-18h

Expression Classrooms 25 25 90 95 6-18h

classroom

Music Classrooms 10 1,6 60 40 6-18h

classroom 1
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Area Activity Num . ma2 per Cs Cl Working
pers. pers. w) w) hours
Music Classrooms 10 23 60 40 6-18h
classroom 2
Youth area Workshops in educational 26 25 90 95 6-18h
centers
Exhibition Exhibitions 30 52 90 95 6-18h
corridor
Events room Assembly halls, conference 60 22 60 40 6-18h
/Assembly hall rooms.

Theatre zone - - -

Theatre Auditoriums, assembly hallls, 175 1,7 60 40 6-18h
theatres, cinema, conference
rooms, television studios
Theatre toilet 1 Typical occupancy 1 11,9 142 283 6-18h

Theatre toilet 2 Typical occupancy 2 6,8 142 283 6-18h

Cs: Sensitive heat in w contributed by person at ambient temperature (25°C).
Cl: Latent heat in w contributed by person at ambient temperature (25°C).

1 Ventilation

Ventilation air flow is obtainestlb@s the use of the room, its surface and the number of occupants, using Table |
the standard UNE 100011.

The ventilation levels assigned to each zimewvamgn the following table:

OUTDOOR AIR FLOW

Area Per person Per m2 Per Chosen Renov. Working hours
(I/s) (i/s) room/others value (1/h)
fs) (ma/h)
Ground floor - - B - - -
Expression 10,0 3,0 - 720,0 3,7 6-18h
classroom 2
Civic center 10,0 3,0 - 345,0 3,6 6-18h
direction office
Local entities and 8,0 - - 345,0 3,6 6-18h
collectives room
Big workshop 8,0 - - 720,0 3,7 6-18h
Exhibition hall 8,0 4,0 - 432,0 2,3 6-18h
Expression 8,0 - - 720,0 3.8 6-18h
classroom
Music classroom 1 8,0 - - 288,0 6,0 6-18h
Music classroom 2 8,0 - - 288,0 4,2 6-18h
Youth area 10,0 3,0 - 750,0 3,8 6-18h
Exhibition corridor 8,0 4,0 - 900,0 11 6-18h
Assembly 12,0 12,0 - 1.728,0 4,3 6-18h

hall/Events room

Theatre zone - - - -

Theatre 12,0 - - 5.760,0 3,9 6-18h
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OUTDOOR AIR FLOW
Area Per person | Perm? Per Chosen Renov. Working hours
(I7s) (I/s) room/others Valsl;he (1/n)
(/s) (m?/h)
Theatre toilet 1 10,0 2,5 - 107,1 3,0 6-18h
Theatre toilet 2 10,0 2,5 - 123,3 3,0 6-18h

Evolution of the percentage of operation throughout the day for each hour:

Reference Percentage of gains for each solar hour

112 |3 |4 |5 (6 (7 (8 |9 |10 |11 |12 (13 (14 |15 |16 |17 |18 |19 (20 |21 |22 |23 |24

Working hours 6-18h
0 [0 [0 [0 |0 [100[100|100|100|100|100(100|100|100|100|100|100(100/0 [0 [0 |0 |0 |O

9 Primary closure

Considerindpat the rainfall in the area is less than 600 mm, the roofs can be flat. The option has been taken to s
cover by a cover formed by a galvanized profiled sheet, e: 0.80mmhaigivhich the NTIG syistphaced,

which consists of 40mm Radefimsulation, Rhenofol cg PVC waterproof sheet, 40mm Roofmate insulation ¢
Feltemper 150 P geotextiighing with 60mm round edge gravel and 4Afitdeém

The two roofs thieste above the rest of the building, forming the porakyightlod the nifulbctionabom will
be solved with a lightweight cover system consisting of galvanized sheet metal sandwich panels, e: 60mm, Asp
geotextile and coating witgdgtinc trays type VM Zinc.

The roof linking #isdension building to the existing building will use this second type of roof described above.

Both decks are supported by their corresponding horizontal and vertical padding boards and védmeers and in
relevant overhangs on the facade.

The facaddasures will basically be GRC (Glass Reinforced Concrete) panels, and gero closures with basal
cladding and the facade sandwich panels covered with RAWE® Bl heannexed installatidosthe
mulfiunctionabom will have closurasiofwave sheet metal stamped and in its storage wall of gero and monolayer

Concrete panels and fiberglass shavings are 10cm thick. They incorporate 8cm of polystyrenfagisakdion and ar
to the baring structure stainlessteel fasteners. Yhean be grooved or smddth.pandbpanel tolerances will

be a maximum of 2cm, the sealing will be done using bottoms with foam round and special mastic for prefabricate
All of them will beérmtad white on the basis of silicate pairdtfmep@ihe panels must be approved and have the DIT
Document doé)ldoneptat T cnica

The facades with basalt stone will be formed by gero wall of e: 14cm, plastered of type I, e: 4cm, type | basil 6C

The facades with mirdive sheet are made up adveigh panel for fagade with polyurethane insulation, Rockacier
solderable type e: 40mm;waivé sheet RI876, e: 0.8mm, painted RAL&AAked with omega 30mm galvanized
steel profiles.

The central gight will have a facade formebgno typeitain wadnd will incorporate PVC drainpipes.

The facades of the installation consist of a platewdtte rRih876, e: 0.8mm, stamped, painted galvanized steel
and lacquered color RAL9007, wiiked it the metal structustdsl profilingébed on omegas or zetas.

Inside andoatinghe metal structure will be simple 15mm waterproof plasterboard on a support structure, embec
the pillars, which will incorporate high density rock wool.
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The facade of thailding will have three types of finishes: The majority, with a GRC type prefabricated panel
smooth finish, white painted on a silicate paint preparation base, and tworkdfigngaofitanti

Occasionallgero closures with a type | lsdsalt, 60x40cm and the painted and lacquered sheet metal RAL9007.

Finally, the installation is also finished with RAL9007 painted and lacapestdetiand the warehouse walls are
monolayer, white.
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Figure 60: AHU Return air temperatures overlay during weekdays of November 2019
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Figure 61: AHU Return air temperatures overlay during weekend (Saturday) of November 2019
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Figure 62: AHU Return air temperatures overlay during weekend (Sunday) of December 2019

I Thermal zones in Sant Cugat demo site-g@liaivic Center)

According to the following figure, the differentdhesaral described below:

|
i
g,

* K 5%

* 5 %

Figure 63: Thermal zones in Sant Cugat demo site

Thermal zone 1 (Assembly Hall / Events Room):
- Occupancy:8th; 124h (from Monday to Friday)3BDh; 180h (Saturday).-26h (Sunday).
- Occupancy pattern:

1 814h (from Monday to Friday): 20 people

1 1622h(from Monday to Friday): 60 people

1 1013:30h (Saturday): 20 people

1 1620h (Saturday): 4bple
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1 1621h (Sunday): 30 people

comfort air and water temperatures schedule requirements,

Normative comfort air temperature requirement in winter: 21°C

Real coroft air temperature in buildirgB%2, because some activities need higher comipdaratute.
Normative comfort air temperature requirement in summer: 26°C

Real comfort air temperature in buildta§C24éecause some activities need lowdraiotefoperature.

heated/cooled area, volah844 m3

external wall types and chaistater

Material: windows of double glazing (3+3/8/3+3). TECHNAL "TOPAZ GT"
G value: 3.1 Whk2

Area: 50.62 m2

windows types and characteristics, number, area

Glazng type: double glazing (3+3/8/3+3). TECHNAL "TOPAZ GT"
G value: 3.1 Whk2

Number: 7

Area: 50.62 m2

ventilation type and characteristics
Mechanical ventilation.
System in place (AHU: Air handling Unit):

Thermal zone Exhibition Ha)i

Occupancy:8th 1624h (from Monday to Friday)3BDh; 180h (Saturday).-26h (Sunday).
Occpancy pattern:

1 814h (from Monday to Friday): 5 people

1 1622h (from Monday to Friday): 10 people

I 1013:30h (Saturday): 5 people

1 1620h (Saturday): 10 people

1 1621h (Surad): 5 people

comfort air and water temperatures schedule requirements,

Normative cdont air temperature requirement in winter: 21°C

Real comfort air temperature in buile3§C2because some activities need higher comfort air temperature.
Normativeomfort air temperature requirement in summer: 26°C

Real comfort &&mperature in buildingR22, because some activities need lower comfort air temperature.

heated/cooled area, volRAve72 m3

external wall types and characteristics

Material: (e@ty wall): Plasterboard partition + Internal instdatigr--hollow brick wall + natural stone cladding
Thickness: 0.3 m

U value: 0.45 Whn2

Position of insulation: indoor

Area: 40.85 m2

windows types and characteristics, number, area
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Glazing tgp double glazing (3+3/8/3+3). TECHNAL "TOPAZ GT"
G value3.1 W/mR

Number: 12

Area: 16.41 m2

ventilation type and characteristics
Mechanical ventilation.
System in place (AHU: Air handling Unit):

Thermal zone Expression Roorh);

Occupancy8-14h;1624h (from Monday to Friday)3BDh; 180h (Saturday).-26h (Sunday).
Occupancy pattern:

1 814h (from Monday to Friday): 5 people

1 1622h (from Monday to Friday): 10 people

1 1013:30h (Saturday): 5 people

1 1620h (Saturday): 10 people

1 1621h(Sundg): 5 people

comfort air and water temperatures schedule requirements,

Normative comfort air temperature requirement in winter; 21°C

Real comfort air temperature in buile@3§C2because some activities need higher comfort air temperature.
Nomativesomfort air temperature requirement in summer: 26°C

Real comfort air temperature in buile@ajC24because some activities need lower comfort air temperature.

heated/cooled area, vollig#38 m3

external wall types and characteristics

Materia windws of double glazing (3+3/8/3+3). TECHNAL "TOPAZ GT"
G value: 3.1 Whk2

Area: 31.72 m2

windows types and characteristics, number, area

Glazing type: double glazing (3+3/8/3+3). TECHNAL "TOPAZ GT"
G value: 3.1 Whk2

Number: 4

Area: 31.72 m2

ventilatiotype and characteristics
Mechanical ventilation.
System in place (AHU: Air handling Unit):

Thermal zone 4 (Music Classroom 1)

Occupancy:8th; 1&4h (from Monday to Friday)3BDh; 180h (Saturday).-26h (Sunday).
Occupancy pattern:

1 814h (frm Monday to Friday): 2 people

1 1622h (from Monday to Friday): 2 people

1 1013:30h (Saturday): 2 people

1 1620h (Saturday): O people

1 1621h (Sunday): 0 people
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- comfort air and water temperatures schedule requirements,
Normative comfort@mperature reguirent in winter: 21°C
Real comfort air temperature in builed@3§C2Decause some activities need higher comfort air temperature.
Normative comfort air temperature requirement in summer: 26°C
Real comfort air temperature in b@#R3§C, becauserse activities need lower comfort air temperature.

- heated/cooled area, voldgh85 m3

- external wall types and characteristics
Material: windows of double glazing (3+3/8/3+3). TECHNAL "TOPAZ GT"
G value: 3.1 Whk2
Area: 7.53 m2

- windows types and charégtics, number, area
Glazing type: double glazing (3+3/8/3+3). TECHNAL "TOPAZ GT"
G value: 3.1 Whk2
Number: 1
Area: 7.53 m2

- ventilation type and characteristics

Mechanical ventilation.
System in place (AHU: Air handling Unit):

Thermal zone 5 (Musitassroom 2)

- Occupanc$:14h; 1&4h (from Monday to Friday))3BDh; 180h (Saturday).-26h (Sunday).
- Occupancy pattern:

1 814h (from Monday to Friday): 2 people

1 1622h (from Monday to Friday): 2 people
1 1013:30h (Saturday): 2 people
1 1620h (Satday): O people
1 1621h (Sunday): 0 people

- Comfort air temperature schedule requirements:
Normative comfort air temperature requirement in winter; 21°C
Real comfort air temperature in buile@3§C2because some activitieshigieer comfort air tenapure.
Normative comfort air temperature requirement in summer: 26°C
Real comfort air temperature in buildta§C2éecause some activitiedovesdcomfort air temperature.

- heated/cooled area, vola&é8 m3
- external wall types and characterist
Material: windows of double glazing (3+3/8/3+3). TECHNAL "TOPAZ GT"

G value: 3.1 Whk2
Area: 15.48 m2

- windows types and characteristics, nueder, ar
Glazing type: double glazing (3+3/8/3+3). TECHNAL "TOPAZ GT"
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G value: 3.1 Whk2
Number: 2
Area: 188 m2

ventilation type and characteristics
Mechanical ventilation.
System in place (AHU: Air handling Unit):

Thermal zone 6 (Curréiarehouse. New training classroom for Young people in 2020)

Occupancg:14h; 1&4h (from Monday to Friday)3BDh1620h (Saturday).-26h (Sunday).
Occupancy pattern:

1 814h (from Monday to Friday): O people (20 peopk0ia12020

1 1622h(from Monday to Friday): O people (10 peopl@22D20

1 1013:30h (Saturday): O people

1 1620h (Saturday): O people

1 1621h Sunday): O people

comfort air and water temperatures schedule requirements,

Normative comfort air temperature requirememt 219¢nt

Real comfort air temperature in buile@3§C2because some activitieshigteer comfort air temperature.
Normé#ve comfort air temperature requirement in summer: 26°C

Real comfort air temperature in builda§C2because some activieedower comfort air temperature.

heated/cooled area, vollig382 m3

external wall types and characteristics
Materialsrass Reinforced Concrete
Thickness: 0.3 m

U value: 0.24 WHn2

Position of insulation: indoor

Area: 47.88 m2

windows type@sid characteristics, number, area

Glazing type: double glazing (3+3/8/3+3). TECHNAL "TOPAZ GT"
G value: 3.1 W/hk2

Number: 4 + 1

Area: 31.58 m2 + 3.96 m2

ventilation type and characteristics
Mechanical ventilation.
System in place (AHU: Air handling Unit)

Thermal zone ExpressiorRoom 2)

Occupancg:14h; 1&4h (from Monday to Friday)3BDh; 180h (Saturday).-26h (Suwhay).
Occupancy pattern:

1 814h (from Monday to Friday): 10 people

1 1622h (from Monday to Friday): 10 people

1 1013:30h (Saturday): 10 people
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1 1620h (Saturday): 5 people
1 1621h (Sunday): 0 people

- comfort air and water temperatures schedule requirements,
Normative comfort air temperature requirement in winter; 21°C
Real comfort air temperature in buile@3§C2Decause some activitieshngieel comfort air temperature.
Normative comfort air temperature requirement in summer: 26°C
Real comfort air mamature in building234C, because some activitiedavesdcomfort air temperature.

- heated/cooled area, vollid844 m3

- external wall types and characteristics
Material: Glass Reinforced Concrete
Thickness: 0.3 m
U value: 0.24 WHn?2
Position afisulation: indoor

- windows types and characteristics, nareaer,
Glazing type: double glazing (3+3/8/3+3). TECHNAL "TOPAZ GT"
G value: 3.1 W/hk2
Number: 2
Area: 13.42 m2

- ventilation type and characteristics

Mechanical ventilation.
System in place (A handling Unit):

Thermal zone 8 (Civic cerdgection Office)

- Occupancy8-14h; 1&4h (from Monday to Friday)3B0Dh; 180h (Saturday).-26h (Sunday).
- Occupancy pattern:
1 814h (from Monday to Friday): 2 people
1 1622h (from Monday toaiiid2 people
1 1013:30h (Saturday): 1 people
1 1620h (Saturday): O people
1 1621h (Sunday): 0 people
- comfort air and water temperatures schedule requirements,
Normative comfort air temperature requirement in winter; 21°C
Real confort air temperature itding: 223°C, because some activities need higher comfort air temperature.
Normative comfort air temperature requirement in summer: 26°C
Real comfort air temperature in buildta§C24éecause some activities need lofeet aivrtremperature.

- heatd/cooled area, vollBB81 m3

- external wall types and characteristics
Material: Glass Reinforced Concrete
Thickness: 0.3 m
U value: 0.24 WHAn2
Position of insulation: indoor

- windows types and characteristics, number, area
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Ghzing type: double glags@/8/3+3). TECHNAL "TOPAZ GT"
G value: 3.1 W/hk2

Number: 1

Area: 6.71 m2

- ventilation type and characteristics

Mechanical ventilation.
System in place (AHU: Air handling Unit):

Thermal zone 9 (Local entities anldectives Room)

- Occupancy:Bth; 124h (from Monday to Friday)3BDh; 180h (Saturday).-26h (Sunday).
- Occupancy pattern:
1 814h (from Monday to Friday): 4 people
1 1622h (from Monday to Friday): 4 people
1 1013:30h (Saturday): 4 people
1 1620h(Saturday): 2 people
1 1621h (Sunday)p@ople
- comfort air and water temperatures schedule requirements,
Normative comfort air temperature requirement in winter; 21°C
Real comfort air temperature in buildd3§C2because some activities needcoigifiert air temperature.
Normative comifair temperature requirement in summer: 26°C
Real comfort air temperature in buile@ajC24because some activities need lower comfort air temperature.

- heated/cooled area, volgg&a8 m3

- external wdllpes and characteristics
Material: Glass Remced Concrete
Thickness: 0.3 m
U value: 0.24 WHn?2
Position of insulation: indoor

- windows types and characteristics, number, area
Glazing type: double glazing (3+3/8/3+3). TECHNAL "TOPAZ GT"
G value: 3.1/v2k
Number: 1
Area: 6.71 m2

- ventilation tgmnd characteristics

Mechanical ventilation.
System in place (AHU: Air handling Unit):

Thermal zone 10 (Workshop Room)

- Occupancy8-14h; 1&4h (from Monday to Friday)3BDh; 180h (Saturday).-26h (Sunday).
- Occupancy pattern:

1 814h (from Maayto Friday): 8 people

1 1622h (from Monday to Friday): 8people

1 1013:30h (Saturday): 8 people
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1 1620h (Saturday): 4 people
1 1621h (Snday): O people

- comfort air and water temperatures schedule requirements,
Normative comfort air temperature requitesirgeri 21°C
Real comfort air temperature in buildd3§C2because some activities need higher coaniqe@iture.
Normative comfort air temperature requirement in summer: 26°C
Real comfort air temperature in buildda§C24éecause someévites need lower comfort air temperature.

- heated/cooled area, vollidte45 m3

- external wall types and clerstits
Material: Glass Reinforced Concrete
Thickness: 0.3 m
U value: 0.24 WHn?2
Position of insulation: indoor

- windows types and charatites, number, area
Glazing type: double glazing (3+3/8/3+3). TECHNAL "TOPAZ GT"
G value: 3.1 W/hk2
Number: 2
Area: 13.42 m2

- ventilation type and characteristics

Mechanical ventilation.
System in place (AHU: Air handling Unit):

Thermal zone 1Exhibiton corridor)

- Occupancg:14h; 14h (from Monday to Friday)3BDh; 280h (Saturday).-26h (Sunday).
- Occupancy pattern:
1 814h (from Monday to Friday): 2 people
1 1622h (from Monday to Friday): 2 people
1 1013:30h (Saturday): 2 people
1 1620h (Satrday): 1 people
1 1621h (8nday): 0 people
- comfort air and water temperatures schedule requirements,
Normative comfort air temperature requirement in winter; 21°C
Real comfort air temperature in buile@3§C2because some activities need highdraiotafaperature.
Normave comfort air temperature requirement in summer: 26°C
Real comfort air temperature in builda§C2éecause some activitiedowedcomfort air temperature.

- heated/cooled area, vol8gie47 m3

- external wall types ahdracteristics
Material: windows of double glazing (3+3/8/3+3). TECHNAL "TOPAZ GT"
G value: 3.1 Whk2

- windows types and characteristics, number, area
Skylights:
Glazing type: double glazing (3+3/8/3+3). TECHNAL "TOPAZ GT"
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G value: 3.1 W/hk2

Number: 72

Area: 207 m2

Windows:

Glazing type: double glazing (3+3/8/3+3). TECHNAL "TOPAZ GT"
G value: 3.1 W/hk2

Number: 2

Area: 9.02 m2

ventilation type and characteristics
Mechanical ventilation.
System in place (AHU: Air handling Unit):

Thermal zone 12 (Hall)

Occupanc$:14h; 1&4h (from Monday to Friday)31BDh; 180h (Saturday).-26h (Sunday).
Occupancy pattern:

1 814h (from Monday to Friday): 1 people

1 1622h (from Monday to Friday): 1 people

I 1013:30h (Saturday): 1 people

1 1620h(Saturday): 1 pse

1 1621h (Sunday): 0 people

comfort air and water temperatures schedule requirements,

Normative comfort air temperature requirement in winter: 21°C

Real comfort air temperature in buildd3§C2because some activities needcoigifiert air tenrpeure.
Normative comfort air temperature requirement in summer: 26°C

Real comfort air temperature in buileajC24because some activities need lower comfort air temperature.

heated/cooled area, vollifie96 m3

external wailpes and charactérsst
Material: windows of double glazing (3+3/8/3+3). TECHNAL "TOPAZ GT"
G value: 3.1 Whk2

windows types and characteristics, number, area

Glazing type: double glazing (3+3/8/3+3). TECHNAL "TOPAZ GT"
G value: 3.1 Whk2

Number: 3

Ara: 18.40 m2

ventiléon type and characteristics
Mechanical ventilation.
System in place (AHU: Air handling Unit):

Thermal zone 13 (Connecting corridor)

Occupanc$:14h; 1&4h (from Monday to Friday)3BDh; 180h (Saturday).-26h (Sunday).
Occupancy pattern:

1 814h (from Monday to Friday): 1 people

1 1622h (from Monday to Friday): 1 people
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1 1013:30h (Saturday): 1 people
1 1620h (Saturday): 1 people
1 1621h (Sunday): 0 people

- comfort air and water temperatures schqdirkEments,
Normative comfort air temperafgugement in winter; 21°C
Real comfort air temperature in buile@3§C2Decause some activities need higher comfort air temperature.
Normative comfort air temperature requirement in summer: 26°C
Real omfort air temperature in buildi2§°24 beause some activities need lower comfort air temperature.

- heated/cooled area, vollig896 m3

- external wall types and characteristics
Material: windows of double glazing (3+3/8/3+3). TECHNAL "TOPAZ GT"
G védue: 3.1 W/riR

- windows types and charaatstistumber, area
Glazing type: double glazing (3+3/8/3+3). TECHNAL "TOPAZ GT"
G value: 3.1 Whk2
Number: 6
Area: 63.07 m2

- ventilation type and characteristics

Mechanical ventilation.
System in place (AAW:handling Unit):

Thermal zone 14 (Bathrodms

- Occupancy8-14h; 1&4h (from Monday to Friday)3BDh; 180h (Saturday).-26h (Sunday).
- Occupancy pattern:
1 814h (from Monday to Friday): 1 people
1 1622h (from Monday to Friday): 1 people
1 1013:30h (Saturday):1 people
1 1620h (Saturday): Jopke
1 1621h (Sunday): 0 people
- comfort air and water temperatures schedule requirements,
Normative comfort air temperature requirement in winter: 21°C
Real coroft air temperature in buildirg8%2, because some activities need higher comfontairéeempe
Normative comfort air temperature requirement in summer: 26°C
Real comfort air temperature in buile@3§C24ecause some activitiedowedcomifbair temperature.

- heated/cooled area, volatn®4 m3

- external wall types and characteristi
Material: Glass Reinforced Concrete
Thickness: 0.3 m
U value: 0.24 WhHn2
Position of insulation: indoor
Area: 12.18 m2
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- windows types and characteristicbenuarea
Glazing type: double glazing (3+3/8/3+3). TECHNAL "TOPAZ GT"
G value: 3.1 Whk2
Nunber: O
Area: 0 m2

- ventilation type and characteristics

Mechanical ventilation: exhaust fans (air flow: 100 m3/h)
System in place (AHU: Air handling Unit):

4.4 Heating/cooling system with heat, cold and DHW distribution

The centre has a 580autdoor technia@om, where is now installed the heat pump, with enough free surface f
installing additional equipment. Additionally, as displayed before, the building has available a large roof where
solar collectors. See the roof chiésticsdan thellimwing picture:

XEMENEIA FORN
\CER“”“C XEMENER, CUNA D)

© 0 0

LLUERNARIS

10852 61m

Figure 64: Roof characteristics

Currently, the heating and cooling installation is formed by the following equipment:

Reversible air to water heat puSth6 kW (cooling capaci®g.3 (heatg capacity)
Airhandling unit110 kW (cooling capati6y).78 (heating capacity)
2 x split air conditione2.1 kW (cooling capati/(heating capacity)
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Figure 66: P&ID of the heating and cooling plant
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Service (heating / DHW / cooling) |heating/cooling
Fuel type (text) Electricity
Size (kW) 93,9
Type / Model (text) Climaveneta NECS-N/LN 0412
Installed in (year) 2009
Heat Pump Thermal efficiency (%) Electricity
Backup installed (yes/no) no
Operating mode (on/off, modulating, etc) (text) on/off
Available metered point (temperature, flow rate, frequency, etc) (yes/no) no
Data available online through API or similar (yes/no) no
Service (heating / DHW / cooling)  [heating/cooling
Fuel type (text) Electricity
Size (kW) 35
Type / Model (text) 1 Hitachi (RAS-12)
VRV -
. Installed in (year) 2007
Heating and —
coolin Energy source (text) Electricity
s stemgs Backup installed (yes/no) NO
y Backup efficiency (yes/no) NO
Operating mode (on/off, modulating, etc) (text) modulating
Available metered point (temperature, flow rate, frequency, etc) (yes/no) no
Data available online through API or similar (yes/no) no

Table 13: Heating and cooling system characteristics

1 Heating and cooling production

Aheat pump with the following charactesistieemstalled:

Reversible airater heaump, silenced model, for compression with axial fans, with the following characteristics: he
capacity 96.3 kw (outside air temp. 7°C, hot waterd6eutabling capacity 96.3 kw (outside air temp. 35 °C, cold
water outlet 7 &zjuipped withree compressors. Total unit weight of running unit 2149 kg. dimensions 3200x1100x:
mm. side suction unit, vertical discharge, weather type. Equipmzduithreodule composed of#ethQffer

tank, a 2Bter expansimessebnd a doubleimp for thienpulsian

1 Pipingnetwork

A properly insulated black iromadpeenused to distribute the water intended for supplying the air canglitioning pa
Thereaarea single distribution circuit to power the 3 terminal units. The hydmauiiediosgethe heat pump will
circulate the water throughout the circuit.

Long horizontal sections should have a slope of 0.5% in the fluid diréciobagsaand automatic air purifiers
will be installed at the high points of the installatio

1 Conducts network

For the distribution of air, rectangular ducts of rigid glass wool plate have been used for insulation (mw) agglome
thermosettingsins (<= 0.033 w / mk) r 25 mm thick and > = 0, 75 m2k / w thermal resistanogpikitiiagamin

mesh and kraft paper. This conduit has been installed in the ceiling and used for the general distribution of 1
building.

For connectiom the plenum of the grates and diffusers, a composite flexible tube with thermaamsuiation, with
doubldayer alumim tube and an inner steel spiral, fiberglass insulation of 25 mm thick and 16 kg / m3 densit
reinforced alurioim vapor bder have been used.

Theairdistribution in the new connecting corridor between thegstabliéin designed witjal@anized steel

sheet rectangular duct, 1 mm thick, mounted underground and insulated with thermal insulatiomfritucts with e
foam with a thermal conductivity at 0°C of 0.@35 wimthick and mounted extefiradlynsulation will not allow
condensatisimside the duct and insslettd and heat losses.
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The duct network is subdivided into three differentiabgdl@enegulatoréflow andir pressurg to install in
rectangular duct of sizes accordingttd hegremade of natural finished aluminum and gears in pothafiide

of 120 mrparallel to the larger dimension, the shaft will be powered by a microprocessor actuator for gates, -
feeder and par 10 nroiht control signal and stiole 120 s, degree of protection IP54. The main area is the bar
and corridor area, it alweydks, then there are two zones that can work independently of each other

 Gratesand Diffusers

For the impulsion and return of the air, four types of dlibmestdwihese are:

- To drive the air in the classrooms and the bar area, cishdpedaiiffusers with a union joint with the
ceiling will be used to guarantee tightness. They will be mounted with plenum for circular connection, the
of thaiffuser will vary depending on the space to be heated. The mounting will Heeloedir thieda
will be of the Madel model DCN.

- Longrange spherical diffusers, orientable in all directions, will be used to drive air into the tentral hallwa
new building. Made of ailumirthese will be from the Madel modél B0/

- To drig the air from the drive of the connecting corridor between the existing building and the new buildin
alumiium grilles with fixed fins, made ofiahwiit be used. They will be suitable for mounting on technical
floors and other applicatiorsreas of traffic and people. These will be from the Madel-&ttidel LMT
1000x275.

- Alumium grilles with fixed fins parallel 2000x100 mm, fixed to thevalkilimghomounting frame and
plenum will be installed for the return of the ait.behefthidl Madel brand-LBT000x100.

The connecting corridor between the existing building and the new building will not have a return being const
pressured.

9 Isolation

All pipes installed in unheated premises, heat sinks and in outifldie Ex@ated. The insulation used will be of the
type of thermal insulation of elastomeric foam 19 mm thick, with a thermal conductivity at 0°C of 0.035 w/ m°C

For the galvanized steel sheet rectangular duct insulation, elastomeric foamvdtitiitiatatial conductivity at
0°C of 0.035 w/ @, % mm thick and mounted externally, will be used. The insulation will not allow condensation
the ducand will insulate it from cold and heat losses.

9 Fan Coilaind Air Conditioners

Two types afachines will be used to heat the center, these are:

Horizontal fatoils will be used to-wadlunted, with the maximum refrigerating power of 2100 W anditheahaxim
power of 4800 W for the dresimgpf the theatre ardééaximum air flow of 440 m3/ h. maximum sound level 51 dba.
Dimensions 270x795x178 mm. They will include TLW model liquid crystal viewfinder infrared remote control.
be of the bnd Aermec ref. FCW.

For the building's air conditioning, a hbsaantproofing system will be installed, wablifnigeand static heat
recovery, consisting iofijgulsiofan and a return fan of the A'b 200del, fanairflowof 11.021 mh/and 200 Pa,

and a sound power between 79.1 and 7@3pebtively. Each of them will have a frequency inverter for a maximur
of 4 kw. The water battery will be of the 4@EOI6{for cold) and -1665067f (for heat), installation in two tubes. |

will also have eurovenSHilter for an air flowlo021 m3/ h. For the correct renovation of the building's air, a systen
with three 1000 * 500 mmcivekng gates for outdoor air, return and extraction will be installed. The dimensions o
air conditioner are 3980 * 1330 * 2360 mm, formeddbakspem profile structure and injectedialarbonding

squares, 45 mm thick sandwich panels, made of 1.2 mm lacquered galvanized sheet. thick, fiberglass 60 kg / r
for insulationh@ air conditioner will be of the Servoclima m@&del CTA

The air conditioning in the building will be located in the technical room, next to the kitchen.
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9 Electricity consumption for 2019

Table 14: electricity consumption monthly profile in 2019

Electricity consumption

[kwh]
December 2018 26.557
January 2019 31.865
February 2019 23.485
March 2019 18.133
April 2019 13402
May 2019 8.937
June 2019 16.293
July 2019 20.687
August 2019 5.897
September 2019 12.799
October 2019 10.182
November 2019 19.870
2019 TOTAL 208.107

4.5 Specific requiremehotsthe new heating/cooling system

The specific requirements for the new heating and cooling system are:

1 Admissible mechanical load (static and dynamic) on héRqaiefsrand the dry cooler of the FAHR unit
1 Regulatory compliance of the following laws:
o Low Voltage Electrotechnical Regulation (REBT), according to RD 842/2002 of 02/08/2002
specitally the Complementary Technical Instructions.
0 Royal Decree 1027/2003uly 20, which approves the Regulation of Thermal Installations in Buildin
(RITE).
o0 Complementary Technical Instructions called ITE. (Ministerial Order of July 31, 1998).
o Others: Municipal ordinances, Fire Prevention Ordinance, UNE rules afnmpdindagyrand
Ordinance on safety and hygiene at work.

4.6 Preliminanmyonitoring plan

4.6.1 Pre-monitoring plan of the existing building and heating/cooling system

Since Sant @at building has been selected as one of the SunHorizon demo sites famttbéenydelayment

(to be developed in WP5), apretoring strategy has been developed for this building in order to collect the d
required for refining the enasplibe. It will involve installation of a set of sensors defined withmitérig @ir mo
indoor and outdoor conditions, occupancy, heat demand and electricity consumption. The list of sensors select
monitoring is listedEmor! Reference source not found.
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Figure 67 shown the position of sensors iiCBgat demo site in the different roorfrgy@@®8the communication
protocol with these indoor sensors installed within the building.

Table 15 List of sensors and monitoring technology

[Number of floors [Technology Package |
[DEMO SITE 3 - Location: SANT CUGAT, civic centre |1 [TVP+FAHR ]

1  Brightness / motion INDOOR - ROOMS brightness+motion sensor 1/room 10 rooms (9 classes, 1 for events,
2 Windows status INDOOR - ROOMS Window contact 1/window to be installed on the 10 big
3 Occupant presence INDOOR - ROOMS already included in 1 already included in 1
10 rooms or one in the corridor onl;
4 CO2 INDOOR - ROOMS CO2 sensor (measuring T and RH, wired componefit)/ room (|n‘ the worst case if not possible to
bring cables around or we do not
have budget)
5 Humidity INDOOR - ROOMS T and RH sensor 1/room only f no{9 rooms (only if not installing the
6  Air Temperature INDOOR - ROOMS already included in 4 or 5 already included in 4 or 5
7  Ext: T, RH, Global Radiation, Cloud Coverage, WilOUTDOOR KNX Weather station 1 roof or on the wall exposed to Soutl
Between inlet and outlet of the HP
8  Thermal Energy production of H/C EXISTING H/C SYSTEM INLET [Clamp Thermal energy meter on the existing HP |1 before the collector - the same is
commuting during summer for the
cooling
9  Electric Energy consumption for H/C EXISTING H/C SYSTEM MAIN §Modbus RTU Electric meter on the HP power supp|s three-phase
To establish the communication with the master
?
10 Temperature RT TANK controller RT Storage Tank con.troller (Modbgs ?
Master or slave? Is the only point of connection wit]
TP?)
11 Electric Energy consumption (1,V,kWhel) - Total ELECTRIC CABINET Modbus RTU Electric meter on the main of the floof1
12 Electric Energy consur_nptnon (1,V.kWhel) - Detailet ELECTRIC CABINET _Power Tag Electric m_eter on_the_mam switches of |,
from systems and appliances interest (they work with SE circuit breakers
13  Electric Eneray Consumption (1,V.kWhel) - TVP  TVP COMPONENTS SWITCHEfModbus RTU Electric meters on the main 1
14 TVP Thermal Energy production TVP Is the eneray production already measured and |- -
15 Operating Status, alarms v To establish the communication with the TVP } )
controller
16 Inlet-Outlet Pressure VP Is the pressure already measured and itegrated in | )
TVP controller?
17 Hot water circuit: inlet and outlet temperature Measured in Technoloay Packaddo establish the communication with the master
18 Hot water circuit: inlet and outlet pressure No need
19 Hot water circuit: flow rate Measured in Technology Packadd o establish the communication with the master
20 Chilled water circuit: inlet and outlet temperature Measured in Technoloay Packaddo establish the communication with the master
21 Chilled water circuit: inlet and outlet pressure No need
22 Chilled water circuit: flow rate Measured in Technoloay Packadd o establish the communication with the master
23 Re-cooling circuit: inlet and outlet temperature Measured in Technoloay Packaddo establish the communication with the master
24 Re-cooling circuit: inlet and outlet pressure No need
25 Re-cooling circuit: flow rate Measured in Technology Packadd o establish the communication with the master
26 Total electric consumption HP ELECTRIC CABINET 3-phase electricity meter
27 Pumps electric consumption HP ELECTRIC CABINET sinale phase electricity meter
Comuressor electric consumption HP ELECTRIC CABINET 3-phase elecmcnv meter
9 Re-cooler electric consumption HP ELECTRIC CABINET 3-phase electricity meter
Additional Equipment
Gateway bidirezionale EnOcean
Repeater Enocean
SpaceLYnk
Case
Router VPN
AS-P+PS
Power Supply components
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Figure 67: Position of sensors in Sant Cugat demo site
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Figure 68 Wireless communication(Zigbee) with the indoor sensors to the main room controller. The later one
communicates via BACNET with the EcoXtructure platform

4.6.2 Preliminary monitoring plan for SunHorizon performance
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The following schematics summarizeslimenamnonitoring architecture of Qagut, the number of sensors and

variables to be monitorggurés9shows thesensor d e f i ned wi
All will be integrated within the monitoring architecture Fitnong&@l in

t hi

n

WP 4

t o

mon i
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Figure 69: monitoring of SunHorizon system
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Figure 70: monitoring and WP4 architecture
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5 Madrid demo site #4

5.1 General description

Demo site 4 is located in central Madrid, and it is composed by nine social housing apartments. Users are peop
incomes and possibly suffering ofygarerty. Thus, the baseline period to consider is one where most of the tir
energy demandsre not met before SH deployfeafollowing subsections summarize the available data to describe
the existing status of demo case during typicallybefergdhe deployment of the TPs.

5.1.1 Location

The demsiteis placed in Madrid, the capitgpaihSpecifidal vy, t he buil ding is | oca
Madr i d ( BquaD dosat to(npartant spotseofiti as Retiro Park, AtochaStatiion or Sol Square.

This building is a social housing apartment block with 9 dwellings &medday Mhanicipal de laighda y

Suelo de Madri(EMVS), a public entity belonging to the municipality. E&$V& ptieidiable housing for the
alocation of people with low incomes.

7

Figure 721 Picture from Google Maps of Calle de los Tres Peces, N°
9 Madrid (Spain).
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Figure 71 - Map of Madrid with de

The following subsections summarize the available data to describe the existing status of demo case during tyj
year before the deployment of the TPs.

5.2 Local weatherasfcteristics

Madrid climate is classified as Mediterranean acéaigpentolimate classification, with moderately cold winters,
and hot summers, with high solar irralateneonorm files with weather data for Madrid can be found in TRNSY:
The \eather files use the TMY2 format, which can be read by Type89.a&isoTpeldPlus provides weather

data files for TRNS¥&ch as the weather stations for Retiro and ketddsest one is Bardath sources, take
information from Bardjeport weather station located in coordinates: {N 40° 27 H{BW 13+ B2Hours} with an
elevation of 582m above seaBarajas weather file is taken into account for the analyses.

With an annual aver awgeather is charactatizghat and dryowfarmksBnmérs andvcald r i

winters with frequémsts and occasional snowfalls. Because of climate change, extreme events such as heat \
and heat island effeah also happen, with excessivégntperatures in summer (greater than*36.5°C)

4 https://www.madrid.es/UnidadesDescentralizadas/Sostenibilidad/Espelnf/EnergiayCC/04CambioClimatico/4cEstu
[Ficheros/EstuClimaUrbaMadWep@016.
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Figure 73 : Weather analysis for Madrid: Average temperature for the years 2007-2016 (Left-side). Monthly average
ambient temperature (right-side)

In fact, Madrid is charactefmedemanding both: heating and cbi@atipg and cooling degree days for setpoint
temperatured 20°C and 25°C, respectively, is shitatahelt Average relagivhumidity is 57%, ranging from 38%
in July to 74% in Decemb

Table 16: HDD and CDD for Madrid demosite Figure 74- Monthly average humidity
Year HDD CDD Average humidity per month

2013 1673 958
2014 1317 939 o
2015 1472 1116
2016 1534 1062
2017 1488 1178 2
2018 1600 992
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Wind speed is showRigure’s The typical wind speed is 3m/s.
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Figure 75: Daily average wind speed for the years 2007 to 2016 and average monthly wind speed (right figure)

Sunshine duration,ig&® hours per yedays in winter are not as short as in the northern Europe and daylight in sumr
typically last11% hours. The average global solar irradl@¥2ki&/h/flyear, with a PV potentigb86 kWh/kWp
In summer the sun elevatibigier and the maximum global solar irradiance is 7 W/m2/day in July, and the lov

(2W/m2/day) is reached in Decamibdanuary.
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Figure 76 : Weather analysis for Madrid: Average in-plane solar irradiance for the years 2007-2016 (left figure).
Monthly global solar irradiance, with minimum and maximum values (Right T figure)

AsFiguré/7shows the surrounding buildings do not cause any shadows in the roof, so the losses due to shadow

Dual Sun panels will be minimized.
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Figure 77: Solar trajectory of Madrid building and surroundings
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5.3 Bulding geometry and use

As reported in D2.1, the survey performed in February 2019 allows to get drawings from the building renovatio
From these drawingsdgetailed 3D modeds performea T2.4SeeFigurer9 which ma assumptions and results

are also reportieder.

The building was built in 1948, it was originally a police station and dungeons consisting of just one floor above
the middle of the 20th century, iefualsished achieving the configuratiaurrently exists. The distribution of the
ground floor was modified and it was built four more floors above it for residential use.

The building belongs entirely to the EMVS and it is being rented to peoplesethcoddfiantie ddulifamily
residential building, rectangular shaped, with south oriented main facade to Tres Peces street. The other three o
(twosides and the back) consists on dividing walls in contact with other buildings. A central courtyald serves wi
lighting and ventilation to the istieléarooms of the building. It also accommodates the staircase and the lift hole.

The buildinigas two commercial premises, one interior dwelling and several common rooms on the ground flo
eight dwellings the rest of the floors above ground at a rate of two per floor, within four floors.

Figure 78: South building facade (Pictures from demo-site
Visit) Figure 79: Building TRNSYS 3D model

The building composed for a ground floor and four floors of housing flats above it. The characteristics of each f
showed ifablel?. Figure7r8shows the frontatadeof the building, which will be redanateasingé external
insulatiorkiguré’9shows the building 3D Model created in Sketch Up and used in TRNSYS (Within T2.4).

Floor Type Surface (A

Commercial propert  40.63
Commercial propert 39.79

Ground floor Dwelling 54.64
Common areas 86.94

Total Ground Floo  222.00

Dwelling 1A 96.39

Dwelling 1B 108.6

A Common areas 14.30

Total First Floor 219.29

Dwelling 2A 96.39

Dwelling 2B 108.6

esticpee Common areas 14.30
Total Second Floo  219.29

: Dwelling 3A 96.39
Third floor Dwelling 3B 108.6
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Common areas 14.30
Total Third Floor 219.29
Dwelling 4A 92.74
Fourth floor Dwelling 4B 86.94
Common areas 12.61

Total Fourth Floor 192.29

Total surface 1072.16

Tablel7i Characteristics of each floor (Madri dds de

An unfavorable ITE (Technical Building Inspection) report was carried out requiring immediate reparation c
technical aspects. For this reason, it is intended to make a refurtbisitareneaf/slope, accessibility and energy
systems of theildingAt the ground floor, the dwelling distribution will be expanded Fagusiivand for all,
insulation will be improved.

Figure 80: New layout of the ground floor dwelling

The structure of the building is made of solid brick load beattingnidgidéctional wood slabs in the ground floor and
unidirectional metal slabs and pillars in thihecto ofs.

Ingenerakhe structure is in good condition and does not present pathologies that may suggest structural proble

Facade

The fagade is made of one sheet solid brick, with plaster covering both in the interior and exteridayand no insule
The general characteristics of the facade are defined in the table below:

Table 18 General Characteristics of the fagade

Thickness (cm Description U Value (W/m2k
External Wall 45 Solid Brick + IntE&t.Plaster. No insulal 082
Courtyard Wal 25 Solid Brick + Int. & Ext.Plaster. No ins 1.27
Windows 0.4 Single Glaze, Wood Frame 4.91

The following figures are from the current state of the building and show that there are many deficiencies in term:
insulatigrpathologies and conservation needs:
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Figure 81: Building fagade (left) and courtyard (right)

The main deficiencies found in the facade are:
1 Great deterioration of wall covgeimgralized dirt with loss of plasdekedvith possibility of detachment
1 Bad thermal propertiesinsulation layewisturgroblems inside the apartments
1 Leakages in the exterior drainpipes

The next drawings allodeartain deficiencies in the building fagade:
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Figure 82: Deficiencies of the main facade

Figure 83: Deficiencies in the other facades
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Roof
The roof is flat and is finished inpacelfted asphalt sheet, foreseeably welded on a Catalan tile floor. The parap
surounding the limits of the roof are made of brick.
The gemal characteristics of the roof are defined in the table below:
Table 19: General characteristics of the fagade

Thickness (cm) Description

Roof 45 Asphalsheet, aterproofing layer, ceramic tile 0.70
hollovbrick boaraglab and plastiio insulation

Figure 84: Actual State of the roof

The main deficiencies found in the roof are:

1 Bad state of the parapets, roof flodviaivtydvall.
1 Skylight produces recutesiks.
9 Deterioration of tlee@ssfrom stairs to the roof |ewrdl, broken elements.

The next drawings allod¢sgartain deficiencies in the building fagade:

79



* K 5%

Hoﬁzon
%_\”\”\H\\HIHHHHHH_U_H%

* % %
* 5 %

* 4 K

= =

[

|
i
|

T ES
i
]

160[79 m#

=11

-
I
o

= 11100

Figure 85: Deficiencies on the roof

The existing and renovated U values are sfiguna8é 70% improvement for the walls, windows and roof has been
considered.

EXISTING AFTER RETROFITING
Type U Type u
External walls 1,63 W/m2K Walls 0,268-0,316
W/m3K *more
info in
drawings
Internal walls 2,20 W/m3K Roof 0,265 W/m2K
(courtyard)
Roof 0,95 W/m2K Windows 1,7 W/m3K1
Windows 5,70 W/m3K1

Figure 86 : U values: for existing infrastructure and after retrofitting

This project aimed to serve as a replicable model for many other of their buildings alotentbe withdsichday

characteristics. It has not any kind of herieg®preten it belongs tei@hbourhoadtalg ued as Ohi s
district.

Building renovation

The building started to be renovated in 2019. The whole renovation will cover both passive and active aspe
building aiming to achieve better energy performance and improve comfort condition levels
The retrofitting of the building will cansist o
Main Facade:
1 Installation of External Insulation (ETICS). Thickness: 8 cm.
1 Substitution of Windows.
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1 New electric lines and drainpipes distribution through fagade
Achieving the following thermal pFspert
Table 20: General Characteristics of the fagade after renovation
Thickness (mm) Description U Value (W/m2K) ‘
Wall 45+ 8 Solid Brick + Plaster +ETICS 0.262
Windows 4+4166 Double Glaze + Low Emission layer + 1

ControlAluminiurRrame with TBB

Roof
1 Renovation of the roof floor and the parapets. Integration of an insulation layer.
1 Replacement of the skylight.
9 Renovation of the access to the roof.

Achieving ttiellowing thermal properties:
Table 21: General Characteristics of the roof after renovation

Thickness (cm) Description

Roof 52 Asphalt sheet, waterproofing layer, extruc 0.26
polyestirene (8cm) ceramichidew brick boarc
slab and plaster. No insulation

Thermakones

The following pictures show the layout of the dwellings. Ifezaeptfiodhe ground floor), there atedllings

A, on the left side, and B, on the right side. Thadeelifpped with kitchen, living room, bathroom and t&o bedroom
For the division of the thermal zones in the modelling activities of task 2.4, the dwellings are divided by floor ai
dwelling (A and B). Each dwelling is divided in threercemExcept the ground floor that is divided in two convex
zons) to be able to use the fAdetailed beam radiat:i
average temperature for the whole building is c¢2@itfefedwintand 24+2 for summer)
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Tres Peces Street, n29 (Madrid)
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Figure 87 : Ground Floor dwelling (thermal zone code: FOT1-T2)
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Figure 88: The left figure shows the distribution of the 15to 3 Floor dwellings (thermal zone code: F1-3 T1-T2) and the
right figure shows the distribution of the 4™ floor.
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5.4 Heding/cooling system with heat, cold and DHW distribution

Currently, each apartment has an individual natural gas boiler to satisfysgpacB@Aating demands

(Figure@©0. On the other hand, some of thmaptethave an individual electric chiller to cover the cooling needs. Th
buiting owner is going to perform a refurbishment of the building and the energy system. Regarding the late
centralised solution to cover the DHW, heating and coolifidoaaesisiled.

-H-

| ™G boiler

=

IVELTW

matmeal mas

electricity | .

woold vwaten
—_—

w
drainmge *"'— -

<1
Figure 90 : old existing system (it is going to be removed)

Figure 89 : old radiators and boiler for SH and DHW
purposes.

At each dwelling one heat exchanger for DHW prep&vatai Dt one fanil with one coil (for both, heating and
cooling) are connected to the distribution system.

All dwellings will have incorporateckatdaliselllechanical Ventilation Unit with heat rdcos@rgr the air quality
needs of each divey minimizingetenergy losses associated to ventilation.

Independenentilation unitsll be installed in edalelling, locatedthe false ceilings of the kitthéngight side
dwellingsand in the false ceilings of the bathrdloenstiside dwellingEhe air is extracted from the bathrooms and
kitchengpasshrough thieeat recoveandit is ledo the roof by independent chimDeytbe other sidiean air is

taken from tlwutsideheated up in the heat recovery unit aretdsopplihe bedrooms and living rooms. The goal
would be to integrate this ventilation system within the space heating and cooling system proposed by SunHor
technology definition is stiédruedision.

In addition, the distribution pipesmioigaap water and gas, and the electric line will be renovated and taking advant:
of the new lift installation, they will be slightly moved from its original location. In all casefiethapovd theeins
insulation layer of the internayaadifthere will ievo pipgdistribution system, one for DHW preparation and one for
space heating and space cooling. Tap water coming from thewiiggchaaigbeat at eacpartmem@HW HX

and iwillproviddnot water at 45°C for showerkiwhen. The fanil water coil setpoinitsbeset at 45°C for winter

and 16°C for summer. The SunHorizon system will meet the three demands at the required setpoints.

The faroils that will bestialled will exchange heat with the indoor aire@@hiest heat exchanger will be installed
for ventilation purposes). These units will alternately give, cold or heat, depending on the corresponding seasol
be located in the ceiling and thibudlion of the air will be done through galvadzedaHhar ducts internally

isolated. The return will be made by plenum (not conducted) from inside the ceiling. The distribution and dimens
ducts are indicated in the graphic documenthiill always run through the false ceiling.
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Units Brand Model Dimensions Water flowrate Heating Batter Cooling
Battery

9  DAIKIN FWB05B™ 239x1389x6C 825 6.4 kKW 5.22 kW

Figure 91: Ventilation ducts (in red and green) and air distribution from the fancoil to the different rooms (ducts in blue)

Baseline

As bills are not available (data protection issues), and people might have been suffering of energy poverty, ¢
model in Design Buili&rof the retroétd building is performed and it will be taken into accousetims fba
SunHorizon performances.

1 Cooling peak: 16 kW

1 Heating peak: 22 kW

1 DHW demand: 1400 liters/day
Internal heat gains have been set in Design builder: The internasidewisahbaiitding that can be considered are
the following acdiory to the energy certification regulations.

A People

A Equipment

A lllumination
In the study the charges for equipment and lighting lpperdibas the schedolesapacities are unkndvine.
occupational internal heat gains due to people have lteraizda@mt, following the schedules (see image below)
to consider the Spanish regulation code (CTE HE) with an occupation of.0/08pevateymflow rate of 0.1
renovation/hoamd infiltrations of 0.1 renovation/hour has been considered.
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