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Importance of Window Systems

» Heatdlomonsumption
» Solarayeirental impact
» ekstheBoyironmental quality
* Health and productivity

Daylight
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View

Design geometry
Building function

Climate
Orientation
Occupants needs
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Aims and Obijectives

Integrated performance analysis of window systems in patient rooms
* Energy use/cost
= Life cycle environmental impact

= Daylighting

Type of glazing

Shading device
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Simulation Model Description
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Methodology: Energy Analysis T

{
+

Simulation engine: EnergyPlus

Patient room:

= One external wall

» Adiabatic internal walls and floors

= |deal load system

= Daylight-linked control lighting

» Detailed glazing system modelling (WINDOW 7.6 software)
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Sample daylight-linked control lighting annual schedule map
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Methodology: LCA
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{ ] i Excel-based calculation tool I

i MMG+_KU Leuven tool " o /
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MMG+_KU Leuven tool | Calculates the impacts and shows |
i the results in a graphical way [
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I Quantify the environmental performance ofi ‘ For each impact category the results are '

' building elements for the Belgian context E ' expressed as characterised results (equivalents) ! .

e e e —————————— w - and as environmental costs (monetary values, €) l
—————————————————————————————————————————— 5‘

- LCI data from Ecoinvent are adapted to the | ) )

. Belglan context i CEN+ Indicators CEN Indicators
__________________________________________ S Human toxicity Global warming
__________________________________________ - Particulate matter Ozone depletion

[ 1 lonising radiation: h health Acidification for soil and wat

Ilcradle to- rave LCA 1 onising radiation: human nea clditication 1or soill ana water

; K . i lonising radiation: Ecosystems Eutrophication

i Production, construction, use, end of life i . . .
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Water scarcity Abiotic depletion resources - elements
Land occupation Abiotic depletion - fossil fuels
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Methodology: LCA

Glazing LCA

pm—————

{ Model selected design options in MMG+_KU Leuven tool

LCA data obtained from EPD documents and AGC Glass Europe All room elements are similar except for window system
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Methodology: Daylighting & Visual comfort

\—--J*-—,

Daylighting & visual comfort metrics

= sDA (spatial Daylight Autonomy)
= UDI (Useful Daylight llluminance)

S

I"’
E UDI 100-2000lux

Daylighting simulation model: The day S S~
« Analysis points (sensors): 0.3 m spacWigr%’-i‘?c‘]T’U :: """"
» Task plane: 0.90 m (bed surface) 41.20
» Reference sensor: patients position in bed zzzz
24.40

Patients position

18.80

13.20

I 7.60 Radiance
<2.00




Methodology

Design performance evaluation criteria:

= Lower energy and environmental costs
= Minimum sDA value of 50% (sDA 250%)
= Higher visual comfort

Step 1: design options with no shading Benchmark design

Step 2: design options + shading device Select best performing options

Step 3: side-by-side comparison Selected design options + Benchmark design




Result and Discussion: Step 1
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Step 2: Overhang
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Overhang

150

Step 2: Overhang

30 =0— Environmental cost

(€/m2 floor area)
. . 120
Selected design options
. . . . =0=—Energy cost (€/year)
Highest life cycle environmental impacts 100
- uncoated glazing (GLZ1, GLZ4) ”
= High operational energy use " —o— 100<UDI<2000 (%)
70
Lowest life cycle environmental impacts 60 d )
- GLZ6 (TG, lowest U-value, g-value: 0.38) 0 e o 0 o n o
. 51 51 52 51 53 51 0 sDA>50% (%)
= Lower cooling load 4
30
20 —o—UDI>2000 (%)
Coated glazing: o ) g}——0]
0
Environmental costs > Benchmark design 082080] [073041) [061031] [0.76074] [095053] [0680.38)

- Increase in window size (50% WWR)
= Higher quantities of shading material and energy loads
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Step 2: Horizontal Louvres

Main difference (each glazing type):
- Daylighting levels
- LJDI>2000qu

- Energy cost is similar
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Step 2: Horizontal Louvres

150

Selected design options

145
Environmental impact

- Quantity of material used for the shading system
140

135

Optimal design option

Euro/m2 floor area

- Differs based on the project goals 0

125

120

139.79

.
137.92

136.79

147.58

137.54

136.69 (o

137.87
<]

o}

136.96

138.11]

5 slats

6 slats

7 slats

8 slats

9 slats

10 slats

—-GLZ1 [0.82/0.80]
40% WWR (DG)

—-GLZ2 [0.73/0.41]
50% WWR (DG)

o-GLZ3 [0.61/0.31]
50% WWR (DG)

—o-GLZ4 [0.76/0.74]
40% WWR (TG)

—-GLZ6 [0.68/0.38]
50% WWR (TG)

-0-GLZ5 [0.75/0.53]
40% WWR (TG)
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Step 3: Side-by-side comparison

No shading
150 145

140

Overhang 125 Horizontal louvres

130
120
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GLZ1 GLZ2 GLZ3 GLZ4 GLZ5 GLZo6 GLZ1 GLZ2 GLZ3 GLZ4 GLZ5 GLZo6 GLZ1 GLZ2 GLZ3 GLZ4 GLZ5 GLZ6
—0—Environmental cost (€/m2 floor area) —0—Energy cost (€/year) ——100<UDI<2000 (%) —o—sDA>50% (%) -—=—UDI>2000 (%)
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Step 3: Side-by-side comparison

150

140 -

No shading device

Overhang

130 -

Horizontal louvres

100 -

120 - .
110 l l

90 -

80 -

70 -

60 -
50 -

euro/m? total floor area

40 A
30

20 -

10 A

0 ' T T T

GLZ1
BGlobal warming
BPhotochemical oxidant formation
OHuman toxicity - non-cancer effects

DEcotoxicity: freshwater

GLZ2 GLZ3 GLZ4 GLZ5 GLZ6

GLZ1
BOzone depletion
DAbiotic depletion of non-fossil resources
@Particulate matter

DOWater scarcity

GLZ2 GLZ3 GLZ4 GLZ5 GLZ6

GLZ1
B Acidification of land and water sources
DAbiotic depletion of fossil resources
DOlonising radiation - human health effects

DLand use: occupation, soil organic matter

Gialsh ewainoimoeinda! tinepiaicth €xtateplciile lboasglazing (GLZ5 and GLZ6)

- Lower operational energy use for heating and cooling

GLZ2

GLZ3 GLZ4 GLZS GLZ6
BEutrophication

DOHuman toxicity - cancer effects
BIonising radiation - ecosystems

DOLand use: occupation, biodiversity
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Conclusion

= Major impact of glazing characteristics and window system configuration on performance
- Careful selection during the early design process

= Environmental impacts > window size + quantity of shading material /, \

= Environmental impacts: Coated glazing < Uncoated glazing

» Most significant environmental impact indicators:

- Global warming
- Particulate matter formation
- Human toxicity (cancer effects)
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Conclusion

= An integrated approach is necessary to obtain a correct insight into the
windows performance.

= A parametric study which considers the effect of different metrics on the
design options can support architects in understanding the cross effects.

= This approach can support the choice of the most preferred window system
design solution based on the project goals.
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Thank you for your attention!

Questions and comments?

nazanin.eisazadeh@kuleuven.be



