COMPUTATIONAL DESIGN ANALYSIS OF HEIGHT SCENARIOS
IN RESIDENTIAL HIGH-RISE UNDER BENG 2020

Stephanie Moumdijian | 4907663
P5 Presentation



Introduction




Housing shortage
demand > supply

High-Rise Typology
Building Vertically > Horizontally

Research Problem

High-rise
high-energy consumption

Solutions

I

Energy Efficient Design
Reduce Energy Demand
Maximize Energy Generation

Nearly Zero-Energy Building

BENG

1/3
Total Primary

BENG
Constraint High-Rise Typology
> 5 floors

<
< EEHH



Main Research Question

Based on computational optimization, to which extent are BENG
regulations a constraint to the construction of a residential high-rise
in the Netherlands, and eventually what amendments can be proposed

to adapt the desired height to the performance ?



Sub-Research Question

Where does the of a residential high-rise stand until the

BENG regulations are no longer satisfied?

Then, is responsible for this limitation in the height

increment?

How does the

, and how does it affect the BENG indicators?

What to improve the BENG regulations to achieve the
desired high-rise height?



Objectives

of the early design geometry and facade parameters derived
from the optimization results of a conceptual study of a residential high-rise in the
Netherlands, under the BENG 2020 regulations.

of the parametric design variables, the height increment and
the energy performance for a nearly Zero Energy (nZEB) residential high-rise in the

Netherlands.

of a residential high-rise, in the temperate

climate of the Netherlands that can satisfy the BENG 2020.

in parallel to the height increment of the residential high-rise and the design

parameters.
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BENG 2020

Residential Function
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New Building Category
, .
User’s Requirement Total Thermal Comfort > 90%

Thermal Comfort f

Temperature Range Winter
20°C - 25°C
Heating set point: 20 °C

Temperature Range Summer
23°C - 26°C
Cooling set point: 26 °C (TOjuli)

Thermal Comfort

Visual Comfort Indoor Air Quality
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User’s Requirement

Thermal Comfort

Indoor Air Quality

Thermal Comfort

Ventilation rate
@ per function

Indoor Air Quality g) Maximum reative air velocity

m 0.2 m/s

Visual Comfort



User’s Requirement
Thermal Comfort
Indoor Air Quality

Visual Comfort
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> 300 lux
> 10 % space area
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> 50 % occupancy time Indoor Air Quality
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User’s Requirement
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User’s Requirement
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Early Stage Geometry Parameters
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Design Parameters

Early Stage Geometry Parameters

Compactness Orientation
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Design Parameters

Facade Parameters

Thermal Insulation

Fixed

Roof
R-value
6.0 m2K/W

Floor/Ceiling
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Highly Ait-tight Facade
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R-value

Internal Walls




® ° . ® * °
Design Parameters

Facade Parameters

Thermal Insulation Glazing Ratio

J

20%
WWR

30%
WWR

40%
WWR

50%
WWR

60%
WWR

70%
WWR

80%
WWR

90%
WWR




Design Parameters

Facade Parameters

Thermal Insulation Glazing Ratio Glazing Types
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Design Parameters

Facade Parameters

Thermal Insulation Glazing Ratio Glazing Types

& =8 f )

x5

Double Glazing Triple Glazing high low
U-value U-value
Glazing Type 1 2 3 4 5
U-value [W/m?K] 1.1 0.9 0.7 0.6 0.5




Design Parameters

Facade Parameters

Thermal Insulation Glazing Ratio Glazing Types

& =8 f )
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Double Glazing
Glazing Type 1 2
U-value [W/m?K] 1.1 0.9
g-value [-] 0.62 0.47

0.7
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Triple Glazing high low
g-value g-value
4 5
0.6 0.5
0.5 0.7



Design Parameters

Facade Parameters

Thermal Insulation Glazing Ratio Glazing Types
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Double Glazing Triple Glazing high low

VLT VLT
Glazing Type 1 2 3 4 5
U-value [W/m?K] 1.1 0.9 0.7 0.6 0.5
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VLT [%] 80 75 69 75 72
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Design Parameters

Facade Parameters

Thermal Insulation Glazing Ratio Glazing Types Energy Generation Shading Systems
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temperature
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Facade Parameters
Thermal Insulation Glazing Ratio Glazing Types Energy Generation Shading Systems Natural Ventilation
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Based on computational optimization, to which extent are BENG
regulations a constraint to the construction of a residential high-rise in
the Netherlands, and eventually what amendments can be proposed

to adapt the desired height to the performance ?
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= 4800 combinations




Interrelated Parameters

Compactness Orientation Glazing Ratio Glazing Types Shading Systems
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Design Alternatives ‘

Complex Decision Taking

Multi-Objective Design

Computational Optimization
Methodology
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Zone Divisions Validation
based on:

Accuracy of Results Time for Simulation
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3 Zones less accurate
4 Zones

\
8 Zones more accurate




3 Zones less accurate 42 min

4 Zones 65 min
\

8 Zones more accurate 110 min
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A
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Zone Divisions

48 Floors




Zone Divisions

Zone 4

Zone 3

Zone 2

Zone 1



< 41+ Floor
135 meters

29" Floor
25.7 meters

19 Floor
.1 meters

5% Floor
- 16.5 meters




A
Acceleration of =
Wind Speed
A 7.0m/s _::
41¢ Floor
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6.0m/s  |EE—
29t Floor
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4.5m/s  |EE——
- 19t Floor =
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10 20 30 40 50 60 70 80 90
Wind Speed (m/s)
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Early Design Stage
Orientation & Compactness

Compactness Orientation



Early Design Stage

Compactness Orientation
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Early Design Stage

Compactness Orientation
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Early Design Stage

Compactness Orientation
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Early Design Stage
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Early Design Stage

BENG 3

Plan Type 1

45 a0

32%
®
/ - \ / \
i \ i + + \
] o \ ] \
| + 0 + | — 45° |
\ 1 \ 1
\ / \ + + /
A +
A N 7 ’ A N 7 ’
S ~ - “ S ~ - “
Facade PV panels Facade PV panels
W/S/E W/S/E/N

* BENG 3 f BENG 3

BENG 3

»> =

Plan Type 3

\ / \
\ 1 \
R \ 1 | N
135 | — , A
1 \ 1
/ \ /
+ ; ’
A \SW B L e B ., 7
Highest Radiation on Highest Radiation on
Shortest Side Longest Side
¢ BENG 3 f BENG 3

6%



Early Design Stage
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Early Design Stage
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Early Design Stage
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Early Design Stage
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Early Design Stage
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Early Design Stage
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Early Design Stage
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Optimal Variable Ranges of WWR
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Optimal Variable Ranges of WWR
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Glazing Ratio Glazing Types Shading Systems
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Facade Parameters
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Adaptation of the WWR
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Based on computational optimization, to which extent are BENG
regulations a constraint to the construction of a residential high-
rise in the Netherlands, and eventually what amendments can be

proposed to adapt the desired height to the performance ?
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Energy Performance

per Height Increment
(Floor Addition)



Floor Addition




Floor Addition
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Floor Addition -+ Roof Parameters

Energy Generation
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PV of 20% Efficiency
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Heating Loads

48.1 kWh/m? Increase of heating demand

Amplification

at the 14th Floor (46.5 meters)

32
28.8 kWh/m?
28

o 2 4 6 & W0 12 14 16 18 W 22 4 26 8 30 32 34 36

eesel’
it

Floor Number




Heating Loads Acceleration of Wind Speed
A

48.1 kWh/m? -

a8

>50m/s 104 3

Optimal WWR of zone 4
smaller then zone 3 9

Adl

il I 1y | |

28.8 kWh/m?

o 2 4 a 8 M 12 14 16 18 20 22 P4 26 28 30 32 34 36 IW AD 42 A4 A6 48 5O
Floor Number a2 |

<4.0m/s m

[l

o -

10 20 30 40 50 60 70 80 90
Wind Speed (m/s)



Drop of Temperature
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Cooling Loads
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Cooling Loads
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Lighting Loads

103

99 Absolute
Difference
0.20 kWh/m?

a4t

il

sece
EEE

32 34 36 38 40 42 44 46 48 SO

Constant Lighting Loads

Constraint of Plug-in with
Dynamic Shading
(results expected to be higher
under the usage of the dynamic
controlled roller)



Comfort Level

Fluctuation of Comfort Level

Cotepricy
@ Zone!
& rone?
85.4 % ®zo0e
20 4 2% 2@ 30 34 A4 48 50
leor Mumber




Comfort Level

S

N\

N\

Fluctuation of Comfort Level

\
NN

Zone 1
85.5% to 89.3%
Max T° = 28.2°C > 26°C

NN
N\

%e.%%:‘”‘
N\

N
} N,
N

Smegorcd
[ F=0
@ Jore?
@oced
Lib) @ Tenes
o 2 4 & B W0 12 14 16 18 2 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Fleor Number

28.2 °C



Comfort Level

Fluctuation of Comfort Level
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85.5% to 89.3%
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Height Increment Performance
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Height Increment Performance

f ! 7 Indoor
AN ] Conditions

Comfort Level
TOjuli 26°C Exceeded

Heating Setback  Heating
(no occupancy)  Set Point

Minirmum indoor

air temperature

180 20° 21°

Cooling Set Point

24°C
Buffer Zone
<------ >

Cooling Coaling Setback

Set Point [ne occupancy)
Maximum indoor
air temperature

26° 28°

MV Heating Natural Ventilation MV Cooling

similar cooling & heating
set points for all levels
(different micro-climates)
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Heat gains mainly W/S/E
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Guidelines
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1.2 1.46 1.66
Higher Compactness Lower Compactness
(Smaller Shape Factor) (Larger Shape Factor)
Less Envelope Surface Area More Envelope Surface Area
D >
Less Heat Loss (Winter) More Heat Loss (Winter)
Less Heat Gains (Summer) More Heat Gains (Summer)
e e >
Less Heating More Heating
Less Cooling More Cooling
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¢ BENG 1 BENG 1
BENG 2 T BENG 2
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East Orientation North Orientation West Orientation South Crientation
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Based on computational optimization, to which extent are BENG
regulations a constraint to the construction of a residential high-rise in
the Netherlands, and eventually what amendments can be proposed

to adapt the desired height to the performance ?
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> Amendments

INDEX

Ratio Volume (V) / Loss Surface of Envelope (Als)
3 A ? Loss surface

f Heat transfer

4 PV Area

Loss Surface of Envelope (Als)

Geometry Height
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BENG 3
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V/Als < 5.60
Roof Efficiency > Facade Efficiency
BENG 3 > 40%

BENG 3

Amendments

L . SRNSNUSN— SRS | =S ————" "
Height (m) 6.6 132 19.8 26.4 386 =158.4
W/ Als
Vi Als <3.30 3.30 <V/ Als < 5.60 560<V/Als <615 >6.15

46 | + + t J
44
42

Currrent

Benchmark

>40%
40 Y

—
38
36
34
32
5 5.5 ] 6.5
relope)
Summer
Solstice
Equinox
Winter
Solstice
Summer
Solstice
- Equinox
g Winter

Solstice




Amendments

5.60 < V/AIs < 6.15

Maximal Roof Efficiency Reached
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V/Als < 5.60
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How does the energy performance of the residential high-rise vary
in relation to addition of floors,
and how does it affect the BENG indicators?
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Along the floor addition,

40% Heating Demand
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9 due to changing micro-climates
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Based on computational optimization,
to which extent are BENG regulations a constraint to the construction of a residential high-rise in the Netherlands,
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Along the floor addition,

*ﬂ *3 : 40% Heating Demand
90 A + Heating Loads . . .
due to changing micro-climates

PV
Roof Efficiency > Facade Efficiency

BENG 1 Increases
39% Decrease in Performance

BENG 2 Increases
55% Decrease in Performance

BENG 3 Decreases
30% Decrease in Performance
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Where does the limit in height increment of a residential high-rise stand
until the BENG regulations are no longer satisfied?

Then, which of the 3 BENG regulations is responsible
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15t Height Limit BENG 3
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40.2%
(Benchmark > 40%)
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Based on computational optimization,
to which extent are BENG regulations a constraint to the construction of a residential high-rise in the Netherlands,
and eventually what amendments can be proposed to adapt the desired height to the performance ?

Where does the limit in height increment of a residential high-rise stand
until the BENG regulations are no longer satisfied?

Then, which of the 3 BENG regulations is responsible
for this limitation in the height increment?

15t Height Limit BENG 3

8t Floor / 26.4 meters

40.2%
(Benchmark > 40%)
> 70 meters (21 Floors) -High-Rise Definition in the Netherlands ~ 2nd Heijght Limit BENG 2
274 Limit at 52.8 meters j\\%+* 4 BENG 2 = 49.3 kWh/m?
\/f 16t Floor / 52.8 meters
B 49.3 kWh/m?
1t Limit at 26.4 meters | |BENG 3 = 40.2 %
\/ (Benchmark < 50 kWh/m?)




Based on computational optimization,
to which extent are BENG regulations a constraint to the construction of a residential high-rise in the Netherlands,
and eventually what amendments can be proposed to adapt the desired height to the performance ?

What amendments can be proposed
to improve the BENG regulations to achieve the desired high-rise height?
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Related to Geometry & Envelope
Ratio of the Loss Surface Area (A) / Usable Floor Area (Ag)

BENG 1 < 65 <55+30*(A/A,-1.5) <100+ 50 * (A /A, - 3.0)
Reduce Energy Demand kWh/mZ2.yr kWh/m?Z.yr kWh/mZ2.yr
BENG 2 < 50 _ _

Use Primary Fossil Energy kWh/mZ2.yr

BENG 3 > 40

Share of Renewable Energy %
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Based on computational optimization,
to which extent are BENG regulations a constraint to the construction of a residential high-rise in the Netherlands,
and eventually what amendments can be proposed to adapt the desired height to the performance ?

BENG 1 < 65

Reduce Energy Demand kWh/mZ2.yr

V/A, V/A, < 5.65 5.65< V/A < 6.0 V/A, > 6.0
BENG 2 < 45 < 60 <70
Use Primary Fossil Energy kWh/mZ2.yr kWh/m?Z2.yr kWh/m?2.yr
V/A, V/A, < 5.60 5.60< V/A =< 6.15 V/A, >6.15
BENG 3 > 40 2 32 = 30

Share of Renewable Energy % % %
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Future Research

This study can serve as a starting point for further studies

Additional parameters and variables:

Evaluate several U-value for the insulation materials of the enclosed part of the envelope

Investigate different cooling and heating temperature set points at different height

Evaluate different occupancy and usage schedules to observe the relationship with user’s behavior
and the energy performance aside from the building design

Implement the variation in the plan layout of upper floors in the high-rise where the usable space
decreased due to structural principles
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