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ABSTRACT 

This paper presents a performance oriented 

parametric approach for a façade's skin design to 

enhance indoor daylight quality. This approach 

utilizes daylight performance evaluation to search for 

skin design that improves the distribution of the 

daylight indoors by achieving the requirements of 

daylight metrics of both Leadership in Energy and 

Environmental Design (LEED V4) and Illuminating 

Engineering Society (IES) in early design stages. 

Parametric design procedure is proposed and consists 

of four integrated phases:  (1) generate the skin, (2) 

analyse the skin's daylight performance, (3) evaluate 

the daylight performance and (4) search for the near 

optimum solution. "Genetic Algorithms" and 

"Exhaustive Search" as two different search and 

optimization techniques where implemented to 

understand the potentials of each one to be integrated 

in the proposed procedure in the forth phase.  The 

study outlines the challenges and opportunities 

opened to architects to apply the proposed procedure 

to integrate daylight performance evaluation in early 

design stages where the most influential design 

decisions are taken.  

INTRODUCTION 

The Quality of natural daylight distribution (QNDD) 

inside educational spaces enhances the overall 

learing process and user's performance in terms of 

health and attendance rate by 20%. Moreover, it can 

add a sense of mental and physical comfort (BRANZ, 

2007). QNDD has a greater positive effect on 

building energy performance than other sustainable 

design factors as it improves the indoor environment 

quality, reduce energy consumption and decrease 

HVAC loads (Leslie, 2004). In subtropical desert and 

low latitude hot arid climate for Port Said City in 

Egypt, it is sunny for 80.90% of the daylight hours 

(Climatemps). Therefore, an educational architectural 

studio, facing the eastern south by 60 degrees, in the 

faculty of Engineering, suffers a visual discomfort 

and increased indoor heat gain caused by the direct 

sun light penetration indoors. To enhance QNDD, 

three goals must be targeted: (1) increase natural 

daylight indoors, (2) avoid glare caused by direct 

sunlight, and (3) use natural daylight as the main 

source of illumination indoors instead of artificial 

lightings (BRANZ, 2007). To balance illumination, 

glare, and solar gains all year round is a real 

challenge for designers (Andersen et al., 2013). This 

paper presents performance-oriented parametric 

approach to design a façade's skin to act as an 

external  shading system to eliminate direct sun light 

and lower the excessive solar heat gain (Site and 

Project Planning Group, 2002, Wagdy and Fathy, 

2015). Several studies adviced integrating daylight 

performance evaluation in early design phases 

instead of postponing it to the advanced phases of the 

design process. This can be implemented by 

exploiting the capabilities of parametric design and 

building performance simulation (BPS) tools to 

support the decision making (Turrin et al., 2011, 

Wagdy and Fathy, 2015, Sheikh and Gerber, 2011, 

Nembrini et al., 2013, Loonen et al., 2016). The 

design procedure proposed in this paper, aims to 

investigate the potential of using parametric design to 

generate a range of designs for a complex skin, and 

to integrate daylight evaluation criteria in the early 

design stages through a dynamic parametric model. 

This methodology allows for controlling and 

managing the optimization process to search for the 

skin configuration that achieves the minimum 

daylight requirements of LEED V4 and IES metrics.  

The proposed parametric procedure includes four 

connected phases: (i) Skin Generating Algorithms 

phase, where Grasshopper software is used as a 

visual programing tool to code the skin design to be 

controlled by four parameters to generate a range of 

skin configurations. (ii) Analysis Algorithms phase, 

which utilizes DIVA plugin for Grasshopper to 

analyze the daylight distribution based on climate-

based simulation of radiance engine for each skin 

configuration. (iii) Evaluation Algorithms phase, 

which includes coding the criteria of both LEED V4 

and IES metrics to evaluate each skin configuration 

(Elghazi et al., 2014). (ix) Optimization phase, where 

"Genetic Algorithms" and "Exhaustive Search" are 

tested separately as a search techniques to identify 

the near optimum skin configuration. This parametric 

system allows all four phases to run in parallel and 

does not require direct intervention by the architect to 

draw each skin configuration to be evaluated which 

speeds up the process. This study presents: (1) brief 

description of the potential of implementing 

parametric design in early design phases. (2) daylight 

metrics for the evaluation phase. (3) a case study of 



an architectural studio in Port Said University, Egypt. 

(4) The methodology applied to design the skin. (5) 

discussion of opportunities and challenges for 

architects to apply the proposed approach with which 

optimization technique. 

PARAMETRIC DESIGN POTENTIALS 

Parametric Design 

It is the process where a description of a design 

problem is created to be controlled by some variables 

and by changing it a range of solutions can be 

generated, then based on some criteria a final 

solution is selected (Hudson, 2010, Aish and 

Woodbury, 2005). It requires finding a procedural 

way to solve complex design problems through 

creating a set of rules "algorithms" that generate a 

range of design alternatives that responds to different 

design requirements to reach the optimum solution in 

short time (Wing, 2006, Leach, 2014, Dino, 2012, 

Hu, 2014). In this study, the design problem is to 

search a range of solutions of complexly shaped skin 

to find near optimum configuration that add aesthetic 

touch to the outer façade and enhance the 

performance of natural lighting indoors.  

Performance-oriented Parametric Design 

In early design phases, traditional architectural 

design process, concentrates on aesthetics and 

functional requirements first, then test the other 

factor's performance later which takes a lot of time 

and efforts to test and edit (Turrin et al., 2011). The 

performance-based design approach was proposed 

aiming to integrate ‘environmental performance 

criteria’ within parametric models for performance 

optimization by (Oxman, 2008).  The rapid evolution 

of computational techniques and CAD systems 

influenced the propagation of performance driven 

design through "Parametric systems". It facilitate the 

integration between exploring wide range of 

configurations and evaluating the performance of any 

factor (i.e. structure, fabrication, daylight) for each 

design solution in a real time basis (Nembrini et al., 

2013, Madkour et al., 2009, Hu, 2014).  

The procedure of parametric system modelling  

Parametric modelling exploits computation potentials 

to code and write a script to generate the desired 

design. This modelling approach to code the design 

allows exploration of a wide range of alternatives 

without the need to recreate the entire model each 

time (Elghazi et al., 2014). In computation, the 

procedure is the steps necessary to accomplish a task. 

Therefore, the design objectives is translated in to a 

set of constraints and parameters as numbers or 

shapes, and a set of steps "algorithms" which are 

mathematical and geometrical relationships (Stavric 

and Marina, 2011). Parametric tools like Grasshopper 

opened up the possibilities for non-programmers to 

code parametric systems to generate, analyse, 

evaluate and optimize the design in one space.  

DAYLIGHT EVALUATION CRITERIA & 

OPTIMIZATION GOALS 

LEED V4 and IES requirements are analyzed to 

extract evaluation criteria and optimization goals as a 

numeric values to evaluate daylight performance of 

the skin. Integrating evaluation criteria of these 

metrics within the parametric design procedure was 

first suggested by (Elghazi et al., 2014).  

Daylight Metrics  

Several metrics evaluate daylight performance 

indoors relied on very simple criteria as it did not 

take into account orientation, location's climate, glass 

type, exterior obstructions, shading devices and use 

of space. Therefore, annual simulation based daylight 

metrics were developed as a dynamic climate-based 

metrics to support designers with greater ability to 

predict real daylight performance. These metrics can 

be categorized into two types: (1) sufficiency metrics 

to predict the occupant satisfaction with daylight 

illumination levels, and (2) Discomfort metrics to test 

the visual quality. Both are important to be integrated 

for more accurate understanding about the daylight 

behaviour inside the space (Heschong, 2011). 

1) Sufficiency Metrics 

 Spatial Daylight Autonomy sDA 

It is the best metric to describe annual daylight 

sufficiency in a space (Heschong, 2011). It was 

proposed by IES Committee as the percentage of the 

tested area that gets the accepted illuminance 

specified for a space for a specified percentage of 

occupied hours per year (IES, 2012). For educational 

spaces, it is calculated by how much area gets 300 

lux for 50% or more of the occupied hours per year, 

which is the evaluation equation to calculate sDA. 

For LEED V4 and IES, sDA is catogirized as 

described in Table 1 (USGBC, 2013, IES, 2012). 
 

Table 1:  LEED V4 and IES requirements for sDA 
 

sDA 300 lux/50% LEED V4 Points IES  

sDA  ≥  55% 2 accepted 

sDA  ≥  75%  or more 3 preferred 

 Daylight Availability DA 

sDA indicates the sufficiency of daylight indoors but 

cannot clarify if this amount will make it overlit or 

not. Daylight Availability Metric (DA) can overcome 

this. It is calculated by the percentage of how many 

hours per year gets a certain range of illuminance to 

categorize spaces as follow: daylit, partially daylit or 

overlit space as described in Table 2. (Reinhart and 

Wienold, 2011, Wagdy and Fathy, 2015) 
 

Table 2: Space type due to the DA calculations 
 

DA Space 

Category 
Illuminance 

occupied hours 

per year 

Daylit From 300 to 3000 lux 50 % 

Partially daylit Less than 300 lux Less than 50% 

Overlit More than 3000 lux More than 50% 



2) Discomfort Metrics 

Visual comfort is defined as the absence of discomfort 

such as glare, insufficient visual contrast or the presence 

of visible direct sunlight (Jakubiec and Reinhart, 2013).  

 Annual Sunlight Exposure ASE 

It is the percentage of the analysis area that exceeds a 

specified direct sunlight illuminance level more than 

a specified number of hours year (IES, 2012). The 

IES recommended testing it at illuminance of 1000 

Lux for 250 hour per year to evaluate the visual 

comfort levels as described in Table 3. 
 

Table 3: IES visual comfort levels 
 

ASE1000,250 Visual Comfort level 

Less than 3% Accepted 

less than 7% Neutral 

more than10% Unsatisfactory 
 

LEED V4 recommended that ASE should be no more 

than 10% which will be the second optimization goal 

(USGBC, 2013). 

 Daylight Glare Probability  

It is the percentage of people disturbed as it considers 

the vertical illuminance at the eye level. It is 

identified as one of the most reliable and powerful 

metrics to evaluate the appearance of discomfort 

glare level as described in Table 4 (Konstantzos and 

Tzempelikos, 2014, Jakubiec and Reinhart, 2011, 

Wienold and Christoffersen, 2006). 
 

Table 4: Discomfort glare levels 
 

Discomfort glare levels DGP value 
Imperceptible DGP ≤ 0.35 

Perceptible 0.35 < DGP < 0.40 
Distributing 0.40 < DGP < 0.45 
Intolerable DGP ≥ 0.45 

 

Daylight evaluation and optimization strategy  
 

The four metrics of sDA, DA, ASE and DGP will be 

utilized to evaluate indoor daylight performance 

before applying the skin as shown in Table 5. In the 

optimization phase, as suggested by LEED V4 and 

IES only sDA and ASE will be evaluated. The goal is 

to achieve sDA to be more than 75% up to 100% and 

minimize ASE to be less than 10% down to 0%. 

Then the selected near optimum solution will be 

evaluated by the four metrics to understand how it 

enhanced the daylight quality indoors. 
 

Table 5: The daylight evaluation and optimization 

strategy suggested by the researcher 
 

Daylight Metrics 
Test 

base 
case 

Optimizing stage 
Test 

solution 
Test Optimization goals 

Sufficiency 

Metrics 
sDA   75% < sDA ≤ 100%  
DA  - -  

Discomfort 

Metrics 
ASE   less than 10 % to 0%  
DGP  - -  

CASE STUDY 

The façade's skin is for educational architectural 

studio facing southeast direction by 60
0 

as shown in 

Figure 1, in the faculty of engineering in Port Said, 

Egypt. It is modeled using Grasshopper in full details 

to enhance the reliability of the simulation results 

with dimensions of 11m width, 7m depth and 3m 

height in the forth floor as shown in Figure 2.  

Figure 1: sun path diagram and the studio location 
 

 
Figure 2: The studio's plan and section which is coded 

in full details using Grasshopper 
 

Figure 3: The façade of the faculty of engineering 
 

The façade as shown in Figure 3 is similar to lot of 

schools' facades in Egypt as shown in Figure 4. 

Therefore, the parametric model of the studio was 

coded to allow varying values of width, depth, 

height, building orientation angle and outer columns' 

depth and width to generate different classroom's 

models to be tested in future studies. 
 

 
Figure 4: Common facade design for different schools 

similar to the case study facade 

SKIN DESIGN PROCEDURE 

1. Skin Generating Algorithms Logic 

The skin is coded by Grasshopper, through a set of 

algorithms to be controlled by some constraints and 

four parameters. Each parameter is controlled by 

mathematical equations and has a certain values to 

choose from, as shown in Table 6. 
 

N 

11.75 

7.75 

3.00 

600 



Table 6: Skin parameters by the researcher 

 

It consists of a unit that is repeated on hidden 

rectangular grid. The grid is created on the studio's 

facade by a mathematical equation to relate vertical 

and horizontal subdivisions with a ratio of 1:3. The 

first parameter is the count of vertical subdivisions 

"Sv" allowing different sizes of grid's rectangles to be 

created as a base for skin's unit. The unit consists of 

eight triangular surfaces. Each surface is generated 

from diagonal line and point. The diagonal line is 

created between each corner point of the grid's 

rectangle and its centre point. The point is generated 

from the recangle's centre point as shown in Figure 5. 

The eight surfaces are controlled by two parameters 

defined by two types of motion of the four points in 

two directions. First, the motion of these points 

towards the centre point determines the opening size 

to act as the second parameter "O" as in Figure 5. 

Second, the motion of these four points out in the 

direction "–w" of  façade, defines the third parameter, 

which is skin depth "D" as shown in Figure 5. 
 

 
Figure 5: the four points generated from the centre 

point to control opening size and skin's depth 

 

Two types of louvers are added for more sun 

protection. The first louver is horizontal shaped as 

two triangles generated on the top horizontal segment 

of each rectangle from the hidden grid. The louver's 

depth DL is regulated by a mathematical equation as a 

percentage from the skin depth D. The second, is 

inner louver as shown in Figure 6, which is 

controlled by a forth parameter "M" that allows eight 

motions for this louver where the middle line start 

from the middle of the vertical edge of each grid 

rectangle, then move up and down.  This parametric 

model allows a rapid exploration of 864 skin 

configurations without the need to redraw each 

configure with conventional approaches of modelling 

which saves time as shown in Figure 7. 

 
Figure 6: shows depth parameter (D) for the skin unit 

 

 
Figure 7: Exploring different skin configurations 

2. Daylight Analysis Logic  
 

DIVA for Grasshopper is utilized to analyze daylight 

behaviour based on two simulation engines 

RADIANCE & DAYSIM. Radiance is a validated 

program, which uses a reverse ray-tracing algorithm 

based on the physical behaviour of light in a 

volumetric, three-dimensional model (Ward, 1994). 

These simulation engines were integrated in many 

studies for their ability to represent more accuracy 

and reliability (Jakubiec and Reinhart, 2011, Wagdy 

and Fathy, 2015, González and Fiorito, 2015). DIVA 

analysis requires a set of simulation parameters to be 

set: (1) Weather data file of the location, (2) 

Materials of each component as shown in Table 7, 

(3) Grid analysis and (4) Ambient bounce values 

recommended by LEED V4 as shown in Table 8. 
 

Table 7: The materials for the DIVA analysis 

Model Component DIVA Material 
Wall Reflectance 50 % 
Ceiling Reflectance 80 % 
Outer Columns Reflectance 50 % 
Glass Single Pane VT= 88% 
Window Frame Metal diffuse 
The façade's skin Reflectance 35 % 

 

Table 8: Simulation Parameters as recommended by 

LEED V4 & IES 

Simulation parameters LEED V4 & IES values 

Ambient bounce for DA 6 

Ambient bounce for ASE 0 

Grid Analysis subdivisions 60x60 cm, 240 analysis nodes 

Grid Analysis height 80 cm 

Skin parameters 
Values Values 

count Min.  Max. 

Parameter 1 
Vertical 

subdivisions 
Sv 1 3 3 

Parameter 2 
Openings 

Size 
O 

  
6 

Parameter 3 Skin depth D 0.2 0.7 6 

Parameter 4 
Inner louvers 

moves 
M 

  
8 

Total number of possible configurations 864 
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3. Evaluation Algorithms 

LEED V4 and IES evaluations depend on calculating 

sDA and ASE. The available tools such as DIVA or 

Ladybug cannot directly calculate both metrics. The 

IES presented criteria to calculate it. This criteria can 

be coded in Grasshopper as suggested by (Elghazi et 

al., 2014). For sDA, DIVA can calculate Daylight 

Autonomy "DA" by how many hours per year the 

tested nodes get 300 lux or more. Therefore, to get 

the sDA value, the criteria is coded to calculate how 

much area gets 300 lux or more for more than 50% of 

the occupied hours. sDA is recorded to be 100% 

inside the studio without skin, which means that all 

analysis nodes get sufficient daylight as in Figure 8. 

  
Figure 8: The analysis nodes get more than 300 lux 

for more than 50% of the occupied hours per year 

 

Figure 9: shows that 44% of the analysis nodes gets 

1000 lux more than 250 hr. per year 

For ASE, DIVA calculates the hourly illuminance as 

the illuminance value for each hour per year (8760 

hours) for each analysis node. A set of algorithms is 

coded to calculate how much area gets more than 

1000 lux for more than 250 hours per year. For the 

studio without the skin, ASE is recorded to be 44% 

which assures that this space suffers visual 

discomfort as shown in Figure 9. DIVA calculates 

daylight availability, which facilitate to get how 

much area is considered daylit, partially daylit or 

overlit area as recommended by the IES committee. 

Evaluation criteria to calculate the three factors was 

coded in Grasshopper, as described in the literature 

review. The results showed that 47% is overlit and 

53% is daylit. This indicates higher risks of 

increasing the heat gain and visual discomfort inside 

the space. DGP as described in the literature review 

is utilized to test the annual glare that the studio 

suffers during the occupied hours per year to judge 

the visual discomfort before and after applying the 

façade's skin. It is applied to High Dynamic Range 

(HDR) renderings as suggested by (Wienold, 2009) 

using a daylight simulation software which is DIVA 

for Rhino in this study.  

4. Optimization Logic  

Exploring different skin configurations is guided by 

the search for the skin design that achieves the 

optimization goals as described in literature review. 

The skin has four parameters to act as the 

optimization parameters to be manipulated to search 

for the near optimum skin configuration. In this 

phase, two methods of search techniques were tested 

to search the solutions based on DIVA daylight 

analysis. This study aims to provide a better 

understanding of the potentials and challenges of 

each technique when integrated in the proposed 

procedure.   

 1
st
 method: Genetic algorithms GAs 

GAs are one of the stochastic optimization 

techniques that rely on evolutionary algorithms 

(Turrin et al., 2011). It was proposed by J. H. 

Holland in 1975 as a search algorithm which is 

inspired by the evolution of genes and its 

reproductions in natural systems (Marin et al., 2008, 

Fasoulaki, 2007). GAs generates random selection of 

solutions and evaluates it based on a fitness function. 

Then GAs create a second generation of solutions 

based on the good results gained from the previous 

generation and denies the parameters' values that got 

bad solutions. This process is repeated until reaching 

the best solution. GAs were investigated in several 

studies aiming to reach the configuration that best 

matches the desired daylight performance goals 

(Elghazi et al., 2014, Turrin et al., 2012, Sheikh and 

Gerber, 2011). To integrate GAs with the parametric 

system, Galapagos of Grasshopper is utilized as a 

computational evolutionary solver based on genetic 

algorithms. To search with the GAs of Galapagos 

must be connected to both, the four parameters and 

the fitness function described in equation (1). The 

fitness function is coded for a multi objective 

optimization to find the solution that maximizes sDA 

to equal (sDA)target as 100% and minimize ASE to 

reach (ASE)target to be zero. The GAs randomly 

changes the parameters' values to generate different 

solutions tobeanalyzed by DIVA and evaluated by 

the fitness function. This study aimed to implement 

GAs of Galapagos to explore the potentials of this 

technique when integrated with the proposed 

procedure. However, due to the time consumed by 

DIVA plugin cause of the high level of computation 

Occupied hours / years that gets 300 lux or more 



required to evaluate each configuration and create the 

numerical results of sDA and ASE for GAs to test 

different configurations, the search process was 

stopped after 120 hours. During this time, GAs 

searched 295 configurations through 28 generations 

and choose one good solution. The results were 

generated as numeric values in Excel sheet to 

facilitate understanding the impact of each parameter.  

 
Figure 10: Chart to illustrate the cycle of GAs when 

integrated in parametric systems 
 

arg arg( ) ( ) 0t et t etsDA sDA ASE ASE      (1) 

 2
nd

 Method: Exhaustive search technique  

Exhaustive search approach as an optimization 

technique to facilitate the search for the near 

optimum solution, computes all the possible 

combinations through an automated parametric 

generation of design solutions and their performance 

evaluations. Then search for the good solutions with 

search algorithms (Turrin et al., 2011). Search 

algorithms can be to search which values are less 

than a certain value and exceed another certain value. 

This approach is satisfying with small number of 

parameters that controls the coded system. In terms 

of time consumption, this approach was not 

recommended to be utilized in case of large set of 

parameters with many values to choose from for two 

reasons. First, it requires a computational effort to 

systematically generate each solution and analyse it 

to be evaluated and second, it compute all the bad 

and good solutions unlike GAs that focus on 

generating the good ones. In 2014 a study suggested 

integrating the exhaustive search in a similar 

parametric procedure  and to overcome the problem 

of the time consumption by utilizing a parallel 

algorithm to run multiple radiance simulations at the 

same time (Wagdy and Fathy, 2015). Speed Sim 

plugin for Grasshopper was developed to perform 

several simulations of the required daylight analysis 

files, which are generated by the DIVA for Rhino 

plugin using the "write only" function of the DIVA 

daylight analysis component. It does not create 

visualization of each configuration while the 

automated parametric generation process, which 

helps to reduce the time consumed in this stage. In 

this study, eight parallel simulations to analyse the 

daylight performance were allowed to run at the 

same time as the desktop used, has eight CPU cores. 

The exhaustive search using Speed Sim plugin took 

120 hours to evaluate all possible 864 skin 

configurations.  

 RESULTS AND DISCUSSION 

This work proposed a parametric design procedure to 

search for near optimum façade's skin configurations 

based on daylight performance evaluation for an 

educational architectural studio. In the optimization 

phase, "GAs" and "Exhaustive Search" as two 

optimization techniques were implemented 

separately to explore the potentials of each technique. 

Both allowed an automated parametric generation for 

different skin configurations to search the solutions. 

Each one of them has its own strengths and 

weaknesses. Both of them can the presented problem 

but in different ways. For instance, "GAs" depends 

on evolutionary algorithms, which use random 

criteria of selecting parameters' values to create first 

generation of solutions. Then search another 

generation based on the best results gained from the 

previous one. While "Exhaustive Search" technique 

compute all the possible combination of the 

parameters' values through a systematic search. This 

results in a difference in the way each technique 

should be integrated in the parametric system. Table 

9 presents a comparison between both techniques 

regarding to search work flow, used software, coding 

daylight metrics criteria, coding fitness function, 

search time and how varying the parameters' values 

is controlled by each technique.  

In this study, both techniques utilized DIVA daylight 

performance analysis, which is based on a radiance 

simulation engine. It provides the designers with a 

relatively accurate daylight performance as it relies 

on climate based analysis. However, the following 

two limitations were observed: (1) it took 

approximately 20 minutes to analyse one skin 

configuration due to the complex shape of the skin; 

and (2) DIVA works only on mesh surfaces, 

therefore, skin configurations generated in this 

methodology must consist of triangular faced 

meshes, which limit the possibilities of generating 

more complex skin configurations with curved 

surfaces. It is highly recommended to direct future 

research towards addressing these limitations to 

promote the incorporation of daylight performance 

evaluations in the early stages of design to evaluate 

more complex shapes. 

For the proposed skin design, the GAs evaluated 295 

different skin configurations and it marked one as the 

near optimum solution. This solution recorded sDA 

90% and ASE 35%. Then, due to the time consumed 

by DIVA to analyse the daylight distribution to 

extract the numerical values of sDA and ASE, then 

the GAs test it by the fitness function, the exhaustive 

search as a parametric analysis was implemented to 

systematically generate all numerical results of all 

possible configurations. It created 864 configurations 
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in one list. By using the Speed Sim plugin, it allowed 

eight DIVA simulations for eight different 

configurations to run at the same time, therefore, all 

possible configurations were analysed in less time. 
 

Table 9: Comparison between Genetic Algorithms 

GAs and Exhaustive search to find the near optimum 

solution 

 

Expressing the performance of each configuration 

through the numerical values of sDA and ASE 

facilitates the understanding of how each skin 

solution changes daylight behaviour inside the studio. 

Therefore, the results can be discussed through three 

categories. First category, for skin configurations that 

achieved ASE less than 10% as recommended by 

LEED V4, could not keep good sufficiency of 

daylight inside as sDA was reduced to be 40% or less 

as illustrated in Figure 11. Second category, for skin 

configurations that achieved sDA between 55% and 

75% to obtain two LEED V4 points, it could not 

reduce direct sunlight penetration presented by ASE 

to be less than 10 %. ASE was reduced only from 

44% to 25% or 30% as illustrated in Figure 12. 

Third, 47 skins configurations achieved sDA more 

than 75% up to 90%, which should obtain three 

LEED V4 points but it could not reduce ASE to be 

less than 10% as illustrated in Figure 13. 
 

 
Figure 11: Chart showing that the configurations 

achieved ASE less than 10% couldnot keep sDA to be 

more than 55% to be accepted 
 

 
Figure 12: Chart for the configurations that achieved 

sDA more than 55% and less than 75%, could not 

reduce ASE to be less than 10% 

 
Figure 13: Chart of the 36 configurations achieved 

sDA more than 75% up to 90% but reduced ASE to 

only 30% 
 

The results show that these skin configurations of the 

proposed design could not achieve both optimization 

targets together for sDA to be more than 75% and 

ASE to be less than 10%. However, the proposed 

procedure supports the designer in the early phase of 
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algorithms 

Requires coding the 

evaluating algorithms 

in Grasshopper to 
calculate sDA, DA and 

ASE based on the IES 

committee 
requirements 

Evaluating 
algorithms of sDA, 

DA and ASE are 

provided by Speed 
Sim plugin to 

compute these 

values without 
coding it in 

Grasshopper 

Fitness 

function 

Requires coding to 

search the good 

solution based on it 

Does not require 

coding it in 

Grasshopper. 

Parameter 
control 

It controls the design 

parameters to generate 

different solutions 

Requires organizing 

the data flow to 
generate all possible 

configurations that 

can be controlled by 
one slider in 

Grasshopper 

Search time 

using DIVA 
to analyze 

each 

configuration 

120 hours to search 

295 configurations 
It simulates and 

evaluate one 

configuration at a time 

120 hours for 864 
configuration 

It simulates and 

evaluate 8 
configurations or 

more at a time 

Search 

algorithm 

Evolutionary 

algorithms 
Parallel algorithms 



design to decide which design elements and which 

skin configurations showed the potentials to be 

developed to improve the daylight behavior inside as 

shown in Table 10, and which design elements and 

which skin configurations can be eliminated. This 

study proves that the façade design might be 

satisfying for the designer from the aesthetic 

perspective but it cannot enhance QNDD which is 

one of the most important sustainable factors that 

should be considered in the educational spaces.  
 

Table 10: Best skin configuration in each category 
 

Skin configuration sDA & ASE Parameters 
values 

1st category where ASE< 10% 

 

sDA = 31%  
ASE = 8% 

Sv = 3 

O = 0.28 
D = 0.6 

M =0 

2nd category where sDA > 55% 

 

sDA = 57%  
ASE = 18% 

Sv = 2 

O = 0.42 
D = 0.5 

M = -0.35 

3rd  category where sDA > 75% 

 

sDA =  91%  

ASE = 33% 

Sv =1 

O = 0.85 

D = 0.3 
M = 0 

CONCLUSION 

The paper introduced a parametric design procedure 

to integrate daylight assessment in the early design 

phases to explore complex shaped configurations of 

building skin and its impact on the indoor daylight 

distribution. The study discussed the potentials 

introduced by parametric design facilities to 

implement the performance-oriented design 

procedure in the conceptual phase. The required 

evaluation criteria based on daylight metrics was 

discussed to extract the optimization goals. The 

proposed procedure was applied to design a façade's 

skin for an educational architectural studio located in 

Port Said, Egypt to enhance the quality of natural 

daylight distribution inside. The proposed procedure 

consisted of four integrated phases to generate, 

analyse, evaluate and search for the good skin 

configurations that achieve the optimization goals. 

The skin was parametrically designed allowing four 

parameters to be varied to explore different 

configurations. The study emphasized that 

representing the design elements shapes by numerical 

values and the relation between them through 

mathematical expressions facilitate the required 

integration between the four phases of the procedure.  

Two search techniques were implemented separately 

for the optimization phase: genetic algorithms GAs 

and exhaustive search. Both techniques were 

discussed through a comparison to provide the 

designers with better understanding of the potential 

of each one. All the possible configurations were 

generated to provide the designer with better 

understanding of the impact of each parameter on the 

daylight behaviour indoors. The results proved that 

the skin design might be satisfying for the designer 

from the aesthetic perspective but it is not garanteed 

to enhance QNDD which is one of the most 

important sustainable factors that should be 

considered in the educational spaces. Therefore, the 

study proved the importance of incorporating 

daylight performance assestment to support the 

decision making in the early design phases. 
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