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“How can a genetic algorithm based workflow be effectively employed in the multi-objective optimization of a shad-
ing system to improve the energy efficiency of an existing building envelope?”
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Problem statement

Environment, T.Klein (2013). Integral Facade Construction: Towards a new product architecture for curtain walls. TU Delft.

https://commons.wikimedia.org/wiki/Category:Maximum_air_temperature_maps_of_Europe

Research question

“How can a genetic algorithm based workflow be effectively employed in the multi- objective optimization of a 
shading system to improve the energy efficiency of an existing building envelope?”

I. What are the primary typologies of facades 
and how can they be classified based on their 
materials, connection details and functions?

II. What is resilience and how can it be quantified?
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Goals

• To be able to evaluate the energy performance of existing buildings.
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Goals

• To be able to evaluate the energy performance of existing buildings.

• To provide instant interdisciplinary feedback in a design team.

• To improve an existing envelope’s energy performance by reducing its cooling       
 demands (with an optimized design).
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Research question

“How can a genetic algorithm based workflow be effectively employed in the multi- objective optimization of a 
shading system to improve the energy efficiency of an existing building envelope?”

III. How to formulate a genetic 
algorithm- based multi- objective 

optimization workflow?

I. What are the primary typologies of facades 
and how can they be classified based on their 
materials, connection details and functions?

II. What is resilience and how can it be quantified?

IV. How can a digital design tool be implemented in a preliminary design phase of 
a shading system to enhance the thermal resilience of an existing curtain wall 

system and provide interdiciplinary feedback to a design team?

Research question
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Facade types and goals
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Bear structural loads
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Carry self weight
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Integrate joints to allow movement

Allow damage free movement

Secure a air and vapour tight construction
Allow vapour tight connection of parts
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Create stiffness perpendicular to surface
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Provide a comfortable 
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A shading system preliminary design
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Literature review

• Lightweight
• Durable
• 100% Recyclable

• 100% manmade
• toxic ingredients
•	 need	of	constant	inflation

+ -

ETFE systems Resilience Multi-criteria decision making
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Literature review

Panteli : Power Systems Resilience Assessment: Hardening and Smar t Operational Enhancement Strategies

Vol. 105, No. 7, July 2017 |  Proceedings of the IEEE 1203

Latin word “resilio
Holling in 1973 for ecological systems [5], is a relatively new 
and emerging concept in the area of power systems. Within 
this context, power systems resilience can be referred to 
as the ability of a power system to recover quickly follow-
ing a disaster or, more generally, to the ability of anticipating 
extraordinary and high-impact, low-probability events, rapidly 
recovering from these disruptive events, and absorbing lessons 
for adapting its operation and structure to be better prepared 
for similar events in the future [6], [7]. A framework for power 
systems resilience, along with its key differences with power 
systems reliability, are presented in [8] and [9]. If the impacts 
of climate change and the need to go greener with reduced 
GHG emissions are also considered, then this leads to the so-
called “low-carbon-resilient” future networks, including both 
carbon reduction and resilience goals [11], [12].

The aim of this paper is to introduce and discuss the fun-
damental concepts of power systems resilience and its key 
features. Such an understanding would enable the develop-
ment of quantitative resilience assessment methods and the 
evaluation of the contribution of different strategies (hard-
ening and smart operational) for enhancing resilience to 
natural disasters and extreme weather.

II . DEFIN ING,  QUA N T IF Y ING,  A N D 
BOOSTING POW ER SYSTEMS 
R ESILIENCE

-

by a discussion on quantitative resilience metrics and resil-
ience enhancement strategies (including hardening and 
smart operational measures).

A. The Conceptual Resilience Trapezoid

A power system might reside in different states when 
imposed to an external shock, such as natural disaster or 

these states, in order to enable the systematic resilience assess-
ment and enhancement of power systems to such events.

Under these premises, Fig. 1 shows a conceptual resilience 
trapezoid, which clearly demonstrates the states (phases) of 
a power system associated to an external disturbance, as well 
the time sequence of these states and related events and the 
type of available actions. Breaking the event into different 
phases (namely, Phases I, II, and III) enables the dynamic, 

-
tage of the resilience trapezoid when compared with the 
so-called resilience triangle (Fig. 2) traditionally used and 

Table 1 Comparison of Typical Power System Outages and Natural 

Disasters/Extreme Weather

Fig. 1.

Latin word “resilio
Holling in 1973 for ecological systems [5], is a relatively new Holling in 1973 for ecological systems [5], is a relatively new 
and emerging concept in the area of power systems. Within 
this context, power systems resilience can be referred to 
as the ability of a power system to recover quickly follow-
ing a disaster or, more generally, to the ability of anticipating 
extraordinary and high-impact, low-probability events, rapidly 
recovering from these disruptive events, and absorbing lessons 
for adapting its operation and structure to be better prepared 
for similar events in the future [6], [7]. A framework for power 

systems reliability, are presented in [8] and [9]. If the impacts 
of climate change and the need to go greener with reduced 
GHG emissions are also considered, then this leads to the so-
called “low-carbon-resilient” future networks, including both 

BOOSTING POW ER SYSTEMS 
R ESILIENCE

A power system might reside in different states when 
imposed to an external shock, such as natural disaster or 

these states, in order to enable the systematic resilience assess-
ment and enhancement of power systems to such events.

Under these premises, Fig. 1 shows a conceptual resilience 
trapezoid, which clearly demonstrates the states (phases) of 
a power system associated to an external disturbance, as well 
the time sequence of these states and related events and the 
type of available actions. Breaking the event into different type of available actions. Breaking the event into different 
phases (namely, Phases I, II, and III) enables the dynamic, 

tage of the resilience trapezoid when compared with the 
so-called resilience triangle (Fig. 2) traditionally used and 

1

0

[100 ( )]
t

t

R Q t dt= −∫

Resilience is a time dependent measurable assessment of a system against a balance disturbance.

Thermal resilience is the ability of the building to maintain its indoor thermal comfort in case of 
extreme hot weather conditions.

ETFE systems Resilience Multi-criteria decision making
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Literature review

ETFE systems Resilience Multi-criteria decision making

• closer to data-driven models
• creation of hierarchies of façade de-

sign alternatives either by reducing the 
complexity of a problem or with the 
comparison of solution ratings. 

• closer to forward models
• based on optimization algorithms 
• numerical simulations for the defintion 

of a larger amount of design options 
and their evaluation

Multi-Objective decision making (MODM) Multi-Attribute decision making (MADM) 
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• closer to forward models
• based on optimization algorithms 
• numerical simulations for the defintion 

of a larger amount of design options 
and their evaluation

Multi-Objective decision making (MODM) Multi-Attribute decision making (MADM) 

Literature review

ETFE systems Resilience Multi-criteria decision making

NSGA II algorithm - niching approach

Walacei
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Actual
Workflow

Revit-Grasshopper integration Energy simulation workflow Shading system definition Static analysis Multi-objective optimization
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Revit-Grasshopper integration

BIM model - Piraeus Tower

volume A

volume B
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Revit-Grasshopper integration

BIM model - Rooms definition
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BIM model - Bearing structure

Revit-Grasshopper integration
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Exsiting facade system

Revit-Grasshopper integration
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Exsiting facade system

Unit dead load bracket type A
to accommodate -50mm slab

edge tolerance

Slab edge

Mineral wool insulation

Sealed steel back sheet

Mineral wool insulation
Aluminium spandrel sheet

Aluminium split mullion

Thermal pad

Fin bracket

Vertical aluminium fin (rotation varies, refer to architect's drawings)

Projection of horizontal aluminium fin

Removable cladding to access bolts for fin removal

Fin bracket Projection of fin bracket

Connection of vertical and horizontal fin
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General Notes

1. This drawing is to be read in conjunction with all relevant
architects & engineers drawings & specifications.

2. The contractor is to be responsible for all dimensions &
for the correct setting out of the works on site.

3. Do not scale from this drawing.

Drawing Number

Drawing Suitability Version

Revision

Project Number

DateDrawn By

Scale

Drawing Title

Project Title

S4 - For Stage ApprovalPiraeus Tower

Vertical section -
Unitised system at window_final version

20104 1:5 [A3] 01

Alkis 09/03/2024 PRT EOC XX ZZ DR N P07105

Rev Date By DescriptionChkd

P01 15/01/21 MM AIK S0 - Work in Progress

P02 26/01/21 MM AIK S3 - For Review/Comment

Notes

1. All aluminium elements anodised finish refer to facade
specification
2. Concrete tolerances are based on survey model. To be
confirmed after final survey of the building upon cladding
removal.
3. Indicative EPDM thickness 2mm to be determined by
facade contractor.

P03 08/02/21 MM AIK S4 - For Stage Approval

P04 29/05/21 MM AIK S0 - Work in Progress

P05 17/06/21 MM AIK S0 - Work in Progress

P06 07/07/21 MM AIK S4 - For Stage Approval

P07 29/07/21 MM AIK S4 - For Stage Approval

60

Slab edge

10.00

Revit-Grasshopper integration
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Energy model geometry

Revit-Grasshopper integration

• slabs
• columns
• beams
• walls 
• curtain wall

• rooms geometry
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Energy model assembly

Revit-Grasshopper integration Energy simulation workflow

Airwalls

Energy model

Geometry Weather data

Program

Materiality
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Energy model materiality

Revit-Grasshopper integration Energy simulation workflow
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Energy model program

Revit-Grasshopper integration Energy simulation workflow
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Energy model assembly

Revit-Grasshopper integration Energy simulation workflow

Airwalls

Energy model

Geometry Weather data

Program

Materiality
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Simulation results - Annual analysis period

Revit-Grasshopper integration Energy simulation workflow

Total cooling demands: 159264 KWh/y
Average Daylight autonomy for all spaces: 
4.1%/y

For the typical levels under investigation:
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Simulation results - Annual Utility cost estimation

Revit-Grasshopper integration Energy simulation workflow
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Shading system design

Revit-Grasshopper integration Energy simulation workflow Shading system definition

First attempt of connecting diagrid with vertical and horizontal brackets.
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Shading system design

Revit-Grasshopper integration Energy simulation workflow Shading system definition

Another approach making the shading system completely in-
dependent from the building.
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Shading system proposed design
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Shading system proposed design

Revit-Grasshopper integration Energy simulation workflow Shading system definition
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Static analysis loads

Revit-Grasshopper integration Energy simulation workflow Shading system definition Static analysis
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Static analysis cross section

Revit-Grasshopper integration Energy simulation workflow Shading system definition Static analysis

For a multi story building with a given height x and 2m<x<4m we have:

   min
28
x

=  max
7
x

=  for the diameter for the steel hollow section
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Revit-Grasshopper integration Energy simulation workflow Shading system definition Static analysis

Static analysis loads

2

16 10wind
VP =
⋅   where: V  is the air speed measured in 

m
s  and windP  is the air pressure measured in 

Pa  or 2
N

m .
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Revit-Grasshopper integration Energy simulation workflow Shading system definition Static analysis

Static analysis
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Revit-Grasshopper integration Energy simulation workflow Shading system definition Static analysis

Static analysis results

total mass

maximum
displacement

Axial forces calculation Bending moments calculation
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Revit-Grasshopper integration Energy simulation workflow Shading system definition Static analysis

Static analysis for whole structure

Supports and reactionsAxial forces calculation
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Multi-objective optimization parameters

parameter 1: diagrid scale parameter 2: width to height ratio

parameter 3: diagrid offset parameter 4: amount of shading

Revit-Grasshopper integration Energy simulation workflow Shading system definition Static analysis Multi-objective optimization
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Revit-Grasshopper integration Energy simulation workflow Shading system definition Static analysis Multi-objective optimization

Multi-objective optimization objectives

objective 2: Maximum displacement [cm]objective 1: Total mass [kg] 

objective 3: Cooling energy demands [KWh] objective 4: Average Daylight autonomy [%]
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Multi-objective optimization workflow

P1: Diagrid pattern scale                                                     parameter | Gene
P2: Width-height ratio                                                           parameter | Gene
P3: Diagrid offset(Shading offset)                                       parameter | Gene
P4: Shading Coverage (%)                                                   parameter | Gene

O1: Total mass [kg] - minimize                                                          objective
O2: Maximum displacement [cm]- minimize                                   objective
O3: Cooling energy demands [KWh] - minimize                              objective
O4: Average Daylight autonomy [%] - maximize                              objective

Revit-Grasshopper integration Energy simulation workflow Shading system definition Static analysis Multi-objective optimization
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Revit-Grasshopper integration Energy simulation workflow Shading system definition Static analysis Multi-objective optimization

Multi-objective optimization solution space

FO1 FO2 FO3 FO4
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Multi-objective optimization objective values trends

Revit-Grasshopper integration Energy simulation workflow Shading system definition Static analysis Multi-objective optimization
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Multi-objective optimization results clustering in Wallacei
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Multi-objective optimization results export
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Multi-objective optimization results export
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e.h.w= extreme hot week

Simulation results for original facade - Extreme hot week analysis period 

Total cooling demands: 16449.86 KWh/ehw

For the typical levels under investigation:

16449.86 KWh
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Revit-Grasshopper integration Energy simulation workflow Shading system definition Static analysis Multi-objective optimization

Multi-objective optimization results

[best for minimizing mass Obj1]

[best for minimizing cooling demands Obj3]

[best for minimizing displacement Obj2]

[best for average Daylight autonomy]
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e.h.w= extreme hot week

Simulation results for extreme solutions - Extreme hot week analysis period 

Total cooling demands: 16539.21 KWh/ehw

For the typical levels under investigation:

Best solution for minimizing mass (Obj1)

16539.21 KWh
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e.h.w= extreme hot week

Simulation results for extreme solutions - Extreme hot week analysis period 

Total cooling demands: 18504.95 KWh/ehw
For the typical levels under investigation:

Best solution for minimizing displacement 
(Obj2)

18504.95 KWh
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e.h.w= extreme hot week

Simulation results for extreme solutions - Extreme hot week analysis period 

Total cooling demands: 16271.06 KWh/ehw
For the typical levels under investigation:

Best solution for minimizing cooling demands 
(Obj3)

16271.06 KWh
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e.h.w= extreme hot week

Simulation results for extreme solutions - Extreme hot week analysis period 

Total cooling demands: 16529.57 KWh/ehw

Best solution for maximizing daylight 
autonomy (Obj4)

16529.57 KWh

For the typical levels under investigation:
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e.h.w= extreme hot week

Simulation results for extreme solutions - Extreme hot week analysis period 

Total cooling demands: 17473.32 KWh/ehw
For the typical levels under investigation:

Not the best solution for all criteria

17473.32 KWh
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Total cooling demands: 16449.86 KWh/ehw Total cooling demands: 16271.06 KWh/ehw
e.h.w= extreme hot week

Thermal Resilience enhanced?
Original shading Optimized proposed

shading
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Workflow conclusions

The cross section selected allowed minimal range for displacement values making it an objective with relatively 
small influence on the solutions generated.

Filtering solutions and identifying their position in the design space is not possible in the current workflow.

The optimization, although it works efficiently, it needs 16-30h for a good estimation and optimized results which 
is impractical.

Materiality of the shading elements, HVAC system used for mechanical ventilation, future weather data estima-
tion, sensitivity analysis between the energy demand types, cost and the mass of the structure, cross section 
parametrization, solution filtering, criteria decision trees..... are only some of the possible branches of this work-
flow.
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Design conclusions

Best solution?...
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There is no best solution, a perfect 
solution is always relative to a criterion.

Design conclusions
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Goals

• To be able to evaluate the energy performance of existing buildings.

• To provide instant interdisciplinary feedback in a design team.

• To improve an existing envelope’s energy performance by reducing its cooling                 
 demands (with an optimized design).

• Find the best solution.
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Thank you for your attention!
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Wind loads

Self loads

Load transfer
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Connections


