


What is good Architecture ?



Good 

Architecture

F i r m i t a s

U t i l i t a s Ve n u s t a s



F i r m i t a sU t i l i t a s Ve n u s t a s



F i r m i t a sF u n c t i o n Ve n u s t a s



R o b u s t n e s sF u n c t i o n Ve n u s t a s



R o b u s t n e s sF u n c t i o n A e s t h e t i c s



Robustness
/rə(ʊ)ˈbʌstnəs/

The ability to withstand or overcome 

adverse conditions or rigorous testing.



Robustness
Design keeping the future in mind !!!

Structural Integrity Comfort ?



Climate Change



P5 | Prateek Wahi

Robustness of Building Envelope 
Investigating Robust Design Solutions for  Energy Efficient Educational Buildings

in Future Climate Scenario
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Tichaona Dande, 2018
European Commission, 2019
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40% of total primary energy.

40%

36% of  CO2 emissions

36%

Built Environment in European Union 
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Climate Agreement, Government.nl

Netherlands Climate Agreement

1990
CO2 Emissions

-49%
2030

-90%
2050 
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Climate Agreement, Government.nl
Gvozdenovic, Maassen, Zeiler, & Besselink, 2015, p.100

Netherlands Climate Agreement

1990
CO2 Emissions

-49%
2030

-90%
2050 

New construction and renovation in the Netherlands must achieve

45-80% energy reduction. 

Reduction of heat consumption in buildings by  

80% till 2050.
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Primary Design Strategy in Temperate Climates  

Highly insulated building envelopes : 

Reduce heat loss due to transmission. 

Increase airtightness : 

Reduce heat loss due to ventilation.

Glazing Surface : 

Maximize solar gain  

Reduce energy Consumption 

for space heating as low as possible. 
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Problem in Summers

In summers , due to high insulations and airtightness 

of the building envelope , the heat gained during the 

day is unable to escape . 

Risk of Overheating 

Attia, 2018b; Barbosa, Bartak, Hensen, Loomans, 2015;
Kazanci & Olesen, 2016
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Overheating is one of the primary causes of 

thermal discomfort , which in worst 

case scenario may also  lead to 

illness or death  

Hamdy, Carlucci, Hoes, & Hensen, 2017
Garssen, Harmsen, & de Beer, 2005;

CBS, n.d.

In July 2019 Maximum Temperature reached in 

the Netherlands was 40˚C ,.

2,964 deaths 400 more than average.  

Correlation between elevated 

temperature and increased death 

rates. 

Effects of Overheating
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Climate action tracker.org
climate.nasa.gov

Stocker et al., 2013, p. 1031

Climate Change 

Global Temperature has risen to .9˚C since late 19th

century. It is estimated to rise above  4.0˚C by the 

end of this century, 
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KNMI, 2016

Climate Change in the Netherlands  

Annual mean temperature of Netherlands 

has risen to 1.7˚C since 1906. 
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90% of the occupants spend their time indoors ,

Heracleous & Michael, 2018; Jenkins et al., 2009

for students its even more.



Heracleous & Michael, 2018; Jenkins et al., 2009

high correlation 

Thermal Comfort Performance

With the increasing risk of climate change and its effects on indoor thermal comfort, 

it is imperative to study the risk of overheating in an energy efficient educational buildings.



BBC,2012 ; Mirror.uk,2017; NYSUT,2017; 
WSFA12,2019

Overheating Problems in Educational Buildings 

Problem Statement Research Questions Results Analysis Conclusions Designer’s Tool 24



How to reduce overheating ?



Cooling



Zero Carbon Hub , 2012
Graphics Adapted from Gething&Puckett,2013

Cooling Strategies: Active Cooling 
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Cooling Strategies: Active Cooling 

Zero Carbon Hub , 2012
Graphics Adapted from Gething&Puckett,2013
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Cooling Strategies: Passive Cooling 
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Zero Carbon Hub , 2012
Graphics Adapted from Gething&Puckett,2013
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The strategies must adapt to the change in the Climate

“Climate Change is a moving target”

Gething&Puckett,2013
Knaack, U., Klein, T., Bilow, M., & Auer, T. ,2014

Passive strategies provides opportunities to interact and adapt to external 

climate



Can passive strategies reduce overheating in Future ?



With the projected rise in temperature due to climate change,

the risk of overheating in the future may become severe in energy efficient educational buildings.

The buildings we design, will stand for next 50 – 100 years. 

It is imperative to consider the uncertainties of 

changing climate in low energy buildings.



Therefore, the buildings we design must be 

robust

for future climate change. 



Therefore, the buildings we design must  

perform as expected in presence of uncertainties

of future climate change. 



What are the adaptive strategies in a temperate climate, applicable to building envelope 

facilitating robustness of energy efficient educational buildings by reducing the risk of 

overheating in future climate change scenario? 
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What are the influential parameters corresponding to building envelope design?

Building 
Envelope
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What are the factors that contribute to the overheating of space?

How to assess overheating ?

What are the future scenarios to be considered for evaluation?

Building 
Envelope

Overheating 
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What are the potential spaces which may overheat in case study buildings ?

What is the extent of overheating in present and future climate scenarios ?

Building 
Envelope

Overheating Case Studies
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What are the adaptive design/passive design strategies in temperate climate available for building envelope?

Building 
Envelope

Overheating Case Studies
Adaptive 

Strategies
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How to evaluate the robustness of different design solutions in mitigating overheating problems

in the present and future climate scenarios?

Building 
Envelope

Overheating Case Studies
Adaptive 

Strategies

Robustness 

Evaluation

How robust are different passive design building envelope solutions?
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Building Envelope Overheating Case Studies Adaptive Strategies Robustness Evaluation

Physical barrier or interface between the

conditioned interior space and the

external environment.

Regulate Heat loss or gain to maintain

comfort and energy efficiency.

An efficient building envelope design

can reduce up to 60% of

heating or cooling loads.

International Energy Agency, 2013
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Overheating Case Studies Adaptive Strategies Robustness Evaluation

Components of Building Envelope

Ground Floor External Wall

(Façade)

Roof External Floor Openings &

Glazing

Opaque Transparent

Al-saadi, 2006;
Knaack, Klein, Bilow, & Auer, 2014 
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Building Envelope



OverheatingBuilding Envelope Case Studies Adaptive Strategies Robustness Evaluation

Zero Carbon Hub , 2012

What is Overheating ?

Accumulation of warmth within a building to an extent where it causes discomfort to the 

occupants.
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Zero Carbon Hub , 2012

Sources of Heat gain 

1. External Heat Gain 

OverheatingBuilding Envelope Case Studies Adaptive Strategies Robustness Evaluation
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Zero Carbon Hub , 2012

Sources of Heat gain 

2. Internal Heat Gain 

1. External Heat Gain 

OverheatingBuilding Envelope Case Studies Adaptive Strategies Robustness Evaluation
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NHBC, 2012

Sources of Heat gain 

3. Inadequate Ventilation

2. Internal Heat Gain 

1. External Heat Gain 

OverheatingBuilding Envelope Case Studies Adaptive Strategies Robustness Evaluation
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NHBC, 2012
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1.Site Context

OverheatingBuilding Envelope Case Studies Adaptive Strategies Robustness Evaluation

2.Urban Heat Island Effect

3.Orientation and Lack of Shading

4.External Heat Gain

5.Internal Heat Gain

6.Building Envelope

7. Increase in outdoor air temp. 
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How do you assess overheating ?



Analytical Dynamic 

TOjuly Method ATG Method



OverheatingBuilding Envelope Case Studies Adaptive Strategies Robustness Evaluation

Source:
NEN 5128:2003, NEN 7120:2012 and NTA 8800

Tojuly (Analytical)

Temperature overrun in the month of July

TOjuly is a static heat balance method

which calculates the need for cooling in the

month of July as an indicator of excess

heat.

Higher the TOjuly value , Higher is the risk

of overheating
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OverheatingBuilding Envelope Case Studies Adaptive Strategies Robustness Evaluation

Source:
NEN 5128:2003, NEN 7120:2012 and NTA 8800

• Quick method to indicate if the space will overheat or not.

• Reduces time invested into dynamic simulations

• Can be applied at early design stage.

Advantages

• Does not indicate the extent of overheating.

• Developed for residential use only.

• Does not consider any dynamic behavior.

Limitations

Tojuly (Analytical)
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OverheatingBuilding Envelope Case Studies Adaptive Strategies Robustness Evaluation

Band Width Classification  

Class A High Expectation , Extra Sensitivity (hospitals)

Class B Common Expectation, New Buildings 

Class C Older buildings 

Class D Temporary use buildings 

Use of Operative Temperature and outdoor running

mean temperature for past 7 days to analyse thermal

comfort.

Based on Adaptive Comfort Model and comply with

European standard EN-15251

Determining the type of buildings/spaces :

• Alpha Buildings : Natural Ventilated buildings 

• Beta Buildings :   Mechanically ventilated buildings 

Hybrid Method to evaluate both mechanically

cooled and naturally ventilated buildings/spaces

According to ISSO 74 and fresh school guidelines,

educational buildings must comply with Class B .

ISSO 74,24 
Kurvers & Leijten, 2019 
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ATG Method (Dynamic)  



OverheatingBuilding Envelope Case Studies Adaptive Strategies Robustness Evaluation

ISSO 74,24 
Kurvers & Leijten, 2019 

ATG Method (Dynamic)  
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OverheatingBuilding Envelope Case Studies Adaptive Strategies Robustness Evaluation
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OverheatingBuilding Envelope Case Studies Adaptive Strategies Robustness Evaluation

Source:
KNMI,2015

Dutch Meteorological Institute (KNMI) has provided

four climate change scenarios based on changes

in circulation pattern and global temperature rise.

Wh Climate change Scenario is the worst case

scenario

Developed for two time horizons

2050 and 2085

Future Climate Scenarios
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OverheatingBuilding Envelope Adaptive Strategies Robustness EvaluationCase Studies 

Pulse Building , TU Delft Campus

• First Energy Neutral Building on the 

campus 

• Completed : September 2018

• Gross Floor Area : 4700 m2

• Multifunctional University Building.

• Educational spaces, seminar rooms, self-

study spaces, multi-cuisine cafeteria with 

a capacity of 200 people.

Image: qbiqwallsystems.com
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OverheatingBuilding Envelope Adaptive Strategies Robustness EvaluationCase Studies 

Melanchthon Kralingen,

Rotterdam

• Newly constructed building replacing 

original building from 1970’s.

• Completed : 2018

• Gross Floor Area : 4230 m2

• Designed according to fresh school 

guidelines .

• Currently, houses 345 students. 

Image: Kaw archietcts
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OverheatingBuilding Envelope Adaptive Strategies Robustness EvaluationCase Studies 

Source: CRE, TuDelft, Wolf+Dikken Advisors

Pulse , TU Delft Melanchthon, Rotterdam

Facade (Opaque)
R-Value 
7m².K/W

R-Value 
4.5m².K/W

Roof 
R-Value 

6 m².K/W

Ground Floor 
R-Value

5 m².K/W. 

R-Value 
3.5 m².K/W

External Floor
R-Value 

6 m².K/W

WWR .75 .6

Glazing Triple IGU HR++

U-Value .8 W/m².K 1.1 W/m².K

G-value .40 .35

VLT <=.70 <=.70

Infiltration 0.15 L/s per m2 at 10Pa 0.42 L/s per m2 at 10Pa

Shading 
Internal Blinds (NE)

Textile Shading (SW)
Overhangs, Sidefines
External Roller blinds

Heating / Cooling 
ATES 

Radiative systems :Climate 
Ceilings

District Heating 

Natural Ventilation 

Ventilation 
Mechanical supply and 

exhaust
MVHR with summer bypass

Windows 

Lighting 9 W/m2 8 W/m2

Occupancy 8:00 – 0:00 (all week) 9:00 – 16:00 (5 days)
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Identification of Spaces which may Overheat



OverheatingBuilding Envelope Adaptive Strategies Robustness EvaluationCase Studies 

Empirical Studies 

Teaching Spaces
South, South-East, 

North-East , North-West
Top Floors
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OverheatingBuilding Envelope Adaptive Strategies Robustness EvaluationCase Studies 

Empirical Studies 
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Pulse Building Melanchthon School , Rotterdam

Radiation Analysis Identification of potential spaces which may overheat



OverheatingBuilding Envelope Adaptive Strategies Robustness EvaluationCase Studies 

Pulse Building Melanchthon School , Rotterdam
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TOjuly
Simplified Excel 

Tool
Residential Educational Validation

Challenge 1 Challenge 2 Challenge 3



The simplified method can be used for predicting risk for overheating in 

educational buildings. 

The method cannot be validated for corner spaces. 



OverheatingBuilding Envelope Adaptive Strategies Robustness EvaluationCase Studies 

Empirical Studies 

Identification of 
potential spaces which 

may overheat
Radiation Analysis 

Analytical Calculations TO July 

TOjuly Value indicates the probability of excess 

temperature. 

Ideally TOjuly value should not be greater than 1. 

If TOjuly is greater than 1 , dynamic simulation tools are 

required to analyse the risk of overheating. 

The overheating assessment was done using ATG 

method.
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OverheatingBuilding Envelope Adaptive Strategies Robustness EvaluationCase Studies 
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OverheatingBuilding Envelope Adaptive Strategies Robustness EvaluationCase Studies 

Empirical Studies 

Identification of 
potential spaces which 

may overheat
Radiation Analysis 

Analytical Calculations TO July 

Identification of Typical 
Spaces 

Dynamic Calculations
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OverheatingBuilding Envelope Adaptive Strategies Robustness EvaluationCase Studies 

DB Model

Thermal Zones

Input Parameters Construction Data Roof Insulations

Openings

Activity Data 

Occupancy Profile

Lighting 

Internal Loads

Ventilation 

HVAC/Natural Vent.

Infiltration Rates 

Heating/Cooling

Set-Point/Set Back

Cooling Power

Wall Insulation

Pulse Building

Melanchthon School , Rotterdam

Dynamic Calculations
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OverheatingBuilding Envelope Adaptive Strategies Robustness EvaluationCase Studies 

DB Model

Thermal Zones

Input Parameters

Dynamic Simulations

Uncalibrated Model Calibration Check

Mean Bias Error 
(MBE) 

Coefficient of 
Variation of Root 

Mean Square 
Method  

CV(RMSE)

calibrated Model
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OverheatingBuilding Envelope Adaptive Strategies Robustness EvaluationCase Studies 

DB Model

Thermal Zones

Input Parameters

Dynamic Simulations

Uncalibrated Model

calibrated Model

Hourly Simulation for 
different climate 

scenarios 

May-September

Baseline 2008 1%

2050 1%

2085 1%
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OverheatingBuilding Envelope Adaptive Strategies Robustness EvaluationCase Studies 

DB Model

Thermal Zones

Input Parameters

Dynamic Simulations

Uncalibrated Model

calibrated Model

Hourly Simulation for 
different climate 

scenarios 
Output Parameters

Indoor Operative 
Temperature

ATG Graphs 

Reporting of Results
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OverheatingBuilding Envelope Adaptive Strategies Robustness EvaluationCase Studies 

• According to Dutch Regulations, a 

minimum of Class B has to be 

maintained 

• Pulse Building has higher risk of 

overheating in future. 

• The School building performs better in 

latter part of the century
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Naturally Ventilated buildings adapt better to external climate as compared to 

Mechanically controlled. 

Integrated Passive design of Melanchthon School and allowing the occupants to adapt.

However, the occupancy and operation of Pulse and Melanchthon is different



Adaptive Strategies 



Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation

Passive Cooling 
Strategies 

Reducing Overheating Heat Control

Heat Protection

Heat Removal
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Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation

Climate Change Climate Adaptive Solution Set 

Site Level Building Level Spatial Level Component Level

Passive Design Solutions  for Building 
Design 

Bio Climatic Design 

Building Layout

Orientation 

Passive Cooling 
systems

Design Stage Post Occupancy Renovation

Passive Design Solutions  for Building 
Envelope 

Thermal Mass

Insulations 

Shading 

Ventilation 

Where to Apply

When to Apply
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Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation

Source:
Engel & Roaf, 2019; Freewan, 2016; Heiselberg, 2006; Prieto et al., 2018
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Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation

Source:
Engel & Roaf, 2019; Freewan, 2016; Heiselberg, 2006; Prieto et al., 2018
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Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation

Source:
Engel & Roaf, 2019; Freewan, 2016; Heiselberg, 2006; Prieto et al., 2018
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Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation

N
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Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation

N
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Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation

N
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40 Different Strategies

9,880

Combinations

40C3
Selecting solutions



40 Different Strategies

Analytical 

Dynamic 

Reduction in % of 
Discomfort Hours
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Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation

WWR Reducing U-Value White Surfaces on Roof

Mixed Mode Ventilation PCM Panels

Pulse Hall 8

Problem Statement Research Questions Results Analysis 89Conclusions Designer’s Tool
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Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation

External Blinds Overhang & Side fin White Surfaces on roof 

and facade

Mixed Mode Ventilation

Shutters

PCM Panels

Pulse Hall 10: Existing Facade

Problem Statement Research Questions Results Analysis 90Conclusions Designer’s Tool

10 Solution Sets



Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation

Pulse Hall 10 : WWR 50%

Problem Statement Research Questions Results Analysis 91Conclusions Designer’s Tool

8 Solution Sets

External Blinds Overhang & Side fin White Surfaces on roof 

and facade

Mixed Mode Ventilation

Shutters

PCM Panels



Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation

Overhangs (Pergola) White Surfaces on roof 

and facade

4 Solution Sets PCM Panels

Melanchthon School: Staffroom
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Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation

Overhangs (Pergola) White Surfaces on roof 

and facade

PCM Panels

Melanchthon School: Class 31

Combination of Openings

WWR

Problem Statement Research Questions Results Analysis 93Conclusions Designer’s Tool

6 Solution Sets



Robustness Evaluation



Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation

What is a Robust Design ? 

A design with minimum performance variability under the presence of uncertainties.
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Assessment of Robust Design 

A design with minimum performance variability under the presence of uncertainties.

Solutions Set 

Attia, 2018b; Hamdy et al., 2017
Rajesh Kotireddy et al., 2017a, 2017b, 2018, 2019

Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation
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A design with minimum performance variability under the presence of uncertainties

Overheating Thresholds

Assessment of Robust Design 

Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation

Solutions Set 

Performance Indicator

The percentage of discomfort

hours exceeding Class B upper

limit depending on alpha or beta

type of space, by plotting ATG

Graphs
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A design with minimum performance variability under the presence of uncertainties

Assessment of Robust Design 

Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation

Solutions Set 

Performance Indicator

The worst case scenario (Wh) of

climate change

for 2050 and 2085

Future Climate 

Scenario
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Assessment of Robust Design 

Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation

Solutions Set 

Dynamic Simulation

Future Climate 

Scenario

Percentage of 

Discomfort Hours

Statistical Evaluation 

(Best Case Worst 

Case Scenario 

Method)

Robustness Evaluation  Method Parameters for Evaluation Building Performance Simulations
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Assessment Method 

Adapted from the works of 
Rajesh Kotireddy et al., 2017a, 2017b, 2018, 2019

Best Case Worst Case Method 

• Difference between the best performance of the 

entire design space and worst performance of 

design across considered scenarios. 

• Robust Design is a design with minimum 

performance deviation 

Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation
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Assessment of Robust Design 

Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation

Solutions Set 

Dynamic Simulation

Future Climate 

Scenario

Percentage of 

Discomfort Hours

Statistical Evaluation 

(Best Case Worst 

Case Scenario 

Method)

Robustness Evaluation  Method Parameters for Evaluation Building Performance Simulations

Selection of Robust 

Design Solutions

Evaluated design strategies 

Adapted from the works of 
Attia, 2018b; Hamdy et al., 2017

Rajesh Kotireddy et al., 2017a, 2017b, 2018, 2019
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Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation
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Recap



Overheating

Energy Efficient Educ. 
Buildings

Thermal Comfort 
Problems

Are the passive 
strategies robust
enough for future?

Highly Insulated

How to Solve This 

Active Strategies Passive Strategies 

Airtightness
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Climate Change Climate Adaptive Solution Set 

Design Stage Post Occupancy Renovation

Site Level Building Level Spatial Level Component Level

Passive Design Solutions  for Building 
Design 

Bio Climatic Design 

Building Layout

Orientation 

Passive Cooling 
systems

Passive Design Solutions  for Building 
Envelope 

Thermal Mass

Insulations 

Shading 

Ventilation 
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What are the adaptive strategies in a temperate climate, applicable to building 

envelope facilitating robustness of energy efficient educational buildings by 

reducing the risk of overheating in future climate change scenario? 



Reducing WWR Shading Strategies 

White Surfaces Mixed Mode + PCM Panels

Robust Design solutions 

applicable on the Building 

envelope.
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Reducing WWR
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Reducing WWR can affect 

the daylight quality 



Shading Strategies 
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Combination of overhangs 

and side fins perform better 

as compared to individual 

application



Shading Strategies 
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Moveable Shading devices 

perform slightly better as 

compared to fixed shading. 



White Surfaces

117Results Conclusions Designer’s ToolProblem Statement Analysis Research Questions

Application of white 

surfaces perform better 

when combined with lower 

WWR.



Mixed Mode + PCM Panels
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Mixed Mode Ventilation 

Strategy with PCM panels 

installed towards the inside 

of the external wall. 



In 2085, the outdoor air temperature is too 

high to be used for ventilative cooling 



Case Studies OverheatingBuilding Envelope Adaptive Strategies Robustness Evaluation

Ladybug Wind Rose Analysis

Period : May-September
Daytime : 9:00 – 17:00

One octagonal polyline : 33 hours

Baseline 2050 2085
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Ladybug Wind Rose Analysis

Period : May-September
Night-time : 22:00 – 6:00

One octagonal polyline : 33 hours

Baseline 2050 2085
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Mixed Mode + PCM Panels

122Results Conclusions Designer’s ToolProblem Statement Analysis Research Questions

Ventilation has limited 

application in 2085
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Melanchthon School
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Robustness of a design is a viable method to include the 

uncertainties of climate change. 



Robustness 
Evaluation

Early Design 
Stage

Uncertainties of 
Climate Change

Comfort in building 
lifespan



How do we integrate robustness evaluation into the 

design process?



Designer’s Tool

Simple Min. Inputs Simple GUI Design Oriented Iterative Analysis 





Project Details

Spatial Details

Dimensional Properties

Glazing Properties

Thermal Insulation 

Shading Properties

Ventilation Properties

Internal Loads

8 Sections 

for input parameter



Project Details
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Project Details

Spatial Details

Dimensional Properties

Glazing Properties

Thermal Insulation 

Shading Properties

Ventilation Properties

Internal Loads



Analysis

• Design option DO10 has 

lowest TOjuly values in 

both climate

• DO10 has the least 

performance deviation 

among all the design 

options. 

• Therefore, design option 

DO10 is the most 

robust. 
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Future Development

Analytical 
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Future Development

Dynamic 3D Modelling Software Web and Mobile App



Robustness

Summer Comfort Energy Circularity Cost



As Designers we need to peek into the future 

for providing comfortable built environment.

Climate Change is real and its happening !!! 

Look for out-of-the box and robust solutions.



We need to know the limits of the box before 

attempting to think outside of that “box”.

Affirmation is prior to Innovation.



“We shape our buildings thereafter; they shape us” – Winston Churchill.

“We shaped the climate, therefore the climate will shape us.”



Questions ?



Appendix



Building Envelope Overheating Case Studies Adaptive Strategies Robustness Evaluation

Functional Properties: Thermal Insulation

Components Insulation Values

Opaque
(R-Value)

Building 
Decree,2012

NTA 8800, 2021

Roof 6 m2.K/W 6.3 m2.K/W

External Wall 4.5 m2.K/W 4.7 m2.K/W

External Floor 3.5 m2.K/W 3.7 m2.K/W

Transparent
(U-Value)

Glazing 
(including frame and 

glass)
<= 1.65 W/m2.K

Dutch Building Decree, 2012, 
NTA 8800, 2019
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Building Envelope Overheating Case Studies Adaptive Strategies Robustness Evaluation

Functional Properties: Ventilation

Educational 
Buildings

Min Ventilation

Building 
Decree,2012

8.5 L/s per person

NTA 8800, 2021 8.5 L/s per person

Fresh School Class A 12 L/s per person

Class B 8.5 L/s per person

Class A 6 L/s per person

Dutch Building Decree, 2012,
Fresh School guidelines, 2015 

NTA 8800, 2019
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Problem Statement Research Questions Results Analysis Conclusions Further Steps 153

EPW File (Energy Plus)

2008 Standard 

Test Reference Year 
(TRY) comfort 

calculations

1% probability

NEN:5060 (Base File)

NEN:5060 (2009)

TRY Comfort (1%)
Base Case (NEN:5060, 2008)

KNMI Transformation Data 
(Scenario Wh : Worst Case 

Scenario)  

TRY (2050) TRY (2085)

Source : Spoel & Ham, 2012
Bokel, 2019
KNMI,2020
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Empirical Studies 
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OverheatingBuilding Envelope Adaptive Strategies Robustness EvaluationCase Studies 

Empirical Studies 

Radiation Analysis 

Ladybug Solar radiation

Period : May-September

Climate File : Baseline 2008, 1%

Identification of 
potential spaces which 

may overheat
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OverheatingBuilding Envelope Adaptive Strategies Robustness EvaluationCase Studies 

Empirical Studies 

Radiation Analysis 

Ladybug Solar radiation

Period : May-September

Climate File : Baseline 2008, 1%

Identification of 
potential spaces which 

may overheat
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Problem Statement Research Questions Results Analysis Conclusions Further Steps 157

Case Studies 

• TOjuly was calculated from dynamic 

simulation.

• The difference between TOjuly

simulated and simplified method 

must be within 20%.



The simplified method can be used for predicting risk for overheating in educational buildings. 

The method cannot be validated for corner spaces. 

Staffroom at Melanchthon school will also be considered for dynamic simulations.
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Problem Statement Research Questions Results Analysis 159

Case Studies 
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Base line year (NEN 5060: 2008 1% Comfort)
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Passive Design Strategies 
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Present 2050 2085

Passive Design Strategies 

16
7

Results Conclusions Designer’s ToolProblem Statement Analysis Research Questions



Author Year Building Types Adaptive Strategies 

Jenkins et al. 2009 Schools 

• External Shading 

• Passive Cooling 

• Ventilation Strategies 

Lomas et al. 2012 Hospitals 

• Insulations 

• Shading strategies 

• Natural Ventilation Strategies 

Gupta and Gregg 2012 Residences 

• Increased external and internal insulations 

• Cavity Wall Insulations 

• High Albedo Exterior surfaces 

• Exposed Thermal Mass

• Shading strategies 

Hamdy et al. 2017 Residences 
• Ventilative Cooling 

• Solar Protection 

Shadmanfar et al. 2019 Schools 
• Increasing thermal mass

• Nigh time cooling 

C Jimenez 2019 Offices 
• Thermal Mass 

• Ventilation Strategies 

Comparison of adaptive strategies used in different literature studies in temperate climate to reduce overheating . Source: Author
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Pulse Hall 8
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Code Solution Set Remarks

H8.1 Reduce U-Value of partition Walls U-value to 1.65 W/m2K

H8.2. Reduce U-Value of partition Walls U-Value to 1 W/m2K

H8. 3. Reduced U-Value + White Surfaced Roof WWR 70% from 100%

H8. 4.
Reduced U-Value + White Surfaced Roof+ 

WWR 70%

R-Value of opaque parts 

increased 3 m2K/W

H8. 5.
Reduced U-Value + White Surfaced Roof+ 

WWR 70%

G-value of 

transparent parts to .4

H8. 6.
Reduced U-Value + White Surfaced Roof+ 

WWR 70 % +Mixed mode
Opening skylight windows

H8. 7
Reduced U-Value + White Surfaced Roof+ 

WWR 70 % +Mixed mode + PCM Panels

PCM modelled as 80 mm 

concrete
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Code Solution Set Remarks

H8.1 Reduce U-Value of partition Walls U-value to 1.65 W/m2K

H8.2. Reduce U-Value of partition Walls U-Value to 1 W/m2K

H8. 3. Reduced U-Value + White Surfaced Roof WWR 70% from 100%

H8. 4.
Reduced U-Value + White Surfaced Roof+ 

WWR 70%

R-Value of opaque parts 

increased 3 m2K/W

H8. 5.
Reduced U-Value + White Surfaced Roof+ 

WWR 70%

G-value of 

transparent parts to .4

H8. 6.
Reduced U-Value + White Surfaced Roof+ 

WWR 70 % +Mixed mode
Opening skylight windows

H8. 7
Reduced U-Value + White Surfaced Roof+ 

WWR 70 % +Mixed mode + PCM Panels

PCM modelled as 80 mm 

concrete

Pulse: Hall 8



8.1 8

9.9
10.6 10.7

11.6
12.5

18
18.6 19

20.2 20.3
21.4

22.5

10
10.6 11

12.2 12.3
13.4

14.5

8 8 8 8 8 8 8

0

5

10

15

20

25

H.8.7 H.8.6 H.8.5 H.8.4 H.8.3 H.8.2 H.8.1

P
er

ce
n

ta
ge

 o
f 

D
is

cm
fo

rt
 H

o
u

rs

Solution Set

Discomfort Hours (2050) Discomfort Hours (2085) Performance Deviation Best Case

Code Solution Set Remarks

H8.1 Reduce U-Value of partition Walls U-value to 1.65 W/m2K

H8.2. Reduce U-Value of partition Walls U-Value to 1 W/m2K

H8. 3. Reduced U-Value + White Surfaced Roof WWR 70% from 100%

H8. 4.
Reduced U-Value + White Surfaced Roof+ 

WWR 70%

R-Value of opaque parts 

increased 3 m2K/W

H8. 5.
Reduced U-Value + White Surfaced Roof+ 

WWR 70%

G-value of 

transparent parts to .4

H8. 6.
Reduced U-Value + White Surfaced Roof+ 

WWR 70 % +Mixed mode
Opening skylight windows

H8. 7
Reduced U-Value + White Surfaced Roof+ 

WWR 70 % +Mixed mode + PCM Panels

PCM modelled as 80 mm 

concrete

Pulse: Hall 8
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Code Solution Set Remarks

H10.1 WWR 75% + White Surfaced roof and Facade

H10.2
WWR 75% + White Surfaced roof and Façade + External 

Roller Blinds

H10.3. 
WWR 75% + White Surfaced roof and Facade+ 0.5 m 

overhang and 0.35 m sidefins.

H10.4
WWR 75% + White Surfaced roof and Facade+ 

1 m overhang and 0.35 m sidefins.

H10.5 WWR 75% + White Surfaced roof and Facade+ shutters

H10.6
WWR 75% + White Surfaced roof and Facade+

mixed-mode +PCM Panels

Existing two 

windows openings 

with 40%

openable area 

operating through 

out the day

PCM modelled as 

80 mm concrete

H10.7
WWR 75% + White Surfaced roof and Facade+

mixed-mode +PCM Panels+ external blinds

H10.8
WWR 75% + White Surfaced roof and Facade+ mixed

mode +PCM Panels+0.5 m overhang and 0.35 m sidefins.

H10.9
WWR 75% + White Surfaced roof and Facade+ mixed

mode +PCM Panels+1 m overhang and 0.35 m sidefins.

H10.10
WWR 75% + White Surfaced roof and Facade+ mixed

mode +PCM Panels+ shutters

Pulse: Hall 10 (Existing Façade)
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Pulse: Hall 10 (Existing Façade)

Code Solution Set Remarks

H10.1 WWR 75% + White Surfaced roof and Facade

H10.2
WWR 75% + White Surfaced roof and Façade + External 

Roller Blinds

H10.3. 
WWR 75% + White Surfaced roof and Facade+ 0.5 m 

overhang and 0.35 m sidefins.

H10.4
WWR 75% + White Surfaced roof and Facade+ 

1 m overhang and 0.35 m sidefins.

H10.5 WWR 75% + White Surfaced roof and Facade+ shutters

H10.6
WWR 75% + White Surfaced roof and Facade+

mixed-mode +PCM Panels

Existing two 

windows openings 

with 40%

openable area 

operating through 

out the day

PCM modelled as 

80 mm concrete

H10.7
WWR 75% + White Surfaced roof and Facade+

mixed-mode +PCM Panels+ external blinds

H10.8
WWR 75% + White Surfaced roof and Facade+ mixed

mode +PCM Panels+0.5 m overhang and 0.35 m sidefins.

H10.9
WWR 75% + White Surfaced roof and Facade+ mixed

mode +PCM Panels+1 m overhang and 0.35 m sidefins.

H10.10
WWR 75% + White Surfaced roof and Facade+ mixed

mode +PCM Panels+ shutters



Code Solution Set Remarks

H10.2
WWR 75% + White Surfaced roof and Façade + External 

Roller Blinds

H10.7
WWR 75% + White Surfaced roof and Facade+

mixed-mode +PCM Panels+ external blinds
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Pulse: Hall 10 (Existing Façade)

Why does solution H.10.7 has high performance 

deviation when it is the best performing case ?

Actual performance of the solution must also be 

considered . 
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Code Solution Set Remarks

H10.11 WWR 50% + White Surfaced roof and Facade

H10.12
WWR 50% + White Surfaced roof and Façade + External 

Roller Blinds

H10.13 
WWR 50% + White Surfaced roof and Facade+ 0.5 m 

overhang and 0.35 m sidefins.

H10.14 WWR 50% + White Surfaced roof and Facade+ shutters

H10.15
WWR 50% + White Surfaced roof and Facade+

mixed-mode +PCM Panels Existing two 

windows openings 

with 40%

openable area 

operating through 

out the day

PCM modelled as 

80 mm concrete

H10.16
WWR 50% + White Surfaced roof and Facade+

mixed-mode +PCM Panels+ external blinds

H10.17
WWR 50% + White Surfaced roof and Facade+ mixed

mode +PCM Panels+0.5 m overhang and 0.35 m sidefins.

H10.18
WWR 75% + White Surfaced roof and Facade+ mixed

mode +PCM Panels+ shutters

Pulse: Hall 10 (50% WWR)
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Pulse: Hall 10 (50% WWR)

Code Solution Set Remarks

H10.11 WWR 50% + White Surfaced roof and Facade

H10.12
WWR 50% + White Surfaced roof and Façade + External 

Roller Blinds

H10.13 
WWR 50% + White Surfaced roof and Facade+ 0.5 m 

overhang and 0.35 m sidefins.

H10.14 WWR 50% + White Surfaced roof and Facade+ shutters

H10.15
WWR 50% + White Surfaced roof and Facade+

mixed-mode +PCM Panels Existing two 

windows openings 

with 40%

openable area 

operating through 

out the day

PCM modelled as 

80 mm concrete

H10.16
WWR 50% + White Surfaced roof and Facade+

mixed-mode +PCM Panels+ external blinds

H10.17
WWR 50% + White Surfaced roof and Facade+ mixed

mode +PCM Panels+0.5 m overhang and 0.35 m sidefins.

H10.18
WWR 75% + White Surfaced roof and Facade+ mixed

mode +PCM Panels+ shutters



Code Solution Set Remarks

S.1 White Surfaced roof and Facade

S.2 White Surfaced roof and Façade +PCM Panels

Night ventilation 

already present by 

summer

bypass.

PCM modelled as 

80 mm concrete

S.3 White Surfaced roof and Facade+2 m width pergola

extension of 

pergola on ground 

floor to first floor

S.4
White Surfaced roof and Facade+2 m width pergola +PCM

Panels

extension of 

pergola on ground 

floor to first floor

PCM modelled as 

80 mm concrete
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Melanchthon Staffroom
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Code Solution Set Remarks

S.1 White Surfaced roof and Facade

S.2 White Surfaced roof and Façade +PCM Panels

Night ventilation 

already present by 

summer

bypass.

PCM modelled as 

80 mm concrete

S.3 White Surfaced roof and Facade+2 m width pergola

extension of 

pergola on ground 

floor to first floor

S.4
White Surfaced roof and Facade+2 m width pergola +PCM

Panels

extension of 

pergola on ground 

floor to first floor

PCM modelled as 

80 mm concrete

Melanchthon Staffroom
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C.1 White Surfaced roof and Facade

C.2 White Surfaced roof and Façade +PCM Panels

Night ventilation already 

present by summer

bypass.

PCM modelled as 80 

mm concrete

C.3 White Surfaced roof and Facade+2 m width pergola
extension of pergola on 

ground floor to first floor

C.4 White Surfaced roof and Facade +PCM Panels+ WWR 50%
PCM modelled as 80 

mm concrete

C.5
White Surfaced roof and Facade +PCM Panels +

combination of openings

BMS controlled 

Ventilator at top with 

manual

opening windows at the 

bottom

PCM modelled as 80 

mm concrete

C.6
White Surfaced roof and Facade +PCM Panels+

combination of openings+ 2 m width pergola

BMS controlled 

Ventilator at top with 

manual

opening windows at the 

bottom

extension of pergola on 

ground floor to first floor

PCM modelled as 80 

mm concrete
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C.1 White Surfaced roof and Facade

C.2 White Surfaced roof and Façade +PCM Panels

Night ventilation already 

present by summer

bypass.

PCM modelled as 80 

mm concrete

C.3 White Surfaced roof and Facade+2 m width pergola
extension of pergola on 

ground floor to first floor

C.4 White Surfaced roof and Facade +PCM Panels+ WWR 50%
PCM modelled as 80 

mm concrete

C.5
White Surfaced roof and Facade +PCM Panels +

combination of openings

BMS controlled 

Ventilator at top with 

manual

opening windows at the 

bottom

PCM modelled as 80 

mm concrete

C.6
White Surfaced roof and Facade +PCM Panels+

combination of openings+ 2 m width pergola

BMS controlled 

Ventilator at top with 

manual

opening windows at the 

bottom

extension of pergola on 

ground floor to first floor

PCM modelled as 80 

mm concrete

Melanchthon Staffroom
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Analytical Calculations Dynamic Calculations Dynamic Model Calibration
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Plotting ATG Graphs Robustness Evaluation 


