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Forord

Narveerende rapport er slutrapport for projektet med titlen Designguide til valg af vindueslgsninger
i boliger stottet af BoligfondenKuben. Projektet er udfart i perioden august 2007 til juni 2008 pa
BYG-DTU, Danmarks Tekniske Universitet.

Malet med projektet var at udvikle et veerktgj til optimering af energirigtig valg af vinduer til boli-
ger i Danmark. Varktgjet kan bade anvendes til nybyggeri og ved renovering af det eksisterende
byggeri samt til almindelige huse eller lejligheder.

Verktgjet er vedlagt denne rapport pa CD og kan desuden downloades fra www.byg.dtu.dk

Projektgruppen vil gerne takke BoligfondenKuben for at have stattet projektet med udarbejdelsen af
dette verktej, der frit kan anvendes af alle og desuden vil blive inddraget i undervisningen pa Dan-
marks Tekniske Universitet i forbindelse med kurser om energirigtigt byggeri. Da undervisningen i
de relevante kurser foregar pa bade dansk og engelsk er programmet lavet med kombineret dansk
og engelsk brugerflade og dokumentationsafsnittet i denne rapport er pa engelsk.

Inés Santos
Jesper Kragh
Jacob Birk Laustsen

Svend Svendsen

Juni 2008

Danmarks Tekniske Universitet
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Resumé

| dette projekt er udviklet et veerktgj, der kan hjalpe arkitekter og ingenigrer til at veelge den opti-
male vindueslgsning til boliger. Vearktgjet kan bruges i design fasen til nybyggeri eller ved renove-
ring af eksisterende boliger.

Veerktgjet, der er udviklet 1 Microsoft Office Excel 2007 og Visual Basic for Applications (VBA),
er opbygget som et brugervenligt regneark baseret pa simple input til beregningen. Vearktgjet er
bade anvendeligt for den erfarne og uerfarne bruger mht. til vinduesvalg. For eksempel kan den
uerfarne bruger anvende praedefinerede standard vindueslgsninger, mens den mere erfarne bruger
kan udnytte veerktgjets fleksibilitet til selv at opbygge vindueslgsninger.

Verktgjet anvender fire STEPs til udveelgelsen af de bedste vinduer til boligen. De fire step benav-
nes i verktgjet STEP 1, STEP 2, STEP 3 og STEP 4

I STEP 1 kan brugeren opbygge, analysere og sammenligne forskellige individuelle vinduers ener-
gimassige ydeevne bestemt ud fra kendskab til geometri og komponenter (rude og ramme/karm
mm.). Denne farste vurdering er baseret pa vinduers energitilskud (Energitilskudsligningen), som
beskrevet i Nielsen T. R. et. al. (2001).

I STEP 2 kan brugeren anvende de vinduer, der blev opbygget i STEP 1 til en specifik bolig. For
hvert vindue ma brugeren angive orientering, horisontafskeermning, udheaeng, og evt. sidefinner samt
solafskeermning. Brugeren kan opbygge flere forskellige scenarier for forskellige vinduesvalg til
boligen. Afhaengigt af fleksibiliteten i designfasen, sa kan scenarierne vere forskellige mht., vindu-
eskomponenter, vinduesgeometri og vinduesorientering. Ved en sesonbaseret (sommer/vinter) be-
regning for hvert vinduesscenarie, bestemmes dels vinduernes energiforbrug separat og dels boli-
gens energiforbrug totalt mht. opvarmning og keling. Beregningen tager hgjde for udnyttelsesfakto-
ren for hhv. varme og kgling jf. CEN(2008, 1SO 13790).

I STEP 3 foretages en beregning efter “the simple hourly method” beskrevet i CEN(2008, ISO
13790). For et rum eller en zone i boligen foretages en timebaseret beregning af energiforbrug
(varme/kglebehov) og indetemperatur. Hovedformalet er at kontrollere hvordan de forskellige vin-
duesscenarier opfylder kravene til indeklima jf. standarden CEN( 2007, EN 15251).

I STEP 4 foretages en gkonomisk vurdering af de forskellige vinduesscenarier, der er opbygget i
STEP 1 0og 2. Ved at veelge et referencescenarie er det muligt at beregne “Energibesparelsesprisen”
til en gkonomisk vurdering af hvert scenarie.

Med analyserne foretaget under de fire STEPs kan brugeren foretage et optimeret valg af den bedste
energimassige vindueslasning til en bolig.

Brugeren skal ikke ngdvendigvis anvende alle fire STEPs. Brugeren kan ngjes med at anvende
STEP 1 til et hurtigt overblik over forskellige vinduers energimassige ydeevne mht. geometri og
komponenter. Ligeledes kan brugeren ngjes med at anvende STEP 2 til en sesonbaseret energibe-
regning for en bolig, safremt der haves data for vinduernes U-vaerdi og g-vaerdi. STEP 3 og STEP 4
er uafhaengige, men kraever at STEP 2 er gennemfart.

Pa Figur 1 ses en skitse, der giver en overblik over veerktgijets fire STEPS’s.

Side 7



Step 1:

Step 2:

Energitilskud for individuelle vinduer | Vinduernes energiforbrug | en bolig (szeson-

baseret beregning)

Step 3:

Beregning af indetemperatur og energifor-
brug for et udvalgt vaerelse/zone. (timeba-
seret beregning)

Step 4:
@konomisk vurdering

(Energibesparelsesprisen gennem vinduets
levetid)

Figur 1 - Skitse med overblik over de forskellige STEP | beregningsvarktgjet
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Summary

The tool presented was developed with the purpose of helping architects and engineers in the proc-
ess of selecting the optimal solution of windows for dwellings. It can be used during the design
phase of new dwellings or for the renovation of existing ones.

Built in Microsoft Office Excel 2007 and Visual Basic for Applications (VBA), the tool aims to be
user-friendly and based on simple input data. At the same time, it is adapted to different expertise
levels: for example the inexperienced user has the option of using pre-defined solutions and default
suggestions, while the experienced user can have a very high level of flexibility.

The method/tool organizes the process of selecting windows in four different stages named as
Stepl, Step 2, Step 3 and Step 4.

In Step 1, the user can evaluate and compare the energy performance of different individual win-
dows based on the knowledge of their geometries and components (glazing and frame). This first
evaluation is based on the concept of the net energy gain defined in Nielsen T. R. et. al. (2001).

In Step2, picking from the windows previously characterized, the user can define a complete set of
windows for a specific dwelling. For each window the user must specify orientation, obstructions
from horizon, overhangs and fins and solar shading device. The user can create different sets (sce-
narios) of windows for the dwelling. Depending on the flexibility of each particular design case, the
scenarios may be different regarding several aspects (ex. windows components, windows geometry
or windows orientations). On a seasonal basis (winter/summer), the energy consumption of the
windows used in the dwelling as well as the energy consumption of the dwelling are calculated for
each scenario. The calculation is made taking into account the gain and loss utilization factors for
heating and cooling, respectively, according to CEN(2008, ISO 13790).

The basis of Step 3 is the “simple hourly method” defined in CEN(2008, ISO 13790. In this stage
the indoor temperature and the heating/cooling energy demand are calculated on an hourly basis for
a critical room of the dwelling. The main goal of this stage is to verify whether or not the windows
defined for each scenario also allow fulfilling the indoor comfort requirements defined in CEN(
2007, EN 15251).

The Step 4 consists of an economic evaluation for the scenarios of windows previously defined. In
this stage, it is possible to calculate the cost of conserved energy when using the selected windows
solutions, in comparison to a reference solution.

Based on the overview of the analyses made during the four steps, the user is, at this stage, able to
select the windows solutions with the optimal performance in the actual dwelling.

Furthermore, the user is not obligated to follow the four steps. The user may only use Step 1 to have
a very quick idea of the energy performance of different individual windows with regard to geome-
try and components. Or the user may use only Step 2 in order to perform a seasonal calculation
knowing previously the U-value and g-value of the windows that he wants to use. Step 3 and Step 4
are independent from each other but require Step 2 to be previously performed.

In Fig.1 a sketch with the overview of the method and calculation program is presented.
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Step 1:
Net energy gain of each
individual window

Step 2:
—»| Energy use of the windows in the
dwelling (seasonal calculation)

Step 3:

Indoor comfort and energy use of
the windows in critical rooms
(hourly calculation)

Step 4:

Economical evaluation

(cost of conserved energy for the
windows lifetime)

Figur 2 - Sketch with the overview of the method and calculation program.
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1 WINDESIGN

WinDesign er et program/veerktgj, der kan optimere valget af vindueslgsninger til boliger i den
tidlige designfase. Det kan anvendes bade til design af nybyggeri eller ved renovering af eksisteren-
de boliger. Optimering kan bade foretages ud fra den energimaessige ydeevne og den termiske kom-
fort (indetemperatur).

WinDesign bestar af fire niveauer:
STEP 1 — Energitilskud for individuelle vinduer med forskellig geometri og komponenter
STEP 2 — Vinduernes energiforbrug anvendt i en bolig. Seesonbaseret beregninger.

STEP 3 — Energiforbrug og indetemperatur i et vaerelse/zone. Timebaseret beregning udfart for hver
af de forskellige vinduesscenarier.

STEP 4 — Energibesparelsesprisen for de forskellige vinduesscenarier sammenlignet med et refe-
rence scenarie.

Baseret pa det overblik der opnas gennem de fire STEP vil brugeren veere | stand til at foretage et
optimeret vinduesvalg til den aktuelle bolig.

S&dan starter man:

WinDesign er et program udviklet i Microsoft Office Excel 2007 and Visual Basic for Applications
og det kan kun anvendes | Microsoft Office Excel 2007. Selvom det er muligt at abne WinDesign
med tidligere versioner af Microsoft Office Excel, sa vil resultaterne ikke veere troveerdige.

For at starte WinDesign udfares de fglgende instruktioner:

1. Lav en mappe pa din computer med navnet “WinDesign”. I denne mappe placeres filen WinDe-
sign.xIsm og mappen Windows.
2. Set Windows Regional Options til English (United Kingdom)

(Start > Settings > Control Panel > Regional Options)
3. Start Microsoft Office Excel 2007

4. Check at du har en fuld opdateret version af Microsoft Office. Version: Microsoft® OfficeExcel®
2007 (12.0.6300.5000) SP1 MSO (12.0.6213.1000) eller nyere

(Office button > Excel Options > Resources > about Microsoft Office Excel 2007)

] n

Hvis du har en eldre version kan opdateringen hentes ved at klikke pa "Check for updates". Denne
handling kan tage flere minutter og medfare at computeren skal genstartes.

5. Anvend system separatorer
(Office button > Excel Options > Advanced > Activate the check box: Use system separators)
6. Aktiver makroer

(Office button > Excel Options > Trust Center > Trust Center Settings... > Activate the check box:
Enable All Macros (not recommended; potentially dangerous code can run))

Husk at deaktiver makroer efter brugen af programmet.
7. Aben filen WinDesign.xIsm

8. Lees guidelines under hvert STEP
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1.1 Brugerfladen

WinDesigns simple brugerflade praesenteres i det falgende med en reekke screendumps fra de fire
STEPs. Fra hvert STEP er det muligt at hente en guideline eller en dokumentations rapport, der i
detaljer beskriver de forskellige inputs og beregninger for det respektive STEP.

STEP 1 - Energitilskud for individuelle vinduer med forskellig geometri og komponenter

(a5 = e ] s WinDesign1284_fine.xlsm - Microsoft Excel
t i) —
| Home | Insert Page Layout Formulas Data Review View Developer
[ % cut i . == — Eu ) R [BE=
B Calibri 11 (A || == §| =i Wrap Text L B A <
Paste : B I U o | S == E £F|| = Merge & Center G- o, o |8 ;00| conditional Format cel Insert Delete
< - Format Painter | = ”— ” | | | = N | 'g = ” Lol Formatting ~ as Table - Styles - =
Clipboard F] Fant {F] Alignment s Number {F] Styles Cells
A B
Sﬁpﬂ Hyt Andie Slet Ryt | Zndie | Slet Nyt Slet
Energitilskud for individuelle vinduer
([
] {ikke malfast) b b b
E
-] b
] 1 by
]
“w
]
3 —_ 1
o a a
=
=
a[m] 1.23 1.23 1.23
b [m] 148 148 148
alfa [mfm] -
b1/b [mfm] - 0.66 0.66
Vindueskomponenter Es
Preedefinerede kombinationer 2 _ RESULTATER: Energitilskud i kWh/m? ? |
D Rude Rammefkarm  Tveer-flodpost Sprosse
1 ? BA 158 158 128 -46 -96 -165
2 2 A 13B 13B 108 -32 -71 -11%
3 ? BA 158 16A 144 -6 -102 -154
4 ? BA 158 158 134 -46 -96 -177
5 2 A 16B 168 128 -58 -114 -181
6 2 BA 158 15C 118 -6 -96 -152
7 - gn 128 Definer ny geometri x| -100
8 2 A 8B -86
a a
9 2 38 158 @ ———— -162
0 2 3B 138 Dl B -117
1 2 38 158 b b b b -189
by
122 38 158 b, N -174
13 | 2 3B 168 -179
_ —_ [ _——
14 2 3B 158 g G A 2 -149
15 2 3B 128 verlg verlg | verlg verlg | -96
16 2 3B 2B TiFgj lod-ftverpost Tilf) sprasser | Tilfigi ladpost Tilf) sprasser | 83
Tt o] Tifs sprosser Tifs sprosser
1D Rude Ramme;kar Notes: Tifig} lod- 0g tverpost Far sprasser. L |
17
] »
M 4 ¥ M WinDesign Guideline | STEP1 . STERZ < STEP3 Kompanentklasser STEP2 - Combination 1 STEP2 - Comb1 - LenghtHS-CS STEP2 - HouseInformation
esig! SECINeS
Ready | = |

Figur 3 Screendump from STEP 1
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STEP 2 - Vinduernes energiforbrug anvendt i en bolig. Seesonbaseret beregning for forskellige lgsninger

RESULTATER

T

STEP2 1=y

Vinduernes energiforh

rug anvendt i en specifik bolig

Sssonberegning for forskellige scenarier af vinduesigsninger

Sekumenation

INFORMATION OM BOLIGEN |

SCENARIE 1 SCENARIE 2 SCENARIE 3

Beskrivelse
4 vinduer defineret

Kopier Scenarie

Beskrivelse
4 vinduer defineret

Kopier Scenarie

Beskrivelse
4 vinduer defineret

Kopier Scenarie

( i = ] = WinDesign1284_fine.xlsm - Microsoft Excel
|
~ Home Insert Page Layout Formulas Data Review View Developer

| IE éj Ruler Formula Bar C% X E :]:l =] split | ) View Side by Sidd
- Gridlines Headings i‘ ] - ~Hide 4] synchronous Sere

Mormal| Page Page Break | Custom Full Zoom 100% Zoomto Mew  Arrange Freeze _
Layout  Preview Wiews Screen Message Bar Selection || Window Al Panes - L Unhide | 214 Reset Window Pg

Workbook Views Show/Hide Zoom Window
RESULTATER: ]

Vinduernes energiforbrug
[kWh/m? gulvareal]

Boligens energiforbrug
[kWh,/m? gulvareal]

Leengde af seesonen [dage]

SCENARIE 4 SCENARIE 5

Beskrivelse
4 vinduer defineret

Kopier Scenarie

Beskrivelse
4 vinduer defineret

Kopier Scenarie

ilet Scenarie

ilet Scenarie

ilet Scenarie

ilet Scenarie

Slet Scenarie

[ g e g —— e e e——
| & | & | & | -5 | 5

10 10 10 10 10

3 3 3 3 3

32 32 32 3z 3z

38 38 38 38 38
F 249 | F 249 | F 245 | F 249 | F 249 |

Veerelse 1 eller Bolig
Beskrivelse

4 vinduer defineret

Definer /= ndre vinduer

Veerelse 1 eller Bolig
Beskrivelse

4 vinduer defineret

Definer /= ndre vinduer

Veerelse 1 eller Bolig
Beskrivelse

4 vinduer defineret

Definer/= ndie vinduer

Veerelse 1 eller Bolig
Beskrivelse

4 vinduer defineret

Definerf® ndre vinduer

Veerelse 1 eller Bolig
Beskrivelse

4 vinduer defineret

Definerf® ndre vinduer

Kopiei vindusr

Kopiervinduer

Kopiervinduesr

Kopiervinduer

Kopiervinduesr

I |

Slet winduer Slet winduer Slet vinduer Slet vinduer Slet Vinduer
]
]
v Information vedr. Boligen x|
v
— Dimension (indvendigt) — ¥entilation
by
Cpvarmet gulvareal [m2] 100 Luftskifte ved ventilation [h-1] I 0.5
' .
Loftshgide [m] I 2.5 [~ warmegervindingsenhed
v
Effekbivitet [-
v — Konstruktioner t 0.65
A [ k] BEREGM | ? | IT ¥ Bypass i kelesson
M 4 b M| WinDesign - Gi IComb 1 -LenghtHS-C5 -~ STEP2 -Hi

Warmekapacitet | Mediom, 165000 1jK.m2

[

Warme [C]

— Intern varmelast

Intern varmelast [W/mz]

Kgling [#C]

—

— Setpunktstemperaturer

[z

— Infiltration

Luftskifte ved infiltration [h-1]

0.01

Gem | Luk |

Figur 4 Screendumps from STEP 2
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STEP 3 - Energiforbrug og indetemperatur i et veerelse/zone.
Timebaseret beregning udfart for hver af de forskellige vindues scenarier.

41

WinDesignl234_fine.xlsm - Microsoft Excel

(Oa) 9 - ™
O |

Home Insert Page Layout Farmulas Data Review Wiew Developer
% \E\ Iﬁ Gj Ruler Formula Bar @ 1 E split v
‘ Gridlines Headings F—' T.iHide || i3]
Mormal| Page Page Break | Custom  Full Zoom 100% Zoomto Mew  Arrange Freeze .
Layout  Preview Views Secreen Message Bar Selection || Window  All  Panes - [ Unhide | 14 R
Workbook Views Show/Hide Zoom Wi

Energiforbrug og indetemperatur i et veerelse/zone af en bolig

Timeberegning af de forskellige scenarier af vindueslgsninger Dokumentation

Timeberegning DEFINER VAERELSE TERMISK ZONE| | BERESN |

SCENARIE 1 SCENARIE 2 SCENARIE 3 SCENARIE 4 SCENARIE 5

Energiforbrug til varme [kWh/m? ar] I 33 33 I 33 I 33 I 33
Energiforbrug til keling [kWh/m? ar] 0.0 0.0 0.0 0.0 0.0
Antal timer med overtemperaturer I a7 | I 42 I | 42 I I 42 I I a7

Vis indetemperatur for:
30
*  SCENARIE 1
°  SCENARIE 2
 SCENARIE 3 v | k il
= 25
" SCENARIE 4 =
1)
" SCENARIES E‘
2
2 20 l
=
x
— ¥aerelse identifikation — ¥ar g indingsenhed
Wearelse I 1 Yl [~ warmegenvindingsenhed j_| j_' j_' j_.
= o o =
Mote: velg det vaerelse defineret | STEFZ, som Note: Yarmegenvindingsenhed skal bt z = &
der gnskes udfart en timebaseret beregning For, akkiveresfdeakkiveres under STEPZ (Boligens
Informationer), 760h]
— Udluftning

— ¥aarelse gulvareal og UA-vaerdi

Gulvareal [mz] I 150 v Udluftring ? |
1A L] e —— | o | l? Luftskifte ved uduftring [H-1] |3—

Setpunktstemperatur [#C] I 74

— ¥arme og keling
[v arme Setpunkistemperatur [2C] I 2D|
™ kaling Setpunktstemperatur [22] I

Figur 5 Screendumps from STEP 3
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STEP 4 - Energibesparelsesprisen for de forskellige vindues scenarier sammenlignet med et reference scenarie.

(D E ) ) | =
G e

WinDesignl284_finexlsm - Microsoft Excel

Haome Insert Page Layout Formulas Data Review | View | Developer
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Figur 6 Screendumps from STEP 4
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1.2 Eksempel pa optimering med WinDesign

| det fglgende gives et eksempel pa hvorledes valget af en vindueslgsningen til en bolig kan optime-
res med WinDesign. Der tages udgangspunkt i falgende eksempelhus. Husets eksisterende vinduer

er 20 ar gamle og skal udskiftes.

Bolig informationer:

| | Nord

Areal 150 m?
Lofthgjde 24 m |
UA-Verdi 77 WIK =
Eksempel hus
Varmegenvinding Nej
Mekanisk kaling Nej I
\ \ \ \

Figur 7 Plan af eksempelhus

Huset har to starrelser vinduer som vist i Figur 8.

Tabel 1 Oversigt over vinduerne

Side fin Side fin
Nb. Areal Horisont Udhaeng venstre hgjre
Vinduer [m? ©) ) ) )
1 TypeA Vindue lille, 1,00 x1,40m 7 14 15 40 0 0
2 TypeB Vindue stort, 1,50 x1,40m 2 2.1 15 40 0 0
De eksisterende vinduestyper ses pa Figur 8.
Lille vindue Stort vindue

Figur 8 Eksempelhusets eksisterende vinduer

Ved udskiftning af husets vinduer gnskes en analyse af forskellige lgsningsforslag foretaget med
WinDesign. Der ses i eksemplet bort fra dgre, men disse kan implementeres ved separat angivelse

af areal, U-veerdi og evt g-veerdi for rudefeltet.
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Indtastning i WinDesign

STEP1 - Energitilskud for individuelle vinduer

Forst klikkes pa "ny” og de eksisterende vinduer indtastes som type A og B. Der gnskes samme
type nye vinduer, dog vil man gerne undveere sprossen. De nye vinduer indtastes som type C og D.

Den eksisterende vindueslgsnings komponenter opbygges i nederst venstre hjgrne. De eksisterende
vinduer er trevinduer med almindelige termoruder og en aluminiums kantkonstruktion. Referencen
til disse kan ses under fanebladet ”Vindueskomponentklasser”. Ruden er en type 18A, Ramme/karm
og lodpost en type 15B og sprosse type 12B.

Under STEP1 ses midt for til venstre en reekke standard komponent lgsninger og til hgjre for disse
ses den tilhgrende beregning af energitilskuddet. Se Figur 9.

STERPI H

Energitilskud for individuelle vinduer

Ny ‘ Zndre | Slet hyt | Hndre ‘ Slet Ny ‘ &ndre | Slet Myt | Hndre ‘ Slet Nyt

by

n
T
N
[1]
[T
-
mu
|

|

— e a s
aml] 1 150 1 1
by [m] 14 140 140 1.40
alfa [mfm]
B1/b [m/m] 0.60 0.60 5 s
Vindueskomponenter 2
_ RESULTATER: Energitilskud i kKWh/m? ;I
Rude Ramme/karm  Tveer-[lodpost
1 L BA 158 15B 128 -124 -123 I -111 -110 |
2 2] 2 138 138 108 -2 20 | -82 w 82 ]
N 2 158 168 148 -135 -135 117 118
4 L BA 158 158 134 -127 -125 -111
5 2 168 168 128 -145 -140 131 H
6 Z BA 158 15C 118 -122 -11% -111 Valgt Igsnlng
7 2] 2 128 128 7A 78 78 7 =T
8 2| 2 38 118 78 = = 56 =6
9 L 38 158 158 128 -121 -11% -108 -107
10 2| 38 138 138 108 |
1 L 38 158 16A 148 -133 -131 -114 -115
12 2] 38 158 158 134 -124 121 -108 107
13 2| 38 168 168 128 142 137 1
14 L 38 158 15C 118 -119 -116 -107
15 2 38 128 128 A -75 -74 6 1 H
o = | Eksisterende lgsning
User combinations /
-195 -184 I -186 -187
M4 b | WinDesign  HowToStart | STEP1 -~ STEP2 ~STEP3 <GTEP4~ ComporentsCasses  STEPZ -VindowsScenarioX . REPORT -~ REPORTZ - REPORTS 0 ]
Ready | 3 [[EEEETNe! Y

Figur 9 Screendump efter indtastning af gamle (Type A og B) og nye (C og D) vinduer i STEP1

Pa bagrund af energitilskudsberegningen for de forskellige praeedefinerede komponentlgsninger
vaelges det at arbejde videre med vinduer af standard tree (krav fra boligejeren) og en traditionel
energirude med og uden varme kant og en trelags energirude med varm kant.

Sammenlignes de eksisterende vinduer med de valgte ses at energitilskuddet forbedres med ca. 100
kWh/m2 vindue. Besparelsen kan dog variere meget alt efter hvilken bolig vinduerne anvendes i.
Dette kan undersgges mere detaljeret i STEP2.
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STEP 2 - Vinduernes energiforbrug anvendt i en specifik bolig

Forst klikkes gverst til hgjre pd ”Information om boligen”, hvor de relevante data til energibereg-
ningen indtastes. Pa Figur 10 ses de indtastede data for eksempelboligen.

Information vedr. Boligen

— Dimension {indvendigt)

X

— Wentilation

Luftskifte ved wentilakion [h-1]

[ warmegenvindingsenhed

EFfekkivitet ]

Opwarmet gulvareal [mz] 150

Loftshgjde [m] I 2.4
— Konstruktioner

Lia ['W K] BEREGM | 2 | I 7

¥ Eypass i keleseeson

[os |

=

Varmekapacitet | Heary, 260000 JJK.m2

— Setpunktstemperaturer

Warme [#C]

— Intern varmelast

Intern varmelast [Wimz]

—

Kaling [*C]

—
B
[= |

— Infiltration

Luftskifte ved infiltration [h-1] 0.01

Gem

Luk,

Figur 10 Data til beregningen af boligens energiforbrug til varme og keling (seson baseret beregning)

Efter at boligens informationer er indtastet oprettes forskellige scenarier for vindueslgsninger til den
specifikke bolig. Pa Figur 11 ses, hvordan to scenarier oprettes. Scenarie 1 er den eksisterende
vindueslgsning og Scenarie 2 er én af de forbedrede lgsninger fundet under STEP1. Da antallet af
vinduer, orientering mm skal vare ens for de to scenarier kan scenarie 1 kopiers direkte videre til
scenarie 2, hvorved kun referencen til vinduerne (fra STEP1) skal &ndres. Saledes andres for det
lille vindue fx A17 (eksisterende vindue) til C2 (nyt vindue).

Scenarie 1

Definér vinduerne i Scenarie 1 - ¥aerelse 1

[ Yindue

¢ yindue Fra STEPL

WRef

[ ]

11

Se STEP1/STEPZ

" yinduet defineret ved Aw, Uw and g o |

A [m]

b

-

PR J—

— a

W [ k]

E3| Wl Definér vinduerne i Scenarie 2 - Yaerelse 1
— ¥indue

1+ Yindue fra STEP1

WhRef -3 7 D
Se STEP1/STEP2
b 14 g e 14
b

 Winduet defineret ved Aw, Lw andgw !

A [m2]

Ly [t 2]

gt [] 1 " | 1 "
Crienting 0 Solafskaermning ('- ia = nej Orienting Solafskaermning (- ia = nej
He=ldning ag S5C[-] Hzeldning SSE[-]
Contral ﬁxad Contral F\xed

herisent L] 15 sy 1

o o
“udhaeng rl 40 Antal af ens vinduer i vaerelset I 1 o ‘ % udhzang el Antal af ens vinduer i vaerelset I 1 2 ‘
Buide fnmer ] 0 B-ide fmer [°]
Finne position I nane j Finne position I none

Yindue I 1 afl 5 Tibage | Masste Myt | Slet Luk ¥indue | 1 af| S T\Ihagel Nasste | Tyt | Slet | Luk

Figur 11 Indtastning af de to forskellige vinduesscenarier. Til venstre ses det eksisterende lille vindue med sprosselgs-
ning, termorude og standard kant (Reference A17 jf. STEP1) og til hgjre ses den valgt lgsning uden sprosse, energirude

og varm kant (C2).
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Efter at alle vinduerne er oprette i scenarierne kan resultat direkte afleeses for bade vinduernes ener-
giforbrug pr. m2 gulvareal og boligens energiforbrug pr. m2 gulvareal. Pa Figur 12 ses et zoom af
resultater fra STEP2.

Der haves séledes fire scenarier:

e Scenarie 1 Eksisterende vindueslgsning

e Scenarie 2 Vinduer med 2-lags energirude og kold kant
e Scenarie 3 Vinduer med 2-lags energirude og varm kant
e Scenarie 4 Vinduer med 3-lags energirude og varm kant

RESULTS: i
!:) Vinduemes energiforbrug fyringsssonen
STE 2 [kWh/m? gulvareal] koles@sonen
total
Vinduernes energiforbrug anvendt i en specifik bolig Boligens energiforbrug fyringsssssonen
beregning for forskellige scenarier af vi Igsni Wh /i gulvareal] i nassmson
okume ntation

kaleseesonen
INFERMATIONEM BOLIGEN
Description Description Description Description Description
9 windows defined 9 windows defined 9 windows defined 9 windows defined no windows defined
Lopy Soznaiio Copy Se=nario Lopy Soznario Capy Soenario Lopy Sz narin
Slet Scenarie Slet Scenarie Slet Scenarie 3let Scenarie SletScenarie =
. S N S N S |
ﬁ 17
=] 76 17 £ g g
i}
& 00 - - - -
|: e g 17 9 6 6
o -
= = 76 67 65 65
| VarelN] eller Boliger a
Description o 0.0 0.0 0.0 0.0
9 windows defi -
ot 298 292 289 296
o o o 0

Skt vindusr Slet vindug Sletvindusr Slet vindue Slet Vinduer

|< |= |= |< |= |= |= |=

H 4 ¥ M| WinDesign HowToStart STEP1 | STEP2 . STEP3 #STEP4~  ComponentsClasses STEP2 - WindowsScenarioX REPORT - REPORT2 REPORT3 fu]

ready | B3

Figur 12 Sammenligning af resultater for de forskellige scenarier. Det ses at energiforbruget til varme reduceres fra 76
kWh/m2 til kun 65 kWh/mz2.

Besparelse for vindueslgsningen med en standard 3-lags energirude ses at veere den samme som for
samme lgsning med en 2-lags energirude, hvilket skyldes at 3-lags rudens bedre isoleringsevne
modsvares af en darligere solenergitransmittans, hvilket ger at 3-lags ruden i dette boligeksempel
yder som en 2-lags energirude.
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STEP 3 - Energiforbrug og indetemperatur i et veerelse/zone

I STEP3 kan der udferes en mere detaljeret beregning for et udvalgt veerelse/zone i boligen. | dette
eksempel er der kun oprettet en zone svarende til hele boligen. Da beregningen udfares for hele
boligen er dataene til den timebaserede beregning de samme som for boligen jf. STEP2. Figur 13

viser de indtastede data.

Information vedr. Yarelse

— Yaerelse identifikation

Veerelse

[

Mote: Yeelg det wasrelse defineret | STEPZ, som
der gnskes udfgrt en timebaseret beregning For,

— ¥Yarmegenvindingsenhed
[ varmegenvindingsenhed
Mote: Varmegenvindingsenhed skal

aktiveres/deaktiveres under STEPZ {Boligens
Informationer),

Gulvareal [mz]

I 150
BEREGHME |LI I??

L& [WiK]

— ¥aerelse gulvareal og UA-vaerdi ———

— ¥Yarme og keling

v varme Setpunktstemperatur [#C] I 20
[ kaling Setpunrkkstemperatur [2E] I

— Udluftning

v Udiuftring z |

Luftskifte ved udluftning [h-1] I 3
Setpunkkstemperatur [#C] I 24

@em |

Figur 13 Angivelse af data til den timebaserede arsheregning for boligen.

Timeberegningen er som default deaktiveret. Nar denne aktiveres skal der efterfalgende klikkes pa
”Beregn” knappen. Herefter beregnes energiforbrug og antal timer med overtemperaturer for hvert
Scenarie. Figur 14 viser et zoom af resultatet for scenarie 1 og 2. Det ses at energiforbruget til op-
varmning er lidt lavere end ved STEP2, men at forskellen mellem de to ca. er den samme (10
kWh/m2). Vigtigst er dog at bemeerke at der kun er fa timer med overtemperaturer i boligen.

STEPS 1

Timeberegning af de forskel

[ Timeberegning DEFINER VERELSE [TH ERMAL ZONE| |

BEREGH

Hj=lp

Energiforbrug til varme [kWh/m? &r] 70 60
Energiforbrug til keling [kWh/m? &r] 0.0 0.0

Antal timer med overtem)

[

O

Vis indetemperatur for:

Energiforbrug til varme [kWh/m?* ar]
Energiforbrug til keling [kWh/m?® ar]

Antal timer med overtemperaturer

F:' (=]

[ )

@ SCENARIE 1
" SCENARIE 2
«

e
e

Indoor Air Temperature [*C]

1001
2001

3001

2001

H

% s001
6001
7001
8001

ire year [8760h]

Figur 14 Detaljeret timeberegning af energiforbrug og indetemperatur i boligen for scenarie 1 og 2
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STEP 4 - Energibesparelsesprisen for de forskellige scenarier af vindueslgsninger

| STEP 4 kan de forskellige scenarier sammenlignes gskonomisk. Boligejeren har faet et tiloud pa de
gnskede treevinduer pa ca. 100.000,-. Der oplyses en levetid pa vinduerne pa ca. 20 ar og der anven-
des en rente af investeringen pa 7 %. Boligejeren har desuden faet oplyst at merprisen for vinduer
med varm kant er 25 kr./m og 500 kr/m? for 3-lags energiruder. Tabel 2 viser et overslag for de for-
ventede ekstra omkostninger.

Tabel 2 Ekstra omkostning ved trelagsrude og varm kant.

Varmkant Antal Lengde [m] I alt [m]
Lille vindue 7 9.6 67.2
Stort vindue 2 14.4 28.8
Total lengde 96
Ekstra omkostning varm kant 25 kr./m 2400 kr.
Trelagsrude 500 kr. m?
Antal m? 10 m?
Ekstra omkostning 3-lagsenergirude 5.000 kr.
Samlet ekstra omkostning 3-lags rude (inkl. 2 x varm kant) 9.800 kr.

Overslagberegninger fra Tabel 2 indtastes i STEP 4. Det veelges at anvende scenarie 2 som referen-
ce, idet scenarie 1 blot viser den eksisterende lgsning. STEP 4 skal nu bruges til at vurdere hvilket
at scenarierne 2, 3 og 4, der er mest gkonomisk fordelagtig for boligejeren. Figur 15 viser denne
sammenligning fra STEP 4. Det ses at meromkostningen ved scenarie 3 (varme kanter) resulterer i
en energibesparelsespris pa kun 0,53 kr./kWh. For 3-lags energirude er energibesparelsesprisen no-
get hgjre, 2,29 kr./kWh, men kan dog i n&ermeste fremtid vise sig at veere en acceptabel energipris
alligevel.

STEP@ Scenarie nr. SCEMARIE 2
Energibesparelsesprisen for de forskellige scenarier af vindueslgsninger Vinduernes energiforbrug [kWh] 1337
| e | S —
d[-] 0.07 ?
Mekanisk keling no LI

SCENARIE 1 SCENARIE 2 SCENARIE 3 SCENARIE 4 SCENARIES
Energibesparelsesprisen [DKK/kWh] ingen energibesparelse reference 0.53 2.29 - |
Vinduernes energiforbrug [kWh] 2575 1337 912 933
Total vinduesomkostning 0 100000 102400 109800 0
Arlig besparelse [kWh] -1241 - 435 405
Investeringsomkostning [DKK] -100000 - 2400 9800

Figur 15 @konomisk overblik fra STEP 4.
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2 DOKUMENTATION AF BEREGNINGSKERNE (engelsk)

WinDesign is designed in Microsoft Office Excel 2007 and VBA. The file WinDesign.xIsm con-
tains 45 worksheets, 75 userforms and 6 modules. However only 10 worksheets are displayed to the
user: “WinDesign”, “Guideline”, “STEP1”, “STEP2”, “STEP3”, “STEP4”,” Komponentklasser”,
“RAPPORTL1”, “RAPPORT2” and “RAPPORT3".

The worksheets are protected to avoid misuse. However if the user is interested in looking into the
calculation in detail, the password “bygdtu” can be used to unprotect the worksheets.

Also the VBA code is protected. The password to unprotect it is the same, “bygdtu”.

In this section a description of the calculation method used in the program is presented. The section
is organized in four different subsections corresponding respectively to Step 1, Step 2, Step 3 and
Step 4.

2.1 STEP 1 - Net energy gain of individual windows

2.1.1 The goal

In this first step, the purpose is to express, in an easy and simple way, the energy performance of
different individual windows varying in geometry and components (glazing, frame, transoms, mul-
lions and glazing bars). The concept used for this purpose is the net energy gain defined in (Nielsen
T.R. et. al., 2001).

2.1.2 Net energy gain

The net energy gain of a window is the difference between the solar gains and the heat losses that
occur through that window during the heating season. It is calculated for a reference house located
in Denmark according to the following equation:

Eref =]- gw — D - UW =196.42 - Iw — 90.36 - UW [kWh/mZ] (1)

where:

I = 194.42kWh/m? is the solar radiation calculated for the reference house during the heating
season;

D = 90.36kKh is the degree hour number during the heating season in Denmark;

U,, is the thermal transmittance of the window, calculated in accordance with 2.1.3, expressed in
W /m2K;

Jw is the total solar energy transmittance of the window, calculated in accordance with 2.1.4 (no
units).

Both I and D are calculated using the Danish Reference Year (Jensen J.M. and Lund H., 1995)).

The net energy gain of a window indicates its energy performance during the heating season when
used in the reference house. The window is considered to have an average orientation correspond-

Side 22



ing to the distribution of windows in the reference house (North 26%; South: 41% and East/West:
33%) and all the solar gain is assumed to be utilized for heating.

2.1.3 Thermal transmittance of windows

The thermal transmittance of a window, U,,, is calculated according to:

Ug-Ag+Lijpi le+Lijoi .l +Ljoi -l
_ YgldgTLhjoint,f'fTjointm/t ‘m/tTHjoint,gb'tgb 2
Uy, = ™ [W/m*K] 2)

where:
U, is the thermal transmittance of the glazing, expressed in W /m?*K;
A, is the area of the glazing, calculated in accordance with 2.1.7, expressed in m?;

Ljoint, is the thermal transmittance of the frame/sash profile, calculated in accordance with
2.1.5, expressed in W /mK;

I is the length of the frame/sash profile, calculated in accordance with 2.1.6, expressed in m;

Ljoint,m/¢ 1S the thermal transmittance of the mullions/ transoms profile, calculated in accordance
with 2.1.5, expressed in W /mK;

Lm /¢ is the length of the mullions and transoms profile, calculated in accordance with 2.1.6, ex-
pressed in m;

Ljoint,gp 1S the thermal transmittance of the glazing bars profile, calculated in accordance with
2.1.5, expressed in W /mK;

lyp is the length of the glazing bars profile, calculated in accordance with 2.1.6, expressed in m;

A,, is the area of the window in m?2.

The following figure illustrates the different window components previously mentioned.

Glazing p Mullion

P Transom

[

il
b |

Glazing bars‘______

= = || = = » Frame/sash

Figur 16 Illustration of the different window components
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2.1.4 Total solar energy transmittance of windows

The total solar energy transmittance of a window, g,,, is calculated according to:

= %05 ] 3)

w Aw

where:
gy is the total solar energy transmittance of the glazing (no units);
Ay is the area of the glazing, calculated in accordance with 2.1.7, expressed in m?;

A, is the area of the window, expressed in m?2.

2.1.5 Thermal transmittance of the frame/sash, mullions/transoms and glazing bars
profiles

The thermal transmittance of the frame/sash, mullions/transoms and glazing bars profiles, respec-
tively Lioint,r » Lioint,m/e @d Ljoint gp are calculated according to:

Ljoint,f = Uf . Wf + qlf'g [W/mK] (4}

Ljoint,m/t = U/t " Wmye + 2qjm/t,g [W/mK] 5

Lioint,gp = Ugp * Wgp + 2%¥gp 4 [W/mK] (6)
where:

Uy is the thermal transmittance of the frame/sash profile in W /m?K;
wy is the width of the frame/sash profile in m;

W 4 is the linear thermal transmittance due to the combined effects of the glazing, spacer and
frame/sash profile in W /mK;

Um /¢ is the thermal transmittance of the mullion/transom profile in W /m?K;
Wp¢ IS the width of the mullion/transom profile in m;

W/t 1S the linear thermal transmittance due to the combined effects of the glazing, spacer and
mullion/transom profile in W /mK;

U

4b 1S the thermal transmittance of the glazing bar profile in W /m?K;

wyp i the width of the glazing bar profile in m;

Wyp g is the linear thermal transmittance due to the combined effects of the glazing, spacer and

glazing bar profile in W /mK.
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2.1.6 Length of the frame/sash, mullions/transoms and glazing bars profiles

The calculation of the length of the different profiles is made for each window according to the fol-
lowing figure:

= Length of frame/sash profile,
=== |ength of mullions/transoms profile, 1,,,
Length of glazing bars profile, [y,

Figur 17 Illustration of how the length of the different profiles is calculated.

2.1.7 Area of the glazing
The area of the glazing is calculated according to:

Ag=Ay — (Af + Amye + Agb) [m?] (7)

where:
A, is the area of the window, expressed in m?;
Ay is the area of the frame/sash profile, calculated in accordance with 2.1.8, expressed in m?;
Ap ¢ is the area of the mullions/transoms profiles, calculated in accordance with 2.1.8, expressed
in m?;

Agp is the area of the glazing bars profiles, calculated in accordance with 2.1.8, expressed in m?;
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2.1.8 Area of the frame/sash, mullions/transoms and glazing bars profiles

The areas of the frame/sash, mullions/transoms and glazing bars profiles are calculated according
to:

Am/t = lm/th/t [mz] 9
Agb = lnggb [mz] (10)
where:

l; is the length of the frame/sash profile, calculated in accordance with 2.1.6, expressed in m;
wy is the width of the frame/sash profile in m;

Lm /¢ 1s the length of the mullions and transoms profile, calculated in accordance with 2.1.6, ex-
pressed in m;

W IS the width of the mullion/transom profile in m;
lyp is the length of the glazing bars profile, calculated in accordance with 2.1.6, expressed in m;

wyp I the width of the glazing bar profile in m.

2.1.9 Energy classes for glazing, frame/sash, mullions/transoms and glazing bars
The window components are organized in energy classes.
For the glazings, the energy classes are sorted by:
U,- thermal transmittance of the glazing in W /m?K;
g4~ total solar energy transmittance (no units).
For the frame/sash, mullions/transoms and glazing bars profiles, the energy classes are sorted by:

Ljoint - thermal transmittance of the profile, calculated in accordance with 2.1.5, expressed in

W /mK,
w - width of the profile in m.

For the calculations, the average of the lowest and highest limits of the class is used. For instance,
for the glazing class 1A which corresponds to 0.5 < U, < 0.6 W/m?K and 0.5 < g, <
0.6 W/m?K, the calculation is performed using U, = 0.55 W /m?*K and g, = 0.55. (Figur 18)
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Figur 18 Energy classes for glazings and frame/sash profiles

(image from the user interface of the program)

ID Class Description U, [W/m*K] g [ ID Class Description Lioines [W/MK])  wy [m]
1 14 0.55U,<0.6; 0.5<2,<0.6 055 055 1 1A 0.055L55:,4,720.06; 0.045w<0.05 0.055 0.045
2 1B O_EEU:-:O_E; 0_4.:?415 055 0.45 2 ZA 0,065 ;0504 #<0.07; 0.04=w20.05 0.065 0.045
3 1c u_5ﬁus<ﬂ_5; 03 (ga_ﬁ-u_q 0.55 0.35 3 3A 0.07=Lgine +<0.08; 0.042wp<0.05 0075 0.045
2 0o 0.590,<0.6; 024,503 e O 4 38 0.07 5L 7<0.08; 0.055wr<0.10 0075 0075
- o 0.55U,<0.6; 012,502 e e 5 an 0.08<L.,:,,<0.09; 0.04<w;<0.05 0.085 0.045
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2.2 STEP 2 - Energy consumption of the windows used in the dwelling -
Seasonal calculation

2.2.1 The Goal

In Step 2, the purpose is to evaluate, on a seasonal basis, the energy consumption of a complete set
of windows used in a specific dwelling located in Denmark. The calculation is performed according
to CEN (2008, ISO 13790) and using the Design Reference Year (Jensen J.M. and Lund H., 1995)
as the weather input.

For this calculation, the dwelling is assumed to be one single thermal zone, even though the user
defines the windows per room.

2.2.2 Seasonal energy consumption of each window used in the dwelling

The energy use of each window i in the dwelling is calculated for the heating and cooling seasons
according to the following equations:

(the length of the heating and cooling seasons are calculated for each specific dwelling in accor-
dance with 2.2.11.1 and 2.2.11.2)

Eins = Uy, Aw,i* Gus — NMus,gn * Fsnob,ius * Asotihs * LsoLiHs [kWh] (11)
Ei,CS = Fsh,ob,i,CS : Asol,i,CS : ICS,ls — Miscs Uw,i : Aw,i : GCS [kWh] (12)

where:
E; us is the energy consumption of each window i during the heating season in kW h;
E; s is the energy consumption of each window i during the cooling season in kWh;
U,,i is the thermal transmittance of the window i in W /m?K;
A, ; is the area of the window i in m?;

Gys 1S the number of degree-hours during the heating season, determined in accordance with
2.2.7, expressed in kKh;

Gcs is the number of degree-hours during the cooling season in kKh, determined in accordance
with 2.2.7, expressed in kKh;

Fen ob.ins 1S the shading reduction factor due to external obstacles for the window i for the heat-
ing season, determined in accordance with 2.2.4 (no units);

Fen ob.i.cs 1S the shading reduction factor due to external obstacles for the window i for the cool-
ing season (no units), determined in accordance with 2.2.4 (no units);

Aso1i s 18 the effective collecting area of the window i with a given orientation and tilt angle for
the heating season, determined in accordance with 2.2.5, expressed in m?2.

Aso1ics 1s the effective collecting area of the window i with a given orientation and tilt angle for
the cooling season, determined in accordance with 2.2.5, expressed n m2.
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Lo s 18 the total solar radiation per square metre of the window area i, with a given orientation
and tilt angle, over the heating season, determined in accordance with 2.2.6, expressed in
kWh/m?;

Iso1 cs IS the total solar radiation per square metre of the window area i, with a given orientation
and tilt angle, over the cooling season, determined in accordance with 2.2.6, expressed in
kWh/m?;

Nus,gn 1S the dimensionless utilization factor for the solar gains during the heating season, calcu-
lated in accordance with 2.2.8.1;

Ncs,is 1S the dimensionless utilization factor for the heat losses during the cooling season, calcu-
lated in accordance with 2.2.8.2.

2.2.3 Seasonal energy consumption of a complete set (scenario) of windows used in
the dwelling

The total energy consumption of the complete set of windows used in the dwelling for both the
heating and cooling seasons is obtained by summing the energy consumption of each window i:

E;,
Etotal,HS = Zi AI;S [kWh/mz] (13)
Ej,
Etotal,CS = Zi A;S [kWh/mz] (14)
where:

Etotar s 1S the total energy consumption of the complete set of windows used in the dwelling
during the heating season in kW h/m? floor area;

Etotarcs 1S the total energy consumption of the complete set of windows used in the dwelling
during the cooling season in kWh/m? floor area;

E; us is the energy consumption of each window i during the heating season in kW h, calculated
in accordance with 2.2.2;

E; s is the energy consumption of each window i during the cooling season in kW h, calculated
in accordance with 2.2.2;

Ay is the heated floor area of the dwelling in m?

Summing Etorqr ms and Etoeq s, the overall energy consumption of the complete set of windows
used in the dwelling is obtained for the entire year.

Note: A complete set of windows in the dwelling is referred as a Scenario in the program. The user
can define up to five different Scenarios of windows and compare their energy performance.
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2.2.4 Shading reduction factor for external obstacles for each window

The shading factor for external obstacles for each window i, is first calculated for each month m
(from 1 to 12) and only afterwards for the heating and cooling seasons.

Fshobim = Fhor,i,mFov,i,mein,i,m [—] (15)

where:
Fen obim 1S the shading reduction factor for external obstacles for each window i for the month m
Fyor,i m 1S the partial shading correction factor for the horizon for each window i for the month m
F,,: m 1 the partial shading correction factor for overhangs for each window i for the month m

Ffin,im is the partial shading correction factor for fins for each window i for the month m

The shading correction factors (Fy,,, F,y, and Fy;,) for the Danish climate are available for eight
different orientations in a monthly basis in the hidden Worksheet “DRY - Month” in the program
(data obtained from Be05, SBi (2006)).

For the horizon, the partial shading factors are available for horizon angles of 10° and 30°; for
overhangs, the partial shading factors are available for overhang angles of 45° and 60°; and for fins,
the partial shading factors are available for fin angles of 30° and 60°, for fins on the left side, right
side or both sides of the window.

For each window i, the shading factors Fy, i m, Fop,im and Ffip ;m are obtained by 2-dimensional
linear interpolation of the available values.

v
e

Figur 19 Horizon angle, «
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Figur 20 Overhang angle (vertical section) Figur 21 Fin angle (horizontal section)

After the lengths of the heating and cooling seasons have been determined (in accordance with
2.2.11.1 and 2.2.11.2), the shading reduction factor due to external obstacles can be calculated, for
each window i, for the heating and cooling seasons according to:

F _ Ym=1>1jusFshobim 16
sh,ob,i,HS = lis -] 18
Ym=1’1ljcsFshob,i,
Fsnob,ics = = ]lcs S [—] (17)
where:

Fen ob.ins 1S the shading reduction factor due to external obstacles for the window i for the heat-
ing season (no units);

Fen ob.i.cs 1S the shading reduction factor due to external obstacles for the window i for the cool-
ing season (no units);

Fen ob,im 1S the shading reduction factor for external obstacles for each window i for the month
m;

L ns 1s the number of days of each month m belonging to the heating season;
Im cs 1s the number of days of each month m belonging to the cooling season;
L5 is the length of the heating season in days;
lcs is the length of the cooling season in days.

Note: The year is assumed to have 365 days according to CEN(2008, 1SO 13790).
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2.2.5 Effective solar collecting area of each window

As the shading factor for external obstacles, also the effective solar collecting area for each window
i is first calculated for each month m (from 1 to 12) and only afterwards for the heating and cooling
seasons.

The effective solar collecting area of each window i for each month m, A, ; ., is obtained accord-
ing to:

Asol,i,m = Fsh,gl,i,mggl,i(l - FF,i)Aw,i [mz] (18)

where:

Fsp g1,i,m 1S the shading reduction factor for movable shading devices for each window i for the
month m, determined in accordance with 2.2.5.1;

Jgu,i 1s the total solar energy transmittance of the glazing of each window i, determined in accor-
dance with 2.2.5.3;

Fr; is the frame area fraction of each window |, ratio of the frame area to the overall window
area;

Ay, ; is the window i area, expressed in m?.

Note: If the window i was defined by 4,,, U,, and g,, and if there is no information about g, and
Fr, the equation (79) is used in the following way:

Asol,i,j = sh,gl,i,jgw,iAw,i [mz] (19)

where:

Jw,i 1S the total solar energy transmittance of the window i, determined in accordance with
2.2.5.3;

After the lengths of the heating and cooling seasons have been determined (in accordance with
2.2.11.1 and 2.2.11.2), the effective solar collecting area of each window i for the heating and cool-
ing seasons is calculated according to:

ijzlzleSAsolim

=1 ) ,L

Asol,i,HS = Inis [mz] (20)
21:12 lj,CSAsol,i,m

Asol,i,CS == les [mz] 21)
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where:
Ago1i s 18 effective solar collecting area for each window i for the heating season, in m?;
Ao s 18 effective solar collecting area for each window i for the cooling season, in m?;
Ago1im is effective solar collecting area for each window i for the month m, in m?;
L ns 1S the number of days of the month m belonging to the heating season;
L cs 1s the number of days of the month m belonging to the cooling season;
Ly is the length of the heating season in days;
lcs is the length of the cooling season in days.

Note: The year is assumed to have 365 days according to CEN(2008, ISO 13790).

2.2.5.1 Shading reduction factor for movable shading devices

The shading reduction factor for movable shading devices for each window i is calculated first for
each month m and only afterwards for the heating and cooling seasons.

Fsh’gl,i,m [(1_fsh,with,i,m)gg;l,ij—'fsh,with,i,mggHsh,i] [_] (22)
glii

where:

Fsp g1,i,m 1S the shading reduction factor for movable shading devices for each window i for the
month m;

Jgu,i 1s the total solar energy transmittance of the glazing of each window i, when the solar shad-
ing device is not in use, determined in accordance with 2.2.5.3;

Jgi+sh,i 1S the total solar energy transmittance of the glazing of each window i, when the solar
shading device is in use, determined in accordance with 2.2.5.4;

fshwithim 1S the weighted fraction of the time with the solar shading in use on the window i dur-
ing the month m. It is a function of the intensity of the incident solar radiation on the window i
surface, determined in accordance to 2.2.5.2.

Note: If the window i was defined by 4,,, U,, and g,, and if there is no information about g, and
Fr, the equation (22) is used in the following way:

[ 1_fs with,i,m gwi+fs withimIw+s i]
( h,with,i, ) A h,with,i, +sh, [_] (23)

F, sh,gl,im
gw,i
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where:

Jw,i 1s the total solar energy transmittance of the window i when the solar shading device is not
in use, determined in accordance with 2.2.5.3;

Gw+sn i 1S the total solar energy transmittance of the window i when the solar shading device is in
use, determined in accordance with 2.2.5.4;

2.2.5.2Weighted fraction of the time with the solar shading in use

According to CEN (2008, 1SO 13790) for monthly and seasonal calculation methods, the control of
the solar shading device is based on the incident solar radiation on the window surface.

The weighted fraction of the time for which the solar shading device is in use was calculated for
each month m and for the eight different vertical surface orientations (North, North/East, East,
South/East, South, South/West, West, North/West) according to:

h=n
Zh=1,ifl

fsh,with,k,m -

1
sobkhm>300Wh/m2 SR

h=
Zh:? Isol,k,h,m

[-] (24)

where:

Isorknm 1S the total solar radiation per square meter of a vertical surface with orientation k, over
the hour h of the month m in Wh/m?;

n is the number of hours of the month m.

Note: The results from this calculation are presented in the hidden Worksheet “DRY-Month” in the
program.

For each window i with a given orientation, fgj witn i m IS Calculated for each month m by linear
interpolation of the previously calculated values f, with k.m-

In the program the user can also choose to keep the solar shading device always activated. In this
case fsh,with =1

2.2.5.3Total solar energy transmittance of the glazing and window

To obtain the total solar energy transmittance of the glazing of each window i, g, ;, the total solar
energy transmittance of the glazing for the normal angle of incidence, g4 »,;, must be multiplied by

a correction factor, F,,=0.9. This correction factor takes into account the fact that the time-averaged
total solar energy transmittance value is somewhat lower than g4, , ;
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940 = Ggtmi X Fwl] (25)
The same is valid for the total solar energy transmittance of the window i, g, ;:

9y, = Gwni X Fy[-] (26)

2.2.5.4Total solar energy transmittance of the glazing and window with the shading
device in use

The total solar energy transmittance of the glazing with the shading device in use and total solar
energy transmittance of the window with the shading in use are obtained according to:

ggl,sh,i =Ygl X SSCL ['] (27)
Gysni = Gwi X SSC; [-] (28)

where:

Jgu,i 1s the total solar energy transmittance of the glazing of each window i, when the solar shad-
ing device is not in use, determined in accordance with 2.2.5.3;

Jgush,i 1S the total solar energy transmittance of the glazing of each window i, when the solar
shading device is in use, determined in accordance with 2.2.5.3;

9w, 1s the total solar energy transmittance of the window i when the solar shading device is not
in use, determined in accordance with 2.2.5.3;

9w,sni 1S the total solar energy transmittance of the window i when the solar shading device is in
use, determined in accordance with 11.4.2;

SSC; is the solar shading coefficient of the solar shading device defined for the window i.

2.2.6 Total solar radiation on each window

Based on the hourly values over the year of the total solar radiation per square meter of vertical sur-
faces of eight different orientations (North, North/East, East, South/East, South, South/West, West,
North/West), calculated with BuildingCalc/LightCalc (BYG.DTU, 2007), the monthly average of
the daily total solar radiation per square meter of vertical surfaces was calculated for the eight orien-
tations according to:

Thet IsoLkhm
Isol,k,day,m = h=1 sobkhm [Wh/mz] (29)

lm
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where:

Iso1,k,daym 1S the monthly average (for the month m) of the total radiation over one day on a ver-
tical surface with orientation k in Wh/m?;

Io1pnm 1S the total solar radiation over the hour h of the month m on a vertical surface with ori-
entation K in Wh/m?;

L,,, is the number of days of the month m;

n is the number of hours of the month m.

Note 1: The results from this calculation are presented in the hidden Worksheet “DRY-Month” in
the program.

Note 2: Only data for vertical surfaces is implemented in the program, and therefore only vertical
windows may be defined.

For each window i, with a given orientation, the average daily total solar radiation for each month
M, Iso1,i,aay,m, 1S Calculated by linear interpolation of the pre-calculated values Is,; k qay,m-

After calculating the lengths of the heating and cooling seasons (in accordance with 2.2.11.1 and
2.2.11.2), the total solar radiation per square meter of each window may be calculated over the heat-
ing and cooling seasons according to:

m312l .
Liy s = S [ ) 30
_ Z%z%zlm,cslsol,i,day,m kWh 2
Lsorics = 1000 [kWh/m~] 3D

Iso1i s 18 the total solar radiation per square metre of the window i area, with a given orientation
and tilt angle, over the heating season, in kWh/m?;

Iso1: cs 1S the total solar radiation per square metre of the window i area, with a given orientation
and tilt angle, over the cooling season, in kWh/m?;

Lso1i,aay,m 1S the monthly average (for the month m) of the daily total solar radiation per square
metre of the window i area, with a given orientation and tilt angle, in Wh/m?;

Lm us 18 the number of days of the month m belonging to the heating season;

L cs 1s the number of days of the month m belonging to the cooling season.
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2.2.7 Number of degree-hours during the heating season and cooling seasons

After the lengths of the heating and cooling seasons have been determined (in accordance with
2.2.11.1 and 2.2.11.2), the number of degree-hours during the heating season, G, and the number
of degree-hours during the cooling season, G, are calculated according to:

m=12 . —
GHS — Zm:l 24le,HS(91,Set,H Be,m) [kKh] (32)
1000
m=12 . —
GCS — Zm:l 24le,C5(91,set,C ee,m) [kKh] (33)

1000

where:
0; set, 1S the setpoint temperature for heating defined by the user, expressed in °C;
0; set,c 1S the setpoint temperature for cooling defined by the user, expressed in °C;

0. m 1s the monthly average of the daily external air temperature for the month m, expressed in °C.
It was calculated using the Design Reference Year, Jensen J.M. and Lund H.(1995). The results
are presented in the hidden Worksheet “DRY - Month” in the program;

L ns 18 the number of days of the month m belonging to the heating season;

Lin cs 1s the number of days of the month m belonging to the cooling season.

2.2.8 Dimensionless utilization factors for the heating and cooling seasons

2.2.8.1Dimensionless utilization factor for the solar gains during the heating season

The dimensionless gain utilization factor for heating season, nys 4y, is a function of the heat-
balance ratio for the heating season, y, and a numerical parameter, ay, that depends on the dwel-
ling inertia. nys 45 is calculated according to the Equations (34) to (37):

1-yy*H

if yu>0andyy # 1 MHs.gn = 1=, ap+1 39
if yn=1 NHs,gn = ﬁ (35)
if yu <O: NMus,gn = 1/vu (36)
with
__ QHsgn
Vi = QHs,ht (37)
where:

yy IS the dimensionless heat-balance ratio for the heating season;
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Qus ne 1s the total heat transfer of the dwelling by transmission and ventilation during the heating
season in kW h, determined in accordance with 2.2.9.1;

Qus,gn represents the total heat gains of the dwelling during the heating season in kW h, deter-
mined in accordance with 2.2.9.2;

ay is a dimensionless numerical parameter depending on the time constant, 7, defined by:

ayg = aH’0+L (38)

TH,0

where:

ay o Is a dimensionless reference numerical parameter, that takes the value 0.8 for the seasonal
calculation method;

7 is the time constant of the dwelling in hours, determined in accordance with 2.2.8.3;

Ty o IS a reference time constant that takes the value 30 hours for the seasonal calculation me-
thod.

2.2.8.2 Dimensionless utilization factor for the heat losses during the cooling season

The dimensionless loss utilization factor for cooling season, n¢s ., is a function of the heat-balance
ratio for the cooling season, y., and a numerical parameter, a., that depends on the dwelling inertia.
M1s,cs 1S calculated according to the Equations (39) to (42):

. 1-yc~ %

if yc>0andyc # 1 Nesis = % 39)

ifye=1: Nesis = % (40)

if ye <O0: Nesis = 1 (41
with

Qcs.gn
— 42

Ve Qcs,ht ( )

where:

¥ is the dimensionless heat-balance ratio for the cooling season;

Qcs ne 1s the total heat transfer of the dwelling by transmission and ventilation for the cooling
season in kW h, determined in accordance with 2.2.9.1;

Qcs,gn represents the total heat gains of the dwelling for the cooling season in kW h, determined
in accordance with 2.2.9.2;

a. is a dimensionless numerical parameter depending on the time constant, 7., defined by:
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aczaC’0+L (43)

7Cc,0
where:

ac o Is a dimensionless reference numerical parameter, that takes the value 0.8 for the seasonal
calculation method;

7 is the time constant of the dwelling in hours, determined in accordance with 2.2.8.3;

Ty o IS a reference time constant that takes the value 30 hours for the seasonal calculation me-
thod.

2.2.8.3Dwelling time constant

The time constant of the dwelling, 7, expressed in hours, characterizes the internal thermal inertia of
the dwelling for both the heating and cooling seasons. It is calculated by:

7 — _ Cm/3600 -] (44)

Htr,adj+Hve,adj

where
C,, is the internal heat capacity of the dwelling, calculated in accordance with 2.2.8.4, in J /K

Hyy qqj is the heat transfer coefficient of the dwelling by transmission, calculated in accordance
with 2.2.9.3, in W/K;

H,e qq; IS heat transfer coefficient of the dwelling by ventilation, calculated in accordance with
2.2.9.4,inW /K,

Note: If H,, q4; for the heating season is different from H,, ,,; for the cooling season, two dif-
ferent values of t are obtained (one for the heating season and other for the cooling season).
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2.2.8.4Internal thermal capacity of the dwelling

The internal thermal capacity of the dwelling, C,,, is selected from Tabel 3, in which the thermal
capacity is presented for five different classes of buildings. C;,depends on A, that is the floor area

of the dwelling expressed in m?.

Tabel 3 Values for the internal thermal capacity of the dwelling, C,, (from CEN(2008, ISO 13790))

Monthly and seasonal
method
Class? c.
JIKP
Very light 80 000 x A5
Light 110 000 x 45
Medium 165 000 x A¢
Heavy 260 000 = 45
Very heavy 370 000 x 4f

2.2.9 Total heat transfer and heat gains of the dwelling during the heating and cool-
ing seasons

2.2.9.1Total heat transfer of the dwelling during the heating and cooling seasons
The total heat transfer of the dwelling for the heating and cooling seasons is obtained according to:

QHS,ht = (Htr,adj + Hve,adj) X GHS [kWh] ( 45)
QCS,ht = (Htr,adj + Hve,adj) X Ges [kWh] (46)

where:

Hyy qqj 1S the heat transfer coefficient of the dwelling by transmission, determined in accordance
with 2.2.9.3, expressed in W /K

Hye qqj is the heat transfer coefficient of the dwelling by ventilation, determined in accordance
with 2.2.9.4, expressed in W /K

Gy is the number of degree-hours during the heating season, calculated in accordance with
2.2.7, expressed in kKh;

Gcs is the number of degree-hours during the cooling season in kKh, calculated in accordance
with 2.2.7, expressed in kKh,;
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2.2.9.2Total heat heat gains of the dwelling during the heating and cooling seasons

The total heat gains, Q4. of the dwelling for the heating and cooling season are calculated accord-
ing to:

QHS,gn = Zmziz lm,HS(Qint,day + Qsol,day,m) [kWh] (47)
QCS,gn = 2%2}2 lm,CS(Qint,day + Qsol,day,m) [kWh] (48)

where:

Qint,aay is the sum of internal heat gains over one day, determined in accordance with 2.2.9.5,
expressed in kWh;

Qsol,aaym is the monthly average (for the month m) of the of the daily solar heat gains, deter-
mined in accordance with 2.2.9.6, expressed in kWh,;

L s 1S the number of days of the month m that belong to the heating season;

L cs 1s the number of days of the month m that belong to the cooling season.

2.2.9.3 Heat transfer coefficient of the dwelling by transmission
The heat transfer coefficient of the dwelling by transmission, H, ,4; is calculated according to:

Htr,adj = Htr,w + Htr,op [W/K] (49)

where:
H,., is the total heat transfer coefficient of the windows of the dwelling, };; Uy, ; A, ;, in W/K;

Hy, op is the total heat transfer coefficient of the opaque elements of the dwelling, UA-value of

the dwelling, given by the user, in W /K. It includes heat losses through the opaque elements of
the dwelling envelope as well as linear thermal losses.

Note: Heat transfer by transmission through unconditioned spaces or adjacent buildings is not taken
into account.

2.2.9.4Heat transfer coefficient of the dwelling by ventilation

The heat transfer coefficient of the dwelling by ventilation, H,, 44, is calculated according to:

Hve,adj = PaCa(qpe + Gint) [W/K] (50)
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where:
PaCq IS the heat capacity of air per volume, expressed in (J/m3K) and equal to 1200 J/(m3K);
v IS the time-average air flow rate by natural or mechanical ventilation, expressed in m3/s.

qiny is the time-average air flow rate by infiltration, expressed in m?/s.

In case that heat recovery unit exists, H,, ,4;, is calculated according to:

Hve,adj = paca[(l - fve,frac X nhru)(he + qinf] [W/K] (51)

where:
PaCq IS the heat capacity of air per volume, expressed in (J/m3K) and equal to 1200 J/(m3K);
qve IS the time-average air flow rate by mechanical ventilation, expressed in m3/s.
iy is the time-average air flow rate by infiltration, expressed in m3/s.

fve,rrac 18 the fraction of the air flow rate by ventilation that goes through the heat recovery unit,
assumed to be equal to 1;

Nnru 1S the efficiency of the heat recovery unit.

Note: the heat recovery unit can be activated during the heating season and bypassed during the
cooling season which leads to different heat transfer coefficients by ventilation for the heating and
cooling seasons.

2.2.9.5Daily internal gains of the dwelling
The daily internal gains of the dwelling are calculated according to:

DXt
Qint,day = ;O—Ogay [kWh] (52)
where:

¢int 1 the heat flow rate of the internal heat sources in W,

taqy 1S the number of hours per day, that is 24 hours.
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2.2.9.6 Monthly average of the daily solar gains of the dwelling
The monthly average of the daily solar gains, Qs,;,qay,m. is calculated according to:

Qsol,day,m = (ZiFsh,ob,i,m Asol,i,m Isol,i,day,m)/looo [kWh] (53)

where:

Fen obim 1 the shading reduction factor for external obstacles for each window i for the month
m, calculated in accordance with 2.2.4;

Ago1im effective solar collecting area of each window i for each month m, in m?, calculated in
accordance with 2.2.5;

Lso1,i,aay,m 1S the monthly average (for the month m) of the daily total solar radiation on each
window i, with a given orientation, calculated in accordance with 2.2.6, expressed in Wh/m?.

Note: the solar gains through opaque elements of the dwelling envelope are ignored.

2.2.10 Seasonal dwelling energy consumption

2.2.10.1 Dwelling energy consumption during the heating season

For the dwelling, the energy need for space heating during the heating season, Q,,4 s, Is calculated
according to:

QHs,ht—NMHS,gn*XQHS,gn
Quspa == g [KWh/m?] (54)

where:

Qus ne IS the total heat transfer of the dwelling for the heating season, determined in accordance
with 2.2.9.1, expressed in kWh;

Qus,gn 1s the total heat gains of the dwelling for the heating season, determined in accordance
with 2.2.9.2, expressed in kWh;

Nus,gn 1S the dimensionless gain utilization factor for the solar gains during the heating season,
determined in accordance with 2.2.8.1;

Ay is the floor area of the dwelling in m2.
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2.2.10.2 Dwelling energy consumption during the cooling season

For the dwelling, the energy need for space cooling during the cooling season, Qc 4, is calculated
according to:

Qcs,gn—NcsisXQcs,
Qsna = =4 n:f SR [kWh/m?] (55)

where:

Qcs ne 1S the total heat transfer of the dwelling for the cooling season, determined in accordance
with 2.2.9.1, expressed in kWh;

Qcs,gn 1s the total heat gains of the dwelling for the cooling season, determined in accordance
with 2.2.9.2, expressed in kWh;

N¢.1s 1S the dimensionless gain utilization factor for the solar gains during the cooling season, de-
termined in accordance with 2.2.8.2;

Ap is the floor area of the dwelling in m?.

2.2.11 Length of the heating and cooling seasons

2.2.11.1 Length of the heating season

The length of the heating season, 1 is defined by the following equation, which means that the
heating season includes all days for which the heat gains, calculated with a conventional utilization
factor, nys gn,1, do not balance the heat transfer:

< 6 Mys,gn,1 an,day (56)

0 Hday —
eday Lset,H,da (“tr,adj"‘“ve,adj)tday
where

Be,aay 1S the daily average external temperature, expressed in °C (from the Design Reference
Year (Jensen J.M. and Lund H., 1995));

0 set,n.aay 1S the set-point temperature for heating in °C;

Nu,gn,1 1S the conventional gain utilization factor calculated with y,; = 1, calculated in accor-
dance with 2.2.8.1;

Qgn,aay is the daily average internal and solar gains in kW h, calculated in accordance with
2.2.9.6;

Hyy qqj is the heat transfer coefficient by transmission in W /K, calculated in accordance with
2.2.9.3;

Hye qqj is the heat transfer coefficient by ventilation in W /K, calculated in accordance with
2.2.9.4;
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taqy IS the duration of the day, that is 24 h.

The monthly average values of daily temperatures and heat gains are attributed to the 15th day of
each month. Linear interpolation is used to obtain the limiting days for which Equation (45) is veri-
fied.

2.2.11.2 Length of the cooling season

The length of the cooling season, [ is obtained in a similar way to the length of the heating season.
The cooling season includes all the days for which the (positive) heat transfer, calculated with a
conventional utilization factor, n¢ ;s 4, do not balance the heat gains:

Qgn,day 2.

0o gav = 0; ' ¢
= Uiset,C,d i j
e, day Lse ay nc‘lsll(Htr,ad]+Hve,ad])tday )

where

Be,aay 1S the daily average external temperature, expressed in °C(from the Design Reference
Year (Jensen J.M. and Lund H., 1995));

0 set,c.aay IS the set-point temperature for cooling in °C;

Nc.1s1 18 the conventional gain utilization factor calculated with 1/y. = 1, in accordance with
2.2.8.2;

Qgn,aay is the daily average internal and solar gains in M/, calculated in accordance with 2.2.9.2;

Hyy qqj 1S the heat transfer coefficient by transmission in W /K, calculated in accordance with
2.2.9.3;

H,e qqj IS the heat transfer coefficient by ventilation in W /K calculated in accordance with
2.2.9.3;

taay 1S the duration of the day, that is 24 h.

The monthly average values of daily temperatures and heat gains are attributed to the 15th day of
each month. Linear interpolation is used to obtain the limiting days for which Equation (46) is veri-
fied.
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2.3 STEP 3 - Energy consumption and indoor comfort temperature of a
room of the dwelling - Hourly calculation

2.3.1 The Goal

In Step 3, the purpose is to perform a hourly calculation for a critical room (thermal zone) of the
dwelling in order to identify possible situations of overheating. The method used is the simple
hourly method described in CEN(2008, ISO 13790).

2.3.2 The model used in the simple hourly method described in CEN(2008, 1SO
13790)

The simple hourly method described in CEN(2008, 1SO 13790) is based on the following five resis-
tances, one capacitance (5R1C) model:

sUp

Figur 22 Five resistances, one capacitance (5R1C) model described in CEN(2008, 1SO 13790)

where:
0, 1S the node representing the internal air temperature
0, is the central node (a mix of ,;,- and mean radiant temperature)
0,, is the node representing the mass of the room (thermal zone)
H,, is the heat transfer coefficient by ventilation
Bsup IS the node representing the supply air temperature by ventilation
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Hy,, is the heat transfer coefficient by transmission for windows and doors

Hy, oy is the heat transfer coefficient by transmission for opaque elements (split into Hy, .., and
Htr,ms)
Hy, ;s is the coupling conductance between the internal air node 6,;,- and the central node 6,

0, is the node representing the external air temperature
biaw» Pst and ¢, represent the heat flow rates from internal heat sources ¢, and solar gains ¢,
C,, s the internal heat capacity and A,,, the effective mass area of the room

®uc na represents the heating or cooling need

2.3.3 External air temperature, 6,

The hourly external air temperature was obtained from the Design Reference Year (Jensen J.M. and
Lund H.,1995).

2.3.4 Coupling conductance between nodes 0,;, and 8, Hy, ;s
The coupling conductance, H,, ;;, expressed in W /K, between the air node, 8,;,-, and the surface

node, 6., is given by the following equation:
Hy s = hisAvor [W /K] (58)

where:

h;, is the heat transfer coefficient between the air node, 6,;,-, and the surface node, 6,, with a
fixed value of h;; = 3.45 W /m?K;

Aoy is the area of all surfaces facing the building zone, equal to A,, x A, expressed in m?;
Ay is the floor area expressed in m?;

Age 1S the dimensionless ratio between the internal surfaces area and the floor area; A,; is as-
sumed to be equal to 4.5.

2.3.5 Coupling conductance between nodes 6,, and 68, He; s
The coupling conductance, Hy, .5, expressed in W /K, between the air node, 8,,, and the surface

node, 6., is given by the following equation:

Htr,ms = hmsAm [W/K] (59)
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where:

h.,.s is the heat transfer coefficient between the nodes 6,, and 6., with a fixed value of h,,,; =
9.1W /m2K;

A, is the effective mass area obtained from 2.3.13, expressed in m?;

2.3.6 Split of the transmission heat transfer coefficient for opaque elements Hy, o,
into Hyyp e and Hyp s

The split of the transmission heat transfer coefficient for opaque elements Hy,. ,,, into Hy, ¢, and
Hy, ms IS calculated according to:

1
1/Htr,op —1/Htrms

Herom = [W/K] (60)
where:
Hy, op is the heat transfer coefficient of the opaque elements of the room envelope, in W /K

Hy, ms 1 the coupling conductance, obtained from 2.3.5, expressed in W /K.

2.3.7 Heat transfer coefficient by transmission through opaque elements of the room
envelope

The heat transfer coefficient of the opaque elements of the room envelope, H;, ,,, is the UA-value

of the room in W /K given by the user. It includes heat losses through the opaque elements of the
room envelope as well as linear thermal losses.

2.3.8 Heat transfer coefficient by transmission through windows and doors of the
room envelope

The heat transfer coefficient of the windows and doors of the room envelope, H,,,, is calculated
according to:

Htr,w = Zi Uw,i Aw,i [W/K] (61)

where:
U,,; is the thermal transmittance coefficient of each window i of the room in W /m?K

Ay, ; is the area of each window i of the room in m?
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2.3.9 Heat transfer coefficient by ventilation
The heat transfer coefficient of the dwelling by ventilation, H,, 44, is calculated according to:

Hve,adj = paCa(dve + qine) [W/K] (62)

where:
P4 Cq is the heat capacity of air per volume, expressed in (J/m3K) and equal to 1200 J/(m3K);
v is the air flow rate by natural or mechanical ventilation, expressed in m3/s.

qiny i the air flow rate by infiltration, expressed in m?/s.

In case that heat recovery unit exists, when it is activated, H,, 44, is calculated according to:

Hve,adj = paca[(l - fve,frac X nhru)QVe + Qinf] [W/K] (63)

where:
PaCq IS the heat capacity of air per volume, expressed in (J/m3K) and equal to 1200 J/(m3K);
. is the air flow rate by mechanical ventilation, expressed in m3/s.
iy 1s the air flow rate by infiltration, expressed in m3/s.

fve,rrac 18 the fraction of the air flow rate by ventilation that goes through the heat recovery unit,
assumed to be equal to 1;

e 1S the efficiency of the heat recovery unit.
In case that venting is available, when it is activated, H,, 44, is calculated according to:
Hyeqaj = PaCa(@venting) [W/K] (64
where:

PaCq IS the heat capacity of air per volume, expressed in (J/m3K) and equal to 1200 J/(m3K);

Aventing 1S the air flow rate by venting, expressed in m?/s.
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Notel: In case that heat recovery unit exists, it is controlled every hour t according to:

1. The internal air temperature is calculated for the hour t without the use of the heat recovery
unit.
2. If the calculated internal air temperature is lower than 6, c.. z + 2 °C then the heat recov-

ery unit is activated for that hour t.
3. The new internal air temperature is calculated for the hour t with the heat recovery unit ac-
tive.

Note2: In case that venting is available, it is controlled every hour t in the following way:

1. The internal air temperature is calculated for the hour t without venting.

2. If the calculated internal air temperature is higher than the venting setpoint temperature, then
venting is activated for the hour t.

3. The new internal air temperature is calculated for the hour t with venting.

2.3.10 Heat flow from internal and solar heat sources

The heat flow rates from internal and solar heat sources ¢, and ¢.,;, expressed in W, are split
between the air node, 6,;,-, and the internal nodes, 6;, 6,,,, according to:

¢, = 05¢,, [W] (65)

¢ m (0 5¢lnt + d)sol) (66)

d) ( ;tot 91_11::; ) (0 5¢mt + d)sol) (67)
where:

¢ne 1S the heat flow from internal sources, calculated according to 2.3.11, expressed in W
¢ IS the heat flow from solar heat source, calculated according to 2.3.12, expressed in W

A, is the area of all surfaces facing the building zone, calculated in accordance with 2.3.3, ex-
pressed in m?;

A, is the effective mass area, calculated according to 2.3.13, expressed in m?

2.3.11 Heat flow from internal sources

The heat flow from internal sources, ¢;,¢, in W, is assumed to be constant for every hour of the
year.

2.3.12 Heat flow from solar heat source
For every hour, the heat flow rate from solar heat source, ¢.,;, in W, is calculated according to:
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¢sol =i Fsnop,iAsovi * Isoli (W] (68)

where:

Fen op,; 1S the shading reduction factor due to external obstacles for the window i for every hour
(no units);

Aso 1 18 the effective collecting area of the window i with a given orientation and tilt angle for
every hour in m?2, calculated in accordance with 2.3.12.1. It takes into the total solar energy
transmittance of the window and the reduction factor of movable shading devices;

Iso1; 1s the solar radiation per square meter of window i surface for every hour, in W /m?

Note: Solar gains from opaque elements are ignored.

The shadings from horizon, overhang and fins were also ignored for the hourly calculation due to
unclear information in the CEN(2008, 1SO 13790). In this way F, . ; is equal to 1.

2.3.12.1 Effective collecting area of the window i
For every hour, the effective collecting area of each window i, A, ;, is calculated according to:

Asol,i = ggl,i(l - FF,i)AW,i [mz] (69)

where:

Jgu,i 1s the total solar energy transmittance of the glazing for each window i, determined in ac-
cordance with 2.2.5.3. For every hour in which Ig,; ;300 W /m?, Jgi+sn,i Which is total solar
energy transmittance of the glazing with the shading device in use for each window i, calculated
according to 2.2.5.3.

Fr; is the frame area fraction of each window i, ratio of the frame area to the overall window
area (no units);

Ay, ; is the window i area in , expressed in m?,

Note: If the window i was defined by 4,,, U,, and g,, and if there is no information about g, and
Fr, the Equation (70) is used in the following way:

Asol,i,j = gw,iAw,i [mz] (70)
where:
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Jw,i 1S the total solar energy transmittance of the window i, determined in accordance with
2.2.5.3. For every hour in which Ig,; ;>300 W /m?, gy, ; Which is total solar energy transmit-

tance of the window i with the shading device in use, calculated according to 2.2.5.3.

2.3.12.2 Solar radiation per square meter of window i surface

Based on the hourly values of the total solar radiation per square meter of vertical surfaces of eight
different orientations (North, North/East, East, South/East, South, South/West, West, North/West —
calculated with BuildingCalc/LightCalc - BYG.DTU (2007) - hidden Worksheet “DRY-Hourly”),

the total solar radiation can be calculated for each window i with a given orientation by linear inter-

polation.

Note 1: As referred for Step 2, only data for vertical surfaces is implemented in the program, and

therefore only vertical windows may be defined.

2.3.13 Values for dynamic parameters, C,, and 4,,

The internal thermal capacity of the room, C,,, and the effective mass area, 4,,, are given in Tabel 4
for five different classes of buildings. C,and A,,depend on Af that is the floor area of the room

(thermal zone).

Tabel 4 Values for the dynamic parameters of the room, A,,, and C,,,(from CEN(2008, 1SO 13790))

Simple hourly method
Class? y c

m m

m? JIK
Very light 2,5 « A 80 000 x 4;
Light 2,5 x4, 110 000 x A4;
Medium 2,5 x 4; 165 000 » 4
Heavy 3,0 x 4; 260 000 x 4;
Very heavy 3,5 x 4; 370 000 x 4;
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2.3.14 Air temperature for a given value of ¢ycna

The solution for the model, according to CEN(2008, 1SO 13790), is given for a considered time step
of one hour according to the following equations. The temperatures are an average over one hour

except for 6,, . and 8,,, ._; which are instantaneous values at time t and t — 1.

For a given time step, 6,, ;, expressed in °C, is calculated at the end of the time step from the previ-
ous step 6, (41 by:

Ome =

with

¢mt0t = ¢m + Htr,emge + Htr,3

_ Ome [(Cm/3600)=0.5(Her 3 +Her,em)|+ Pmeot

1

Hypn =7 [W/K]

1/Hve +1/Htr,is

Htr,Z = Htr,l + Htr,w [W/K]

1

(Cm/3600)+0.5(Her,3+Htr,em)

[°C]

¢St+Ht1”,Wge +Ht1”,1 [(¢ia+¢HC,nd)/Hve+esup]

Hers = oo [W/K]

For the considered time step, the average values of nodes temperatures are given by:

1/Her2+1/Herms

O = (Qm,t + 9m,t—1)/2 [OC]

O

eair -

Htr,z

_ HrisOs+HyeOsyp +¢ia+¢’HC,nd
Htr,is+Hve

[°C]

_ Htr,msem+¢st+Htr,wee+Htr,1[esup+(¢ia+¢HC,nd)/Hve] [o
Htr,ms+Htr,w+Htr,1

(]

71

(72)
(73)

(74)
(73)

(76)
77)

(78)
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2.3.15 Hourly calculation of internal temperature and required heating and cooling
need: sequence of calculations performed

For every hour t of the year (t=1 to t=8760) the following sequence of calculations is performed
(see hidden Worksheet “STEP3_Calculation” in the program):

1.

Calculation of the total solar radiation for each window i of the room according to

2.3.12.2;

Selection between g, ; and g4;4.s,,; depending on if the shading device is in use, accord-

ing to 2.3.12.1.

Calculation of the effective collective area for each window i of the room according to

2.3.12.1.

The heat flow by solar gains is first calculated for each window i, ¢,,;; and afterwards

for the total number of windows of the room ¢,;, according to 2.3.12.

Knowing ¢, and ¢.,;, ¢, and ¢, are calculated according to 2.3.10.

A pre-calculation is performed to evaluate if there is need for the use of heat exchanger

or venting, with ¢ ¢ ,4=0 and with 6;,,,, = 6,.

6.1 Calculation of H,,, without taking into account the heat recovery unit or venting, accord-
ingto 2.3.9.

6.2 Calculation of Hy, ,, H,, and Hy, 3 according to 2.3.14.

6.3 Calculation of ¢,,:,: according to 2.3.14.

6.4 Calculation of 8,, , according to 2.3.14. For the first hour, t=1, 6, ;4 is assumed to
be 20°C

6.5 Calculation of 6,,, 6, and 6,;,- according to 2.3.14.

Check if there is need for the use of the heat recovery unit or venting:

7.1 I B4, 0<0qir set.n + 2 the heat exchanger is activated if available, which means that
H,, is corrected to take into account the heat exchanger according to 2.3.9

1.2 If B4ir,0>04ir setventing the venting is activated if available, which means that H,,, is
corrected to take into account the venting according to 2.3.9.

1.3 I Ogir setn + 2 < Bgiro < Ogir,setventing OF If there is no heat recovery unit or vent-
ing available, H,,, keeps the value calculated in 6.1

7.4 Steps 6.2 to 6.5 are repeated for the corrected H,,,.

Check if there is need for heating or cooling

8.1 If B4 0<O4ir set n then the internal air temperature is set to the heating setpoint tem-
perature (Ogir ser = Oair,set,n)

8.2 If O,ir.0>04ir set.c then the internal air temperature is set to the cooling setpoint tem-
perature (Bqir ser = Gairset,c) If there is mechanical cooling available. If there is no
mechanical cooling available 8, ser=04ir0

Repeat steps 6.2 to 6.5 with the corrected H,,, but for ¢y¢ g = 10Af in which Ay is the

floor area of the room in m?

10. Calculate the need for heating/cooling ¢ycnq according to:
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eair,set_ 9air,0

cI)HC,nd,unzcl)HC,nd,lo 0. ..
air,10 air,0

®ucnaun IS positive for heating and negative for cooling.

11. For the calculated ¢pycngun and 6,4 so¢ Calculate the correspondent 6, 6, and 8, ; us-
ing equations (76), (77) and (78). 6,, ; will be used in the next time step as 6,, ;1

12. Perform the steps previously described for the 8760hours of the year.

13. The yearly room energy needs for heating and cooling are obtained according to:

t=8760 d)HC nd,un,t
Qneating = ). DHERAMIL 7 1 ?
heatlng t=1,if ¢HC,nd,un>0 1000 X Af [ ]

£=8760 ¢HC nd,un,t
Qheating = z ————= [kWh/m?
heatmg t:llif ¢HC’nd‘un>0 1000 X Af [ / ]

with Af the area of the room in m?

14. The number of hours with overheating in the room per year, if there is no mechanical
cooling available, are calculated according to:

number of hours with overheating = X(Z375% >0, . .1

Note: In order to avoid a large size of the WinDesign.xIsm file, the hourly calculation rows are de-
leted from hour 3 to hour 8760 every time the file is saved. In this way, before performing an hourly
calculation the user must activate the hourly calculation, so the 8760 rows in the excel worksheet

are filled in.
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2.4 STEP 4 - Economic evaluation - Cost of conserved energy

2.4.1 The Goal

In Step 4, the purpose is to perform an economic evaluation for the different scenarios of windows
used in the dwelling. The concept used in the Cost of Conserved Energy.

2.4.2 Cost of conserved energy

For each scenario of windows defined in Step2, the cost of conserved energy, CCE, for the lifetime
of the windows, is calculated and compared to the reference scenario according to the following
equation:

1-1 d
CCE = —L. -
Evef—E 1-(1+d)™™

[DKK /kWh] 79)

where:

I — I,..; represents the investment cost, defined as the difference between the total cost of the
windows of the actual scenario and the total cost of the windows of the reference scenario , ex-
pressed in Danish kroner;

E,.; — E represents the annual savings, expressed as the difference between the total energy
consumption of the windows of the reference scenario and the energy consumption of the win-
dows of the actual scenario, calculated on a seasonal basis (in Step2), expressed in kWh,;

n is the economic evaluation period taking into account the lifetime of the windows, expressed in
years (usually 30 years);

d is the net discount rate.

Note: The user can specify if there is mechanical cooling available in the dwelling. If there is not
mechanical cooling available the annual savings are calculated in terms of energy consumption of
the windows during only the heating season.
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SUMMARY:

The paper presents a new tool to be used by architects and engineers for an optimized selection of windows in
dwellings. The tool has been developed using Microsoft Office Excel 2007 and VBA and aims to be user-friendly and
flexible, so it can be suitable for different levels of user expertise.

The tool organizes the process of selecting windows in four different stages.

A first stage, in which the user is able to compare the energy performance of different individual windows (varying
in configuration, size and component performances) using the concept of net energy gain.

In a second stage, the user may define a combination of windows to be used in a dwelling and calculate their energy
use on a seasonal basis, taking into account the utilization factors of the solar gains and heat losses for the heating
and cooling seasons respectively, according to (CEN, 2007, prEN ISO 13790).

The main purpose of the third stage is to evaluate the indoor environment of critical rooms of the dwelling in order
to verify whether or not the windows solutions selected as having a good energy performance also allow fulfilling the
indoor comfort requirements defined in( CEN, 2007, EN 15251). The method used is the simple hourly method
defined in (CEN, 2007, prEN 1SO 13790). In this stage the indoor temperature and the heating/cooling energy
demand are calculated for every hour of the year for each critical room of the dwelling.

The fourth step consists of a simple economic evaluation for the combinations of windows previously selected, based
on cost of conserved energy during the dwelling lifetime.

Based on the overview of the stages previously mentioned, the optimum windows solution can be selected for each
specific dwelling. In this way, the full potential of optimizing the energy performance of dwellings by optimizing the
selection of windows can be used in an easy way.

1. Introduction

The increasing concern about energy related issues, i.e. lack of energy supply security and climate problems, is
resulting in a requirement for more and more energy efficient buildings. In Denmark, Be06 is the program used to
document that the building design fulfills the energy frame required by the building code. However, with this
software, it is not easy to evaluate and compare the performance of different solutions of windows in buildings.
Furthermore, with Be06, it is not possible to analyze the quality of the indoor climate and how the windows
influence on it. There was, therefore, a need to develop a calculation tool to be used by architects and engineers in
the early phase of residential buildings design, in order to select the most appropriate solutions of windows for each
particular case, with regard to area, configuration, orientation, solar shading devices and energy performance of the
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window components. This tool is to be used either when designing new dwellings/flats or when renovating existing
ones.

A similar tool, Resfen (Mitchell R. et. al., 2005), had already been developed in the Lawrence Berkeley National
Laboratory, also with the purpose of helping designers and constructors during the selection procedure of windows in
residential buildings. Based on some input data, such as U-value, g-value and air-leakage rate of the windows and
some other information about the building, Resfen is able to calculate, on an hourly basis, the relative energy and
economic performances of the windows in comparison to an insulated wall without windows. If the user wants to
compare two different solutions of windows, he must perform two independent simulations and compare the final
results.

However, Resfen, is not able to perform indoor climate evaluations, which is one of the main differences when
compared to the new tool in this paper. The new tool also allows the user to create windows by selecting the desired
configuration and components (glazing, frame/sash, transoms, mullions and glazing bars) from pre-defined lists. As a
consequence the U-value, g-value and net energy gain of each individual window are automatically calculated. The
results are presented in tables, which makes it very easy to compare the performance of different individual windows
and of different solutions of windows applied to a house.

2. The method and the calculation program

2.1 Overview

The tool presented in this paper has been developed with the purpose of helping architects and engineers in the
process of selecting the optimal windows solution for residential buildings. It can be used during the design phase of
new buildings or for the renovation of existing ones.

Built in Microsoft Office Excel 2007 and Visual Basic for Applications (VBA), the tool aims to be user-friendly and
based on simple input data. At the same time, it is adapted to different expertise levels: for example the
inexperienced user has the option of using pre-defined solutions and default suggestions, while the experienced user
can have a very high level of flexibility.

The method/tool organizes the process of selecting windows in four different stages named as Stepl, Step 2, Step 3
and Step 4.

In Step 1, the user can evaluate and compare the energy performance of different individual windows based on the
knowledge of their configurations, sizes and components (glazings and frames). This first evaluation is based on the
concept of the net energy gain defined in (Nielsen T. R. et. al., 2001).

In the second step, picking from the windows previously characterized, different combinations of windows
(orientations, windows types, number of windows, tilt angles, shadings from horizon, overhangs, fins and movable
solar shading devices) can be defined for a specific dwelling/flat. These combinations of windows may differ
regarding the windows components as well as the windows configurations, sizes and orientations depending on the
flexibility of each particular design case. The final result of this stage is the energy use of different combinations of
windows integrated in the house. The calculation is made on a seasonal basis (winter/summer) taking into account
the gain and loss utilization factors for heating and cooling, respectively, according to (CEN, 2007, prEN 1SO
13790).

The basis Step 3 is the simple hourly method defined in (CEN, 2007, prEN ISO 13790). In this stage the indoor
temperature and the heating/cooling energy demand are calculated on an hourly basis for each critical room of the
dwelling. The main goal of this stage is to verify whether or not the windows solutions selected as having a good
energy performance also allow fulfilling the indoor comfort requirements defined in (CEN, 2007, EN 15251).

The Step 4 consists of an economic evaluation for the combinations of windows previously selected. In this stage, it
is possible to calculate the cost of conserved energy when using the selected windows solutions, in comparison to a
reference solution.



Based on the overview of the analyses made during the four steps, the user is, at this stage, able to select the
windows solutions with the optimal performance in the actual dwelling/flat.

Furthermore, the user is not obligated to follow the four steps. The user may only use Step 1 to have a very quick
idea of the energy performance of different individual windows with regard to configuration, size and components.
Or the user may use only Step 2 in order to perform a seasonal calculation knowing previously the U-value and g-
value of the windows that he wants to use. Step 3 and Step 4 are independent from each other but require Step 2 to be
previously performed.

In Fig.1 a sketch with the overview of the method and calculation program is presented.

Step 3:
Indoor comfort and energy use of
the windows in critical rooms

hourly calculati
Step I Step 2: (hourly calculation)
Net energy gain of each —»| Energy use of the windows in the
individual window dwelling (seasonal calculation) Step 4:

Economical evaluation
(cost of conserved energy for the
windows lifetime)

FIG. 2 - Sketch with the overview of the method and calculation program.

2.2 Step 1: Net energy gain of windows

2.2.1 The method

In this first step, the goal is to express, in an easy and simple way, the energy performance of different individual
windows varying in configuration, dimension and components (glazing, frame, transoms, mullions and glazing bars).
The concept used for this purpose is the net energy gain defined in (Nielsen T. R. et. al., 2001).

According to (Nielsen T. R. et. al., 2001), the net energy gain of a window is the difference between the solar gains
and the heat losses that occur through that window during the heating season and it can be calculated for a reference
house located in Denmark according to the following equation:

Eer =16, — DU, = 19642 g, — 90.36 - U,, [kWh/m?] 1)

in which I = 194.42kWh/m? is the solar radiation calculated for the reference house during the heating season and
D = 90.36kKh is the degree hour number during the heating season in Denmark. Both | and D are calculated using
the Danish Reference Year (Jensen J.M. and Lund H., 1995)). g,, and U,, are, respectively, the total solar energy
transmittance and the thermal transmittance of the window.

The net energy gain for the reference house indicates the energy performance of a window for an averaged
orientation defined by the distribution of windows in the reference house (North 26%; South: 41% and East/West:
33%).

g and U, are calculated according to equations (2) and (3):

AgUg+ApU p+ApUpt Ay -Um+Agp-Ugp+lg g s lgr b geHlgmbgm+lggh:

u,, = 2olet AUt Aclotim UmtAgp gbAng’l’gf gt ¥getlgmPgmtigghPggb [W /m?K] 2)
Aqe

w =220 -] 3
Aw

where A, is the area of the window (in m?), 4, is the area of the glazing (in m?), A, is the area of the frame/sash (in
m?), A, is the area of the transoms (in m?), A,, is the area of mullions in (m?), Ay is the area of glazing bars (in
m?), 1, is the perimeter of the glazing along the frame (in m), 1, is the perimeter of the glazing along the
transoms (in m), Ly, is the perimeter of the glazing along the mullions (in m), I, 4, is the perimeter of the glazing
along the glazing bars, U, is the thermal transmittance of the glazing (in W /m?K), U is the thermal transmittance of



the frame (in W /m?2K), U, is the thermal transmittance of the transoms (in W /m?K), U,,, is the thermal
transmittance of the mullions (in W /m?K), Uyp is the thermal transmittance of the glazing bars (in W /m2K), Yyr is
the linear thermal transmittance due to the combined thermal effects of the glazing, spacer and frame/sash (W /mK),
g, is the linear thermal transmittance due to the combined thermal effects of the glazing, spacer and transoms

(W /mK),(pgm, is the linear thermal transmittance due to the combined thermal effects of the glazing, spacer and
mullions (W /mK) 44, is the linear thermal transmittance due to the combined thermal effects of the glazing,
spacer and glazing bars (W /mK) and g, is the total solar energy transmittance. In Fig. 1 the different components of
a window are presented.

Glazing <

= T—— » Mullion

» Transom

Glazing bars &

I I
I
I
|

» Frame/sash

FIG. 2 - Sketch in which the different possible components of a window are represented.

2.2.2 The user interface of the program

In this first step, the user has the opportunity to set up different types of windows varying the configuration, size and
components. For each type of window (which consists of a combination of configuration, size and components), the
net energy gain for the reference house is calculated as described previously. The result is presented in a table,
similar to the one shown in FIG.2, which makes it easier to compare the energy performance of different window
types in an early design phase.

There are some default defined configurations that the user can pick in order to optimize the process of selecting
windows. On the other hand, if the desired configuration is not available the user may create it by inserting its
geometric characteristics. This option makes the procedure fast and flexible.

Regarding the windows components (glazing, frame/sash, transoms, mullions and glazing bars), there are pre-defined
lists of possible solutions from which the user can create his window. For each type of component the possible
solutions are organized in energy classes and a correlation is made between these classes and real products available
in the market. Furthermore, the user can add new components to the existing lists by inserting their thermal
properties.

Window 1 Window 2 Window 3 (...)

Window HE
configuration
and size

Window components
Glazing Frame/sash Mullion Glazing bar
Class 1 Class 1 Class 1 Class 1 Eref Eref Eref (...)
Class 1 Class 2 Class 2 Class 2 Eref Eref Eref (...)
Class 2 Class 1 Class 1 Class 1 Eref Eref Eref (...)
Class 2 Class 2 Class 2 Class 2 Eref Eref Eref (...)
(...) (...) (...) (...) (..)

FIG. 2 - Sketch of the user interface in Step 1.



2.3 Step 2: Energy use due to windows - Seasonal Calculation

2.3.1 The method

Picking from the window types characterized during the previous step, in this stage the user is able to create different
combinations of windows that can be integrated in the dwelling. For each combination the energy performance is
calculated on a seasonal basis (heating and cooling seasons).

First, the energy use is calculated for each window, k, for the heating and cooling seasons. The difference from the
previous step is that this energy use is calculated for the window being part of the actual house and not for a
reference house. For the heating season, the energy use of each window k, is the difference between the heat losses
and the solar gains that occur through the window during the heating season, taking into account the dimensionless
utilization factor of the solar gains (equation (4)). In the same way, for the cooling season, for each window k, the
energy use is the difference between the solar gains and the heat losses that occur through the window during the
cooling season, taking into account the dimensionless utilization factor of the heat losses (equation (5)). The heat
losses, solar gains and utilization factors are calculated according to CEN (2007, prEN 1SO 13790).

Epsic = Uwi " Awi * Gus, = Nis * Fsne = Asovie * Isotnsi, [KWh] 4)
Heat losses Solar Gains
Ecsje = Fsn * Asovic * Isorcs e, Nes * Uwic * Awpic * Ges, [KWh] ®)
Solar Gains Heat losses

where U, is the thermal transmittance of the window k (in W /m?K), A, ;. is the area of the window k (in m?), Gy
is the number of degree-hours during the heating season in Denmark (in kKh) - calculated for a reference indoor
temperature of 20°C using the Danish Reference Year (Jensen J.M. and Lund H., 1995), G is the number of degree-
hours during the cooling season in Denmark (in kK. h) - calculated for a reference indoor temperature of 26°C using
the Danish Reference Year (Jensen J.M. and Lund H., 1995), F,, ,is the shading reduction factor, for the window Kk,
due to external obstacles - calculated according to (CEN, 2007, prEN 1SO 13790), it takes into account the shadings
from horizon, overhangs, fins and movable solar shading devices, A, 1 is the effective collecting area of the
window k with a given orientation and tilt angle (in m?) - calculated according to (CEN, 2007, prEN 1SO 13790),

Lo 15, 1S the mean energy of the solar irradiation over the heating period per square metre of the window k, with a
given orientation and tilt angle (in kWh/m?) - calculated using the Danish Reference Year (Jensen J.M. and Lund
H., 1995), Is,; cs« IS the mean energy of the solar irradiation over the cooling period per square metre of the window
k, with a given orientation and tilt angle (in kWh/m?) - calculated using the Danish Reference Year (Jensen J.M.
and Lund H., 1995), ny is the dimensionless utilization factor for the solar gains during the heating season -
determined according to (CEN, 2007, prEN 1SO 13790) and 7 is the dimensionless utilization factor for the heat
losses during the cooling season - determined according to (CEN, 2007, prEN ISO 13790).

In order to obtain the energy use of each window k integrated in the dwelling during the heating and cooling seasons
(equations (4) and (5)), some new information must be provided by the user in this step. In order to calculate the
solar gains, information is required regarding shadings from horizon, overhangs, fins and movable solar shading
devices, as well as the orientation and tilt angle of the windows. For the calculation of the utilization factors for the
solar gains and heat losses, information is required regarding the thermal performance and thermal capacity of the
construction, as well as the type of ventilation system.

The overall energy use of the windows of the dwelling, during the heating season, is given by equation (6). A similar
calculation is performed for the cooling season in equation (7).

E

EHS = Zk,ifEHsyk>0%’k [kWh/mz] (6)
E

Ecs = Zk,ifECS’k>0ﬂ [kWh/m?] )

Af



where Ej;; is the overall energy use of the windows of the dwelling during the heating season (in kWh/m?), Es is
the overall energy use of the windows of the dwelling during the cooling season (in kWh/m?), Eys . is the energy
use of each window k during the heating season (in kWh), Es, is the energy use of each window k during the
cooling season (in kWh) and Ay is the heated floor area of the dwelling (in m?).

Summing Eys and Ecs, the overall energy use of the windows of the dwelling is obtained for a whole year.

2.3.2 The user interface of the program

In this step, the user can create different combinations of windows for the dwelling and compare their energy
performance on a seasonal basis (heating and cooling seasons). For each combination, the user must specify the
windows according to the room in which they are placed, their orientation, type, tilt angle and shadings (from
horizon, overhangs, fins or movable solar shading devices). The windows types can be selected from the ones
previously characterized in Step 1, or they can be inserted in terms of thermal transmittance, total solar energy
transmittance and area of the window.

The user must also provide some general information about the dwelling, such as floor area, thermal capacity and
thermal transmittance of the construction, as well as type of ventilation system. As an alternative some default values
are available for typical buildings.

The definition of the rooms would not be required for the calculation procedure in this step. However, this
information is asked in order to facilitate the use of Step 3, in which the calculation is performed for each room. If
Step 3 is not desired, in Step 2, the windows may all be defined in one single room.

The result is the energy use of each combination of windows applied to the dwelling for the heating and cooling
seasons. The result for the whole year is also presented. In this way, the user can select from different combinations
of windows the ones with optimal energy performance.

A scheme of the user interface for this step is presented in FIG. 3.

Combination 1 Combination 2 Combination 3 (...)
Room 1 Room 1 Room 1 (...)
(orientations,windows types, | (orientations,windows types, | (orientations,windows types,
number of windows, tilt number of windows, tilt number of windows, tilt
angles, shadings from angles, shadings from angles, shadings from )
horizon, overhangs, fins and | horizon, overhangs, fins and | horizon, overhangs, fins and
movable solar shading movable solar shading movable solar shading
devices) devices) devices)
Room 2 Room 2 Room 2 (...)
() () () ()
Room 3 Room 3 Room 3 (...)
() (--.) () ()
(..) () () (-.)
heating season Ens,1 Ens 2 Ens,3 ()
windows energy i E E E )
consumption €ooing season GL cs.2 cs.3
total Etot1 Etot2 Etot3 ()

FIG. 3 - Sketch of the user interface in Step 2.



2.4 Step 3: Indoor environment and energy use due to windows - Hourly calculation

2.4.1 The method

From the previous step, the user obtains the energy use of different combinations of windows applied to the dwelling
on a seasonal calculation basis. However, a low energy use obtained with a seasonal calculation does not mean that
the indoor climate level required by (CEN, 2007, EN 15251) is fulfilled for every hour of the year. In this way, it is
important to perform an hourly calculation to check if the combination of windows previously selected, as having a
low seasonal energy use, also guarantee a good level of indoor climate. To perform the hourly calculation, the
method used is the simple hourly method described in (CEN, 2007, prEN 1SO 13790).

Using this method, an hourly calculation may be performed for critical rooms of the dwelling in order to evaluate the
indoor climate. For each of the critical rooms, the air temperature, 6., is calculated for every hour and, if the
temperature obtained is not inside the range defined by the heating and cooling setpoints, the energy needed for
heating or cooling in order to set back the temperature inside the comfort range is calculated. The room annual
energy needs for heating and cooling are obtained by summing the energy needs for heating and cooling,
respectively, for every hour.

2.4.2 The user interface of the program

In this step, the user may select, from Step 2, the critical rooms for which he wants the hourly calculation to be
performed. For every hour, the air temperature, 6., and the energy needs for heating and cooling are calculated. In
this way, it is possible to ensure that the windows solutions previously selected, as having a good energy
performance, also provide a good level of indoor comfort.

This step can be performed for different rooms and the different combinations of windows previously defined may
be compared. If the indoor comfort is not accomplished, the windows solutions may be improved including the
definition of better use of the solar shading devices.

If Step 3 is applied to all the rooms of the dwelling, the annual heating and cooling demands of the whole dwelling
may be determined, on an hourly basis, by summing the annual energy demand of each room.

2.5 Step 4: Cost of conserved energy due to windows

2.5.1 The method

After evaluating the energy performance of different combinations of windows and their influence on the indoor
environment, in this step, it is possible to perform a simple economic evaluation for the lifetime of windows.

For each combination of windows defined in Step 2, the cost of conserved energy, CCE, for the lifetime of the
windows, can be calculated according to equation (8):

I_Ire d
CCE = Eref_; ‘Tasa [PKK/kWh] ®)
where (I — I,.¢) represents the investment cost, defined as the difference between the cost of the combination of
windows and the cost of a reference combination (in Danish kroner), (E,., — E) represents the annual savings,
expressed as the difference between the energy use of the reference combination of windows and the energy use of
the actual combination, calculated on a seasonal basis (in kWh), n is the economic evaluation period taking into
account the lifetime of the windows (usually 30 years) and d is the net discount rate.

The investment cost only includes the initial cost of the windows. No costs for maintenance are included since
significant variations may occur depending on each particular situation. The costs are defined for the entire windows.

The reference combination of windows may vary according to the purpose. If the purpose is to replace the windows
solution of the house, the reference should be the existing windows solution. If the purpose is the design of a new



house, then the reference solution may be the poorer solution available in the market that still fulfils the building
code requirements.

The lifetime of the windows is simply assumed to be 30 years, based on the individual lifetime of the glazing units
and frames, which are around 20 and 40 years, respectively.

Finally, the cost of conserved energy, in DKK/kWh, may be compared between different possible combinations of
windows and with the cost of the energy type used to provide heating and cooling. This should be the procedure to
ensure that the investment is profitable.

2.5.2 The user interface of the program

As stated before, in this step, the user is able to evaluate the economic performance of different combinations of
windows, previously defined in Step 2, in comparison to a reference combination. The economic evaluation is made
in terms of cost of conserved energy for the life time of the windows.

The user must specify the reference combination of windows that will be used, costs, lifetime and net discount rate.
However some values are suggested as default.

3. Conclusion

Based on the results of all the steps, an overall performance of different combinations of windows regarding energy,
indoor climate and economics is provided, for the user to select the optimal solution of windows for the dwelling.

In this way, it is our hope that once the tool is completed, tested and validated, the full potential of optimizing the
energy performance of dwellings by optimizing the selection of windows can be used in an easy way.
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The method

The selection of windows is organized in 4 different stages:

STEP 1
Window net energy gain

STEP 2

Seasonal energy performance of windows in dwelling

STEP 3 |~
Hourly energy performance and thermal comfort of windows in room

STEP 4
Economical performance of windows
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STEP 1

Net energy gain of individual windows

INPUT ]

e Window geometry
e Thermal performance of the window components

OUTPUT
e Net energy gain (heating season - reference house in Denmark)

E. = 196.42g, - 90.36U,,  [KWh/m?2]
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STEP 1 - User Interface

FY
-

A B C
5%@3 E New hadify Dalete New Maodify Delete New Maodify Delete
Net energy gain of individual windows
| e ] .
E  (notin scale) b b b
§° b, by
E
= 1 4 1
a a a
a [m] 1.23 1.23 1.23
b [m] 148 148 148
alfa [m/m] - - -
b1/b [m/m] = 0.66 0.66
Window components [licd
Pre-defined combinations 2 _ RESULTS: Net Energy Gain in kWh/m?2
Glazing FramefSash  Mullions/Transoms Glazing bars
1 = BA 158 158 128 -46 -96 -122
2 = BA 13B 138 108 -32 -71 -88
3 = BA 158 16A 144 -46 -102 -139
4 = BA 158 158 13A -46 -96 -128
5 = BA 16B 168 128 -58 -114 -136
& = BA 158 15C 118 -46 -96 -113
7 = BA 12B 128 TA -2B -61 -75
8 = BA BB 118 1A -20 -48 -54
9 2 3B 158 158 128 -41 -92 -118

| WinDesian ~ HowToStart | STEP1 “STEP2? ~STEP3- #GTEP4~ ComponentsChsses .~ STER? - WindowsScenarioX - REPORT .~ REPORT2 /ﬁg—
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STEP 1 - ENERGY CLASSES OF WINDOW COMPONENTS

GLAZING

Classes sorted according to:
e U-value [W/m2K] > Transom
e g-value [-] Glazing bars <]

Glazing < g > Mullion

Il

» Frame/sash

FRAME/SASH
Classes sorted according to:
Lioint [W/mMK] Lioint = U X W + ¥
e width [m]

MULLIONS/TRANSOMS and GLAZING BARS
Classes sorted according to:
Lioint [W/mK] Ligint = U Xxw + 2 x ¥
« width [m]
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STEP 2

Energy consumption of the windows used in the dwelling
Seasonal calculation - 1ISO 13790

INPUT
e Information about the dwelling
e Information about the windows used in the dwelling

(geometry, components, orientation, shadings from horizon, overhang
and fins, shading device)

e Different scenarios of windows

OUTPUT

For each scenario:

e Energy consumption of the windows used in the dwelling
e Energy consumption of the dwelling

e Length of heating and cooling seasons

7 DTU Civil Engineering, Technical University of Denmark Presentation NSB2008 16.06.2008
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STEP 2 - User Interface

Information about the DWELLING =5
— Dimensions (internal) — Ventilation
Heated floor area [mZ] 100 Ventilation rate [h-1] 0.5

Floor ta celing height [m]

E‘

| Heat recovery unit

— Constructions =
Ua [ K] CALCULATE | ? | 10
Heat capacity | yery Light, 80000 JfK.m2 j — Setpoint temperatures
Heating [*C] 0
— Internal Gains Cooling [°C] I—
26
Internal gains [W/mZ] 2
— Infiltration
Infiltration rate [h-1] 0.01

Save Close
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STEP 2 - User Interface

9

IENCLLIGEL || W LLILIRINY FAEL Coues - o =

‘ Define/Modify the windows in Scenario 1 - Room 1

— Window

{* Window from STEP1

WRef a1 ﬂ

I View STEP1/STEP2 by
148 o
" Another window =
! 5 i
I 123

Crientation [#] 0 . Shading device:  ~ )

| ? YES no
Tilt angle [7]

| [ 20 ? ?
B ] 7

3 u'ﬂ\-'ﬂhanq[n] 0 B Mumber of equal windows in the | 5 2
B [ I— Same room =

fin i} ?
E Fin position: none - >

!| window | 1 of [ 1

Previous

Mext ‘ Mew | Delete |

Close
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STEP 2 - User Interface

10

RESULTS

STEPZ

Energy consumption of the windows used in the dwelling
Seasonal calculation for different scenarios of windows

“

DWELLING INFORMATION |

SCENARIO 1
south

10 windows defined

Copy Scenario

SCENARIO 2

east
10 windows defined

Copy5Scenario

RESULTS:

SCENARIO 3
west

10 windows defined

Copy Scenario

Energy consumption of the
windows [kKWh/m? floor area]

Energy consumption of the
dwelling [kWh/m? floor area]

Lenght of season [days)

SCENARIO 4

north

10 windows defined

Copy Scenario

heating season
cooling season
total

heating season
cooling season

heating season
cooling season

SCENARIO 5

Description
no windows defined

Copy Scenario

Delete Scenario

Delete Scenario

Delete Scenario

Delete Scenario

Dealete Scenario

& ;& | |
-2 8 8 15 -
41 31 30 11 -
39 39 38 26 -
36 46 46 55 -
26.7 21.0 20.4 7.0 -
221 237 242 283 -
208 165 167 108 -

Room 1 or Entire House

Room 1 or Entire House

Room 1 or Entire House

Room 1 or Entire House

[« e < [ =

M 4 » M| WinDesign ~ HowToStart ~STEP1 | STEP2 <STEP3 #6FEP4~ ComponentsClasses ~ STEP2 - WindowsScenarioX -~ REPORT .~ REPORT2 ¥
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STEP 3 |-<

Energy consumption and indoor temperature of a room of the dwelling
Hourly calculation — Simple Hourly Method in ISO 13790

INPUT

e Information about the room

OUTPUT

For each scenario:
e Room heating/cooling demand
e Number of hours with overheating
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STEP 3 - User Interface

STEPS |~
Energy consumption and indoor comfort temperature of a room of the dwelling “

Hourly calculation for the different scenarios of windows Documentation

Hourly Calculation DEFINE RODOM [THERMAL ZONE) | CALCULATE |

SCENARIO 1 SCENARIO 2 SCENARIO 3 SCENARIO 4 SCENARIO 5

Room heating demand [kWh/m? year] 36 46 46 54 -
Room cooling demand [kWh/m? year] 235 165 16.2 76 -
Hours of overheating [hours/year] | 1] | | 1] | | 0 | | 0 | | -
Display indoor air temperature for:
30
Scenario 1 =)
¢ Scenario 2 E
g 25 — L
Scenario 3 g
. E
& Scenario 4 % 20 | I {'LEl "
¢ £
]
-]
E 15 t t t t t t 1 1
- — — — — — — — — —
(=] (=] [=] (=] (=] [=] (=] [=]
= = (=] = = (=] (=] (=]
— 2] n = L W ~ (7]
M 4 » M| WinDesign -~ HowToStart ~STEP1 ~STEP2 | STEP3 <6FEP4~ ComponentsChasses ~ STEP2 - WindowsScenarioX -~ REPORT R
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STEP 4 ¢y

Cost of conserved energy

INPUT

Identify the reference scenario
Economic evaluation period

Net discount rate

Total windows cost for each scenario

OUTPUT

For each scenario:

13

Cost of conserved energy compared to the reference scenario in
DKK/kWh
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STEP 4 - User Interface

14

STEP4

Cost of conserved energy for the different scenarios of windows Windows energy consumption [kWh] 1491
“ Total windows cost [DKK] 1000
d[-] 0.07 2
mechanical cooling no ? |

SCENARIO 1 SCENARIO 2 SCENARIO 3 SCENARIO 4 SCENARIO 5
Cost of conserved energy [DKK/kWh] 0.10 0.11 0.11 reference - |

Windows energy consumption [kWh] N -187 766 751 1491 -
Total windows cost [DKK] T 3000 2000 2000 1000 ]
Annual savings [kWh] N 1678 724 740 . .
Investment cost [DKK] 1 2000 1000 1000 - -

M 4 b M| WinDesign .~ HowToStart ~STEP1 . STEP2 <STEP3 | STEP4 -~ ComponentsClasses .~ STEP2 - WindowsScenarioX .~ REPORT R
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Conclusion

Results from all STEPs

l

Selection of the optimal solution of windows for the dwelling
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