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Abstract: The popularity of modern architecture came to a widely use of curtain wall in all
building types, whether it is “form follows function” or “function follows form”, the abuse of high
window-to-wall ratio for the educational building caused various negative effects on students
because of the neglect of sustainable. This research paper is a preliminary exploration for
passive solar design in complex educational building. The propose is to explore the design
space of good options of static shading devices for improving the performance of complex
building envelope. The main approach is to combine shading device parameters with weather
data and building performance metrics. This study explores the optimum shading device for the
single classroom in ENPC and a complex project provided by ECHOES.PARIS in a set of
scientific ways. The results show that genetic algorithm is applicable to search for the optimum
shading device for small-scale architecture. For the complex building envelope, performance
improvement is possible but strategies are needed to look for the better shading solution.
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Introduction

Influenced by modern architecture, large window-to-wall ratio became popular in
educational building. However, the negative impact caused by excessive sunlight such as visual
discomfort, thermal discomfort and excessive cooling load haven’t been seriously taken into
consideration. According to the surveys in the Fresno district, California [1], classroom with
pleasant view to the outside can increase students’ performance. Glare from direct sun and
chalkboard can cause distraction. In addition, direct sun penetration from unshaded window
facing east and south is likely to cause glare issue and thermal discomfort.
There are many different ways to control the direct sun beam shining into the interior.
Solar shading devices have shown the highest energy efficiency especially in warm summer
climates [2]. Alternatively, external shading device is much more effective than internal one
because it blocks the solar radiation before reaching the indoor environment [3]. Nonetheless,
there are only several primitive models [4] [5] for external shading device which can only be
applied to simple architectural geometry. In the context of complex architecture with huge
amounts of windows and complex adjacent context, those traditional shading models will fail.
Thus, data management is necessary as it can handle all the complex demands efficiently.
One of the most handy software is Rhinoceros Grasshopper1. As the analyze and
optimize of sunlight need a big variety of softwares, one of the biggest advantage of
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Grasshopper is a graphical algorithm editor that allows users to create a logic tree containing functions
and parameters that generate geometry. Any changes made to the parameters affects the resulting
geometry (McNeel, 2010).

