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Sun shading of the future
A next generation workflow for applying the 

performative computational architecture framework 
to sun shading design, based on an example sun 
shading system for high-rise office buildings with 

all-glass exteriors in tropical climates optimised on 
visual and thermal comfort
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Topic framework

Performative 
computational 

architecture (PCA)

Healthier buildings
Less energy consuming  

buildings

Sustainable architecture of the future
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Topic framework

Visual comfort

Thermal comfort

Healthy buildings

3
Source: Harvard’s Center for 
Climate, Health and the Global 
Environment (2018)
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Topic framework

PCA

Parametric modelling

Performance

Optimization

Source: Ekici et al., 2019
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Topic framework

Future architecture

High-rise buildings

All-glass exteriors

Office function

Tropical climates
Source: Google.com (2019)

Source: Coucil on Tall Buildings and Urban Habitat, ctbuh.org (2019)Source: Coucil on Tall Buildings and 
Urban Habitat, ctbuh.org (2019)
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Research question

“How can the contemporary common 
Performative Computational Architecture 

(PCA) workflow for optimising sun shading 
designs on visual and thermal comfort in high-
rise office buildings with all-glass exteriors be 

advanced to the next generation?”
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Sub-questions: Literature  
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case
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Visual 
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Sun shading of the future:
A next generation PCA workflow
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computational 
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sun shading

Sun shading 
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Q2: 
Contributing 

factors

Q1: 
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Q3: 
Calculation
methods

Q4: 
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sun shading
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Contributing 

factors
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Q3: 
Calculation
methods

Q4: 
Relation to
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Q6: 
Form-finding

Q5: 
Principles

of PCA

Q7: 
Performance 
evaluation

Q8: 
Optimization

Sun shading in 
contemporary 

high-rise

Q10: 
Technical 

requirements

Q9: 
Relevance

Q13: 
Case studies

Q15: 
Case studies

Q14: 
Typology 
analysis

Q16: 
Typology 
analysis

Q11: 
Local climate

Q12: 
Potential for PCA 
implementation

Q18: 
Performance comparison with available 

systems for high-rise

Q17: 
Improve sun shading systems in high- 
rise using contemporary PCA workflow  

Q19: 
Performance for different 

facade orientations 

Q20: 
Performance for various tropic

climates around the world 

Q21: 
Identifying the challanges of the 

contemporary PCA workflow

Q22:
Overcoming the challanges by altering 

the workflow

Main question:
Advancing the contemporary PCA workflow for 

sun shading design to the next generation

Fundamentals:
1.	 Visual comfort
2.	 Thermal comfort
3.	 The PCA framework
4.	 Sun shading in contemporary high-rise

State of the art:
5.	 PCA workflow in sun shading design
6.	 Sun shading in high-rise office buildings 			

	 with all-glass exterior in tropic climates
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Sub-questions: Practical 
Example case:
1.	 Improve sun shading system using the 			 

	 contemporary common workflow
2.	 Performance compared to other systems
3.	 Performance for different orientations
4.	 Performance for various tropic climates

Next generation workflow:
5.	 Identify the challenges
6.	 Developing the new workflow

Li
te

ra
tu

re
 re

se
ar

ch
D

es
ig

n 
re

se
ar

ch

The example 
case

The next 
generation 
workflow

Fundamental theory review State of art review

Visual 
comfort

Sun shading of the future:
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Case studies
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analysis

Q16: 
Typology 
analysis

Q11: 
Local climate

Q12: 
Potential for PCA 
implementation

Q18: 
Performance comparison with available 

systems for high-rise

Q17: 
Improve sun shading systems in high- 
rise using contemporary PCA workflow  

Q19: 
Performance for different 

facade orientations 

Q20: 
Performance for various tropic

climates around the world 

Q21: 
Identifying the challanges of the 

contemporary PCA workflow

Q22:
Overcoming the challanges by altering 

the workflow

Main question:
Advancing the contemporary PCA workflow for 

sun shading design to the next generation
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Research methodology Literature 
research
method

Selection 
method

PCA
method

Comparison
method

Exploration
method

Final
result

Fundamental theory 
review

Visual & thermal 
comfort simulations

Ladybug & Honeybee

Parametric basics
Grasshopper

Evolutionary 
algorithms

Modefrontier

Currently available 
sun shading systems 

for high-rise

State of the art
 review

Literature findings on:
1. Shading typology

2. Building properties
3. Climates properties

1. Form finding

2. Performance evaluation

Paretto front 
solutions

Automated physical 
model production

Automated 
VR rendering

Selected
Sun shading system

Selected
PCA workflow

Selected
PCA tools

Final selection

Interpretation & analysis of 
results in relation to selected 

PCA workflow

Challange identification & 
improving the selected 

 PCAworkflow

Comparing performance 
using custom result 

visualization components

Performance on:
1. UDI
2. PMV
3. DGP

4. Energy useage

Performance on:
1. UDI
2. PMV
3. DGP

4. Energy useage

3. Optimization

Secundairy output:
Optimised sun shading 
for the example case

Main output:
Next generation PCA 

workflow

1.	 Literature research phase
2.	 Selected sun shading system
3.	 The contemporary common PCA workflow
4.	 Example case: Form-finding
5.	 Example case: Performance evaluation
6.	 Example case: Optimisation
7.	 Performance comparison
8.	 Exploration of the example case
9.	 The next generation workflow 
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Shading typology:
Egg-crate shading system
Double skin integrated

Substantial potential:
Proven in relevant literature
Building properties
Climate properties

Selected sun shading system
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Source:  Lau et al. (2016)
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The contemporary common PCA workflow

Source: Ekici et al., 2019 Source: Food4rhino.com (2019), 
edited by author
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Evolutionary search algorithms:
Darwin’s evolution theory
Natural selection
Solution space
Pareto front

The contemporary common PCA workflow

Monkey BT graduate student
Source: Google.com (2019)
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Evolutionary search algorithms:
Darwin’s evolution theory
Natural selection
Solution space
Pareto front

The contemporary common PCA workflow

Source: Esteco.com (2019)
Source: Google.com (2019)



P5 - Graduation - Building Technology - Sun shading of the future - Shane Prins 

14

The example case: Form-finding

15. Params/Input/Graph Mapper - Drag and drop a Graph Mapper component onto the
canvas

16. Right-click the Graph Mapper, click 'Graph Types' from the menu and select 'Bezier'

17.

Params/Input/Number Slider - Drag and drop a Number Slider component onto the
canvas and set the following values:

Name: Width
Lower Limit: 0
Upper Limit: 10

18. Maths/Operators/Multiplication - Drag and drop a Multiplication component onto the
canvas

19. Connect the Graph Mapper and the Width number slider to the A and B inputs of the
Multiplication component

20. Connect the Result (R) output of the Multiplication component to the Radius (R) input of
the Circle CNR component

Use the handles on the Graph Mapper to adjust the profile of the circles.

NOTE: It is important to make sure the start point of the bezier curve on the Graph Mapper is not at zero. By
lifting the start point to a number greater than zero, we produce a flat base for our vase.

The Grasshopper Primer V3.3

181Working with Mesh Geometry

15. Params/Input/Graph Mapper - Drag and drop a Graph Mapper component onto the
canvas

16. Right-click the Graph Mapper, click 'Graph Types' from the menu and select 'Bezier'

17.

Params/Input/Number Slider - Drag and drop a Number Slider component onto the
canvas and set the following values:

Name: Width
Lower Limit: 0
Upper Limit: 10

18. Maths/Operators/Multiplication - Drag and drop a Multiplication component onto the
canvas

19. Connect the Graph Mapper and the Width number slider to the A and B inputs of the
Multiplication component

20. Connect the Result (R) output of the Multiplication component to the Radius (R) input of
the Circle CNR component

Use the handles on the Graph Mapper to adjust the profile of the circles.

NOTE: It is important to make sure the start point of the bezier curve on the Graph Mapper is not at zero. By
lifting the start point to a number greater than zero, we produce a flat base for our vase.

The Grasshopper Primer V3.3

181Working with Mesh GeometrySource: Food4rhino.com (2019) Source: Grasshopper manual, grasshopper3d.com (2019)
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The example case: Form-finding
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The building design:
Open office floorplan
Entire floor
Interpolation principle

The example case: Form-finding
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The example case: Form-finding
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Three tropic climates:

1.	Singapore: 
Tropical rainforest 
climate

2.	Abu Dhabi: 
Hot desert climate

3.	Brisbane:	
Humid sub-tropical 
climate

The example case: Performance evaluation

Singapore

Brisbane

Abu 
Dhabi
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Performance evaluation: Useful Daylight Index (UDI)

Inputs Preperation Simulation Interpretation Output

Office geometry

Shading geometry

Material parameters

EPW weather data

Occupancy parameters

UDI parameters

Analysis parameters

Prepare analysis 
geometry

Daysim
Annual illuminance 

simulation
Generate analysis grid

Interpretate UDI

UDI result (objective)

Graphic UDI 
presentation

Sensor point data 
(for lighting schedule)

Percentage of floor area receiving between 300 and 2000 lux 
for at least 75% of the annual occupation hours 
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Performance evaluation: Predicted Mean Vote (PMV)

Inputs Preperation Simulation Interpretation Output

Office geometry

Shading geometry

Material parameters

EPW weather data

Occupancy parameters

PMV parameters

Analysis parameters

Prepare analysis 
geometry

Energy Plus
Annual energy transfer 

simulation

Generate schedules

Interpretate PMV

PMV result (objective)

Graphic PMV
presentation

Graphic Energy
presentation

Sensor point data 
(for lighting schedule)

HVAC, Internal loads & 
ventlation parameters

Sum of annual hourly exceedances of the PMV comfort zone (between -0,5 and 0,5)
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The example case: Optimisation
Fixed inputs:
1	 Amount vertical			  (4)
2	 Amount horizontal		 (8)
3 	Extrusion depth			  (250)
4	 DSF cavity depth		  (500)

Variable inputs:
1	 Shift vertical				    (-3	 to 3)
2	 Shift horizontal			   (-5 	 to 5)
3	 Rotation vertical			  (-60	 to 60)
4	 Rotation horizontal	 (-60	 to 60)
5	 Midpoint			    		  (0.5 	 to 0.9)
6	 Q-value						     (0.2	 to 0.9)

Inputs

Objectives

Design of Experiments
Algorithm
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The example case: Optimisation
DOE & Algorithm:
Uniform Latin Hypercube
Generation size: 50
Time limit: 72h
PilOpt algorithm

Objectives:
Minimize annual PMV sum
Maximize UDI score

Inputs

Objectives

Design of Experiments
Algorithm
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Grasshopper script 
containing from-finding and 

performance evaluation

EPW file Singapore EPW file Abu Dhabi EPW file Brisbane

Analysis & visualisation
of optimisation results

Analysis & visualisation
of optimisation results

Comparing the results

Analysis & visualisation
of optimisation results

Settings for:
1. Input parameters
2. Objectives
3. Design of experiments
4. Search algorithm

1 2 3

Singapore

Brisbane

Abu 
Dhabi

The example case: Optimisation

Results after 72 hours:
Singapore:	 30 	 evaluations
Abu Dhabi:	261	 evaluations
Brisbane:		 188 	evaluations
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The example case: Optimisation

Maximize UDI score (Visual comfort)

M
in

im
ize

 P
M

V 
(T

he
rm

al
 c

om
fo

rt)

Abu 
Dhabi



P5 - Graduation - Building Technology - Sun shading of the future - Shane Prins 

25

The example case: Optimisation

Maximize UDI score (Visual comfort)
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The example case: Optimisation
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The example case: Optimisation
Pearson correlation:
Positive correlation: 	 PMV & Horizontal rotation
Negative correlation:	 PMV & Q-value curve
Positive correlation:	 Hor. rot. West & Hor. rot. South
Low correlation: 		  PMV/UDI & Horizontal/Vertical shift

Abu 
Dhabi
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The example case: Optimisation
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UDI o
bjec
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PMV objec
tive

East North South West

Abu 
Dhabi

Parallel Coordinates:

South: Closed shading
High M-value curve
High Q-value curve
Low Horizontal rotation

North: Open shading
Low M-value curve
Low Q-value curve
High Horizontal rotation
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Performance comparison

Simulation 6: Optimised
By conventional approach

Simulation 4: Alternative B
Default dynamic screen shading

Simulation 5: Alternative C
“Default” egg-crate shading

Simulation 1: Reference 1
Single skin facade

Simulation 2: Reference 2
“Empty” double skin facade

Simulation 3: Alternative A
Solar reflective glazing
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Sim 2:
Empty 
double skin 
facade

Sim 3:
Solar 
reflective 
glazing

Sim 4:
Dynamic 
screen sun 
shading

Sim 5:
Default 
egg-crate 
sun shading

Sim 6:
Optimized
egg-crate 
sun shading

Sim 1:
Single skin 
facade

9072
14.2%

Primary
PMV score
UDI score

1.477 kWh
5.530 kWh

98.345 kWh
103.875 kWh

Secondary
Lighting
Heating
Cooling
Total

1.921 kWh
5.533 kWh

87.656 kWh
95.110 kWh

5.911 kWh
5.678 kWh

79.384 kWh
90.973 kWh

13.365 kWh
5.615 kWh

81.433 kWh
100.413 kWh

4.135 kWh
5584 kWh

70.335 kWh
80.054 kWh

7251
40.0%

5761
54.4%

5696
0.0%

4460
70.1%

4401
55.1%

Sim 2:
Empty 
double skin 
facade

Sim 3:
Solar 
reflective 
glazing

Sim 4:
Dynamic 
screen sun 
shading

Sim 5:
Default 
egg-crate 
sun shading

Sim 6:
Optimized
egg-crate 
sun shading

Sim 1:
Single skin 
facade

11587
19.2%

Primary
PMV score
UDI score

1.426 kWh
0 kWh

227.471 kWh
228.897 kWh

Secondary
Lighting
Heating
Cooling
Total

1.680 kWh
0 kWh

215.556 kWh
217.236 kWh

3.447 kWh
0 kWh

206.193 kWh
209.640 kWh

10.381 kWh
0 kWh

217.731 kWh
228.112 kWh

2.437 kWh
0 kWh

198.032 kWh
200.469 kWh

9833
39.9%

8417
63.3%

9865
31.9%

7375
82.1%

7575
84.9%

Sim 2:
Empty 
double skin 
facade

Sim 3:
Solar 
reflective 
glazing

Sim 4:
Dynamic 
screen sun 
shading

Sim 5:
Default 
egg-crate 
sun shading

Sim 6:
Optimized
egg-crate 
sun shading

Sim 1:
Single skin 
facade

14031
16.3%

Primary
PMV score
UDI score

479 kWh
280 kWh

177.938 kWh
178.695 kWh

Secondary
Lighting
Heating
Cooling
Total

676 kWh
268 kWh

161.805 kWh
162.749 kWh

4.109 kWh
267 kWh

148.341 kWh
152.717 kWh

14.214 kWh
248 kWh

147.623 kWh
162.085 kWh

1.407 kWh
266 kWh

134.865 kWh
136.538 kWh

11980
41.8%

10063
69.1%

9650
0.0%

8311
77.8%

8231
91.8%

Singapore

Abu Dhabi

Brisbane
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Sim 2:
Empty 
double skin 
facade

Sim 3:
Solar 
reflective 
glazing

Sim 4:
Dynamic 
screen sun 
shading

Sim 5:
Default 
egg-crate 
sun shading

Sim 6:
Optimized
egg-crate 
sun shading

Sim 1:
Single skin 
facade

Brisbane

9072
14.2%

Primary
PMV score
UDI score

1.477 kWh
5.530 kWh

98.345 kWh
103.875 kWh

Secondary
Lighting
Heating
Cooling
Total

1.921 kWh
5.533 kWh

87.656 kWh
95.110 kWh

5.911 kWh
5.678 kWh

79.384 kWh
90.973 kWh

13.365 kWh
5.615 kWh

81.433 kWh
100.413 kWh

4.135 kWh
5584 kWh

70.335 kWh
80.054 kWh

7251
40.0%

5761
54.4%

5696
0.0%

4460
70.1%

4401
55.1%

Sim 2:
Empty 
double skin 
facade

Sim 3:
Solar 
reflective 
glazing

Sim 4:
Dynamic 
screen sun 
shading

Sim 5:
Default 
egg-crate 
sun shading

Sim 6:
Optimized
egg-crate 
sun shading

Sim 1:
Single skin 
facade

Singapore

11587
19.2%

Primary
PMV score
UDI score

1.426 kWh
0 kWh

227.471 kWh
228.897 kWh

Secondary
Lighting
Heating
Cooling
Total

1.680 kWh
0 kWh

215.556 kWh
217.236 kWh

3.447 kWh
0 kWh

206.193 kWh
209.640 kWh

10.381 kWh
0 kWh

217.731 kWh
228.112 kWh

2.437 kWh
0 kWh

198.032 kWh
200.469 kWh

9833
39.9%

8417
63.3%

9865
31.9%

7375
82.1%

7575
84.9%

Sim 2:
Empty 
double skin 
facade

Sim 3:
Solar 
reflective 
glazing

Sim 4:
Dynamic 
screen sun 
shading

Sim 5:
Default 
egg-crate 
sun shading

Sim 6:
Optimized
egg-crate 
sun shading

Sim 1:
Single skin 
facade

Abu Dhabi

14031
16.3%

Primary
PMV score
UDI score

479 kWh
280 kWh

177.938 kWh
178.695 kWh

Secondary
Lighting
Heating
Cooling
Total

676 kWh
268 kWh

161.805 kWh
162.749 kWh

4.109 kWh
267 kWh

148.341 kWh
152.717 kWh

14.214 kWh
248 kWh

147.623 kWh
162.085 kWh

1.407 kWh
266 kWh

134.865 kWh
136.538 kWh

11980
41.8%

10063
69.1%

9650
0.0%

8311
77.8%

8231
91.8%

Default
7375
82.1%

30 evaluations

261 evaluations

188 evaluations

Abu Dhabi

Brisbane

Optimised
7575
84.9%

Default 
8311
77.8%

Optimised
8231
91.8%

Default
4460
70.1%

Optimised
4401
55.1%
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Exploration of the example case: Further simulation

Maximize UDI score (Visual comfort)

M
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Exploration of the example case: Further simulation
Inputs Preperation Simulation Interpretation Output

Office geometry

Shading geometry

Material parameters

EPW weather data

Seating arrangement

DGP parameters

Analysis parameters

Prepare analysis 
geometry

Select mannequin & 
position camera

Radiance 
Glare simulation
for 12 moments

Select 12 moments

Interpretate DGP

Generate HDR images

DGP results

Graphic DGP 
presentation

Fish-eye illuminance 
images
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Exploration of the example case: Physical models

Grasshopper 

Fab tools

AutoCAD 
Logo sources: Google.com (2019)
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Exploration of the example case: Physical models
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Exploration of the example case: VR rendering

Grasshopper 

Dynamo

Revit

Autodesk cloud
Logo sources: Google.com (2019)

source: Google.com (2019)
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Exploration of the example case: VR rendering



P5 - Graduation - Building Technology - Sun shading of the future - Shane Prins 

38

Exploration of the example case: VR rendering
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The contemporary common PCA workflow

Source: Food4rhino.com (2019), 
edited by author
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The next generation workflow 

Mode frontier:
DOE

Mode frontier:
DOE

Mode frontier:
Generate design 

generations

GH script:
Prepare simulation 

batch-files

Radiance & Eneryplus:
Run batch files

GH script:
Interper comfort metrics 
and output results values

Modefrontier:
Link output values 

to objectives

Main computer

Cloud
± 00:20 min 
per design

± 20:00 min 
per design

± 00:30 min
per design



PreparationOptimisation
Scheduling
4 concurrent

processes
4 concurrent

processes
1 concurrent

proces
1 concurrent

proces

Execution Interpretation
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The next generation workflow 

Core features:
Convenience inputs
Embedded GH files
Analysis directories
DOS core
Queue nodes
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The next generation workflow 

0

2

4

6

8

10

12

14

16

Abu
Dhabi

Brisbane PC 1 PC 2 PC 3 PC 4

Evaluations per hour

Optimisation run Total 
evaluations 

Total 
time 

Evaluations 
per hour 

Hardware  
specifications 

Number of 
concurrent 

processes 
Conventional workflow      

Climate of Abu Dhabi 261 72:00 h 3.6  (PC 2) 6 cores @ 3.3 Ghz 1 
Climate of Brisbane 188 72:00 h 2.1  (PC 3) 4 cores @ 4.0 Ghz 1 

      
Next generation workflow      

Computer 1 46 05:00 h 9.2 8 cores @ 3.4 Ghz 10 
Computer 2 36 02:40 h 13.5 6 cores @ 3.3 Ghz 8 
Computer 3 6 01:10 h 5.1 4 cores @ 4.0 Ghz 6 
Computer 4 86 09:30 h 9.1 4 cores @ 4.0 Ghz 4 
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The next generation workflow 

Maximize UDI score (Visual comfort)
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The example 
case

The next 
generation 
workflow

Fundamental theory review State of art review

Visual 
comfort

Sun shading of the future:
A next generation PCA workflow

Thermal
comfort

Performative 
computational 

architecture

PCA use in 
sun shading

Sun shading 
in high-rise 

Q2: 
Contributing 

factors

Q1: 
Definition

Q3: 
Calculation
methods

Q4: 
Relation to
sun shading

Q2: 
Contributing 

factors

Q1: 
Definition

Q3: 
Calculation
methods

Q4: 
Relation to
sun shading

Q6: 
Form-finding

Q5: 
Principles

of PCA

Q7: 
Performance 
evaluation

Q8: 
Optimization

Sun shading in 
contemporary 

high-rise

Q10: 
Technical 

requirements

Q9: 
Relevance

Q13: 
Case studies

Q15: 
Case studies

Q14: 
Typology 
analysis

Q16: 
Typology 
analysis

Q11: 
Local climate

Q12: 
Potential for PCA 
implementation

Q18: 
Performance comparison with available 

systems for high-rise

Q17: 
Improve sun shading systems in high- 
rise using contemporary PCA workflow  

Q19: 
Performance for different 

facade orientations 

Q20: 
Performance for various tropic

climates around the world 

Q21: 
Identifying the challanges of the 

contemporary PCA workflow

Q22:
Overcoming the challanges by altering 

the workflow

Main question:
Advancing the contemporary PCA workflow for 

sun shading design to the next generation

Fundamental theory review:
Visual & Thermal comfort
PCA & high-rise shading design

State of the art:
PCA workflow shading design
Sun shading in high-rise

Example case:
Performance comparison

Next generation workflow:
Challenge identification
Development
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Conclusions

Literature
Fundamentals of comfort

Fundamentals of PCA in shading design
Case studies on state of the art

Typology definitions

Research

Example case
Select a sun shading system

Apply conventional PCA workflow
Compare results

Next generation 
workflow

Identify challanges
Develop a new workflow
Test the new workflow

“How can the contemporary common Performative Computational Architecture (PCA) 
workflow for optimising sun shading designs on visual and thermal comfort in high-

rise office buildings with all-glass exteriors be advanced to the next generation?”
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Conclusions
Recommendations & 
Further development:

Linking the queue nodes

Address minor issues

Further testing on the 
render-farm

Further testing on a 
Volta grid in the VR-lab
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Sun shading of the future
A next generation workflow for applying the 

performative computational architecture framework 
to sun shading design, based on an example sun 
shading system for high-rise office buildings with 

all-glass exteriors in tropical climates optimised on 
visual and thermal comfort


