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Executive summary

This report contains the methodology and steps used to design at least three renovation packages for the
pilot site, that has been described previously in the baseline definition.

To carry out them, all the following elements have been taken into account:

- Baseline descriptions from Task 2.1

« Library of SOTA renovation options from WP1
« Innovative scan from WP1

- Requirements of building owner

« Knowledge and previous experiences of Exeleria, Chalmers and 3C-Pre

The three renovation packages proposed, following the DREEAM aim, should achieve a reduction of 75% of
the primary energy of the building in a cost-efficient way, taking into account the implementation of
renewable energy systems and the increment of the renovation scope to multiple buildings. The nZEB (nearly
Zero-Energy Building) state of art boundaries have been applied in this task to reach the energy savings goals.

The results will be presented to the building owner, who will decide one concept between all the proposed.

The results obtained are:
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Padiham:

For the set of dwellings both electricity and gas & electricity supplied have been analysed many

different solutions that include heat pumps (air-air and air-water), condensing gas boiler, and night

storage units. Solar photovoltaic systems as main source of renewable energy. A ventilation system to

solve the problem of moistures have been also included for all the concepts. More detailed

information of each concept can be found in section “renovation concepts”.

For this pilot site, two different analysis methods are considered depending on the starting point for

the calculations, that are:

Analysis 1: starting in a renovation of the envelope and the main energy source to calculate the

dimension of a PV system to reach a 75% of energy saving.

Analysis 2: starting with the biggest PV system as possible and a renovation of the main energy source

to calculate the actions in the envelope required to reach a 75% of energy saving.
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Analysis 2:

CO2 emissions (tCO2eq)
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CO2 emissions (tCO2eq)
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Treviso:

Most of the cases count with a deep envelope renovation to reduce as much as possible the heating

losses in the buildings. The substitution of the current boiler for a new condensing one or the

installation of air-water heat pumps have been considered All the concepts have a ventilation system

with heat recovery as a request from ATER. Solar thermal and photovoltaic as renewable energy are

also included in the concepts. More detailed information of each concept can be found in section

“renovation concepts”.
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Landskrona:

Due to the good primary energy factor of the current District Heating system in Landskrona, there are

no changes in the heating and DHW production. Therefore, the concepts proposed are focused in an

improvement of the envelope and in the production of electricity by renewable energy, that in this

case, photovoltaic the most suitable. More detailed information of each concept can be found in

section “renovation concepts”.

8,00
7,00
6,00
5,00
4,00
3,00
2,00
1,00

Primary energy (kWh/year)

73-76' -

0,00

Current Concept 1 Concept 2 Concept 3

180.000
160.000
140.000
120.000
100.000
80.000
60.000
40.000
20.000

Energy consumption (€)

35-37% 36-38% 2227

Current Concept 1 Concept 2 Concept 3

200,00

150,00

100,00

50,00

0,00

CO2 emissions (tCO2eq)

16-17% 11-14%

Current Concept 1 Concept 2a Concept 2b

9/85



Table of contents (Padiham)

1 Qualitative coONCEPt id@aS...ciuuiiieiireiriiriiriirteiererereereerentrensransrassrnserasesesssassssnseraserasssenssen 15
000 R 1o Y o Yo [ o1 o I USSP 15
1.2 Design of the renoVation CONCEPLS....uiiiiiiiii it s e s sabe e e e ssbee e s enares 15
2 ASSUMPLIONS . eeuiieiiiiiiiieiieeireeiereeraerneerneerensrenssenssenssrnsernsssnsssesssensesnsennssrnsssasssasssenssensesnsennse 18
b N o ol o) A=Y V=T o oYU UPROTPPRRN 18
2.2 Primary ENerZY fACtOrS ..ociciiiii ettt ettt e et e e e et e e e e e bt e e e e ebteeesebaeaeeebteeeeenstaaeessraeeesnssaeaeaans 18
2.3 Carbon diOXidE EMIISSION ....ciiciiiiriieiiieerieerie ettt st e e sttt e st e ste e e saeeesabeessbeeessteessbeeessseessseeenssessseeessseenns 19
N (=1 4 Vo )= 1 0T ol T 4 Lol =Y < 20
3.1 CONCEPLE L. s 20
3.2 CONCEPTE 2. s 21
3.3 CONCEPE B ann 22
S o o Vol Y o ) 0 23
R T o o ol o ) 23
T o o ol <Y o 24
G RESUIES.ceuuiiieiiiiiiiiiiiiiic it reeesereneiesensesenssssensssssssssenssssensssssnssssnssssenssssnnsssenssssensssnnnans 25
A1 ENEIEY SAVINES weteieeiiiiiiiiiiieteeeseraitittteeeesssssuttttaeeeesssasstrtaaeeeesssaasrsteaeesssssasssaaeeeesssssasssssaeeeesssnsassnsneeees 25
Y A Vo To 1V L3 SRR SPR 25
N 00 Ty Tol =] oL =] [T ol W SR 26
4.1.3  CONCEPL 1: @lEC.EGAS AL ..ottt e ettt e e e ettt e e ettt e e e sttt e e e e st e e e e sstaaeenrtnaaenarens 26
B 00 Vg Tol =] o L B =] [T ol W USSR 26
4.1.5  CONCEPL 2: @lIEC.EGAS AL ...ttt e ettt e e e ettt e e e ettt e e e e st e e e e st e e e e s reaaeenrtnaaenarens 27
41,6 CONCEPL 3: @lOC. AL ..ottt e et e e e et e e e et e e e e s tte e e e s ta e e s ssteaeenrtnaaesarees 27
41,7 CONCEPL 42 @lEC. AL ..ottt e e tte e e e ettt e e e et e e e e st e e e e sasta e e e ssteaeesstnaeenarees 27
s B Vo T 1V L3S PR 28
e B 00 Vo Tor =] o L I =] [T ol VSRS 28
4.1.10  CONCEPL 1: @IEC.EGAS A2ttt e sttt e e e e e e e sttt e e e e sttt e e e e sssaaessseaaeessrssaeesarsnas 29
Y B 00 Vg Tol =T oL B =] [T o ¥ SRS 29
4.1.12  CONCEPL 2: @IEC.EGAS A2ttt e ettt e e e e e e e e ettt e e e e sttt e e e e sssaaeesseaaeesrssaaenarsnas 29
B.1.13  CONCEPE 3 AL s s e s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s ssssssssasssssasassssssassasasasasasansasnssasasesens 29
B.1.04 CONCEPE G AD....eeeeeeee e s s se s e s s s s s s s s s s s s s s ss s s s s s s ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns 30
B 1.I5  CONCEPL 5. s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s ssssasssassssassassasasassssasssssasananansassesesens 30
B.1.16  CONCEPL B s s s s s s e s s s s s s s s s s s s s s s s s s s s s s s s sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 30
o A Yol o 4 Y (o35 (U Lo Y 2SR 31
Y Vi To ]|V KR USSRt 31
E 3 A 0o Y Tol=d o1 o I =1 [T o A USRSt 31
4.2.3  CONCEPL 1: @lOC.EGAS AL ..ot ettt e ettt e e ettt e e e et e e e e sttt e e e st ta e e e stteaeenrtaaaenareeas 32
B B 00 L Tol =] o L =1 Lol W SRS 32
4.2.5  CONCEPL 2: @lIEC.EGAS AL ..ottt e ettt e e e ettt e e e ettt e e e sttt e e e st ta e e e st e e e e nrtaaeenarees 33
4,26 CONCEPL 3: @lOC. AL ..ottt e ettt e ettt e e e ettt e e e et e e e e st e e e e sstaa e e srteaeesrtaaaenarees 33
4.2.7  CONCOPL 42 @IEC. AL ..ottt e ettt e e e e e e sttt a e e e e e s s sttt aaaaeeen s s rtraaaaaeeeesnrrnn 33

10/ 85
ocgdreeam



R B Vo T |V 3 SRR 34

E N R 0o Tol= o1 A =1 [T o SRRt 34
4.2.10  CONCEPL 1: @lIEC.EGAS A2...ooeeeeeeeeeee ettt e sttt e e e et e e st ta e e s s tta e e e sasta e e s sstaeessstaaessareeas 34
42,11 CONCEPL 2: @lOC. A2 ..ottt e et e e ettt e e e st e e s st ta e e s s tta e e s sastaesssstaaessstaassnarenas 35
4.2.12  CONCEPL 2: @lIEC.EGAS A2ttt e ettt e e ettt e e e ettt e e e e ttta e e e sstaaeesteeaeessrseaaenarenas 35
4.2.13  CONCEPL 3: @lOC. A2 ..ottt e ettt e e ettt e e e ettt e e e ettt e e e st e e e e sastaaeesrteaeensrseaaenarenas 35
42,14 CONCEOPL 42 @lEC. A2 ...ttt e ettt e ettt e e e ettt e e e ettt e e e e st e e e e sstaaeesrteaeessrseasenarenas 36
B.2.15  CONCEPL 5.ttt s te s st s s s e s s s s s s s s s s s s s s s s ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 36
B.2.16  CONCEPL B s e e e s s e s e s e s e s e s s s s s s s e s e s e s s s e s e s s e s s s s e s e s s s e e aaaaaaaaaaaaaaaaaaanaaaaaaaeaans 37
e B Y VT e T T (=T ) - | I AU Lo Y 2SR 38
Y A Vo Lo 1V £ USRS 38
B A Vi Lo |V 3 SRS 38
S T Vo 11T o T 40

6 Qualitative CONCEPt IdEAS...c.civuirieiiieiiiciric e reeerreccreeraerenerenerenrenssenssenssrnsernsssnsssnsssenssnnnes 42
L% A 1 4 o 1o (1ot o o PRSP 42
6.2 Design of the renovation CONCEPES......uuiiii ittt erre e e e sbee e e s sbeeeessbeeeeesans 42
7 ASSUMPTIONS .ccuiiiiiiiieiiiiiiiititeiieiteteereeratestesssastassassessssssassassasssnssassasssssssssassassasssassassassassnns 45
2 N o o (o=l o A=Y V=T oY USRSt 45
A A o a4 T T =T -4V - Vot o] PPN 45
7.3 Carbon diOXidE @MISSION ....cciiiiiiiiiiiiteie ettt ettt st e st e s sbteesbeeesbbeesabeesabaeesabeesabaeesaseesbaeenabeens 45
S (=T To XV 1 Lo o W olo] o Vol =T o 1 £ 46
S 700 R o o Vol Y o ) 46
< 7072 o ] o Vol Y o ) 48
S0 T o o ol <Y o ) 0 49
L N £ T Y1 ] Y 50
9.1 ENEIEY SAVINES teeeiiiiuiiiiieeeeeeiiiiiitetteeeesssatatteeeeesssssusasaeeeesssssasssseeeeesssssssssesseeeesssnsssseseeeesssssssssseneesesss 50
9.1.1 (00 1 Tol =] o A N 51
9.1.2 (000 1 Lol =] o1 0o [N 51
LI G B 00 Ty Tol =T o1 7] < OSSP 51
9.1.4 (80 [ o1 =] o 0 N 51
1S 207 Yol To Y o 1ol U [ 1Y SRR 52
9.2.1 (80 1[0l =] o A RN 52
9.2.2 (000 1[0l =] o 0o [N 53
LI B 60 1y ol =] o1 0] 2 SRR 53
9.2.4 (00 1[0l =] o 51 RN 54
1S 20 T 1 o V7T o a0 g T=T o1 o= I A0 e 1Y SRR 55

11/85
ocgdreeam



0 T 7o Y s Vol [ [ o 3 56

Table of contents (Landskrona)

11  Qualitative coONCEPt IdEaS...ccciiieeriiiecireeirreeeirrnneerenereneerenseereaseerensssensssrensesenssssenssssnsnens 58
11.1 [[a]d o Yo [¥ o1 o o NS UPPROPPPPR 58
11.2 Design of the renoVation CONCEPTS ....iciiciiiii it e e e e etre e e e e ba e e e e ebaeeeeeaes 58
7 XX U1 41’1 o o] 4 K3 TR 61
12.1 L oI ) =T 0 1= =AY PSPPSR 61
12.2 gV A =T a1l oAV - o1 o] £ PRSP 61
12.3 (07 oY) e [To) 4o [l =T 4 111 o] o SRR 61
13 TaTo)VE T o] o W olo] g Tol=] o 1 K-S0 RPN 62
13.1 CONCEPE L i, 62
13.2 (60e] o Tol=T o | 10 O U U O P P PP PP PP PP PP PP PP PPPPPPPPPP 64
133 (6] Tol=T o H1C S U P P U P PP PP PP PP PP PP PP PPPPPUPPPP 65
S =Ty ¥ | | RN 67
14.1 BN B Y SAVINS ..t e annn 67

B O R 0o Tol -1 o A PPN 67

N B A 0 Tol -1 o) o RPN 68

B I B 0 Tol -1 o) A SN 68
14.2 oo T o] 0 a1 Tolt=y {U Lo VPSPPSR 69

J4.2.1  CONCOPTE Lottt ettt ettt ettt ettt e e e e e e e eeeaaaeaesasasasasasssssssasassssssssssssssssssssssssssssssssssssssssees 69

J4.2.2  CONCOPTE 2.ttt ettt ettt ettt e e aeeeaeaeaasaaasaaasaassasssssasssssssssssssssssssssssssssssssssssassnnees 69

B R 0o ¢ Tol-1 o) e F NS 70
14.3 ENVIFONMENTAL STUAY .ottt e e et e e e e bt e e e e ebteeeeebtaeeeesteeeessteeaesassanananns 71
S 0o T 4 Uol [T T T L3 PN 72
T L Y 41 4 1= (=S 73
17 RO OIENCES . .ceuuiiienereenerteneereanertenetraseereaseerassesrnsessessesenssssensesssnsessassssenssssnssssensesssnsesennsesenn 85

12 /85
o@dreeam



Table of figures

Figure 1 List Of reN0VAtioN CONCEPLS ..uviiiiiiiiieciiie ettt e et e e e sae e e e s ate e e s enbaeeseabeeeessraeesennreeeeennsens 16
FIUIE 2 NEW INSUIGLION c...eeiiie ettt et e e st e e e st e e s s bte e e s s s beeeesssbeeeessbeeessnnreeesensens 20
Figure 3 Air-Water NEAT PUMIP vt e e s st e e s s be e e e sabbeeeesabeeessnreeesennsens 21
Figure 4 Extract ventilation SYSTEM ......ci it e e st e e e s e e e s abe e e e s b ee e e enares 21
FISUIE 5 PV SYSTEIM <.ttt ettt et e e e ettt e e e e e s e st bt e aeeeeesessannbeaaeaeesssasnnseeaaaeesesanannns 21
=V N e g Vo L= o Ty [ g o Yo LT P 22
FIgure 7 Night StOrage UNIT....cccciiieieiiie ettt e e e et e e et e e e e st e e e s e aabe e e s easbaeeeansbeeeeannseeeeantaeesansens 22
=V N T Y gl o =Y | A o 1U o oY o TP 23
= U B N AN T e T U] P o] RSP 23
Figure 10 Ventilation SYSTEM ......uiii it e e e st e e s s be e e e s bbee e e ssbeeessnreeessnses 24
FIGUre 11 Primary ENEIEY OVEIVIEW . .ccciiiiiiiiuiiieeeeeeeeeeiitteeeeeeesseirttteeeesssssssrttaeeeesssssassneaaeeeesssssanseneeesesssnnnnns 26
FISUre 12 Primary ENEIEY OVEIVIEW. ..ccciiiiiruuiiieeeeeeeeniiiiiteeeeesssssuusttteeessssssssssesaeesesssssssseseeeeessssssssssseesesssnssnns 28
Figure 13 ECONOMIC SAVINES OVEIVIEW c.ciiiiiiiiiiicccec e 31
Figure 14 ECONOMIC SAVINES OVEIVIEW .cciiiiiiiiiiicic e 34
Figure 15 CO2 @MISSIONS OVEIVIEW ...cciiiiiiiiiicccec e e e e e e e 38
Figure 16 CO2 @MISSIONS OVEIVIEW ..ccciiiiiiiiiiicc e e e e e e e e 39
Figure 17 List Of renoVation CONCEPLS ...cccuiiiiiiiiiiee ettt e e e e s s e e e s be e e e sabeeeesnreeeeennres 43
Figure 18 INSUlation CONCEPT L ...uiiiiiiiiiieciiee ettt et e et e e et e e e s abe e e s sasbeeeesasbeeeessbeeeeenreeesennsens 46
Figure 19 Condensing DOMEI ... ..uiii it e e et e e e s be e e e sabe e e e s sbeeeessbeeeessreeeeennrens 47
Figure 20 HEat reCOVEIY UNIT ..o, 47
Figure 21 Solar thermMal SYSTEM ......cuiiie ettt e et e e e st be e e s e ate e e s earaeeeeabeeeeensbaeeeenreeeeennsens 47
=Vl A [ T U| Y d o) g I ole T ol=T o - [ES P 48
=V W [ o T U| Y d o) g T ele T Tol=T o] A o PR 48
Figure 24 Air-water DAt PUMIP ....iii ettt e e e e s e e e e st e e e s sabaeeeasbaeeessbaeeeesreeeeannsens 49
FISUIre 25 Primary ENEIEY OVEIVIEW...cciiiiiiicuiiiieeeeeeeeniiiireeeeeessssiittseeeessssssssssesaeesesssnssssesseeeessssssssssseesesssnssnns 50
Figure 26 ECONOMIC SAVINES OVEIVIEW ...coiiueiiiiiieitiieiiiiiireeeeeeesssiiiteeeeessssssstbeseeeeessssssssseseeeeessssssssssseeesesssnnsssns 52
FIgure 27 CO2 EMISSIONS OVEIVIEW ...ciiiiiiiiriiiiiieeeeeeiniiiireeeeeessssuitrseeeeessssssssseseeesesssnssssmesseeeessssssssssseesesssnssnns 55
=V R R TS o) Y= o Lol V- 1A oY g Wolo] a[ol=Y o £ PR 59
=V A o T UI Y d o) g T elo T ol=T o] i - TES PR 62
Figure 30 Centralized ventilation SYSTEM .......cccuiiii ittt e e e e e e e e e e earae e e enres 63
Figure 31 Surface available on roof for PV SYyStemMi........cooiiiiiiiiiiecec ettt 63
=V W [ V| Y] o ele T ol=T o A - 1S PP 64
Figure 33 PV integrated in fagade .......ceii ittt e s e e e st e e e st ee e e e nr e e e e earaes 65
=V Y M [ I UI Y d o) g I ele T ol=T o - [N PR 65
Figure 35 Primary €NergY OVEIVIEW .....cccc i 67
Figure 36 ECONOMIC SAVINGS OVEIVIEW ...cccci e i 69
Figure 37 CO2 @MISSIONS OVEIVIEW ....ccceiei i e e e e e e e e 71
13/85

dreeam



Padiham (UK)

Pilot site

14 / 85
dreeam



1

Qualitative concept ideas (Padiham)

11

Introduction

To elaborate the renovation concepts, a brainstorming between Exeleria, Chalmers an 3C-Pre has been
made. On it, each part contributed to develop an overview of different solutions that can be applied
in the pilot site.

The different solutions involve the following elements:

Envelope:
o Wall
o Roof
o Floor
o Roof
o Window

. Ventilation

1.2

Heating system
Renewable energy
ESCO

An analysis of the advantages, disadvantages and possible innovations has been made. To have an idea
of the impact of every solution proposed exeleria has calculated how affect them to the primary energy
in the pilot site using the same energy simulation tool as in the baseline analysis.

Design of the renovation concepts

Once an scheme of different solutions has been designed, the next step is to mix them to create a
renovation concept.

The proposed renovation concepts have been designed with the combination of one solution for each
element: walls, ventilation, heating, etc.

The following figure represents the steps made to obtain a final solution:

15/85
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Solutions|Ventilation ___________JRoof ____________[Wall(orick ___________ [Window ___________ JFloor __________ Heatig ____________JRes _____________[esco |

Central air out [one air out
per unit), decentral air in
[several air in] [for example
via window Fframes])

Advantages: limited camplexity and costs;
rizk of mold and humity covered; rizk of
health prablems via air quality covered
Dizadvantages; ne heat exchange possible,
the reduction in the heating conzumption can
Ew: lawrer than the consumption of the system
Pocsible Innovgbtions; seweral products
available far decentral airin [nane of them
trucly innovative thoughl; smark management
via zenzars could qualify

Impact: +3% Takal Primary Encrgy

Mo controlled ventilation

Advankages: cheap

Dizadvantages; ne heak recowery; in
combination with 2 mare air-tight envelape
humidity problems might arize dus to wrong
ventilation; problems with mald related
health issues might arise

Pozsibls lnngvgtions: none

Impact: 0% Total Primary Encragy

Controlled central
ventilation with heat
recovery

Advantages: heat recovery [S0%] possible
that iz wery lilely ba pay ofF Fastin the LK
climate; air quality and rizk of mold and
humidity due ko 2 mare air tight
envelopecaversd

Dizadvantage: expensive and requires
substankial planning; adds clectricity
consumption [might stop working if pre-
paid budget runs aut).

FPozsible Innovations; Enthalpy Exchanger
[exchanges humidey and heat); smare
management via senzars

Insulation from inside

Advantages: good inzulation levels
pessible; limited effort, can be done
From inzide; improves air-tightness,

Dizadvantgges: heat bric 3z might
remain, structural wooden oeams
might need bo b "doubled-ua®
[might be needed For PY anpw.n]
Pozzible Innovations: super

inzulatian (ot cost competitive]

Impact: -4% Tatal Primary Encrgy
Feazure: Roof against unheated
room 0,2 wWim2K [currene 1,4
wim2K]

Exchange roof for a
new one

Advantages: very goad Leulation
levels; ne remaining he it bridges; can
b cazily combined sth PV, vizual
aspeck

Dizadvaptages, expensive cxtensive
works necdid, wazke generitian
Paozzibleinnovgtions; prefab
saluticns; integrated PY! ventilation

Mnpact: -2% Taotal Primary Encrgy
Peazure: Roof against external air
0,2 w'm 2K [current unknow]

External insulation

Aduantages: very good inzulation levels
pessible, visual azpect

Dizadvantages: changes the laoks af the
Ewilding; cither might leave heat bridges or
requires exchange o windaws 2z well ta
mawe them back b the inzulation layer; some
insulatian systress might be subject ko mald
and Fungi on sukside

Pozzible jraovations: super inzulation [naot
cast corpetitive in thiz zaze]

Wnpgict: -15% Tatal Primary Encrgy
Racure: External walls 0,23 wim2K
fourbent 1,5 wm2K)]

Fill cawvy

Aduantages: desent insulatica levels
pessible if cavity i bhe range of 10cm;
cheap; limited plannsa CFfare; does nat
change the looks of the wall

Dizadvantages: Imited insulation value;
depending on rifts to the inside might
require: extensive sealing [that on the otber
handz benefits the air tightness], Imp o tanee
of the cavity thickness

Pozzible lonoyations: aeragel based caviey
inzulation

Imgact; -15% Tokal Primary Encrdy [case of
acrdgel]y
Measire: External walls 0,4 W m2K [<urrent

PR, MY

Fill cavity + interr.al
insulation

Advantages; provides good insulation

levels; daes nat change the loaks of the wall,
easiness bo install, solution well known by
PEP

Dizadvantages: reduces internal area
Potentia) innowations acrogel For the

internal insulatian
Impact: -1&% Tatal Primary Encrgy

Meagure: External walls 0,23 wim2K
[eurrent 1,5 wm2K]
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Exchange glazing and
frame

Advantages: very good insulation leels
peereibdu intightness

[e=pecially in cambin:
insulation meagures): allows: optimal
pasitianing of ne# indow rezarding the
inzulation laye

Dizadvants gez roquires same disterbing
wearks; more exienzive bhan just chanzing
glazin; will re duce daglight Facker
Posible inne vations: windosse Frame
integrated entilation

o e

Impack: 55% Tokal Frimary Encrgy
Peasugh: Windaw 1,2 WWm2K [current 3,2
w1

Add second skin window

Alvantages: very good insulation levels
prossible; new window can be put in the
[rectw] insulatian lager ta preventd limit heat
bridges

Dizadvantages: depending an current
window might be complicated; will
significantly reduce daylight factar; might
look awkward;

EBaozzibls Innovations; integrated

wentilation

Impact: -2% Takal Frimary Encrgy

Increase window sizes
[down to ground]

Advantages: will increase dailight factor;
will add quality; verpgaad inzulation levels
possible; visual agpect, increages solar
Jains in winker

Dizadvantages: waste generation,
increases budget, increases heat
kranzmissions losses

F . fomees

Impack; -4% Tokal Primary Encrgy
Peasure: Windaw 2 m height

No changes

Condensing gas boiler

Adyantages: cheap Advantages: relatively cheap, effective and
Dizadvantages; low insulation level  working technology, can be combined with
which iz pablematic ezpeciallyin the  zalar thermic

Paszible innavations: none

Impact: 0% Tatal Primary Encrdn

Exchanue make—up and

Snn o air Digadvantages; requires well insulabed
envelope ta reach IREEAR targets;
requires grid copaection, requires waker
circuit and radistars [nok cxisting in zame
rooms]

Pozzible inr avations: combination with zalar
thermicd slarage

Ithpacp -10% Takal Primary Encrgy
PAewhure: 355 efficiency boiler

Heat pump [air or grounsi)

add insulztion

Advantages: can be compleme bed
by floor heating, generlly adds

Adyantages: combined with greon clectricity
might allow reaching the DREZAR targets
with lezs envelope changes) can uze existing
infragtructure [if radikos are there] or be

qualiey
Disadvantages; ereates disrbances, combined with flaar refitting, no gas grid
reduces room heigeh [also reduces cenneckion necessary

jz: = wors e I
airvolume buk bo o negleckible exkent Dizadvantages: warst GOF in winter [if airy
oF less than 5%] war high initial investment casts [if ground
Pozsible innovations: super baset:.l] ) : o )
inzulation, tailored Floor heating Eozsibls innovations combination with P!

shorage

Impact: -&% Tokal Frimary Encrgy

Peazure: Flaar 0,27 WWm2K [current

1.2 Wim2k]

Impagt: -60% Tokal Primary Encrgy
PMleazdge: 2,5 COP Heat pump

Night storage electric units

Advantages: no gas grid connection
necessary; might achicve the OREEAR
targeks when combined with renewable
wnergy gencration and o decent envelape;
cheap; litkle disturbances

Dizadvantage; in combination with regular
eleckricity mixes unlikelp ta achicw:
DREEAM targets

Eoasible innovation:

Centralized zoil based heat
pump system
Advantages: very efficient, allows shifting,

<an be cambined with PY or zalar themic
and skorage

Dizgdvanatges: joint respansibility [what if
someohe docs not pag?);

EBoszible Innovation: storage; lead
management;

Figure 1 List of renovation concepts

o{dreeam

PV [roof] Yes

Advantages: makes the
system more sconomically
walid, affers high inovation
potential; patential new
DUsIness case rar PP
Dizadvantages: legal frame
conditionz unclear; camples

Advantages: makes it substantially cazicr
to achiews DREEAR targets;
sommunicates the fFFarks of PP Rerter
than cther measures; plug-and-play
Dizadyvantages: pats (dditianal weight an
roof; changes the Liok; location not ideas
[krees, nat very bugh, Climate;

Pozzible inneration new PY Loodules;
managemers., starage, trading s eme,
cambination with HYAC

Impgfee: aprax 264 k'Whiyear per pancl

Solar thermic modules for  No

OHY [roof)

Acyantgges: pans of in sizes where PY
o 2oz not; provides heat and demestic
ok waker even when benants cannak
afford electricity, dows nok require a big
surface

Dizgdyaptgges; mare comples ko install
than PV, requires storage and water
cireuit

Pozgible innovabion; combined pancls
[thermal & P4

Impact: aprax 183 kWwhiyear per panel



It can be possible that a renovation concept can be split having a different solution for the same

element and the rest are identical.

After the renovation concepts have been defined, they have been presented to de building owners,

who have made modifications according to their desires.
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2 Assumptions (Padiham)

There are some factors to take into consideration when deciding to make an analysis of the renovation.
These factors are: price of energy, primary energy factors and the emissions of carbon dioxide.

These factors vary in each pilot site due to many reasons like the market prices of the energy suppliers,
government policies, the energy mix of the country which affects to the primary energy factor and the
emission of carbon dioxide.

2.1 Price of energy

The dwellings are supplied by two different energy sources: electricity and gas.
The prices of them have been obtained from the bills provided by the tenants:
- Electricity (day): 0,203 €/kWh
« Electricity (night): 0,086 €/kWh
« Gas: 0,053 €£/kWh

According to the energy policies in UK it is possible to export the electricity generated by a renewable
energy system and obtain not only a price for the energy injected in the grid, also for the 100% of the
energy generated by the system.

« Generation: 0,0464 €/kWh
. Export: 0,053 €/kWh

2.2 Primary energy factors

The final energy only reflects the consumption. Therefore, it is necessary to convert it to primary
energy which encompass the energy in its different steps that are: production, storage, transport and
consumption.

These values have been obtained by euroheat.org and are:

« Electricity: 2,0

- Natural gas: 1,0

18 /85
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2.3 Carbon dioxide emission

The environmental aspect of the renovation it is focused in de carbon dioxide. Apart from the energy

savings in a renovation is also important the reduction in the carbon dioxide emissions due to the

reduction of the primary energy of the building.
The values used are:

« Electricity: 0,420 kgC02/kWh
- Natural gas: 0,230 kgC02/kWh
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3 Renovation concepts (Padiham)

According to the energy source in the dwellings we can have on one side 100% electricity dwellings and
electricity and gas on the other. Therefore, that makes that not every solution can be suitable for all the
dwellings.

In the next section we can see a brief description of each concept:

3.1 Conceptl

Suitable for 100% electricity and electricity & gas dwelling.

« Envelope: Insufflating the air cavity with PUR and internal aerogel wall insulation, MW for the roof and
XPS for the floor (when possible). Triple-glazed windows.

Roof Groundfloor Walls

............ Temperatirveriaut Tempacaturveraut Tomperaturveraut
20 2 20
2 O) D0 ‘: p Ly @ o Y e O]

-
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1 12
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Temperats ['C
- oo
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-~ S
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0
2 8 \ s
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2 4 2
-4 - 2 ; \\‘
: 0 - _: \
0 S 100 150 200 25 300 350 i”t_?:o ) S50 100 150 200 250 30[?“'"' © 50 100 150 200 250 300 350 409 450 w;":n.r
MW (035) 120 mm XPS (035) 100 mm Int. Aerogel 20mm +insufl. PUR

Figure 2 New insulation

The new U-Values obtained are:

Element Current U-Value Proposed U-Value)
(W/m2K) (W/m2K)

External walls 1,20 0,26

Roof 0,58 0,19

Ground floor 3,87 0,32

Windows 2,80 1,20

The insulation of the floor is only feasible in the dwellings where it is faced against outside air:

« Heating and DHW by an air-water heat pump with an output of 10 kW with storage tank of 200L. The
efficiency of the heat pump is 3,4.
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Figure 3 Air-water heat pump

- Ventilation: mechanical extract ventilation system. Includes demand control and CO2 and humidity

sensors. Possibility of different programs: eco, night, etc.

Figure 4 Extract ventilation system

« Renewable energy: Photovoltaic integrated in the roof.

Figure 5 PV system

For the case of 100% electricity dwelling the terminal units must be changed and pipes installed.

3.2 Concept 2

Suitable for 100% electricity and electricity & gas dwelling.

« Envelope: Same as in concept 1.

21/85
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- Heating and DHW by a gas condensing boiler with storage tank. The efficiency of the boiler is close to
98%.

COND. BOILER CHW

-l |7 ——SUJPPLY WATER
I

o,

Lpa—

Figure 6 Condensing boiler

- Ventilation: mechanical extract ventilation system. Includes demand control and CO2 and humidity
sensors. Possibility of different programs: eco, night, etc.

. Renewable energy: Photovoltaic integrated in the roof.

For the case of 100% electricity dwelling the terminal units must be changed and pipes installed.

3.3 Concept3

Suitable for 100% electricity dwelling.

« Envelope: Same as in concept 1.

« Heating by night storage units. Compatible with two-period off peak electric tariff in a single 24-hour
interval.

iy &

Figure 7 Night storage unit

« DHW by an electric boiler.

22 /85
dreeam



« Ventilation: mechanical extract ventilation system. Includes demand control and CO2 and humidity

sensors. Possibility of different programs: eco, night, etc.

. Renewable energy: Photovoltaic integrated in the roof.

3.4 Conceptd

Suitable for 100% electricity dwelling.

« Envelope: Same as in concept 1.

« Heating by air-air heat pumps. The efficiency of the heat pump is 4,3.

EXT. UNIT

ao‘“'.\ll
I — 1T — T

]

—] ————

————— ———

HEATING HEATING HEATING

Figure 8 Air-air heat pump

« DHW by an electric boiler.

« Ventilation: mechanical extract ventilation system. Includes demand control and CO2 and humidity

sensors. Possibility of different programs: eco, night, etc.

« Renewable energy: Photovoltaic integrated in the roof.

3.5 Concept5

Suitable for 100% electricity dwelling.

- Envelope: Adding EPS in external walls and MW for the roof. Triple-glazed windows.

MW (035) +250 mm EPS (032) +80 mm

Figure 9 New insulation
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The new U-Values obtained are:

Element Current U-Value Proposed U-Value)
(W/m2K) (W/m2K)

External walls 1,20 0,29

Roof 0,58 0,11

Ground floor 3,87 =

Windows 2,80 1,20

- Heating by night storage units. Compatible with two-period off peak electric tariff in a single 24-hour

interval.
« DHW by an electric boiler.

« Ventilation: individual ventilation system with heat recovery for each room.

Figure 10 Ventilation system

« Renewable energy: 3 kWp photovoltaic integrated in the roof.

3.6 Concept 6

Suitable for electricity & gas dwelling

« Envelope: Same as in concept 5.

- Heating and DHW by a gas condensing boiler with storage tank. The efficiency of the boiler is close to
98%.

- Ventilation: individual ventilation system with heat recovery for each room.

« Renewable energy: 3 kWp photovoltaic integrated in the roof.
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4 Results (Padiham)

With the help of the simulation tool used in the baseline to analyse the energy consumption of the pilot site,
all the renovation concepts proposed have been simulated in order to study the energy savings of each
solution. An analysis of sensitivity has been made using the same procedure as in the baseline description
with the parameters that can differ, resulting in different ranges.

In this case, two different analysis methods have been applied:

- Analysis 1: The starting point is a full renovation of the envelope, the energy source for the heating and
DHW and ventilation system. In case that the target of energy saving is not reached, it will be covered

by the necessary PV system.

- Analysis 2: In this case, the starting point is to have the maximal PV system possible and the renovation
of the energy source for the heating and DHW and ventilation system. In case that the target of energy
saving is not reached, it will be covered by the necessary envelope renovation.

4.1 Energy savings

For the energy savings calculation, the consumption related to lighting and appliances have not been taken
into account. To establish energy saving measures in this consumption is a tricky issue due to a factors like
the high amount of devices, the variety of efficiency of the devices, the user’s behaviour of them, etc.
Therefore, it cannot be taken into account for the DREEAM Project.

The following tables reflect briefly the energy saving obtained in each analysis method:

4.1.1 Analysis1

Concept Primary energy (kWh/year) PV prod. (kWh/year) Energy
savings
Concept 1: elec. 23.394 2.352-2.554 - 89-90 %
Concept 1: elec.&gas 25.404 3.124 - 3.366 - 87-88%
Concept 2: elec. 23.394 5.849 - 6.664 1.179 71-75%
Concept 2: elec.&gas 25.404 6.338 - 7.347 1.778 71-75%
Concept 3 23.394 5.896 - 7.052 3.275 70-75%
Concept 4 23.394 5.774 - 6.150 2.456 73-75%
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4.1.2 Concept 1: elec. Al

Figure 11 Primary energy overview

Concept 1 Final energy (kWh/year) . Primary energy (kWh/year) | Primary
elec energy
savings
Before
Heating 7.335 505 - 606 14.670 1.010-1.212 92-93
%
DHW 4.362 561 8.714 1.122 87 %
Ventilation - 110 - 220 -
Total 11.697 1.176 - 1.277 23.394 2.352-2.554 89-90
%

4.1.3 Concept 1: elec.&gas Al

Concept 1 Final energy (kWh/year) Primary energy (kWh/year) Primary
Elec&gas energy
savings
Before After Before After
Heating 14.331 715 - 836 15.764 1.430-1672 89-91
%
DHW 4.820 622 9.640 1.244 87 %
Ventilation - 225 - 450 -
Total 19.151 1.562 - 1.683 25.404 3.124-3.366 87-88
%

4.1.4 Concept 2: elec. Al

Concept 2 Final energy (kWh/year) Primary energy (kWh/year) Primary
elec energy
savings
Before Before
Heating 7.335 3.112-3.853 14.670 3.423-4.238 71-77
%
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DHW 4.362 4.140 8.714 4.554 48 %
Ventilation - 115 - 230 -
PV - -1.179 -2.358 -
Total 11.697 6.188 — 6.929 23.394 5.849 — 71-75
6.664 %

4.1.5 Concept 2: elec.&gas Al

Concept 2 Final energy (kWh/year) Primary energy (kWh/year) Primary

Elec&gas energy

__savings

Heating 14.331 4.007 - 4.925 15.764 4.408-5.418 66-72
%

DHW 4.820 4.578 9.640 5.036 48 %

Ventilation - 225 - 450 -
PV - -1.778 - -3.556 -

Total 19.151 7.032-7.950 25.404 6.338-7.347 71-75
%

4.1.6 Concept 3: elec. Al

Concept 3 Final energy (kWh/year) Primary energy (kWh/year) | Primary
elec energy
savings
Before After Before After |
Heating 7335  1746-2.324 14670  3.492-4.648 68-76
%
DHW 4.362 4.362 8.724 8.724 0%
Ventilation - 115 - 230 -
PV - -3.275 - -6.550 -
Total 11.697 2.948 - 3.526 23.394 5.896 - 7.052 70-75
%

4.1.7 Concept 4: elec. Al

Concept 4 Final energy (kWh/year) Primary energy (kWh/year) | Primary
elec energy
savings
Before Before
Heating 7.335 703 - 891 14.670 1.406-1.782 76-88
%
DHW 4.362 4.362 8.724 8.724 0%
Ventilation - 278 - 556 -
PV - -2.456 - -4.912 -
Total 11.697 2.887 - 3.075 23.394 5.774-6.150 73-75
%
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4.1.8 Analysis 2

Concept Primary energy (kWh/year) Envelope renovation Energy
savings ‘
Concept 1: elec. 23.394 -4.296 - (- No > 100 %
4.656)
Concept 1: elec.&gas 25.404 -1.788 - (- No >100 %
2.410)
Concept 2: elec. 23.394 3.597-5.138 No 78-85%
Concept 2: elec.&gas 25.404 3.301-3.973 Yes/Partial 85-87%
Concept 3 23.394 4,984 -5.728 Yes/Partial 76-79 %
Concept 4 23.394 4.330-4.974 No 79-81%
Concept 5 29.464 7.584-9.772 Yes 67-74%
Concept 6 25.404 6.715-7.893 Yes 69-74%
Primary energy (kWh/year)
30.000
25.000
20.000
15.000 %
10.000
5.000
0

5000 L o SSPIY S S — S
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Figure 12 Primary energy overview

4.1.9 Concept 1: elec. A2

Concept 1 Final energy (kWh/year) . Primary energy (kWh/year) . Primary
elec energy
savings
Before
Heating 7.335 1.076 - 1.256 14.670 2.152-2.512 83-85
%
DHW 4.362 561 8.714 1.122 87 %
Ventilation - 185 - 370 -
PV -4.150 -8.300 -
Total 11.697 -2.148 - (- 23.394 -4.296 - (-4.656) >100%
2.328)
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4.1.10 Concept 1: elec.&gas A2

Concept 1 Final energy (kWh/year) Primary energy (kWh/year) Primary
Elec&gas energy
savings
Heating 14.331 1.509 - 1.820 15.764 3.018 - 3.640 77-81%
DHW 4.820 622 9.640 1.244 87 %
Ventilation - 484 - 968 -
PV - -3.820 - -7.640 -
Total 19.151 -894 - (-1.205) 25.404 -1.788 - (-2.410) > 100%

4.1.11 Concept 2: elec. A2

Concept 1 Final energy (kWh/year) Primary energy (kWh/year) . Primary
elec energy
savings
Before
Heating 7.335 6.335-7.736 14.670 6.969-8.510 42-52
%
DHW 4.362 4.140 8.714 4.554 48 %
Ventilation - 185 - 370 -
PV -4.150 -8.300 -
Total 11.697 6.512-7.913 23.394 3.597-5.138 78-85
%

4.1.12 Concept 2: elec.&gas A2

Concept 2 Final energy (kWh/year) Primary energy (kWh/year) . Primary
Elec&gas energy
savings
Before
Heating 14.331 4.959 - 5.570 15.764 5.455-6.127 62-65
%
DHW 4.820 4.578 9.640 5.036 48 %
Ventilation - 225 - 450 -
PV - -3.820 - -7.640 -
Total 19.151 5.942 - 6.553 25.404 3.301-3.973 85-87
%

4.1.13 Concept 3 A2

Concept 3 Final energy (kWh/year) Primary energy (kWh/year) Primary

elec energy
__savings

Before Before
Heating 7.335 2.167 - 2.539 14.670 4.334-5.078 65-70
%
DHW 4.362 4.362 8.714 8.724 0%
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Ventilation - 113 - 226 -

PV -4.150 -8.300 -

Total 11.697 2.492 - 2.864 23.394 4984-5728 76-79
%

4.1.14 Concept4 A2

Concept 4 Final energy (kWh/year) Primary energy (kWh/year) Primary
energy
__savings
Before Before
Heating 7.335 1.418-1.740 14.670 2.836-3.480 76-81
%
DHW 4.362 4.362 8.714 8.724 0%
Ventilation - 535 - 1.070 -
PV -4.150 -8.300 -
Total 11.697 2.165-2.487 23.394 4.330-4.974 79-81
%

4.1.15 Concept 5

Concept 5 Final energy (kWh/year) Primary energy (kWh/year) | Primary
energy
savings

Before
Heating 9.960 2.929 - 4.023 19.920 5.858-8.046 60-71
%

DHW 4.772 2.777 9.544 5.554 42 %

Ventilation - 581 - 1.162 -

PV - -2.495 - -4.990 -

Total 14.732 3.792 - 4.886 29.464 7.584-9.772 67-74

%

4.1.16 Concept 6

Concept 6 Final energy (kWh/year) Primary energy (kWh/year) | Primary
energy
savings

Before After Before After |

Heating 14331  5009-6.080 15764  5510-6.688 58-65

%

DHW 4.820 4.578 9.640 5.036 48 %

Ventilation - 579 - 1.158 -

PV - -2.495 - -4.990 -

Total 19.151 7.672-8.743 25.404 6.715-7.893 69-74

%
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4.2 Economic study

Another important aspect in a renovation is the economical one. The following tables reflect the amount of

money saved and the inves

tment necessary to implement each concept. With these two values, the payback

period can be calculated to check the profitability of the investment.

4.2.1 Analysis1

Concept Saved (€) Investment (€) Payback (years)
Concept 1: elec. 885 - 905 18.948,3 20,9-21,4
Concept 1: elec.&gas 872 - 897 23.482,7 26,2 -26,9
Concept 2: elec. 883-923 19.494,2 21,1-22,1
Concept 2: elec.&gas 946 - 995 25.120,6 25,3-26,5
Concept 3 930-979 19.749,7 20,2-21,2
Concept 4 937-975 18.787,3 19,3-20,1
Energy consumption (€)
2.000
1.800
1.600
1.400 46-47% 50-53%
1,200 54-56% 54-57%
: 57-60% 58-60%
1.000
800
600
400
200
0
Current Current Concept Concept Concept Concept Concept Concept
elec e&g lelec le&g 2elec 2e8&g 3 4
Figure 13 Economic savings overview
4.2.2 Concept 1: elec. Al
Item Description Cost/measure unit Units Total cost (€)
Ext. walls Insufl. + aerogel 110 €/m2 39 m2 4.265,3
Roof 12 cm MW 8,3€/m2 47,5 m2 391,4
Floor 10 cm XPS 64,4 €/m2 47,5 m2 3.056,6
Windows New windows 1,2 W/m2K 449,5 €/m?2 5,9 m2 2.652,1
Energy source Air-water hp 6.525 € 1 6.525,0
Ventilation Mech. ventilation 2.057,7 € 1 2.057,7
Total 18.948,3
Before (€) After (€) Saved (€) Investment (€) Payback (years)
1.623,8 718,2 - 739,3 884,5 - 905,0 18.948,3 209-214
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4.2.3 Concept 1: elec.&gas Al

Item Description Cost/measure unit Units Total cost (€) |

Ext. walls ' Insufl. + aerogel ' 110 €/m2 ©936m2  10.237,0

Roof 12 cm MW 8,3 €/m2 40,4 m2 332,9

Windows New windows 1,2 W/m2K 449,5 €/m?2 12,4 m2 5.573,9

Energy source Air-water hp 4.025 € 1 4.025,0

Ventilation Mech. ventilation 3.313,8€ 1 3.313,8

Total 23,482,7
Before (€)  After (€)  Saved (€)  Investment (€) . Payback (years) |

| 1.890,8 1 994,1-1.018,7 872,1-896,7 $23.482,7 $26,2-26,9 |

4.2.4 Concept 2: elec. Al

Item Description Cost/measure unit Units Total cost (€) |

Ext. walls Insufl. + aerogel 110 €/m2 39 m2 4.265,3
Roof 12 cm MW 8,3€/m2 47,5 m2 391,4
Floor 10 cm XPS 64,4 €/m2 47,5 m2 3.056,6
Windows New windows 1,2 W/m2K 449,5 €/m?2 5,9 m2 2.652,1
Energy source Cond. boiler 4.886,9 € 1 4.886,9
Ventilation Mech. ventilation 2.057,7 € 1 2.057,7

PV 1,4 kWp 2.184,0€ 1 2.184,0
Total 19.494,2

| Before () After(€) __ Saved(€) ______lInvestment(€) _ Payback (years) |
| 1.623,8 701,3 - 740,7 883,1-922,5 19.494,2 21,1-22,1 |
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4.2.5 Concept 2: elec.&gas Al

Item Description Cost/measure unit Units Total cost (€) |

Ext. walls ' Insufl. + aerogel . 110€/m2 ©936m2  10.237,0

Roof 12 cm MW 8,3 €/m2 40,4 m2 332,9

Windows New windows 1,2 W/m2K 449,5 €/m?2 12,4 m2 5.573,9

Energy source Cond.boiler 2.386,9 € 1 2.386,9

Ventilation Mech. ventilation 3.313,8€ 1 3.313,8

PV 2,1 kWp 3.276 € 3.276,0

Total 25.120,6
Before (€) After (€) Saved (€) Investment (€) Payback (years) |

| 1.890,8 ' 896,0 - 944,8  946,0-994,8 £ 25.120,6 $25,3-26,5 |

4.2.6 Concept 3: elec. Al

Item Description Cost/measure unit Units Total cost (€) |
Ext. walls . Insufl. + aerogel . 110 €/m2 . 39 m2 . 4.265,3

Roof 12 cm MW 8,3€/m2 47,5 m2 391,4

Floor 10 cm XPS 64,4 €/m2 47,5 m2 3.056,6
Windows New windows 1,2 W/m2K 449,5 €/m?2 5,9 m2 2.652,1
Energy source Night storage units 1.242,4 € 1.242,4
Ventilation Mech. ventilation 2.057,7 € 2.057,7

PV 3,9 kWp 6.084,0 € 6.084,0
Total 19.749,7

Before (€) After (€) Saved (€) Investment (€) Payback (years) |

| 1.623,8

644,5 - 694,2

929,6 - 979,3

19.749,7

20,2-21,2 |

4.2.7 Concept 4: elec. Al

Description

Cost/measure unit

Units

Total cost (€)

Ext. walls Insufl. + aerogel 110 €/m2 39 m2 4.265,3
Roof 12 cm MW 8,3€/m2 47,5 m2 391,4
Floor 10 cm XPS 64,4 €/m2 47,5 m2 3.056,6
Windows New windows 1,2 W/m2K 449,5 €/m?2 5,9 m2 2.652,1
Energy source Multi split 1.840 € 1.840,0
Ventilation Mech. ventilation 2.057,7 € 2.057,7
PV 2,9 kWp 4.524,0 € 4.524,0
Total 18.787,3
Before (€) After (€) ' Saved (€)  Investment (§3) . Payback (years) |
| 1.623,8 648,6-686,8  937,0-975,2 18.787,3 119,3-20,1 I
33/85

ocgdreeam



4.2.8 Analysis 2

Concept Saved (€) Investment (€) Payback (years)
Concept 1: elec. 1.398,8-1.435,4 16.382,7 11,4-11,7
Concept 1: elec.&gas  1.228,7-1.291,8 14.514,8 11,2-11,8
Concept 2: elec. 1.143,0-1.210,0 14.744,6 12,2-12,9
Concept 2: elec.&gas 1.237,1-1.269,6 21.907,0 17,2-17,7
Concept 3 1.051,0-1.083,0 18.560,1 17,1-17,6
Concept 4 830,5-895,9 11.697,7 13,1-14,1
Concept 5 1.024,9-1.119,0 26.191,0 23,4-25,5
Concept 6 926,9 - 983,9 23.000,0 23,4-24,8
Energy consumption (€)
2.500

2.000
1.500
1.000

500

0

Figure 14 Economic savings overview

4.2.9 Concept 1: elec. A2

Item

Energy source

Ventilation
PV
Total

Before (€)

1.623,8

Description Cost/measure unit Units Total cost (€)
Air-water hp 6.525 € 1 6.525,0
Mech. ventilation 2.057,7 € 1 2.057,7
5 kWp 7.800 € 1 7.800
16.382,7
After (€) Saved (€) Investment (€) Payback (years)
188,5 - 225,0 1.398,8 -1.435,4 16.382,7 11,4-11,7

4.2.10 Concept 1: elec.&gas A2

Item

Energy source

Ventilation
PV
Total

Description Cost/measure unit
Air-water hp 4.025 €
Mech. ventilation 3.313,8 €
4,6 kWp 7.176 €
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Units

1
1
1

Total cost (€)

4.025
3.313,8
7.176
14.514,8
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Before (€)

After (€)

Saved (€)

Investment (€)

Payback (years)

1.890,8

598,9 - 662,1

1.228,7-1.291,8

14.514,8

11,2-11,8

4.2.11 Concept 2: elec. A2

Item Description Cost/measure unit Units Total cost (€)
Energy source . Cond. boiler . 4.886,9 € . 1 . 4.886,9
Ventilation Mech. ventilation 2.057,7 € 1 2.057,7
PV 5 kWp 7.800 € 1 7.800
Total 14.744,6
Before (€) * After (€)  Saved (€) " Investment (€) . Payback (years)
| 1.623,8 413,8-480,3 1.143-1.210 14.744,6 12,2-12,9 |
4.2.12 Concept 2: elec.&gas A2
Item Description Cost/measure unit  Units Total cost (€)
Ext. walls ' Insufl. ©334€/m2  936m2 31234
Roof 12 cm MW 8,3€/m2 40,4 m2 332,9
Windows New windows 1,2 W/m2K 449,5 €/m?2 12,4 m2 5.573,9
Energy source Cond.boiler 2.386,9 € 1 2.386,9
Ventilation Mech. ventilation 3.313,8€ 1 3.313,8
PV 4,6 kWp 3.276 € 7.176,0
Total 21.907
Before (€) After (€) Saved (€) Investment (€) Payback (years) |
| 1.890,8 - 621,1-653,6 1.237,1-1.269,6  21.907 17,2-17,7 |
4.2.13 Concept 3: elec. A2
Item Description Cost/measure unit Units Total cost (€) |
Ext. walls ' Insufl. © 334€m2  39m2 13014
Roof 15 cm MW 9,5€/m2 47,5 m2 449,8
Floor 10 cm XPS 64,4 €/m2 47,5 m2 3.056,6
Windows New windows 1,2 W/m2K 449,5 €/m2 5,9 m2 2.652,1
Energy source Night storage units 1.242,4 € 1.242,4
Ventilation Mech. ventilation 2.057,7 € 2.057,7
PV 5 kWp 7.800 € 7.800,0
Total 19.749,7

Before (€)

After (€)

Saved (€)

Investment (€)

Payback (years)

1.623,8

540,8 - 572,8

1.051,0-1.083,0

18.560,1

17,1-17,6
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4.2.14 Concept 4: elec. A2

Item Description Cost/measure unit Units Total cost (€)
Energy source Multi split 1.840 € 1 1.840,0
Ventilation Mech. ventilation 2.057,7 € 1 2.057,7
PV 5 kWp 7.800,0 € 1 7.800,0
Total 11.697,7

Before (€)

1.623,8

After (€)
728,0-793,3

Saved (€)
830,5 - 895,9

Investment (€)
11.697,7

Payback (years)
13,1-14,1

4.2.15 Concept 5

Item Description Cost/measure unit Units Total cost (€)

Energy source Stor.heaters +DHH tank 6.889 € 1 6.889,0

Envelope Insult.+vent. 10.322,8 € 1 10.322,8

PV 3 kWp 8.028,0 € 1 8.028

Total 26.191,0
Before (€) After (€) Saved (€) Investment (€) Payback (years)

| 2.254,7 1.135,7-1.229,7  1.024,9-1.119,0 $26.191,0 23,4-255 I
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4.2.16 Concept 6

Item Description Cost/measure unit Units Total cost (€)
Energy source Cond.boiler 3.698 € 1 3.698,0
Envelope Insult.+vent. 10.322,8 € 1 10.322,8
PV 3 kWp 8.028,0 € 1 8.028
Total 23.000,0

Before (€)

1.890,8

After (€)
906,9 - 963,9

Saved (€)

926,9 - 983,9

Investment (€)
23.000,0

Payback (years)
23,4-24,8
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4.3 Environmental study

The purpose of this assessment is to identify the impact produced in the Environment by each renovation
concept. For it, the equivalent carbon dioxide saved due to the application of each concept has been
calculated:

4.3.1 Analysis1

Concept Electricity Gas Total
_ (kwh) ~ (tCO2eq) (kwh) ~ (tCO2eq)  (tCO2eq)
Concept 1: elec. 10.420-10.521 4,38-4,42 - - 4,38-4,42
Concept 1: elec.&gas  -260,6 - (-381,6)  -0,11-(-0,16) 17.849,6 4,11 3,95 - 4,00
Concept 2: elec. 12.053,6 5,06 7.2520-(79930) 47 " C 32339
Concept 2: elec.&gas 1.787,6 0,75 8.346,6 - 9.264,6 1,92-2,13 2,67-2,88
Concept 3 6.206,0 - 6.784,0 2,61-2,85 - - 2,61-2,85
Concept 4 7.897,4 - 8.085,4 3,20- 3,40 - - 3,32-3,40
CO2 emissions (tCO2eq)

7,00

6,00

5,00 43-4 44-48

4,00 64.65 55-57 56-58

300 74-75

2,00

1,00

0,00

Current Current Concept Concept Concept Concept Concept Concept
elec elg 1elec le&g 2 elec 2elg 3 4

Figure 15 CO2 emissions overview

4.3.2 Analysis 2

Concept Electricity Total
(tCO2eq) (tCO2eq) (tCO2eq)
Concept 1: elec. 11.355,0-11.535,0 4,77-4,84 - - 4,77 - 4,84
Concept 1: elec.&gas -96,6 - (-214,4) -0,04-0,09 17.849,6 4,11 4,06 - 4,20
Concept 2: elec. 13.170,0 5,53 -10.475,0 - (-11.724,0) -2,41-(-2,70) 2,83-3,12
Concept 2: elec.&gas 2.604,4 1,09 7.701,6 - 8.312,6 1,77 -1,91 2,86 - 3,01
Concept 3 6.343,0-6.715,0 2,66-2,82 - - 2,66 - 2,82
Concept 4 6.720,0 - 7.042,0 2,82-2,96 - - 2,82-2,96
Concept 5 8.349,0 - 9.066,0 3,51-3,81 - - 3,51-3,81
Concept 6 1.720,4 0,72 7.190,6 - 7.356,6 1,65-1,69 2,38-2,41
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CO2 emissions (tCO2eq)

Figure 16 CO2 emissions overview
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5 Conclusions (Padiham)

The initial situation of the pilot sites, in which the energy consumption is very high, allows to obtain
the energy savings targeted easily.

In few concepts, the envelope renovation can be covered only by insufflating the air cavity, which
makes it simple, adding an extra layer of insulation in the roof and in other cases with the substitution
of the windows, that will correct the thermal bridges observed in the baseline. The new energy systems
will reduce the consumption significantly due to the higher efficiency compared with the current
systems. The addiction of the ventilation system will improve the comfort of the tenants. Due to the
orientation of the roofs it is possible to add an important photovoltaic surface to reach the goal of the
energy savings in the concepts which require it.

Due to the high price of the electricity, the analysis 2 is more convenient. To get the most of a
photovoltaic system implies an important reduction for the tenants in their electric bills. The payback
period obtained make it a reasonable renovation. The variation in the payback period produced by the
modification of the parameters in the analysis of sensitivity is very small, around less than 2 years in
both of the analysis calculated.

In connection with the reduction of carbon dioxide emissions, the concept number one obtains the
highest reduction both for the case of 100% electric and electric & gas dwelling.
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Treviso (IT)

Pilot site
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6

Qualitative concept ideas (Treviso)

6.1

Introduction

To elaborate the renovation concepts, a brainstorming between Exeleria, Chalmers an 3C-Pre has been
made. On it, each part contributed to develop an overview of different solutions that can be applied
in the pilot site.

The different solutions involve the following elements:

Envelope:
o Wall
o Roof
o Floor
o Roof
o Window

. Ventilation

6.2

Heating system
Renewable energy
ESCO

An analysis of the advantages, disadvantages and possible innovations has been made. To have an idea
of the impact of every solution proposed exeleria has calculated how affect them to the primary energy
in the pilot site using the same energy simulation tool as in the baseline analysis.

Design of the renovation concepts

Once an scheme of different solutions has been designed, the next step is to mix them to create a
renovation concept.

The proposed renovation concepts have been designed with the combination of one solution for each
element: walls, ventilation, heating, etc.

The following figure represents the steps made to obtain a final solution:
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Figure 17 List of renovation concepts
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It can be possible that a renovation concept can be split having a different solution for the same

element and the rest are identical.

After the renovation concepts have been defined, they have been presented to de building owners,

who have made modifications according to their desires.
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7 Assumptions (Treviso)

7.1

There are some factors to take into consideration when deciding to make an analysis of the renovation.
These factors are: price of energy, primary energy factors and the emissions of carbon dioxide.

These factors vary in each pilot site due to many reasons like the market prices of the energy suppliers,
government policies, the energy mix of the country which affects to the primary energy factor and the
emission of carbon dioxide.

Price of energy

The dwellings are supplied by two different energy sources: electricity and gas.

The prices of them have been obtained from the bills provided by the tenants, taking the most recently
one:

« Electricity (day): 0,21 €/kWh
. Gas: 0,08 €/kWh

7.2

The tariffs for generation and export of the electricity generated by a renewable energy system is not
considered in the proposed options due to the legal impediment for ATER Treviso to sell electricity.

Primary energy factors

The final energy only reflects the consumption. Therefore, it is necessary to convert it to primary
energy which encompass the energy in its different steps that are: production, storage, transport and
consumption.

These values, obtained by DGR 967/2015 and DGR 1275/2015, are:

o Electricity: 2,42

- Natural gas: 1,05

7.3

Carbon dioxide emission

The environmental aspect of the renovation it is focused in de carbon dioxide. Apart from the energy
savings in a renovation is also important the reduction in the carbon dioxide emissions due to the
reduction of the primary energy of the building.

These values, obtained by DGR 967/2015 and DGR 1275/2015, are:

« Electricity: 0,4332 kgC02/kWh
- Natural gas: 0,1998 kgC02/kWh
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8 Renovation concepts (Treviso)

The renovation concepts proposed are focused in the improvement of the envelope both of the heating and
domestic hot water efficiency. All of the concepts have mechanical ventilation system with heating recovery.

In the next section we can see a brief description of each concept:

8.1 Conceptl

« Envelope: External wall insulation system, adding 160 mm of EPS and for the case of the wall with
radiators 10 mm of aerogel in the internal side. For the roof, 200 mm of rock wool in the part against
the unheated room and 80 mm of XPS in the boundary of the roof. For the floor 200 mm XPS. Triple-
glazed windows.

Walls

7

7 s

- -

EPS (035) 160 mm Aerogel 10mm +EPS (035) 160 mm

Roof Floor

Rockwool (035) 200 mm XPS (035) 80 mm XPS (035) 200 mm

Figure 18 Insulation concept 1

The new U-Values obtained are:

Element Current U-Value Proposed U-Value)
(W/m2K) (W/m2K)

External walls 0,99 0,18/0,16

Roof 1,06 0,18/0,31

Ground floor 1,00 0,26

Windows 2,34 1,10

- Heating and DHW by a condensing boiler with storage tank. The seasonal efficiency of the boiler is close
to 97%.
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Figure 19 Condensing boiler

- Ventilation: mechanical ventilation system with heating recovery. The average efficiency is up to 75%
on temperature. Free-cooling possible thanks to the by-pass function. Control of the unit with a LCD
display and remote control.

Figure 20 Heat recovery unit

- Renewable energy: Solar thermal system in the roof, which preheat water before the condensing boiler.
The installation it is composed by 26 solar collectors (67,86 m?) and a centralized storage tank of 1.500
I. The annual production of the system is 22.717 kWh.

Irl

Figure 21 Solar thermal system

That can be also combined with a photovoltaic system to benefit from the all roof surface. A installation
of 8,5 kWp has been considered. The annual production of it is around 8.000 kWh.
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8.2 Concept 2

Itis divided in two different alternatives according to the performance of the envelope renovation, obtaining
in the option a very good insulation levels and option b an intermediate insulation.
« Envelope:

o Option a (High envelope performance): Ventilated fagade adding 120 mm of mineral wool. For
the roof, 200 mm of rock wool in the part against the unheated room and 80 mm of XPS in the
boundary of the roof. For the floor 200 mm XPS. Double-glazed windows.

Walls Roof Floor

MW {035) 120 mm Rockwool (035) 200 mm XPS (035) 80 mm XPS (035) 200 mm

Figure 22 Insulation concept 2a

The new U-Values obtained are:

Element Current U-Value Proposed U-Value)
(W/m2K) (W/m2K)

External walls 0,99 0,22

Roof 1,06 0,18/0,31

Ground floor 1,00 0,26

Windows 2,34 1,5

o Option b (Medium-high envelope performance): Ventilated fagade adding 40 mm of mineral
wool. For the roof 60 mm of rock wool and for the floor 40 mm XPS. Double-glazed windows.

Walls Roof Floor

155C

we-

Y

B -
o /? :
5°C =4

MW (035) 40 mm Rockwool (035) 60 mm XP5 (035)40 mm

'.--_.I:-- --l‘lll'--"- _J.-l-_.l--_J\l--.\-I
WWATAS VAV AV AVAY
S . WY N YN W

Figure 23 Insulation concept 2b
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The new U-Values obtained are:

Element Current U-Value Proposed U-Value)
(W/m2K) (W/m2K)

External walls 0,99 0,43

Roof 1,06 0,36

Ground floor 1,00 0,36

Windows 2,34 1,7

- Heating and DHW by a condensing boiler with storage tank. The efficiency of the boiler is close to 97%.

« Ventilation: mechanical ventilation system with heating recovery. The average efficiency is 75% on
temperature. Free-cooling possible thanks to the by-pass function. Control of the unit with a LCD display
and remote control.

- Renewable energy: Photovoltaic integrated in the fagade as an external element of the ventilated fagade
in the walls oriented to the south. The total production of the PV system (around 13.000 kWh/year) will
be storage in batteries.

8.3 Concept 3

« Envelope: Same as in concept 1.

- Heating and domestic hot water by an air-water heat pump with a storage tank for the DHW. The COP
of the system, working with an output temperature of 65 2C is 3,08.

Il il 1

b
b

Figure 24 Air-water heat pump

« Ventilation: mechanical ventilation system with heating recovery. The average efficiency is 75% on
temperature. Free-cooling possible thanks to the by-pass function. Control of the unit with a LCD display
and remote control.

- Renewable energy: The air-water heat pump with a high COP can be considered as renewable energy
because a high percentage of the energy produced is taken from a renewable source (air).
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9 Results (Treviso)

With the help of the simulation tool used in the baseline to analyse the energy consumption of the pilot site,
all the renovation concepts proposed have been simulated in order to study the energy savings of each
solution. An analysis of sensitivity has been made using the same procedure as in the baseline description
with the parameters that can differ, resulting in different ranges.

9.1 Energy savings

The following tables reflect briefly the energy saving obtained:

Concept Primary energy (kWh/year) Primary energy
savings
Concept 1 159.486 1.976 - 12.494 93-99 %
Concept 2a 159.486 13.708 - 26.843 83-91%
Concept 2b 159.486 36.337 - 46.008 71-77%
Concept 3 159.486 31.166 - 36.739 77 -80 %

Primary energy (kWh/year)

160.000
140.000
120.000
100.000 93- 83-91
80.000
60.000
40.000
20.000

71-77

Current Concept 1l Concept 2a Concept 2b Concept 3

Figure 25 Primary energy overview

For the energy savings calculation, the consumption related to lighting and appliances have not been taken
into account. To establish energy saving measures in this consumption is a tricky issue due to a factors like
the high amount of devices, the variety of efficiency of the devices, the user’s behaviour of them, etc.
Therefore, it cannot be taken into account for the DREEAM Project.
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9.1.1 Concept1l

Concept 1 Final energy (kWh/year) Primary energy (kWh/year) Primary
energy
savings

Heating 130.435  15.871-24.515 136.957 19.858-25.741 81-86%

DHW 21.456 17.164 22.529 18.022 20 %

Solar thermal - -17.688 - -18.572 -

Ventilation - 2.106 - 5.054 -

PV - -8.000 - -19.200 -

Total 151.891 9.460 - 18.097 159.486 1.976-11.045 93-99%

9.1.2 Concept 2a

Concept 2a Final energy (kWh/year) Primary energy (kWh/year) Primary
energy
savings

Heating 130.435  20.801-33.310 136.957 21.841-34976 74-84%

DHW 21.456 17.164 22.529 18.022 20%

PV - -13.000 - -31.200 -

Ventilation - 2.102 - 5.045 -

Total 151.891  27.067 - 39.576 159.486 13.708-26.843 83-91%

9.1.3 Concept 2b

Concept 2b Final energy (kWh/year) Primary energy (kWh/year) Primary
energy
savings

Before After Before After

Heating 130.435  42.352-51.563 136.957 44.470 - 54.141 60 -68 %

DHW 21.456 17.164 22.529 18.022 20 %

PV - -13.000 - -31.200 -

Ventilation - 2.102 - 5.045 -

Total 151.891  48.618 -57.829 159.486 36337 - 46.008 71-77 %

9.1.4 Concept3

Concept 3

Final energy (kWh/year)

Before

After

Primary energy (kWh/year)

Before

After

Primary
energy
savings

Heating 130.435 6.691 - 9013 136.957 16.058-17.054 84-88%
DHW 21.456 4.189 22.529 10.054 55 %
Ventilation - 2.106 - 5.045 -
Total 151.891  12.986 - 15.308 159.486 31.166-36.739 77-80%
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9.2 Economic study

Another important aspect in a renovation is the economical one. The following tables reflect the amount of
money saved and the investment necessary to implement each concept. With these two values, the payback
period can be calculated to check the profitability of the investment.

Concept Saved (€) Investment (€) Payback (years)
Concept 1 11.469-12.161 640.174 52,6 - 55,8
Concept 2a 10.402 - 11.402 605.799 53,1-58,2
Concept 2b 8.600 - 9.679 434.388 44,9 - 48,6
Concept 3 8.937-9.424 681.922 72,3-76,3
Energy consumption (€)
20.000
15.000 49-53% 49-52%
57-62%
63-677%
10.000
5.000
0
Current Concept1 Concept2a Concept2b Concept3
Figure 26 Economic savings overview
9.2.1 Conceptl
Item Description Cost/measure unit Units Total cost (€)
Ext. walls 16 cm EPS 95 €/m2 1.918 m2 182.210
1 cm aerogel 94 €/m2 192 m2 18.048
Roof 20 cm RW/ 8 cm XPS 16 €/m2 393 m2 6.131
8 cm XPS 26 €/m2 37 m2 973
Floor 20 cm XPS 58 €/m2 343 m2 20.031
Windows New windows 1,1 W/m2K 625 €/m2 347 m2 216.876
Energy source Condensing boiler 3.650 € 1 65.700
Ventilation Mech. With heat recovery 3.795 € 1 68.310
Solar thermal 67,8 m2 36.896 € 1 36.869
PV 43 m2 25.000 € 1 25.000
Total 640.147
Before (€) After (€) Saved (€) Investment (€) Payback (years)
18.278,2 6.118 - 6.809 11.469 -12.161 640.147 52,6-55,8
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9.2.2 Concept 2a

Item Description Cost/measure unit Units Total cost (€) |
Ext. walls ' Vent. facade ' 143 €/m2 ©1.918m2  274.274
Roof 20 cm RW 16 €/m2 393 m2 6.131
8 cm XPS 26 €/m2 37 m2 973
Floor 20 cm XPS 58 €/m2 343 m2 20.031
Windows New windows 1,5 W/m2K 340 €/m2 347 m2 117.980
Energy source Condensing boiler 3.650 € 1 65.700
Ventilation Mech. With heat recovery 3.795 € 1 68.310
PV system 200 m2 52.400 € 1 52.400
Total 605.799
Before (€) After (€) Saved (€) Investment (€) Payback (years) |
| 18.278,2 ' 6.875 - 7.876 10.402-11.402  605.799,1 53,1-58,2 |
9.2.3 Concept 2b
Item Description Cost/measure unit Units Total cost (€) |
Ext. walls . Vent. fagade . 112 €/m2 1918 m2 214.816
Roof 4 cm RW 8€/m2 393 m2 3.612
Floor 4 cm XPS 34 €/m2 343 m2 11.491
Windows New windows 1,7 W/m2K 210 €/m2 347 m2 72.870
Energy source Condensing boiler 1.500 € 1 27.000
Ventilation Mech. With heat recovery 2.900 € 1 52.200
PV system 200 m2 52.400 € 1 52.400
Total 434.389
Before (€)  After (€)  Saved (€)  Investment (€) | Payback (years) |
| 18.278,2 8.599-9.336 8.942 - 9.679 434.389 44,9 - 48,6 |
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9.2.4 Concept3

Item Description Cost/measure unit Units Total cost (€) |
Ext. walls ' 16 cm EPS ' 95 €/m2 ©1918m2 182210

1 cm aerogel 94 €/m2 192 m2 18.048
Roof 20 cm RW/ 8 cm XPS 16 €/m2 393 m2 6.131

8 cm XPS 26 €/m2 37 m2 973

Floor 20 cm XPS 58 €/m2 343 m2 20.031
Windows New windows 1,1 W/m2K 625 €/m2 347 m2 216.876
Energy source Air-water heat pump 9.408 € 18 169.344
Ventilation Mech. With heat recovery 3.795 € 1 68.310
Total 681.922

Before (€) After (€) Saved (€) Investment (€) Payback (years) |

| 18.278,2 8.854 -9.342 8.937-9.424

681.922,1

72,3-76,31 |
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9.3 Environmental study

The purpose of this assessment is to identify the impact produced in the Environment by each renovation
concept. For it, the equivalent carbon dioxide saved due to the application of each concept has been

calculated:
Concept Electricity Gas Total
_ (kwh) ~ (tCO2eq) (kwh) _ (tCO2eq) (tCO2eq)
Concept 1 5.894 2,55 127.900 - 136.537 25,55-27,28 28,11 - 29,83
Concept 2a 10.898 4,72 101.417 - 113.926 20,26 - 22,76 24,98 - 27,48
Concept 2b 10.898 4,72 89.470 - 92.375 17,88 - 18,46 22,60 - 23,18
Concept 3 -15.308 - (-12.986) -6,63 - (-5,63) 151.891 30,35 23,72 -24,72
CO2 emissions (tCO2eq)
45,00
40,00
2500 55-58
20,00
15,00
10,00
5,00
0,00
Current Concept1l Concept2a Concept2b Concept3

Figure 27 C0O2 emissions overview
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10 Conclusions (Treviso)

The results obtained in the simulation show that in every case, the target of the energy saving is
reached, specially concept 1, which is much higher.

A high improvement of the envelope means an important energy saving in the heating demand. The
installation of a photovoltaic system helps to reduce in a high quantity the primary energy.
Unfortunately, due to the multiple orientations of the building, there is not a big wall surface oriented
to the south.

Another important improvement in the building is the addiction of the ventilation system with a
heating recovery unit. This one will reduce the heating demand at the same time improve the comfort
of the tenants.

All the concepts imply a good economic savings, around 550 €/year per dwelling. However, using the
prices provided by ATER, the investment necessary is too high that make the payback period also high.
Concept number 3 has the highest investment due to the price of the heat pump, that is more
expensive than the condensing boiler.

The variation in the payback period produced by the modification of the parameters in the analysis of
sensitivity is very small, around 2 or 3 years. The reason of that is the high investment prices, which
implies a small variation in the payback period in case of modifications.

In connection with the reduction of carbon dioxide emissions, the concept 2a one obtains the highest
reduction thanks to the production of the photovoltaic system. The reason of that is because the
carbon dioxide emissions of the electricity is double higher than the gas.
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Landskrona (SWE)

Pilot site
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11 Qualitative concept ideas (Landskrona)

11.1 Introduction

To elaborate the renovation concepts, a brainstorming between Exeleria, Chalmers an 3C-Pre has been
made. On it, each part contributed to develop an overview of different solutions that can be applied
in the pilot site.

The different solutions involve the following elements:

- Envelope:
o Wall
o Roof
o Floor
o Roof
o Window

. Ventilation

Heating system
. Renewable energy
. ESCO

An analysis of the advantages, disadvantages and possible innovations has been made. To have an idea
of the impact of every solution proposed exeleria has calculated how affect them to the primary energy
in the pilot site using the same energy simulation tool as in the baseline analysis.

11.2 Design of the renovation concepts

Once an scheme of different solutions has been designed, the next step is to mix them to create a
renovation concept.

The proposed renovation concepts have been designed with the combination of one solution for each
element: walls, ventilation, heating, etc.

The following figure represents the steps made to obtain a final solution:
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L= | Yentilation ______________________lRoot _____________________|Wallfbiick) _________|Wall[lightwight) _____ |Window _____________|Floor ________ JHeating _________Jlres |

controlled, centralized ventilation with
sound protection and heat exchange
Adyantages: high efficiency, low maintenance
costs, central access ko filters, possible synergy
with thick, outzide insulation [for ventilation
channels), higher guzlity filkers possible

Dizad ; space forwentilation channelz!
ducts, noize between appartments! big
equipment [storage), cleaning of pipes might be
difficult, sound, additional sensors (SO ar
humidity} needed for optimal management
FOTERNTAL RO S TIQR: enthalpy exchanger,
decentral ventilation per apartment
including heat recowery

Sdwantages: less effort disturbance toinstall
than a cenlralized system, no sound problems,
=maller pipks, able bo be tailored, easier to clean
pipes,

Dizadyantage

; enchange of filters in the hands
af tenants, gotentially higher maintenance costd

central air-out, decentral in
Ldyantages: tasy and cheap to clean, ng sound
problems, easy ba maintain, rather easyto install,
prevents mold performs betker in pragtice than
on paper

Dizadvantages no heat recouery, performs
worse on paperthan in practice [in case the 7%

no controlled ventilation/or sensor
based emergincy ventilation

central air-out with heat recovery,
decentral air-i

LAdyantages: eazy and cieap to clean, no sound
problems, easy tojmaiptain, rather easy wo install,
prevents mold, petfopms better in practice than
on paper

Dizadyantages; performs worse on paper than in

external insulation with Flat roof
sealing

Ludvantages: cheap, highly effective,
Dizadvantages: none
EOTEMNTIAL RO ATION: integrated P4
[thowgh wery likley non-competitive in this
=etting bo a3 conyentional setup)

additisinal Hoor
Sudyaptages; additional rentsbies foor
area

antages; structural limitgtion,
eleyators! connection might belespensive,
dimensioning of heating! OHW pipes
might be anissue, fire safetyl acustics
iszues, architectural questions, regllation
issues

EOTERTIAL IMMOYATION: there are

sanaral nrakshricatad snstams nsinn nra

external insulation [on top exchange exchange glazing and parameter insulation District heating P¥ on roof

of brick] Ldyantages: high performance  frames in combination wi [unchanged] [increase

Luvantages: high performance  possible, kigh Fegibility (bigger Luvantages: high performance,  eellar insultion where insulation of valves and

possible, cheaper than baking the  windows], ioint are simoler opkimated ioints applicable other equipment] Erieari Concept 1
brick away, Fossibility of Lizadvantages: major Dizadvantages: mis Adyantages: decent Advantages; low cost, easy to

wentilated Facade [RO's desire] dizturbance dizturbance improvement of energtic  do

Dizaduantages; creates very thick POTERTIAL IMAOWATICR: b performance of ervelope  Dizaduantages: not big energy

wallz, windew joints might be inteqrated PY, prefabricated tailored.galzing characreristics),  Dizadvantages: limited reductions

difficul, building physics to be elements, integrated HY AT H &% functions in frame, ciost-effectivensss E

checked, caviity should be Filled sensors connected ta HYAC |\ FOTERTIAL intelligent thermosta, Flatten

o present draft (humidity management QR wacuum temperature variations, use

accumulation might be an issue, sulation [likely not thermal storage of buildings,

external insulation second skin solu double window system ni changes P Facad:

ATIOR: substitute ather
onents [integrated Py

pth

Ludvantages: high perfarmancs,
limited disturbance
Dizadvantages; daylight Factor
decreases [especially in
combination with external
in=ulation]

[exchange brick for
insulation make-up)
Ldvantages: high performance
possible, any new coverage iz
po=sible, possible synergies with
met windows [optimal placement]
Dizaduantages; taking away the
brick is taking time and disturbes,
wazhe generation

POTERITIA! IR & TIOR

Fill cavity [where possible)
Ldvantages; cheap

Dizadvantages: limited
performance, not available
ederywhere, visual aspect cannot
be ghanged,
EOTERTIA

wind energy [small scale,
roof integrated)

A dvantages: additional
e 20le energy
=aduantages: unstable supply,
=k effectiveness not proven

adjustments to the
buildings heaing system
Audvantages: improves heat

delivery and saves energy

t3

i [ [ )R

disconnect the
centralized system witin
the buildngs and connect
each building to the
district heating main

Ldvantages: easier tracking of

1=a nar hnildinn The

ezternal msulztio
on basement Hoor
walls

Adyantages: good
improvement of energetic
performance of enuvelope
as the thermal insulation

A: Normally the
inclusion of renewables
is what nZEB standards

Keep brick'wall as today
Ldvantages: cheap and ejsy, and
does not comprpmise wih the
architectural legaky of the building

M des PR P —

oo T . kb ek b obeiean [P R S P S

Figure 28 List of renovation concepts
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It can be possible that a renovation concept can be split having a different solution for the same

element and the rest are identical.

After the renovation concepts have been defined, they have been presented to de building owners,

who have made modifications according to their desires.
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12 Assumptions (Landskrona)

There are some factors to take into consideration when deciding to make an analysis of the renovation.
These factors are: price of energy, primary energy factors and the emissions of carbon dioxide.

These factors vary in each pilot site due to many reasons like the market prices of the energy suppliers,
government policies, the energy mix of the country which affects to the primary energy factor and the
emission of carbon dioxide.

12.1 Price of energy

The dwellings are supplied by two different energy sources: electricity and district heating.

The prices of them have been obtained from the bills provided by the tenants, taking the most recently
one. In the case of the district heating, which has different price along the year:

« Electricity (day): 0,21 €/kWh
. Gas: 0,08 €/kWh

According to the energy policies in Sweden it is possible to export the electricity generated by a
renewable energy system. The price for the energy injected in the grid is:

. Export: 0,053 €/kWh

12.2 Primary energy factors

The final energy only reflects the consumption. Therefore, it is necessary to convert it to primary
energy which encompass the energy in its different steps that are: production, storage, transport and
consumption.

These values, obtained by Chalmers and Landskronaenergi, are:

« Electricity: 2,00
« District heating: 0,09

12.3 Carbon dioxide emission

The environmental aspect of the renovation it is focused in de carbon dioxide. Apart from the energy
savings in a renovation is also important the reduction in the carbon dioxide emissions due to the
reduction of the primary energy of the building.

These values, obtained by euroheat.org and Landskronaenergi, are:

« Electricity: 0,227 kgC02/kWh
- Natural gas: 0,0502 kgC02/kWh
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13 Renovation concepts (Landskrona)

The renovation concepts proposed are focused in the improvement of the envelope and the installation of a
PV system. For the heating and DHW there is no renovation possible due to de high efficiency of a district
heating system. All of the concepts have mechanical ventilation system with heating recovery.

In the next section we can see a brief description of each concept:

13.1 Concept 1

« Envelope: External wall insulation system, adding 100 mm of mineral wool. For the cellar walls 60 mm

XPS. Light wall completely removed. Triple-glazed windows. Additional floor for the roof.

MW (032) 100 mm

The new U-Values obtained are:

Element

External walls (YV1)
External walls (YV2)
External walls (YV3)
Ground floor

Cellar wall
Windows

*new wall

MW (032) 100 mm

Figure 29 Insulation concept 1a

Current U-Value

(W/m2K) (W/m2K)
0,59 0,22

0,49 0,20*
0,50 0,21

0,40 =

1,07 0,38

2,00 0,90

« No action in heating and DHW by the district heating system.

Cellar wall

748
/(..

XPS (035)60 mm

Proposed U-Value)

- Ventilation: centralized mechanical ventilation system with heating recovery. The maximum efficiency

is 75% on temperature. Free-cooling possible thanks to the by-pass function. Control of the unit with a

LCD display and remote control.
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Figure 30 Centralized ventilation system

Renewable energy: Solar photovoltaic system in the roof. The maximum installation available is 351,3
kWp (annual production 380.000 kWh). An installation of 30 kWp (32.500 kWh a year) will be necessary
to reach the energy saving goal. The energy produced can be instantaneously consumed or injected to

the grid.
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Figure 31 Surface available on roof for PV system
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13.2 Concept 2

« Envelope: Ventilated facade, adding 100 mm of mineral wool. For the cellar walls 60 mm XPS. Triple-

glazed windows. Additional floor for the roof.

MW (032) 100 mm

The new U-Values obtained are:

Element

External walls (YV1)
External walls (YV2)
External walls (YV3)
Ground floor

Cellar wall
Windows

YV2IYV3

MW (032) 100 mm

Figure 32 Insulation concept 1a

Current U-Value

(W/m2K)

0,59 0,20
0,49 0,19
0,50 0,20
0,40 =
1,07 0,38
2,00 0,90

« No action in heating and DHW by the district heating system.

20°C
154G
e
Lo
@'c

£°C

ARG

Cellarwall

XPS (035) 60 mm

Proposed U-Value)
(W/m2K)

« Ventilation: centralized mechanical ventilation system with heating recovery. The maximum efficiency

is 75% on temperature. Free-cooling possible thanks to the by-pass function. Control of the unit with a

LCD display and remote control.

- Renewable energy: Solar photovoltaic system in the south facing facade (as element of the ventilated

facade).The required installation is 44 kWp (32.500 kWh a year). The energy produced can be

instantaneously consumed or injected to the grid.
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13.3 Concept 3

The new U-Values obtained are:

Element

External walls (YV1)
External walls (YV2)
External walls (YV3)

Roof
Ground floor
Windows

Figure 33 PV integrated in facade

XPS (035) 80 mm

Figure 34 Insulation concept 2a

Current U-Value
(W/m2K)

0,59

0,49

0,50

0,38

0,40

2,00

Proposed U-Value)
(W/m2K)

« No action in heating and DHW by the district heating system.

« Envelope: No actions for the external walls. For the roof 80 mm XPS. Triple-glazed windows.

« Ventilation: Extract ventilation system. Controlled by demand and by CO;, and humidity sensors.

« Renewable energy: Solar photovoltaic system in the roof. The maximum installation available is 351,3
kWp (annual production 380.000 kWh). An installation of 31 kWp (33.500 kWh a year) will be necessary
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to reach the energy saving goal. The energy produced can be instantaneously consumed or injected to
the grid.
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14 Results (Landskrona)

With the help of the simulation tool used in the baseline to analyse the energy consumption of the pilot site,
all the renovation concepts proposed have been simulated in order to study the energy savings of each
solution. An analysis of sensitivity has been made using the same procedure as in the baseline description
with the parameters that can differ, resulting in different ranges.

14.1 Energy savings

The following tables reflect briefly the energy saving obtained:

Concept Primary energy (kWh/m2year) Energy
savings
Concept 1 7,96 1,89-2,16 73-76%
Concept 2 7,96 1,85-2,11 74-77 %
Concept 3 7,96 1,65-2,28 71-79%

Primary energy (kWh/year)

8,00
7,00
6,00 73-76 =
5,00
4,00
3,00
2,00
1,00
0,00

Current Concept 1 Concept 2 Concept 3

Figure 35 Primary energy overview

For the energy savings calculation, the consumption related to lighting and appliances have not been taken
into account. To establish energy saving measures in this consumption is a tricky issue due to a factors like
the high amount of devices, the variety of efficiency of the devices, the user’s behaviour of them, etc.
Therefore, it cannot be taken into account for the DREEAM Project.

14.1.1 Concept 1

Concept 1 Final energy (kWh/m2yr)  Primary energy (kWh/m2yr)  Primary
energy
savings

Before After Before After

Heating 72,93 13,99 - 17,00 6,56 1,26-1,53 77-81%

DHW 15,56 15,56 1,40 1,40 0%

Ventilation - 5,92 - 11,84 -

PV - -6,31 - -12,61 -
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| Total

88,49 29,16 -32,18

7,96 1,89-2,16 73-76%

14.1.2 Concept 2

Concept 2

Final energy (kWh/m2yr)

Primary
energy
savings

Primary energy (kWh/m2yr)

Heating 72,93 13,55 - 16,47 6,56 1,22-1,48 77-81%
DHW 15,56 15,56 1,40 1,40 0%
Ventilation - 5,92 - 11,84 -

PV - -6,31 - -12,61 -
Total 88,49 28,73 - 31,64 7,96 1,85-2,11 74-77%

14.1.3 Concept 3

Concept 2 Final energy (kWh/m2yr Primary energy (kWh/m2yr)  Primary
energy
savings

Before

Heating 72,93 32,62 - 39,63 6,56 2,94-357 46-55%

DHW 15,56 15,56 1,40 1,40 0%

Ventilation - 2,48 - 4,97 -

PV - -3,83 - -7,65 -

Total 88,49 46,83 - 53,85 7,96 1,65-2,28 71-79%
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14.2 Economic study

Another important aspect in a renovation is the economical one. The following tables reflect the amount of
money saved and the investment necessary to implement each concept. With these two values, the payback

period can be calculated to check the profitability of the investment.

Concept Saved (€) Investment (€) Payback (years)
Concept 1 58.150 - 61.466 2.106.020 34,3-36,2
Concept 2 58.737 - 61.947 2.596.533 41,9-44,2
Concept 3 36.567 - 44.292 1.584.520 35,8-43,3
Energy consumption (€)
180.000
160.000 e 22:27%
140.000
120.000
100.000
80.000
60.000
40.000
20.000
0
Current Concept 1 Concept 2 Concept 3
Figure 36 Economic savings overview
14.2.1 Concept 1
Item Description Cost/measure unit Units
Ext. walls EWI 10 cmm MW 115 €/m2 5.612 m2
Cellar walls 6 cm XPS 63€/m2 205 m2
Windows New windows 0,9 W/m2K 776 €/m2 1.598 m2
Ventilation Mech. with heat recovery 15.915 € 5
PV 410 m2 153.504 € 1
Total
Before (€) After (€) Saved (€) Investment (€)
164.706 103.240 - 106.556 58.150 - 61.466 2.106.020
14.2.2 Concept 2
Item Description Cost/measure unit Units
Ext. walls Ventilated 10 cm MW 196 €/m2 5.612 m2
Cellar walls 6 cm XPS 63 €/m2 205 m2
Windows New windows 0,9 W/m2K 776 €/m2 1.598 m2
Ventilation Mech. with heat recovery 15915 € 5
PV 74,2 m2 187.200 € 1
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Total cost (€)

645.380
12.854

1.224.707

69.575
153.504

2.106.020

Payback (years)
34,3-36,2

Total cost (€)

1.102.197
12.854
1.224.707
69.575
187.200
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Total 2.596.533

Before (€) After (€) Saved (€) Investment (€) Payback (years)
164.706 102.759 - 105.969 58.737 - 61.947 2.596.533 41,9-44,2

14.2.3 Concept 3

Item Description Cost/measure unit Units Total cost (€)

Roof 6 cm XPS ' 58 €/m2 ©2970m2  172.557

Windows New windows 0,9 W/m2K 776 €/m2 1.598 m2 1.224.707

Ventilation Extract ventilation 50.600 € 1 50.600

PV 365 m2 136.656 € 1 136.656

Total 1.584.520
Before (€) After (€) Saved (€) Investment (€) Payback (years)

| 164.545 120.414-128.139  36.567-44.292  1.584.520 35,8-43,3 I
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14.3 Environmental study

The purpose of this assessment is to identify the impact produced in the Environment by each renovation
concept. For it, the equivalent carbon dioxide saved due to the application of each concept has been

calculated:
Concept Electricity District heating Total
_ (kwh) _ (tCO2eq) _ (kwh) ~ (tCO2eq) (tCO2eq)
Concept 1 -47.945 -10,88 789.343 - 831.853 39,63-41,76 28,74 - 30,88
Concept 2 -47.945 -10,88 796.866 - 838.021 40,00 - 42,01 29,19-31,19
Concept 3 -13.440 -3,05 469.919 - 568.963 23,59 - 28,56 20,54 - 25,51

CO2 emissions (tCO2eq)
200,00
16-1 11-14
150,00
100,00
50,00
0,00
Current Concept 1 Concept 2a Concept 2b

Figure 37 CO2 emissions overview
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15 Conclusions (Landskrona)

The results obtained in the simulation show that in every case, the target of the energy saving is
successfully reached. The main reason of having very low values of primary energy is that the high
efficiency of the district heating which has a very low primary energy factor. It implies that a reduction
on the heating and DHW demand will reduce the primary energy in a very low percentage.

The renovation of the envelope should include also the renovation of the external walls. If we compare
concepts 1 and 2 with concept 3, we can see higher economic savings. Despite of the increment of the
investment, higher savings reduce the payback period.

Another reason of that is the heat recovery system for the ventilation in the concepts 1 and 2, which
can recover up to 75 % of the heat inside the building during the ventilation process. It also improves
the comfort of the tenants.

The option of having a photovoltaic system integrated in the fagade increases the investment
significantly due to the higher price of a ventilated facade compared with an external wall insulation
system. This would be interesting in case of having the maximum PV surface as possible.

The variation in the payback period produced by the modification of the parameters in the analysis of
sensitivity is high, around less than 8. That shows the importance of these parameters in a very cold
climatology as the Swedish.

From an ecological point of view, concepts 1 and 2 obtain a higher carbon dioxide emissions reduction.
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16 Annexes

1. Conclusions between all the pilot sites

2. Analysis of sensitivity
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Conclusions between

the three pilot sites

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement no 680511. This document does not represent the opinion of the
European Union, and the European Union is not responsible for any use that might be made of its content.
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Executive summary

The following document summarizes briefly the conclusions obtained after the analysis of the
renovation concepts proposed, not only for one pilot site, also between them.

That analysis will help to a better understanding of the baseline situation of each pilot site and to
explain the reason why these results have been obtained and if they have sense.

The methodology followed to obtain these conclusions have been to obtain ratios of the
consumption obtained in the baseline compared with some parameters as are: floor area, number of
dwelling s, envelope area, wall area, window area. The reason of establish these ratios is to establish
a parity between the pilot sites which allow to compare them in a feasible way.

The ratios calculated can be compared with the parameters obtained from the study of the
renovation concepts. The most representative are the economic savings, the initial investment and
the payback period of the renovation.
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1 Results obtained

The following tables show the indicators that have been used to come to the conclusions explained
in the next section.
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The first table compares the current situation of the buildings:

Final energy (Consumption)

Final energy/Floor area

Final energy/Dwelling

kWh/year kWh/m2year kWh/year.dwelling
Padiham | Landskrona | Treviso | Padiham | Landskrona | Treviso | Padiham | Landskrona | Treviso
Heating 9.960 1.029.305| 130.435 128,4 72,9 80,2 9.960 6.201 7.246
DHW 4.772 219.626 21.456 61,5 15,6 13;2 4.772 1.323 1.192
Lighting 1.706 240.835 16.208 22,0 17,1 10,0 1.706 1.451 900
Electric equ. 2.417 289.002 12.968 31,1 20,5 8,0 2.417 1.741 720
Total 18.855 1.778.768| 181.067 243,0 126,0 111,3 18.855 10.715| 10.059
Final energy/Envelope surface Final energy/Wall surface Final energy/Glass surface
kWh/m2year kWh/m2year kWh/m2year
Padiham Landskrona | Treviso | Padiham | Landskrona | Treviso | Padiham | Landskrona | Treviso
Heating 71 93 41 129 183 68 1.285 644 376
DHW 34 20 7 62 39 11 616 137 62
Lighting 12 22 5 22 43 8 220 151 47
Electricequ. 47 26 4 31 51 7 312 181 37
Total 135 162 56 243 317 94 2.433 1.113 522
These are the parameters used for the comparison:
Padiham | Landskrona | Treviso

Floor area (m2) 77,6 14.114 1.627

Dwellings 1 166 18

Envelope area (m2) 139,6 11.011 3.217

Wall area (m2) 77,5 5.612 1.918

Glass area (m2) 7,75 1.598 347

Envelope/floor 1,80 0,78 1,98

Wall/floor 1,00 0,40 1,18

Window/floor 0,10 0,11 0,21
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Padiham | Landskrona | Treviso
Payback 15 35 55
Saving (€) 1.100 60.000[  10.000
Saving/Dwelling (€) 1.100,0 361,4 555,6
Investment 16.200,0| 2.000.000,0| 600.000,0
Investment/floor area 208,8 141,7 368,9
Investment/Dwelling 16.200,0 12.048,2| 33.333,3
CO2 reductions (tCO2eq) Padiham | Landskrona | Treviso
Calculated 3,2 27,8 25,7
Calculated/Dwelling 3,2 0,2 1,4

Current U-Values (W/m2K) | Padiham | Landskrona | Treviso
Wall 1,2 0,50 0,99
Roof 0,58 0,38 1,06
Floor 3,87 0,40 1,00
Window 2,8 2,00 2,34
Price of the energy (€/kWh)| Padiham | Landskrona | Treviso
Electricity 0,203/0,086 0,127 0,210
Gas 0,053 0,080
District heating 0,078
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The following tables represent the average values obtained in the economic and environmental part after
the analysis of the proposed renovation concepts to reach the energy savings:

Another parameters used to obtain the conclusions are the envelope performance of the building the price



2 Conclusions between the 3 pilot sites

After the analysis of the comparison of the between the 3 pilot sites, the following conclusions have
been obtained:

« In the case of Padiham, we can see that having a high initial consumption per floor area or per
dwelling implies that the potential of renovation will be also high. This is reflected in the highest
economic savings and the lowest payback period between the three pilot sites. The opposite can be
observed in Treviso, which has obtained the lowest consumption ratios (around a half of Padiham).

« If we compare the ratio of consumption per envelope area with the economic savings we can
conclude that the potential of reduction of heat loses is higher in case of more envelope. The pilot site
in Landskrona is an exception due to the initial envelope performance, which are relatively good
compared with the other two pilot sites.

« Apart of the fact of having a good initial envelope conditions in Landskrona, another reason that
makes the renovation complicated to reach the goals of the DREEAM project is the District Heating.
The District Heating is normally obtained from cogeneration, biomass, geothermal heating, etc. which
make it to obtain a very low primary energy factor. The consequence of this is that a reduction of the
heating and domestic hot water demand will not be very significant in the primary energy.

« A pilot site with a high percentage of glass surface has lower savings. The reason of this comes from
the U-Value of the windows, which is higher than the one of the walls, implies higher heat
transmission loses. Another conclusion we can obtain related to the glass surface is that the
investment in the renovation is higher due to the price of the windows compared with the walls. That
can be observed for the pilot site Treviso, which has around a 20% glass surface compared to the floor
surface.

« Animportant factor in the renovation is the wall surface of the building. Due to it architectural shape,
every dwelling in Treviso has 3 walls facing outside air obtaining the highest ratio of wall surface per
construction surface of the three pilot sites. A consequence of this, is that the investment is increased.

« The price of energy plays a very important role in the economic savings. We can observe for
Landskrona the cheapest price of energy, which implies lower energy savings comparing them with
other pilot sites.

« Landskrona has the lowest carbon dioxide reductions due to the high quality of the energy from the
District Heating system.
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Analysis of sensitivity

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement no 680511. This document does not represent the opinion of the
European Union, and the European Union is not responsible for any use that might be made of its content.
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Executive summary

The following document summarizes briefly the analysis of sensitivity done for the task 2.2 Three

renovation packages.

That analysis consists in obtaining as a result a range of values where the solution is in. The reason of
this range is that the solution cannot be determined with accuracy due to some parameters that can
differ as are: the room temperature, the thermal properties of the envelope and the air infiltrations.
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1 Analysis of sensitivity

To obtain a certain value in the calculation of energy consumption in a house is a tricky issue due to
the amount of parameters involved that cannot be determined with accuracy. It implies that the
result obtained can differ in a range depending on how precise a parameter has been considered and
its influence in the energy consumption.

In the Task 2.1 Baseline description, an analysis of sensitivity has been made to determinate the
influence of some parameters and it variation produced in the energy consumption. The parameters
selected for the analysis are:

+ Room temperature:
This parameter depends on the behavior of the tenant, who can modify it according to their meets.
Some organizations (e.g. ASHRAE) determine an indoor temperature of 22 °C as the optimal
temperature during the heating period. The selection of the room temperature in the winter has an
important influence in the heating consumption.

The variation of the room temperature made in the simulation of the pilot sites shows that an
increment or a decrease of 1 2C implies a fluctuation in the heating consumption of 10 %
approximately.

« Thermal properties of the envelope:

Through the U-values of the components of the envelope (walls, roof, floor and windows) can be
calculated the thermal behavior of the construction. The U-value, which is the rate of transfer of heat
through a structure divided by the difference in temperature across that structure of a component
(W/m2K), can be determined in different ways: in a practical way with an U-value measurement
device, theoretically with the composition of the components or based on the normative of the
period of construction. It is possible to obtain a deviation of the specific value.

The role of the insulation in the energy consumption is critical. The variation in the energy
consumption produced by de fluctuation of the U-values depends on many different factors as the
climatology or the own value, which differs more when in case of a poor insulation. Therefore, a rule
of variation cannot be defined.

« Air infiltrations:

This is the amount of air entering in the building directly from the outside. It depends on many
factors as for example weather conditions, wind speed or the geometry of the building among
others. Infiltration typically occurs because of leakage around windows and doors, and leakage from
the opening and closing of doors in the space.

The impact of the infiltrations in the building is very significant in the energy consumption, mostly in
countries where the climatology is very extreme.

More information about the differences between pilot sites and conclusions obtained during the
renovation analysis can be found in the Annex Conclusions.
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Once the fluctuation of the results has been considered, in the Task 2.2 “Three renovation packages”
this analysis of sensitivity will be used to establish a range between 2 different scenarios:

Better scenario: This is the best solution where the results are more favourable for the renovation of

the dwellings. The value of the parameters used are:
Room temperature: It will be considered an indoor temperature 1 C less than the comfort
one, which will result in less heating consumption.

Thermal properties of the envelope: The U-values considered will be 15% better than the
estimated. Therefore, the heating and cooling demand will be lower.

Air infiltrations: A margin of error of 15% over the considered.

The consequence of the simulation using this parameters will be:

v" More energy savings
v’ Less payback period

v" More CO2 emissions reduction

Worse scenario: This is the worst case for the renovation of the dwellings where the results are less
propitious. The value of the parameters used are:

Room temperature: It will be considered an indoor temperature 1 2C higher than the
comfort one, which will result in a higher heating consumption.

Thermal properties of the envelope: The U-values considered will be 15% worse than the
estimated. Therefore, the heating and cooling demand will be higher.

Air infiltrations: A margin of error of 15% under the considered.

The consequence of the simulation using this parameters will be:

v’ Less energy savings
v’ Higher payback period

v" Lower CO2 emissions reduction
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