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Background

e Climate

e \Weather
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Introduction

* Buildings consume the majority of
generated power more than 40%.

* Windows and its attachment
play a major role in heat gain
or loss from a building.
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Introduction

 Buildings/Windows designed to be more
sustainable.

Now

* Building owners are fascinated by the appearance of their buildings.



Objectives

* Optimum selection of window elements
that:

* Reducing heat gain
* Provide an aesthetic facade
* Ensure visual comfort




Objective Function and Constraints

Objectives
f(x) =[Q.(x) +Q,(x)]/3.6x10° (1)
f (y) — \.EDayIighting (X)J (2)
f (Xy) — fmin (X) + fmax(y) (3)
Constraints
., (X)=> z/n (4)

NH,, if (NH,, >500)
Z, = .
NH e, if (NH .. > 22)



Design Parameters
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Crossover site

Chknzm of Crossover site

parents 1 and 2
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Digital version

(a): Crossing-over operation

Original
Digital version o

(b): Mutation operation



Methodology

Simulation-based Optimization

Genetic algorithm (GA) coupled with a building simulation program (EnergyPlus)
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A workstation of 48 threads (ENSIMS X3200) powered by 2x Intel Xeon 2.5GHz with a memory

size of 64GB RDIMM was allocated to accomplish the computation (up to 56 at a time). 10



Lighting consumption (kWh)
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Results

Overhang Projection Fins (m) Glazing Air — | Lighting Heating Cooling Total -
ins (m WW ota avin
(m) Telt (°) Mat  Gap (kWh)  (kWh)  (kWh) =
base N/A N/A N/A Low-e 6mm 12 50 23 27 43.3 26.4 3846.0 3872 0%
1.2 1.0 Low-e 6mm 12 50 2.8 2.7 19.9 97.5 2738.4 2836 27%
Overhang/ 130
Sided-fins 0.9 115 1.1 Low-e 6mm 12 50 23 27 46.2 86.8 2899.4 2986 23%
1.1 110 0.7 Low-e 6mm 12 50 23 27 45.4 74.1 2976.1 3050 21%
Simple 1.3 135 N/A Low-e 6mm 12 50 2.8 2.7 16.7 74.1 2847.9 2922 25%
overh 1.2 125 N/ A Low-e 6mm 12 50 23 27 44.9 63.8 2983.2 3047 21%
verhang 1.2 110 N/A  low-e6mm 12 50 28 27 44.7 54.9 3099.2 3154 19%
1 a0 NSA Low-e 6mm 12 50 2.8 2.7 14.1 69.0 2891.5 2060 24%
Louvers 0.75 90 N/ A Low-e 6mm 12 50 23 27 44.0 60.0 3050.0 3110 20%
0.5 90 N/ A Low-e6mm 12 50 28 27 43.5 51.0 3232.2 3283 -15%
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Illuminance




Results

Illuminance

September, 21
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September, 21 at 3

at9am

No Shade Simple Overhang Overhang+Sided-Fins Louvers

0-41269 Lux & 0-73.6 DF 0-38445 Lux & 0-68.6 DF 0-38446 Lux & 0-68.6 DF 0-38307 Lux & 0-68.3 DF

0-2296 Lux & 0-3.1 DF 0-1927 Lux & 0-2.6 DF 0-1515 Lux & 0-2.0 DF 0-1964 Lux & 0-2.6 DF

0-1374 Lux & 0-3.0 DF 0-1227 Lux & 0-2.6 DF 0-916 Lux & 0-2.0 DF 0-1251 Lux & 0-2.7 DF
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Results

Annual - sDA

No Shading Simple Overhang Overhang/sided-fins Louvers

[
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Results

Annual - ASE

No Shading Simple Overhang Overhang/sided-fins Louvers
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Results

Annual-UDI
No Shading Simple Overhang Overhang/sided-fins Louvers
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Conclusions

Shading devices, overhang/sided-fins, louvers, and simple overhang, in East orientation
saved 27, 25, and 24% respectively.

It is only 3% different between the optimum solutions.

llluminance and annual daylighting proved that the louvers shadings performed the best.

Louvers shading was less risk to visual discomfort as interpreted by the ASE assessment.

Consequently louvers shading has a better UDI.

The architect can select optimum efficient shading devices that keep the building’s
aesthetic to their preferences without prejudicing the energy efficiency.
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Future Work

* The effect of including INTERIOR BLINDS might enrich the analysis.
* Optimum shading devices of OTHER orientations.

* LIFE-CYCLE COST ANALYSIS of optimum solutions.
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