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Robustness

Ira(u) bastnas/

The ability to withstand or overcome

adverse conditions or rigorous testing.



Robustness

Design keeping the future in mind !!!

Structural Integrity Comfort ?



Climate Change



Robustness of Building Envelope

Investigating Robust Design Solutions for Energy Efficient Educational Buildings
in Future Climate Scenario

P5 | Prateek Wabhi
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Built Environment in European Union

40% of total primary @NEI gy.

Problem Statement

3 6 % of C O 2 emissions

Tichaona Dande, 2018
European Commission, 2019
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1990

CO, Emissions

Problem Statement

-49%
2030

-90%
2050
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1990

CO, Emissions

-49%
2030

-90%
2050

Problem Statement

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

Reduce energy Consumption

for space heating as low as possible.

Highly insulated building envelopes :

Reduce heat loss due to transmission.

IO

Increase airtightness :

Reduce heat loss due to ventilation.

4

Glazing Surface : | T

Maximize solar gain

Problem Statement




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

Problem Statement

Attia, 2018b; Barbosa, Bartak, Hensen, Loomans, 2015;
Kazanci & Olesen, 2016
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Effects of Overheating

Overheating is one of the primary causes of

thermal discomfort . which in worst

case scenario may also lead to

illness or death

Problem Statement

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.

Hamdy, Carlucci, Hoes, & Hensen, 2017
Garssen, Harmsen, & de Beer, 2005;
CBS, n.d.
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Climate Change

2100 WARMING PROJECTIONS &%‘EE‘?SE{E
Emissions and expected warming based on pledges and current policies Tracker
200 Dec 2019 update

by 2100

150

— Baseline
4.1-4.8°C

Global Temperature has risen to .9°C since late 19t

100

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

Current policies
F 2.8-3.2°C

v
o

end of this century,

2.8°C

Global greenhouse gas emissions GtCO.e /year

. 2.5-2.8°C
. — =——=————— _— 2°C consistent

L 1.6-1.7°C
1.5°C consistent

1.3°C

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Climate action tracker.org
climate.nasa.gov
Stocker et al., 2013, p. 1031

Problem Statement Research Questions Analysis Results Conclusions Designer’s Tool

Warming projected

lJ_ Optimistic policies

Historical \ "L Pledges & Targets

20



Climate Change in the Netherlands

Annual mean temperature of Netherlands

has risento 1 7°C since 1906.

Problem Statement

Temperature in the Netherlands

°C
12
® Measured

— Trend

m Onzekerheid trend

10

[ ! [ [ ! \ [ ! \ |
1900 1920 1940 1960 1980 2000 2020

KNMI, 2016
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90%
O ofthe occupants spend their time indoors ,

for StUdentS its even m O re =

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



high correlation

Thermal Comfort Performance

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

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



Parents, teachers forced
°
@ O signin News Sport Reel  Worklif t b 9 f p t bl Ac
WHOWEARE WHATWEDO WHAT WE CARE BB. o rln ans’ or a e s
S - NNEVWS to overheated SAISD
a News NYSUT United April 2017 The heat is on ove

MARCH 2017 ISSUE Home Video World UK @ Business Tech  Science  Stories scboo'
e _ Education & Family Repairs underway at Mark Twain Dual Language
The heat is on overheated classroo Academv
Author: By Liza Fren m
Share This Artic WATCH LIVE NEWS CORONAVIRUS WEATHER SPORTS TV

News

NEWS

.. At least 25 Wetumpka students overheated, 7 taken to
Too hospital

With temperatures soaring, is do you have to send your children to school or can you keep them home?
rights

By James Andrews Money Editor
SHARE n y COMMENTS 13:13,20JUN2017 | UPDATED 14:11, 21 JUN 2017

Problem Statement
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How to reduce Overheating 2






Cooling Strategies: Active Cooling

Problem Statement

i People

"""""""""" ] Equipment

1 Lighting

+ Solar Gain

% Conduction

SR —

"1 Ventilation

Zero Carbon Hub , 2012
Graphics Adapted from Gething&Puckett, 2013
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Cooling Strategies: Active Cooling

Problem Statement

Sources of Overheating

i >
e ., o
! Lighting [} c
T = ()
______________ + Solar Gain O —
} ® Y
i 2 w
T Conducti i3} >
eemeeenennd onduction g >
1 =
E—— . Q
—________1 Ventilation c
m

[— — —

1 People
e — Equipment

P ——

Zero Carbon Hub, 2012
Graphics Adapted from Gething&Puckett, 2013
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Cooling Strategies: Passive Cooling

jmemeememeamemeanant [ EOPIE "I Heat Protection

o -} Equipment ST Heat Control

£ | ; m

T S — =

o _i Lighting = i Heat Removal (1]

pesl ' —_ f"""""“"" -

e | S =

o "1 Solar Gain o T

5] o m

0 % =4

g "1 Conduction ®» '3)

= o © m—

=} ! [0 ®

3 by >
T Ventilation o
i <

~~~~~~ 7 N -
S S

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

Problem Statement Research Questions Analysis Results Conclusions Designer’s Tool 30




“Climate Change is a moving target”

The strategies must adapt to the change in the Climate

; ’ :
an
i !l'l “ Passive strategies provides opportunities to interact and adapt to external
‘\\ l
Y climate

§ present 2050 2085



can passive strategies reduce overheating in Future 2



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

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.

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?

Research Questions

36



Building
Envelope

What are the influential parameters corresponding to building envelope design?

Research Questions

37



Envelope

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?

Research Questions

38



Building
Envelope

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

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

Research Questions

39



Envelope Strategies

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

Research Questions

40



Overheatin Case Studies ) :
Envelope J Strategies Evaluation

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

in the present and future climate scenarios?

How robust are different passive design building envelope solutions?

Research Questions

41



Building Envelope

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.

Analysis

International Energy Agency, 2013

42



Building Envelope

Components of Building Envelope

Ground Floor External Wall Roof External Floor Openings &

(Facade) Glazing

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

Analysis 43




Overheating

What is Overheating ?

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

occupants.

Zero Carbon Hub , 2012

Analysis

44



Building Envelope

Sources of Heat gain

1. External Heat Gain

Problem Statement

Research Questions

Case Studies

Adaptive Strategies

Robustness Evaluation

Analysis

Results

Conclusions

Zero Carbon Hub , 2012

Designer’s Tool
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Overheating

Sources of Heat gain

| I

1. External Heat Gain
2. Internal Heat Gain

Y |

Zero Carbon Hub , 2012

46

Analysis




Overheating

Sources of Heat gain

1. External Heat Gain

2. Internal Heat Gain % Lﬂ @ ¢__£L-s
= (A— .
- I
] ] : -]
3. Inadequate Ventilation = ¢ V :
_ J £ w1
24“0 el EHQ}
_ T

NHBC, 2012

Analysis




Cumulative Effects

1.Site Context

2.Urban Heat Island Effect

Overheating

3.0rientation and Lack of Shading

—”,

4.External Heat Gain

5.Internal Heat Gain

[ o
P S ,-"“u
LY\, e B] T

[ g @ﬁ i

6.Building Envelope

7. Increase in outdoor air temp.

========c=====—r

Analysis

NHBC, 2012
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How do you assess overheating 2



A

0L

Analytical

TOjuly Method

Dynamic

ATG Method



Overheating

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

Analysis

0-2
2-4
>4

Very High Risk

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

Tojuly (Analytical)

Advantages

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

* Reduces time invested into dynamic simulations

« Can be applied at early design stage.

Analysis

Limitations

Does not indicate the extent of overheating.

Developed for residential use only.

Does not consider any dynamic behavior.

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

ATG Method (Dynamic)

Based on Adaptive Comfort Model and comply with
European standard EN-15251

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 .

Analysis

Use of Operative Temperature and outdoor running
mean temperature for past 7 days to analyse thermal

comfort.

Determining the type of buildings/spaces :
« Alpha Buildings : Natural Ventilated buildings

« Beta Buildings : Mechanically ventilated buildings

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
ISSO 74,24

Kurvers & Leijten, 2019
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ATG Method (Dynamic)

Overheating

Requirements indoor operative temperature (°C \
Class - P L o) P?lcel.ltage PMY analogy
. Setpoint . In-between- Dissatisfied .
(bandwidth) i Winter Summer o (bandwidth)
limit seasons (%)
General Setpoint line 21 24.5
o Same as class B (requires options available for
Upper limit - -
occupant control with + 2 K) )
A - - . - Max. 5% -
T Same as class B (requires options available for
Lower limit - i
occupant control with =2 K)
| Type B:26 1
1 Upper limit 24 18.8+0.33*Tour+1 Type a: 05<pMmv< |
. : - / 0 - N
I B 18.8+0.33*Tours] | 1% 10% +0.5 I
1 Lower limit 2 20+0.2%(Tow-10) 1
I------"-----------------'---Tﬂ:)ﬂfi."'.'"-—--'-----------.

Upper limit 25 18.8+0.33*Tout+2 Type a: . , -0.7 <PMV <
¢ 18.8+0.33*Toutt2 | Max15% +0.7
Lower limit 19 19+0.2%(Touw-10)
Type p:28
Upper limit 26 18.8+0.33*Tout+3 Type a: ) 1.0 <PMV <
° 18.8+0.33*Tout+3 | Max 2% +1.0
Lower limit 18 18+0.2%(Tow-10)
Analysis

31
30 diagonal a - upper limits / green zones
Class D temperature limits (see decision scheme Fig. 1)

29
g 28 Class C temperature limits
= -
o =l
s 27 i Ui=g —_—
= Class B temperature limits - - et /
[ S (N I S 1. SN (- L s i i I .~
@ -
Qo L~
[T ) M e S L S M) O N | R ., [ S M M S R
0 T ———— -
-
g 24 standard setpoint cooling season
..E ” horizontal B - upper limits (relevant only in case of active cooling)
8. (see decision scheme Fig. 1)
8 22 standard setpoint 1
=] heating season
_8 2] o o - - - - - - - - - - - - - S—
=
52 7 = —=7

) o= ) =T
D fodmfimetm e e e P s -
—
-_—
i 31 I I S S S 1S E) SO S| el SO S [t SO S
17
5 4 3 2 14 0 1 2 3 4 5 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
winter summer warm summer

6, - running mean outdoor temperature (°C)
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Overheating

Indoor Operative Temperature

29

28

27

26

25

24

23

22

21

20

19

18

17

16

15

-
-

Class B Lower Limit

= « == Class D Lower Limit

* see
.

.
. . . ¥
: cok SR
:l i ‘; !!' 3 .
: . Lo d sl 3;‘{!
. SR R tn UL
v . d I N AN T
b RIEIN
- . .y b "y i -
: § 1

14 16 18 20 22
Outdoor Running Mean Temperature
Class B Upper Limit = = = = Class C Lower Limit
= « == Class D Upper Limit «  Hours

24

26 28

== == Class C Upper Limit

30

Building : Pulse
Room No. Hall 10
Room Type Beta
Temp. Type Operative
Analysis Period May-Sept
Occupied Hours 2448
Thermal Performance Good
Class Class B
Comfort .
Bandwidth No. of Hours % of Time
Class B 2317 94.6
Class C 21 3.7
Class D 24 1
Above D 16 0.7
100 94.6
75
50
25
3.7 1 0.7
0 I

m PPD>10% m PPD 10-15%

PPD 15-25% PPD>25%

Analysis

55



Overheating

Future Climate Scenarios

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 2and 2085

Analysis

X
KNMTI’'14 climate scenarios ’
NB v
=
©
G = W
)
H T H
c
9]
bt
(14}
a
S| Moderate Warm
®
E
S
H s W
& L g L
5 2
= 9
N
\ Global temperature rise ~
/
Source:
KNMI,2015
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Case Studies

i Ay

Pulse Building , TU Delft Campus

 First Energy Neutral Building on the

campus

» Completed : September 2018

e Gross Floor Area : 4700 m2

* Multifunctional University Building. | B
| Sird
» Educational spaces, seminar rooms, self- \ L b1 l!l{ \i‘lﬂh | I FQ E{
. - . . 2 | e .l e, l' - Bl h :

study spaces, multi-cuisine cafeteria with 2 2 = i ‘ ', i aliﬁ it LRl

a capacity of 200 people.

Analysis 57




Case Studies

Melanchthon Kralingen,

Rotterdam

* Newly constructed building replacing

original building from 1970’s.

« Completed:2018

« Gross Floor Area : 4230 m?

» Designed according to fresh school

guidelines .

« Currently, houses 345 students.

Image: Kaw archietcts

Analysis 58




Analysis

Case Studies

Pulse, TU Delft Melanchthon, Rotterdam
R-Value
Facade (Opaque)
R-Value 4.5m2.K/W
Roof 7m*.K/W R-Value
6 m?.K/W
R-Value
Ground Floor
R-Value 3.5 m2.K/W
5 m2.K/W. R-Value
External Floor 6 m2.K/W
WWR .75 .6
Glazing Triple IGU HR++
U-Value .8 W/m? K 1.1 W/m? K
G-value .40 .35
VLT <=.70 <=.70
Infiltration 0.15 L/s per m? at 10Pa 0.42 L/s per m? at 10Pa
Shadin Internal Blinds (NE) Overhangs, Sidefines
9 Textile Shading (SW) External Roller blinds
ATES District Heating
Heating / Cooling Radiative systems :Climate
Ceilings Natural Ventilation
Ventilation Mechanical supply and MVHR with_summer bypass
exhaust Windows
Lighting 9 W/m? 8 W/m?
Occupancy 8:00 - 0:00 (all week) 9:00 - 16:00 (5 days)
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Identification of Spaces which may Overheat



Empirical Studies

i
4

Fr b B
Bo B r

hil

Teaching Spaces

Case Studies

South, South-East,
North-East , North-West

Analysis

Top Floors
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Case Studies

Empirical Studies g g Radiation Analysis g ig Identification of potential spaces which may overheat

=
Ouation: 1 Moy -0 Sop. TR k Ounatcas | My =0 Sovt View : Root Plan
Cimate Fito : NEN 5060 : 2009 e R Climate File : NEN 5060 : 2009 N
KWh/m2 KWh/m2
713.19< 684.08<
641.87 e 615.68 e
570.56 547.27 =
499.24 478.86 :
427.92 ' 410.45 = ¥
356.60 N 342.04 I
i 285.28 273.63
=l i 213-96 it 205.23 e
142.64 136.82
71.32 68.41
<0.00 <0.00
Cass Sy 1:Fxle Bildng T Oan Campus: Case Stuty 2: Melanchihon Kraingen, Rotrerdam
Pulse Building Melanchthon School , Rotterdam

Analysis 62




Case Studies

1 T =EREE

TRIRTRIRTR

T |(}..L._ u f EL_ J
i || o r ) T~1]
— N ;“ '8 Yonoa BREE @@EF FEFEF‘I’.F* m
’ I_ﬁ = . 19980 | (BBHE| BBEE| (3E4s E@é@@ ™~
P T ; 3958 | BRRE| BEER| BRAS o
e T, e T 'Eﬁ - BBEE] BE0) MMW
SEECES | YR | e N e R | ERBH 3| '
Hall 1 and Hall 2 on Ground Floor Hall 4 on Intermediate Floor Eﬁﬁﬁr_ “a® joq HE [ ] EEEE| BREE| BREEE
9599 _| BoEE| SoER| sRE| @ﬁt B ﬂ aEE
39990 | iBBEE| (BBEE| (RERE o 813 om,
. 9999 | EEEE| EEEE BEREf N7 1 o=t
i ‘ 4§ | BEBE] BEEE] BRI
i : =] gg% §§§ (REEE :E%% BEEE
: : _"_|=u=| paan] po 135 HEEE] GERE] EEEE]
| | H

Hall 5 on First Floor Hall 8,Hall9 and Hall 10 on Second Floor

Pulse Building Melanchthon School , Rotterdam
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1L

TOjuly

Challenge 1

L 1|t

Simplified Excel
Tool

Challenge 2

(B A
Iofol

Residential

Educational

Challenge 3

W

Validation




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

educational buildings.

The method cannot be validated for corner spaces.



Case Studies

Empirical Studies

Identification of

Radiation Analysis gmmle POtential spaces which

may overheat

Analytical Calculations gaiueta TO July

Analysis

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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Case Studies

Results
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Case Studies

Empirical Studies

Identification of

Radiation Analysis gmmle POtential spaces which

may overheat

Analytical Calculations

Identification of Typical
Spaces

Dynamic Calculations

\ 4
A\ 4

Analysis

mama 10 July
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Dynamic Calculations

DB Model

Thermal Zones

Input Parameters i

P P
<« <«
e g e e

g Construction Data

e

Case Studies

Wall Insulation

\

A L4 Roof Insulations

~
~
~
~,
~.
~
~
~
~o
~

A

e

Openings

\

Occupancy Profile

S > Lighting

~
~
~
~,
~,
~
~
~
~o
~

-
-
-
-
-
-
-
-

~
~~
~<
~
~~
~~
~.

-
-
-
-
-
-
-
-

~
~~
~<
~
~~
~~
~

Internal Loads

\4 HVAC/Natural Vent.

b Infiltration Rates

14 Set-Point/Set Back

la  Cooling Power

Analysis

Melanchthon School , Rotterdam
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Dynamic Simulations

DB Model

Thermal Zones

Input Parameters

< < <
< < <

Uncalibrated Model  SSEEER = Calibration Check &

calibrated Model <

Case Studies

Mean Bias Error
A (MBE)

Coefficient of
Variation of Root

Mean Square
Method
CV(RMSE)

Analysis

72



Dynamic Simulations

DB Model

Thermal Zones

Input Parameters

Uncalibrated Model

calibrated Model

< < < <
< < < <

Hourly Simulation for
different climate
scenarios

Analysis

-»

L 2

>

Case Studies

May-September

Baseline 2008 1%

2050 1%

2085 1%

73



Dynamic Simulations

DB Model

Thermal Zones

Input Parameters

Uncalibrated Model

< < < <
< < < <

calibrated Model

Hourly Simulation for

different climate
scenarios

Case Studies

Analysis

g Output Parameters

4____—__

Indoor Operative
Temperature

Reporting of Results
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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

Percentage of Discomfort occupied hours

30 -

20 -

10 -

6.9

Case Studies

28.6
27.9
18.2
16.3
- (X ¥ X X X 3 X % % R |
Pulse Hall 8 Pulse Hall 10
I Baseline 2008 2050  mmmmm 2085

Results

20.3
16.3
L X _§ ¥ N B N N |
13.6
School Staffroom School Class 31

Class B

- e e Class C o Class D
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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



Reducing Overheating

N Passive Cooling
Strategies

Analysis

Adaptive Strategies



Adaptive Strategies

> Climate Adaptive Solution Set

Climate Change

Where to Apply

[ E—

Building Layout -
[ orenion

Passive Cooling i
systems

Passive Design Solutions for Building
Design

Passive Design Solutions for Building
Envelope

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
Ml Bio Climatic Design  yaa
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

E Design Stage Post Occupancy i

Analysis 79




Adaptive Strategies

. - Siia Pianing

~ Landscaping

Building Form

Objective Application Level Strategy

I Heat Dissipation Site Level

| Passive Heali ding Function Gvarhangs

Buikiing Level

Light Surfaces. Figh Al

N N BN BN NN BN NN BN EEN BN BN NN BN BN BN BN BN BN N BN BN BN B e e e e sl
Themal Wass

e e e

Building Form

SRR RS R — |

S ——
| Passive Cooling |

o
o
i)
9]
c
2
0
]
o
0]
ot
o
=
=%
9]
42
(7]

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
L

d | GCooling Site Level
| Heating Building Level
i Lighting Spatial Level
| Ventilation System Level

Source:
Engel & Roaf, 2019; Freewan, 2016, Heiselberg, 2006; Prieto et al., 2018
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Adaptive Strategies

Objective

................... i g
Microclimate
Lanescapig
Objective Application Level Strategy [
canys

Site Level

Building Function |

Buikding Level -

Step 1: Pre-D

T Tl vasa
Building Envelope & foof Tharmai i
Cpenings Vi e Rt

Giazng e

Syigiia

< Ligh shalfs
igit i

Vi i

—

Step 2: Concept Design Stage

Site Level

Heating Building Level

Lighting Spatial Level

Ventiation K- N Byetem Lovel

| Occupant Control |

Source:
Engel & Roaf, 2019; Freewan, 2016, Heiselberg, 2006; Prieto et al., 2018
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Objective Application Level Strategy

I
1
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1

1

1
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o 1
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c 1
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8 ___Geothermal
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O e . Naturalln _____ Do
73] 1
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__________________ Lo
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; ; 1

i__High Set-Point _; |

1
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Analysis

Adaptive Strategies

Objective Application Level

Figh Al

Shylghts,
Light shefs

Light Wl

Wind induced

<m_,m...
—

Cooling i SteLevel

Heating i Bulding Level

Lighting S Spatial Level ¥ S
Ventilaicn  ~ S system Level < )

Source:
Engel & Roaf, 2019; Freewan, 2016, Heiselberg, 2006; Prieto et al., 2018
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Adaptive Strategies

Control Measure

6 Wim?-200 Lux |

S + Efficient Lighting |-
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R » Internal Heat Gain }---<<
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Analysis




Site Lave
Building Level
SP vel
Component Le
Design Phas
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F Renc n
C nergy St

Adaptive Strategies

>
)

2014-2020 | Re23.5 m*K /W
2020 IRc23.7 mK/wW

+

)
e &

2015-2020 | Rc24.5 K /W
2020 1Rc24.7 mK/ W

\
>
v
T e

I

Light Coloured Light Coloured
Surface on Facade Surface on Roof

|

S qg}l !‘r"
Plants | == = 2

Green Wall Roof Garden

Analysis

v

®®C ©

@O ©

®E ©

OE®G ©

®

®

84



S Ventistion
t ... Stategy

Single Sided Cross
fentilation Ventilation
_
v
S(
Single Aperture Combination of High &
Low Aperture
C

! "5 )" Nightventiaiton
+ Night Ventilation N clut bbadmm high
A thermalmass
T

+  Mixed Mode

.| Heavy Weight
" Construction

+ " Trombe Wail

Analysis

PCM

Natural Ventilation when Mech. Ventilation when

‘outdoor environment is outdoor envirronment is
favourat ple  extrer me
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Chargeof harl mass
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iy Iihag
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Adaptive Strategies
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40 Different Strategies

4OC3

Selecting solutions

9,880

Combinations
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Typical Spaces

Hall
Hall 8 10
o0 o
e
o : Typical Spaces
:
i
H Class
i 31
1
1
1
1
N ———

Simulation Runs Solution Packages |dentified Spaces

Pulse

Melanchthon



Pulse Hall 8

W
.

7 Solution Sets

Case Studies Adaptive Strategies

q T

WWR Reducing U-Value White Surfaces on Roof

Mixed Mode Ventilation PCM Panels

Results 89




Pulse Hall 10: Existing Facade

1 0 Solution Sets

Case Studies Adaptive Strategies

LR

External Blinds Overhang & Side fin Shutters White Surfaces on roof

and facade

Mixed Mode Ventilation PCM Panels

Results 90




Pulse Hall 10 : WWR 50%

8 Solution Sets

Case Studies Adaptive Strategies

LR

External Blinds Overhang & Side fin Shutters White Surfaces on roof

and facade

Mixed Mode Ventilation PCM Panels

Results 91




Melanchthon School: Staffroom

4 Solution Sets

Adaptive Strategies

ST

Overhangs (Pergola) White Surfaces on roof

and facade

.3
N '
21
™
J

PCM Panels

Results
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Melanchthon School: Class 31

meedl fepenEERR
i B ERER

6 Solution Sets

Adaptive Strategies

ST

WWR Overhangs (Pergola) White Surfaces on roof
and facade

Combination of Openings PCM Panels

Results 93




Robustness Evaluation



Robustness Evaluation

What is a Robust Design ?

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

Analysis

95



Assessment of Robust Design

design

Solutions Set

Analysis

Robustness Evaluation

96



Robustness Evaluation

Assessment of Robust Design

design minimum performance variability

The percentage of discomfort
hours exceeding Class B upper

Performance Indicator p— > Overheating Thresholds ~ --------- » limit depending on alpha or beta

type of space, by plotting ATG

Analysis




Assessment of Robust Design

design minimum performance variability
Solutions Set

Performance Indicator

| The worst case scenario (Wh) of
Future Cllmate * climate change
Scenario |

| for 2050 and 2085

Analysis

Robustness Evaluation

uncertainties

98



Robustness Evaluation

Assessment of Robust Design

Solutions Set g

Statistical Evaluation
(Best Case Worst
Case Scenario
Method)

Percentage of

Discomfort Hours

Future Climate

Scenario

Parameters for Evaluation Building Performance Simulations Robustness Evaluation Method

Analysis




% of Discomfort Hours

2050 2085

Design Options Performance



Design Options Performance Worst Case

2050 2085
A B

D2

X Y

W




Design Options Performance Worst Case

2050 2085
A B

D2

D3 %ﬁ l I Y
X Y

W




Design Options Performance Worst Case Best Case

2050 2085
A B

D2

D3 @ l I Y
X Y

W




Design Options Performance Worst Case Best Case Performance

Deviation
2050 2085
A B

D2

D3 %ﬁ l I Y
X Y

W




Design Options

D1

D2

D3

&2

W

&2

Performance
2050 2085
A B
P (@]

Worst Case

Best Case

Performance
Deviation

X-B

X-P



Design Options

B

D2

W

Performance Worst Case Best Case

2050 2085
] I -
A B
I l P X
P (@)

Performance
Deviation

X-B

X-P

- &




Assessment Method

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

Robustness Evaluation

Best Case -Worst Case Method

Design . . Worst-Case Best-Case Performance Performance Deviation
code Climate Scenario | pe formance (WC) (BC) (WC-BC)
2050 2085
C1 P1,., P1,es max(P1,,.,.P1,065) WC1 -BC1
c2 P2, P2,5 max(P2,,5,,P2,045) WCz-BC2
mln(P1 2050’P12085’ P22050’P22085 -
Cc3 P3,.., P3,06s max(P3,,,,.P3,.) Py P PP WC3-BC3
Cn PN, Pn,,. max(Pn,..Pn,..) WCn -BCn

Robust Design min(WC-BC)

Analysis

Rajesh Kotireddy et al.,

Adapted from the works of
2017a, 2017b, 2018, 2019
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Robustness Evaluation

Assessment of Robust Design

Solutions Set =

Percentage of
Discomfort Hours

Statistical Evaluation
(Best Case Worst Selection of Robust

Case Scenario Design Solutions
Method)

Future Climate

Scenario

Parameters for Evaluation Building Performance Simulations Robustness Evaluation Method Evaluated design strategies

Analysis
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Recap



I Airtightness
Energy Efficient Educ. I

Buildings

===

Thermal Comfort
Problems

______ Climate Change Climate Adaptive Solution Set

Spatlal Level Componem Level
_____ m————— d

1
>

1 1
Buiding Layout 1.. Passive Design S°|U“0“S for Building Passive Design Solutlons for Building __:

1 DeS|gn Envelope

- |

1

1 N . - \

Bio Climatic Design & Eb
1

Not Energy Efficient

I -
Passive Cooling
*

1

b= =P Shading

1

1
R

<

Design Stage Post Occupancy

o o o o

Are the passive

strategies robust
enough for future?

Conclusions 111




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

Robust Design solutions
applicable on the Building

envelope.

White Surfaces Mixed Mode + PCM Panels

Problem Statement Research Questions Results Conclusions Designer’s Tool 113




Reducing WWR can affect
the daylight quality

Problem Statement Research Questions Analysis Results Conclusions Designer’s Tool 114




Shading Strategies

Combination of overhangs
and side fins perform better
as compared to individual

application

Problem Statement Research Questions Results Conclusions Designer’s Tool 115




|
' it
|

Shading Strategies

Moveable Shading devices
perform slightly better as

compared to fixed shading.

Problem Statement Research Questions Results Conclusions Designer’s Tool 116




White Surfaces

Application of white
surfaces perform better
when combined with lower
WWR.

Conclusions

117



Mixed Mode Ventilation
Strategy with PCM panels
installed towards the inside

of the external wall.

ST

Problem Statement Research Questions Results Conclusions Designer’s Tool 118




in 2085, ihe outdoor air temperature is ioo
high io be used for ventilative cooling



Case Studies Adaptive Strategies Robustness Evaluation

Ladybug Wind Rose Analysis
Period : May-September
Daytime : 9:00 - 17:00

One octagonal polyline : 33 hours

C
N / \ NE N /_ _\ NE 25,00
26.00
24.00
W E W E W F 22.00
20.00
18.00
sw SE sw SE 16.00
14.00

S S S
Baseline 2050 2085

Conclusions 120




Case Studies Adaptive Strategies Robustness Evaluation

Ladybug Wind Rose Analysis
Period : May-September
Night-time : 22:00 - 6:00

One octagonal polyline : 33 hours

28.00
26.00
24.00
E 22.00
20.00
18.00
16.00

14.00

Baseline 2050 2085

Conclusions 121




Ventilation has limited

application in 2085

Problem Statement Research Questions Analysis Results Conclusions Designer’s Tool 122




% of Discomfort Hours

Pulse Building

30

25

20

15

10

Baseline

= @= |nitial Design

-——@— Robust Design

2050

Time Series

Class B

= == (Class C

2085

Class D

94%

reduction of

discomfort hours in

2050



% of Discomfort Hours

Pulse Building

30

25

20

15

10

Baseline

= @= |nitial Design

-——@— Robust Design

2050

Time Series

Class B

= == (Class C

2085

Class D

43%

reduction of

discomfort hours in

2085



Melanchthon School

30

25

% of Discomfort Hours
- N
(6)] o

=
o

Baseline

= @ = |nitial Design

—&— Robust Design

2050
L EREES

-===Class B

= = Class C

2085

Class D

35% reduction of

discomfort hours in

2050



Melanchthon School

30

25

% of Discomfort Hours
- N
(6)] o

=
o

Baseline

= @ = |nitial Design

—&— Robust Design

2050
L EREES

-===Class B

= = Class C

2085
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33%

reduction of

discomfort hours in

2085



Robustness of a design is a viable method to include the

uncertainties of climate change.



:\:‘I'

0‘.
ll."“"‘
1=
‘ S _—)
present 2050 2085

Uncertainties of Early Design Robustness Coqurt in building
Climate Change Stage Evaluation lifespan



How do we INntegrate robustness evaluation into the

design process?



L 1|t

Simple

Min. Inputs

Simple GUI

Design Oriented

lterative

Analysis



D.O.T.T.

Design Oriented Transformative Tool



Project Details
Spatial Details

Dimensional Properties

Glazing Properties 8 Sections

for input parameter

Thermal Insulation

Shading Properties

Ventilation Properties

Internal Loads



Project Details

Project Name

Room Details

Melanchthon School, Rotterdam

Class 32

Date

Design Option

23/06/2020

DOl



Project Details

Spatial Details

Type of Space

[~ Type of space

) Residential
) Hotel
) Hospital

(@) Educational
{3 Office
") shop

Construction Type

0 Traditional hd

Type of Space

[~ Type of space

1l ) Residential

) Hotel

{3 Hospital

(@ Educational
{3 Office
) shop

Construction Type

Traditional v

Location of Space

Location

{® Ground Floor
" Middle Floor

{3 Top Floor

No. of Occupants

Location of Space

Location

(@) Ground Floor
{3 Middle Floor
") Top Floor

No. of Occupants

Facade Orientation

Qreintation

n | North (@) South

{ "y North-East () South-West

(" East {3 West

") South-East (") North-West

Facade Orientation

Oreintation

v | North (@) South

(") Morth-East (") South-West

{3 East ) West

") South-East (") North-West

Tradifional:
Load bearing mascnry with solid concrete flocr.

Mixed Heawvy:
Lood bearing mascnry, non-Joad bearing partition walls, solid concrete floor,
atfics with light roof.

Mixed Light:
Column-beam frame construction. nondoad bearing external walls and
partition, non-sclid concrate floor.

Timber Construction:
Timber or steel frame construction with fimier floor.



Project Details

Spatial Details

Dimensional Properties

Floor Area [mé?]

Perimeter [m]

53.2
29.2

Floor / Wall / Roof Area

Wall Area [m?]

28.5

Roof Area [m?]

53.2



Project Details

Spatial Details

Dimensional Properties

Glazing Properties

Windor-Wall Ratio [-]

0.5

Glazing Properties

Type of Glass
TGU Low E hd
O

U-Value [W/m3K]

0.5

g-Value (ZTA) [-]

0.4



Thermal Insulation of External Wall (ocpaque part] / Roof / Floor(ground floor or external floor)

Project Details

FI FI

External wall Roof Floor

Spatial Details @ RValue [mAK/W] @ RVave [mXK/wW] @ RValue [mX/wW]

L L = L ==

Dimensional Properties

Glazing Properties

Thermal Insulation

Thermal Insulation of External Wall (opaque part] / Roof / Floor(ground floor or external floor]

F’ FI

External wall Roof Floor
R-Value [m2K/W] R-Value [m2K/W] R-Value [m2K/W]
I 5.0 | 5.8 | 3.5

This refers o external focode or panels. This refers to roof fzir‘ifF:tLZ :IIEZ:: TED I EITEE T, T
R valve{m2K,/W) is provided by NTA 8800 based on R value{m2K/W) is provided by NTA 8200 based on R value(m2K/W) is provided by NTA 8300 based on
the construcfion year. the construcfion year. the construction \"ET?" ¥
17&5-1975: 043 1975-1983: 1.3 19465-1975: 0.84 1975-1983: 1.3 - S,
17E3-1988: 1.3 178E8-1992: 2 1983-1988:1.3 1988-1992: 2 ::gi:g;?;? ::;;::;gi ?i‘
1792-2014: 2.5 2014-2015: 3.5 1992-2014: 2.5 2014-2015: 3.5 1992.201 ‘:2'5 "0I4—20"0: 3'5
2015-2020: 4.5 Frm 2020: 47 20015-2020: 60 Frrn 2020: 6.3 o - e

Frm 2020:3.7



Project Details

Spatial Details

Dimensional Properties

Glazing Properties

Thermal Insulation

Shading Properties

% of sky blocked by nearby context

Heavy (=80%)

D/H=0.6

Overhangs

D

-
L

Curtains/Blinds/Shutters

gtj

Dark Coloured External Shutter (Openable Windows)

b4



Minimum Ventilation Required

ro H i X o ; 3 . Hatel 12 amass
J eC e a S The mrinimum ventiaticn rate per person for different spaces i
ided by the Dutch bulding Decree [2012). The values ars e -
/ Min. Ventilation Rate lisurated beiow and shouid be used asinput I the ca ?‘:ﬁ: » - EGES
S oo EH:; i nal {Fresh School Guidines) N
g [dmé/s per person] == somes GO 1zamis
P Bathroom (with ornithout toilet) 14 dmd/s ptmy=S &0 drmas
LT JI 10 Eadroom; TAma/s :
u Living Area winous stove: 7 amss offic =
S Living Arec with stove: Z1dmafs Oifice SIS
e
Ventilation through window openings
Venfilation Sirategy
s @ single Sided {» Crass Ventilation LTI O A S T e SR R T el e
. . . rst b nput.
Imensional rFroperties i Bt g e s ;
- . & 2 Exompie: If @ room has 4 windows with an effective opening area x1,x2,x334
| Effective openings area 1 [m?] 2 respectivey. The tofal effective opering area will be XI+XEHE+x4.
Note Enter fhe volue of . Openings Areo 2 only when cross venfilaiton option is
Effective openings area 2 [m?] 5 checked fo ay mtional results.

Height: Tris refers 1o he haight of the apering area

Height of the opening [m] 1.58

Glazing Properties Prompt.

Thermal Insulation

Minimum Ventilation Required

Min. Ventilation Rate

[dm?*/s per person]

Shading Properties @L e

Ventilation through window openings

Ventilation Properties o

Venfilafion Strategy
@Sng\e Sided OC'css Ventilation

X1 x2{ x3 || x4

Effective openings area 1 [m?] | 1.5

Effective openings area 2 [m?] l—
Height of the opening [m] 1.58

Prompt:

The Window openings are not sufficient enough o meet minimum ventilation requirements



Project Details

Spatial Details

Dimensional Properties

Glazing Properties

Thermal Insulation

Shading Properties

Ventilation Properties

Internal Loads

Occupant Load
10 (w/m?]

Equipment Load
10 [(W/m?]

Lighting Load
10 (W/m?]

Intemal heating load
generated by cocupants
perm2 as indicated in NTA
8800 is Szutroted below.
These Values can be used
as guidance to input the
values.

Residenfial/Hotel: 3 Wim2
Healthcare: 5 W/mZ
Education: 10 W/rn2
Office: 5 W/m2

Shops: 3 W/m2

Heat generated through occupants, equipment and lighting

Intemal heating lood
generated by equipments
per m2 as indicated in NTA
2800 is #zutroted balow.
These Values can be used
as guidance to input the
values.

Residenfial/Hotel: 2 Wim2
Healthcare: 4 W/mz
Education: 2 W/m2
Office: 4 W/m2

Shops: 3 W/m2

Infernal heatfing load
generated by lighting per
m2 as indicated in NTA
BB00 iz illsufroted below.
Thesae Values can be used
as guidance to input the
valees.

Residential: 5 W/mzZ
Educafion: 10'W/m2
Office: 8-15 W/m2



7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0

4.9

28 54

DO1

4.1

20 46

DO2

3.5

15 41
DO3

TOjuly 2008

Add Design Option

Risk of Overheating Analysis

5.0 5.2
4.8
4.5 4.5
28 55 25 51 25 51 27 53 31 57
D04 DO5 DO6 DO7 DO8
TOjuly 2050 Performance Deviation Low Risk

Calculate
5.4
2.5
33 58 05 3.0
D09 DO10

Medium to High Risk

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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10 | About :

1

12

13 | The Design Oriented Transformative Tool (D.O.T.T.) is a simple excel based tool developed by Prateek Wahi, a graduate from T.U. Delft Faculty of Architecture. The tool is based on the idea of

14 performative design methodology, where the design decisions are purely informed by the performance of a design option.

15

16 | A good architecture follows the three principles of Vitruvius, namely Venustas, Utilitas and Firmitas. In simpler terms, it can be comprehended as Aesthetics, Functionality and Robustness,

17 | respectively. Through architects are very well versed in dealing with aesthetics and functional aspect of design, it is equally important to understand how robust the design is.

18

19 | Robust design is regarded as a design which performs as expected in the presence of any uncertainties be it future climate, occupancy or system design. Due to climate change, the increasing

20 outdoor climate will affect the summer comfort by causing overheating of spaces. Therefore, it is imperative to understand which design option performs the best in the presence on the

21 uncertainties of climate change

22

23

24 TOjuly Value (Summer Comfort Indicator)

25 I

2

27 Essentially the tool is being developed to check the performance of a design option in providing

28 | summer comfort. To analyse, an indicator of TOjuly is being used. The current version is also

29 | capable of indicating the summer comfort for future climate scenario of 2050. ——— : S

= 0-2 Low Risk of Overheating

| The TOjuly method, as specified in NTA8800, is a static heat balance calculation model that [~]

Start | Data Input |_|_| Cal Sheet 2008 | Embeded Formulae [EEES) : [« | [+

H 0 -——-k + 100%




Future Development

A
JUL

Analytical

Designer’s Tool 143




Future Development

Dynamic

3D Modelling Software

Web and Mobile App

Designer’s Tool

144



Robustness

4 G

Summer Comfort Energy Circularity Cost




Climate Change is real and its happening !!!

As Designers we need to peek into the future

for providing comfortable built environment.

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

Functional Properties: Thermal Insulation

~ | /:LL/\‘ =]
| S Y ||
Il . I
\‘ \k//,// ~ ‘ | |_— [
WY | ~ N ~|
| I > | L je
\l \‘. | & \ // \ & \ /
N I P | s
N | g
.
\\\ \‘ ‘\ /// // o
Ny /
Analysis

Components Insulation Values
Opaque Building
(R-Value) Decree,2012 NI ST, 20
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 <=1.65 W/m2.K
glass)

151



Building Envelope

Functional Properties: Ventilation

Analysis

Eg:ﬁg::fg"sa' Min Ventilation
D ei‘:gg’igg.l 2 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
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Overheating

EPW File (Energy Plus)

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

\ 4

NEN:5060 (Base File) gliaiiaiabiaiatats > 2008 Standard
KNMI Transformation Data

(Scenario Wh : Worst Case
\ 4

Test Reference Year Scenario)
NEN:5060 (2009) > (TRY) comfort

calculations

1% probability TRY (2050) TRY (2085)
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Case Studies

Empirical Studies Author Year Assumed Spaces Qverheating Criteria Spaces evaluated / Resulted in overheating

o Teaching Spaces with office fype areas whichmay need

. air condifioningif necessa Percentage of occupied hours in
Jenkins etal. 2009 & g4 ; . . ¥ e Teaching spaces in all directions
- Largercommunal areas not being used in same teaching areas thatexceed 28 deg.
frequency
Classrooms with south fagade and 50% glazing, heavy
Coley et al. 2010 Classrooms TM 36 construction and no
infilfration
Ideniificationof classroomclusters which may
overheatingbased on consiruction, overheafing, story
nd. nali i nt.
Telistal. 0 Classrooms Surveyand aerial phofo analysis R

Classrooms withNE and SE orientafion withoutdoor
tarmac surface, bitumen roof, light weight consfruciion,

single glazing and lack of wind exposure.

Percentage of occupied hours in o
Kamenskyetal. 2014 Classrooms . Classrooms located af south-eastfacade direction.
teaching areas thatexceed 28 deg.

Classrooms af the upperfloor fo moniforimpactof roof,

Zinzietal. 2017 Classrooms Percentage above 28 deg.
South Facade.
. . . Seminar Roomfacingnorth westfaced on the second
Irulegi etal. 2017 University Classrooms Percentage above 25 deg.
floor.
Lykartsis etal. 2017 Classrooms BB 101 Classrooms in south direction.
Heracleous & Michael 2018 Classrooms CIBSE Ciassrooms in all Directions.
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Case Studies

kWh/m2
713.19<

Empirical Studies

641.87

570.56

Identification of 499.24

Radiation Analysis el 4 potential spaces which

may overheat

427.92
356.60

L

285.28
-aat

| 1213.96
B 142.64

.71.32
@ <0.00

Roof Plan

5
“«4,:/./

P £
444‘//.\(:

4 4

Ladybug Solar radiation
Period : May-September
Climate File : Baseline 2008, 1%

North-East North-West South-East
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Case Studies

713.19<

- s \Q’M,timj : & kWh/m2

Empirical Studies

641.87

€t in s mearat

Identification of

'. ; ‘ T gL 1 Q 570.56
) i — e T 499.24
---> potential spaces which i - ‘ | 1 427.92
: 2 == : 356.60

may overheat

R == 285.28

VOO

213.96

142.64

71.32

<0.00

Roof Plan

Ladybug Solar radiation
Period : May-September
Climate File : Baseline 2008, 1% V.

North-East North-West South-East
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Case Studies

4 —
35 +
» TOjuly was calculated from dynamic
3 4+
simulation.
25 +
. | B ===
- The difference between TOjuly ; : :
al 1.19
simulated and simplified method ) : :
. T [ I
must be within 20%. o | I
5T I I
I I
ol I I
Pulse Hall 8 Pulse Hall 10 LSchooI Staffroom j School Class 31

M Calculated m Simulated

Results 157




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.



TOjuly

Case Studies

f—
B
&,
5

QI‘M'I i‘AL Mzt B A
: - -
j| i i R S .
L] F
— T
I~ :
T =, 0
| H .
Hall 1 and Hall 2 on Ground Floor Hall 4 on Intermediate Floor
— i -
|
| |
E JJ;
g
G.F.Halll  G.F.Hall2 I.F. Hall 4 F.F. Hall 5 S.F. Hall 8 S.F.Hall9  S.F.Hall 10 B L= Hil
[
Pulse Classrooms 2 EER
. 70 July ==--- Medium Risk High Risk \
""""""""""""""""""""""" | i
Hall 5 on First Floor Hall 8,Hall9 and Hall 10 on Second Floor
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TOjuly

Case Studies

4 T e
TR TR IR
u B
357 Q _ = :
m
37 =
. I
25 T
2 +
Hall 1 and Hall 2 on Ground Floor Hall 4 on Intermediate Floor
15 +
1T '____H__%'ﬁ--Ll
05 +
0 -

G.F. Hall 1 G.F. Hall 2 I.F. Hall 4 F.F. Hall 5 S.F. Hall 8 S.F. Hall 9 S.F. Hall 10

Pulse Classrooms

. 70 July ==--- Medium Risk High Risk

|'_'___'g.'|

L
|=
I
I
I
I
1]

Hall 5 on First Floor Hall 8,Hall9 and Hall 10 on Second Floor
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TOjuly

Case Studies

25 T

05 T

G.F. Hall 1

G.F. Hall 2 I.F. Hall 4 F.F. Hall 5
Pulse Classrooms

. 70 July ==--- Medium Risk

S.F. Hall 8 S.F. Hall 9

High Risk

S.F. Hall 10

Results

Hall 8,Hall9 and Hall 10 on Second Floor
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TOjuly

Case Studies

35 T

25 1

15 +

G.F. Hall 1

F.F. Hall 5
Pulse Classrooms

G.F. Hall 2 I.F. Hall 4

----- Medium Risk

S.F. Hall 8

High Risk

S.F. Hall 9

S.F. Hall 10

D

Results

Hall 8,Hall9 and Hall 10 on Second Floor

| e b |
s i I
1 . I
15 T I
| IRl Hat 10 1
' o i
l 11 I
: 1 1
) I I

”T__ﬁ.—
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TOjuly

Case Studies

B il BEEE| BEBE] BEEEF ‘\' i -
3 A A e i
| o | |
rl#.g — . I || E— _._._._ggg_. !_:.g:Q_. . = - —— Klr._'/_/_ -
&8 I e 43 gl | :
BER M S s e i
s i HA| BERER| BBRE| BREE 4
i 1.2 | == T r | !
fFeS] eko| 88 B | (BBOB| ERERE| MEEE |
I -2 =, I :
O 5518 BEER[ BRBE[ B !
0.4 : i
Staffroom Class31 Class32
Melanchthon School
7O July Medium Risk High Risk
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TOjuly

Case Studies

: Bl il BEEE] BBBE| BEREF ‘\' : ¢
3 — [ i
:-[#—E . " : A || E— _.._._._ggg_. !_:.g:Q_. . = - —— \:Ir_/_/_ .
IEB 14 4; gﬂg 3‘3: 2:“} | :
: E B & I#v%-’v‘ 1 |

[ |
Ll BERBE| BEEE| BEBR /

: I

1.3 1.2 I —mj
o=

.

1 m| I
i ek | 83 B | MmBEE [BBRE| BB
i #4)

m 5o 18] BEBE| BRRE B

0.4 :

Staffroom Class31 Class32
Melanchthon School
7O July Medium Risk High Risk
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Base line year (NEN 5060: 2008 1% Comfort)

Adaptive Strategies

LEGEND

COMFORT INDOORS
18% [l COMFORTABLE
82% [l NOT COMFORTABLE

PLOT: | COMFORT INDOGRS v
@ Hourly (") Daity Min/Max
@ Al Hours (") Select Hours
ia.m. through | &a.m.

() all Months (@) Select Months
MAY ~ | through |SEP b
(7)1 Month | 14N

() 1Day 1

() 1Hour |1zm

TEMPERATURE RANGE:
@ -1Witoa0cC () Fitto Date
Display Design Strategies

[[] Shows Best sst of Design Strategies

-10

DESIGN STRATEGIES: MAY through SEPTEMBER

17.8%

1 Comfort{653 hrs)
2 Sun Shading of Windows{0 hrs)

% Direct Evaporative Cooling{0 hrs)

6 Two-Stage Evaporative Cooling{0 hrs)
7 Matural VYentilation Cooling(0 hrs)

8 Fan-Forced Yentilation Cooling(D hrs)

10 Passive Solar Direct Gain Low Mass{0 hrs)

11 Passive Solar Direct Gain High Mass{D hrs)
12 Wind Protection of Outdoor Spaces(D hrs)

15 Cooling, add Dehumidfication if needed(0 hrs)

16 Heating, add Humidification if needed{0 hrs)

Comfortable Hours using Selected Strategies
(653 out of 3672 hrs)

-5 0

Analysis

15
DRY-BULB TEMPERATURE, DEG. C

WET-BULB

RELATIVE HUMIDITY

TEMPERATURE

DEG. C

2

30

80%

028

024

{020

016

=

HUMIDITY RAT!



Passive Design Strategies

Adaptive Strategies

LEGEND

COMFORT INDOORS
79% [l COMFORTABLE
21% [l NOT COMFORTABLE

PLOT: |COMFORT INDDORS e
@ Hourly () Daily Min/Maz
() All Hours @) Select Hours
Sam. | through |12am.
() All Months (@ Select Months
MAY ~ | through |SEP Lv
(7)1 Month [34N

() 1Day 1

() 1Hour |9 zm.

TEMPERATURE RANGE:
@ -10tcd0°C () FittoData
Display Design Strateqies

[[] Show Best set of Design Strategies

-10

DESIGH STRATEGIES: MAY through SEPTEMBER
24.7% 1 Comfort{605 hrs)
14.9% 2 Sun Shading of Windows{365 hrs)

5 Direct Evaporative Cooling(0 hrs)

6 Two-Stage Evaporative Cooling(0 hrs)
7 Natural Ventilation Cooling(78 hrs)

8 Fan-Forced Ventilation Cooling(D hrs)

10 Passive Solar Direct Gain Low Mass(0 hrs)
12.5% 11 Passive Solar Direct Gain High Mass{305 hrs)
12 Wind Protection of Outdoor SpacesiD hrs)

15 Cooling, add Dehumidfication if needed{0 hrs)
16 Heating, add Humidification if needed{0 hrs)

78.6% Comfortable Hours using Selected Strategies
{1923 out of 2448 hrs)

Analysis

15
DRY-BULB TEMPERATURE, DEG. C

WET-BULB

RELATIVE HUMIDITY

TEMPERATURE

DEG. [

2

25

3o

100%

35

80%

024

020

016

008

HUMIDITY RATIO



Adaptive Strategies

Passive Design Strategies

DESIGH STRATEGIES: MAY through SEPTEMBER
19.4% 1 Comfort{d75 hrs)
26.2% 2 Sun Shading of Windows{641 hrs)

DESIGH STRATEGIES: MAY through SEPTEMEBER
24.7% 1 Comfort{605 hrs)
14.9% 2 Sun Shading of Windows(365 hrs)

DESIGH STRATEGIES: MAY through SEPTEMBER
21.4% 1 Comfort{524 hrs)

22.5% 2 Sun Shading of Windows (551 hrs)

4 Direct Evaporative Cooling{0 hrs)

6 Two-Stage Evaporative Cooling(Q hrs)
¥ Natural Yentilation Cooling{78 hrs)

8 Fan-Forced Yentilation Cooling(0 hrs)
9 Internal Heat Gain(1128 hrs)

10 Passive Solar Direct Gain Low Mass{0 hrs)
11 Passive Solar Direct Gain High Mass(305 hrs)
12 Wind Protection of Outdoor Spaces(0 hrs)

15 Cooling, add Dehumidfication if needed{0 hrs)
16 Heating, add Humidification if needed{0 hrs)

ith Comfortable Hours using Selected Strategies

(1923 out of 2448 hrs)

3.3%

35.7%

9.2%

63.9%

4 Direct Bvaporative Cooling{0 hrs)

6 Two-Stage Evaporative Cooling(0 hrs)

¥ Natural Yentilation Cooling{80 hrs)

8 Fan-Forced Yentilation Cooling(0 hrs)

9 Internal Heat Gain(874 hrs)
10 Passive Solar Direct Gain Low Mass{0 hrs)
11 Passive Solar Direct Gain High Mass(225 hrs)
12 Wind Protection of Outdoor Spaces(0 hrs)

15 Cooling, add Dehumidfication if needed{l hrs)
16 Heating, add Humidification if needed{0 hrs)

Comfortable Hours using Selected Strategies
(1565 out of 2448 hrs)

2050

Analysis

3.8%

28.7%

7.5%

54.8%

5 Direct BEvaporative Cooling(D hrs)

6 Two-5Stage BEvaporative Cooling(D hrs)

¥ Natural Yentilation Cooling(92 hrs)

8 Fan-Forced Yentilation Cooling{0 hrs)

O Internal Heat Gain{702 hrs)
10 Passive Solar Direct Gain Low Mass(0 hrs)
11 Passive Solar Direct Gain High Mass(183 hrs)

12 Wind Protection of Outdoor Spaces(0 hrs)

15 Cooling, add Dehumidfication if needed{0 hrs)
16 Heating, add Humidification if needed(0 hrs)

Comfortable Hours using Selected Strategies
(1341 out of 2448 hrs)




Adaptive Strategies

Author

Year

Building Types

Adaptive Strategies

Jenkins et al.

Lomas et al.

Gupta and Gregg

Hamdy et al.

Shadmanfar et al.

C Jimenez

2009

2012

2012

2017

2019

2019

Schools

Hospitals

Residences

Residences

Schools

Offices

External Shading
Passive Cooling

Ventilation Strategies

Insulations
Shading strategies

Natural Ventilation Strategies

Increased external and internal insulations
Cavity Wall Insulations

High Albedo Exterior surfaces

Exposed Thermal Mass

Shading strategies

Ventilative Cooling

Solar Protection

Increasing thermal mass

Nigh time ooling

Thermal Mass

Ventilation Strategies

Analysis




Pulse Hall 8

Case Studies

Percentage of Discmfort Hours

25

20

15

10

18

H.8.7

Adaptive Strategies

21.4
20.2 20.3
186 19
10 11.
10.
9.9
8
H.8.6 H.8.5 H.8.4 H.8.3 H.8.2
Solution Set

M Discomfort Hours (2050) B Discomfort Hours (2085)

Robustness Evaluation

22.5

H.8.1
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Robustness Evaluation

I
Jj
“3—{_ H " )
i | Pulse: Hall 8
- 25
[ k 0 22.5
% ] 21.4
20.2 20.3
» 20 18.6 19
5 18
o
T
ot
2 15
e
2 1 12.
Code Solution Set Remarks e 10
G 9.9 10.
H8.1 Reduce U-Value of partition Walls U-value to 1.65 W/m2K % 10 31 3
© .
H8.2. Reduce U-Value of partition Walls U-Value to 1 W/m2K g
o
H8. 3. Reduced U-Value + White Surfaced Roof WWR 70% from 100% E
5
Hs. 4 Reduced U-Value + White Surfaced Roof+ R-Value of opaque parts
o WWR 70% increased 3 m2K/W
H8. 5 Reduced U-Value + White Surfaced Roof+ G-value of
T WWR 70% transparent parts to .4 0
; H.8.7 H.8.6 H.8.5 H.8.4 H.8.3 H.8.2 H.8.1
H8. 6 Reduced U-Value + White Surfaced Roof+ Opening skylight windows )
-6 WWR 70 % +Mixed mode g skylig Solution Set
Ha. 7 Reduced U-Value + White Surfaced Roof+ PCM modelled as 80 mm
’ WWR 70 % +Mixed mode + PCM Panels concrete M Discomfort Hours (2050) B Discomfort Hours (2085)

Results 170




Jj
e
———— [
i [ o ]
[ 1 |
[ )
P |
f [
Tiz?ﬂ$
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%
Hs. 4 Reduced U-Value + White Surfaced Roof+ R-Value of opaque parts
o WWR 70% increased 3 m2K/W
H8. 5 Reduced U-Value + White Surfaced Roof+ G-value of
T WWR 70% transparent parts to .4
1
1 Reduced U-Value + White Surfaced Roof+ . . .
: H8. 6. WWR 70 % +Mixed mode Opening skylight windows
Ha. 7 Reduced U-Value + White Surfaced Roof+ PCM modelled as 80 mm
’ WWR 70 % +Mixed mode + PCM Panels concrete

Percentage of Discmfort Hours

25

20

15

10

=
(o)

8.1

e e e e e o)

H.8.7

]
'

et e e e
]

mmmmm Discomfort Hours (2050)

Results

20.2
19
sgk 1OI
H.8.5

Pulse: Hall 8

H.8.4
Solution Set

s Discomfort Hours (2085)

Robustness Evaluation

21.4
20.3
k 11.
| ‘
H.8.3 H.8.2

22.5

12.

H.8.1

= = = Best Case
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WWR 70 % +Mixed mode + PCM Panels

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%
Hs. 4. Reduced U-Value + White Surfaced Roof+ R-Yalue of opaque parts
WWR 70% increased 3 m2K/W
Hs. 5. Reduced U-Value + White Surfaced Roof+ G-value of
WWR 70% transparent parts to .4
1
i H8. 6. Reduce?/vlw\éa%e 02 \ith:ieeifggeed Roof+ Opening skylight windows
i Ha. 7 Reduced U-Value + White Surfaced Roof+ PCM modelled as 80 mm
I

concrete

Percentage of Discmfort Hours

Pulse: Hall 8

25
22.5
21.4
mm——mmmee e : 20.2 203
20 1y H 19
: 18 : : 18.6 :
: i 1
1 : 1 1
i H i 4.5
1 .
1> i ! i i 34
: L | " 22 23 .
1 10.
: 10 : : 0.6 : 9.9 10.
10 1 1 : 1
181 1, 8 1
: e - - - - -
1 T 1
1 i 1
1 : 1 1
5 -1 i 1
i b i
1 !
: : : 1
i L i
0 b i
| H87 i H86 | H85 H.8.4 H.8.3 H.8.2 H.8.1
L L

Solution Set

s Discomfort Hours (2050) mmmmm Discomfort Hours (2085) mmmmm Performance Deviation = == e Best Case



Code Solution Set Remarks
H10.1 WWR 75% + White Surfaced roof and Facade
WWR 75% + White Surfaced roof and Facade + External
H10.2 X
Roller Blinds

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

e 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
. WWR 75% + White Surfaced roof and Facade+ E Existing two

: mixed-mode +PCM Panels+ external blinds i Windows openings

with 40%

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

’ mode +PCM Panels+0.5 m overhang and 0.35 m sidefins. operating through

out the da;
H10.9 WWR 75% + White Surfaced roof and Facade+ _mixgd PCM modelle)é as
mode +PCM Panels+1 m overhang and 0.35 m sidefins. 80 mm concrete

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

mode +PCM Panels+ shutters

Percentage of Discmfort Hours

30

25

2

o

1

wv

1

o

€]

H.10.2

20.9 '
i ‘11

Pulse: Hall 10 (Existing Facade)

27
24.1
73 23.5
H 22.1 22.2
1
1
1
1
1
H 15.
1
1
! 12.
1 11, 11.
1 10.
1 9.1
8.1 I
., I Q Q Q Q ., Q
- - - - - - = = S S q
1
1
1
1
1
1
1
1
1
1
1
1
1
1

21.8

H.10.5

mmmmm Discomfort Hours (2050)

Results

Robustness Evaluation

H.10.10 H.10.4 H.10.9
Solution Set

mmmms Discomfort Hours (2085)

H.10.3 H.10.8

= = = Best Case

H.10.6
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Code Solution Set Remarks
H10.1 WWR 75% + White Surfaced roof and Facade
________________________________________________ i
WWR 75% + White Surfaced roof and Fagade + External
H10.2 . I
Roller Blinds [
H10.3 WWR 75% + White Surfaced roof and Facade+ 0.5 m
e 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
. WWR 75% + White Surfaced roof and Facade+  Existing two
: mixed-mode +PCM Panels+ external blinds windows openings
with 40%
H10.8 WWR 75% + White Surfaced roof and Facade+ mixed openable area
’ mode +PCM Panels+0.5 m overhang and 0.35 m sidefins. operating through
; ; out the day
H10.9 WWR 75% + White Surfaced roof and Facade+ _mlxgd PCM modelled as
mode +PCM Panels+1 m overhang and 0.35 m sidefins. 80 mm concrete
H10.10 WWR 75% + White Surfaced roof and Facade+ mixed

mode +PCM Panels+ shutters

Percentage of Discmfort Hours

30

20

15

10

1 1 1 1
i i 21.8 i 22 1
1 20.9 I 1 1
I I 1 1
I [ 1 1
I 1 1 1
I I 1 1
I I 1 1
' i i i
I

1 1 3.71 3.9
1 2.8 1 1 1
] : 11 : :
I

1 10. 1 1 1
| : : :
I

1 1 1 8 1
1 (LT o anjem e g
I 1 1 1
I I 1 1
I 1 1 1
I 1 ] 1
I I 1 1
I I 1 1
I I 1 1
I I 1 1
I i 1 i
I I 1 1
: H.10.2 ! H.10.5 : H.10.7 :
e o ———— 4 e e s e e
s Discomfort Hours (2050) s

Results

Robustness Evaluation

Pulse: Hall 10 (Existing Facade)

27
24.1
235 |
2.1 222 23
8.9
16 15
5.4 .
14 4.1 49
12.
11. 11
10.
9.
H.10.10 H.10.4 H.10.9 H.10.3 H.10.8 H.10.6
Solution Set

Discomfort Hours (2085) Perofrmance Deviation e =« Best Case
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Code Solution Set Remarks
WWR 75% + White Surfaced roof and Fagade + External
H10.2 )
Roller Blinds
H10.7 WWR 75% + White Surfaced roof and Facade+
’ mixed-mode +PCM Panels+ external blinds

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 .

Percentage of Discmfort Hours

30

25

20

15

10

Case Studies

Adaptive Strategies Robustness Evaluation

Pulse: Hall 10 (Existing Facade)

27

24.1
235 |

H.10.4
Solution Set

H.10.9 H.10.3 H.10.8 H.10.6

[ ———————————

s Discomfort Hours (2050)  mmmmmm Discomfort Hours (2085)  mmmmmm Perofrmance Deviation = === Best Case

Results 175




Robustness Evaluation

Pulse: Hall 10 (50% WWR)

30
Code Solution Set Remarks Fommme——- 1
. [ 25 21.9 : 1 23.6
H10.11 WWR 50% + White Surfaced roof and Facade [ 2 . 1
3 21.2 213 i i
H10.12 WWR 50% + White Surfaced roof and Facade + External :I? 20.3 . : :
’ Roller Blinds g 20 18.6 18.6 19. 18 ] !
= 17. ‘ !
WWR 50% + White Surfaced roof and Facade+ 0.5 m S : :
H10.13 e =} 15. 1
overhang and 0.35 m sidefins. R%) 15 14 1 :
o : 1 1
H10.14 WWR 50% + White Surfaced roof and Facade+ shutters ‘S H ]-'i-
o - == 3= 2 - ol
H10.15 WWR 50% + White Surfaced roof and Facade+ o0 : 1
: mixed-mode +PCM Panels Existing two £ 10 i H
: windows openings z H 1
WWR 50% + White Surfaced roof and Facade+ q o, 5 !
H10.16 ! - with 40% 9 : 1
mixed-mode +PCM Panels+ external blinds openable area 5 i :
; 1
o WWR 50% + White Surfaced roof and Facade+ mixed operating through 1 i
: mode +PCM Panels+0.5 m overhang and 0.35 m sidefins. out the day H H
PCM modelled as 0 1 I
WWR 75% + Whit rf f F i 80 mm concrete ! 1
H10.18 S% 1 Wiile Suriaged 10of and Facade+ mixed H.10.13 H.10.14 H.10.12 H.10.16 H.10.18 H1017 ! I H10.15
L

Solution Set

mmmmm Discomfort Hours (2050) s Discomfort Hours (2085) = = = Best Case

Results 176




—
b
Code Solution Set Remarks
H10.11 WWR 50% + White Surfaced roof and Facade :
WWR 50% + White Surfaced roof and Facade + External
H10.12 )
Roller Blinds
WWR 50% + White Surfaced roof and Facade+ 0.5 m :
H10.13 L
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
N ) windows openings
H10.16 WW'R 50% + White Surfaced roof and Fagade+ with 40%
mixed-mode +PCM Panels+ external blinds openable area
WWR 50% + White Surfaced roof and Facade+ mixed operating through
H10.17 A out the day
mode +PCM Panels+0.5 m overhang and 0.35 m sidefins.
PCM modelled as
H10.18 WWR 75% + White Surfaced roof and Facade+ mixed 80 mm concrete

mode +PCM Panels+ shutters

Percentage of Discmfort Hours

30

25

20

15

10

mmmmm Discomfort Hours (2050)

Pulse: Hall 10 (50% WWR)

203 21.2
17.
13.
32 9.1

H.10.12 H.10.16 H.10.18
Solution Set

s Discomfort Hours (2085)

21.3
19.
9.2

L

21.9

H.10.17

---------r--------

Perofrmance Deviation

23.6

[any
o

|
=
5
00
e e e

H.10.15

= = = Best Case



5
e

Code

Solution Set

Remarks

S.1

White Surfaced roof and Facade

S.2

White Surfaced roof and Fagcade +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

S4

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

Percentage of Discmfort Hours

20

15

10

Robustness Evaluation

Melanchthon Staffroom

............. - 15.
15.3 >

S.2 S.3 S.1
Solution Set

mmmmm Discomfort Hours (2050) mmm Discomfort Hours (2085) = = = Best Case
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Code

Solution Set

Remarks

S.1

White Surfaced roof and Facade

S.2

White Surfaced roof and Fagcade +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

Percentage of Discmfort Hours

20

15

10

[

mmmmm Discomfort Hours (2050)

Melanchthon Staffroom

15.3

mmm Discomfort Hours (2085)

Solution Set

15.9

S.3

[ Performance Deviation

S.1

= = = Best Case
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Code Solution Set Remarks
C.1 White Surfaced roof and Facade
Night ventilation already
present by summer
C.2 White Surfaced roof and Facade +PCM Panels bypass.
PCM modelled as 80
mm concrete
C.3 White Surfaced roof and Facade+2 m width pergola AL el per_gola on
ground floor to first floor
c4 White Surfaced roof and Facade +PCM Panels+ WWR 50% PCM modelled as 80
mm concrete
BMS controlled
Ventilator at top with
manual
C5 White Surfaced roof and Facade +PCM Panels + opening windows at the
’ combination of openings bottom
PCM modelled as 80
mm concrete
BMS controlled
Ventilator at top with
manual
opening windows at the
C6 White Surfaced roof and Facade +PCM Panels+ bottom

S

combination of openings+ 2 m width pergola

extension of pergola on
ground floor to first floor

PCM modelled as 80
mm concrete

Percentage of Discmfort Hours

25

20

15

10

16.7

N
w
N

0
!
e R L LR PR PR e R

0
<)

r
1
1
1
1
1
1
1
1
1
1
1

mmmmm Discomfort Hours (2050)

Results

Robustness Evaluation

Melanchthon Staffroom

18.9
175 17.9 18.5
15.5
C3 C4 C5 C.2

C1

19.3

Solution Set

mmm Discomfort Hours (2085) = = = Best Case
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Code Solution Set Remarks
CA White Surfaced roof and Facade
Night ventilation already
present by summer
C.2 White Surfaced roof and Facade +PCM Panels bypass.
PCM modelled as 80
mm concrete
C.3 White Surfaced roof and Facade+2 m width pergola AL el per_gola on
ground floor to first floor
c4 White Surfaced roof and Facade +PCM Panels+ WWR 50% PCM modelled as 80
mm concrete
BMS controlled
Ventilator at top with
manual
C5 White Surfaced roof and Facade +PCM Panels + opening windows at the
’ combination of openings bottom
PCM modelled as 80
mm concrete
BMS controlled
Ventilator at top with
manual
opening windows at the
C6 White Surfaced roof and Facade +PCM Panels+ bottom

S

combination of openings+ 2 m width pergola

extension of pergola on
ground floor to first floor

PCM modelled as 80
mm concrete

Percentage of Discmfort Hours

25

20

15

10

mmmm Discomfort Hours (2050) mmmmmm Discomfort Hours (2085)

3.5

Melanchthon Staffroom

19.3
18.9
18.5
175 17.9
14 " 1. 15. 15.
5 5.7 6.1
43 4.7 :
c3 ca c5 c2 c.1

Solution Set

Performance Deviation e == e Best Case



Uncalibrated Model

DB Modelling

H
~ Preparing a weather file with outside air temperature |

Cammi_:;veamﬂ — —w  of July 2019 recorded at Rotterdam/Hague Airport |

_____ _ Location Data Weather station E

Empirical Studies g

i
!
!
i Thermal Zones
]

Radiation Analysis o ——

_____ - Activity data

e Construction Data

------- oo Pt

. . Y
Ventilation pr— match the temperature data.
. g o ~ o F - The occupancy schedule of July, however
Calibration Test gl Uncalibrated Model Tuning Parameters does not represent the summer months.
Cooling Set Points

i - The cooling set points were noticed to be
| between 22-23 °C
P While the building in peak cools to 21°C

HVAC Schedule

- The convective cocling works in low capacity
during night to maintain setpoint , while works
in full swing during high occupancy.

Cooling Schedule

. The radiative cooling with climate ceilings is
a slow system, therefore it starts from 3 am
and works throughout the day depending on
occupancy.

Operative
Oulput Parameters
— -
Simulation using e ma ATG Method - aree T Calibration
9 Plotting ATG | = The caoling capacity is used to inform the !

Future Climate Graphs calibration to avoid over sizing of cooling
energy by design builder.

N The cooling capacity of pulse building is 256
KW.When divided with total gross floor area
of 4700 m®, an estimated cooling capacity of
0.055 KW/m® is achieved.

N This value when multiplied with floor area
provides a rough cooling capacity of the room.

. Since it is an estimated an adjustment of
Calibrated Model 5_k'._".' was t:lkgn as thrs;hold fo control the
sizing of cooling in design builder.

Analytical Calculations Dynamic Calculations Dynamic Model Calibration

Identification of A
. T e Baa Heating/Cooling
Spaces which may = ! *  Itis varying because of building use.
overheat o ! - - The cccupancy schedule was adjusted to
|

Analytical
Calculations [ TO,, Method =%

------------------- gq Calibrated Model

_____ =g May-September

Selection of Typical

Spaces Hourly Simulation

for different
Climate
Scenarios

s ¢ Baseline 2008-1%

Tune Parameters

Validation

> 2050-1%

e 2085-1%
Dynamic

Simulation using e BN ATG Method e

baseline climate

y

Reporting Extent
of
Overheating in
Future

Extent of
Overheating in
Future

Conclusions 182




Calculate the running mean outdoor temperature for past J—— Uncertainties
seven days according to EN15251 and ISSO 74,2014 Solulion Set (Fulure climale scenarios)

Solutions set prepared for every
identified space from both case
studies, as described in Table
12.3

The worst case scenario (Wh) of
climate change
for 2050 and 2085

Calculate Indoor operative
temperature from the simulation
model for climate scenarlos

Determine the type of space
(Alpha or Beta) according to
1ISS074

Dynamic simulation
Determine comfort class limits for
B,C,D for Alpha or Beta Space

Performance Indicator
(Percentage of discomfort hours)

The percentage of discomfort
hours exceeding Class B upper
limit depending on alpha or beta
type of space, by plotting ATG

Graphs

Calculate percentage of hours

o e e Robusiness Assessment
exceeding limit of Class B

(Best-Case & Worst Case Method)

Using the Best case and worst
case method to generate
performance deviation and
evaluating robustness

Compare the percentage of
discomfort hours across all
climate scenarios.

Reporting of Results

Discussion on most robust design
solutions

Plotting ATG Graphs Robustness Evaluation

Conclusions




