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First, try to imagine

you live in this unit...

This unit has an evergreen tree, or
tree that doesn’t shed its leaves
throughout the year, right in front of it.

]
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«—v You would like the view of
&‘:' the tree in general
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«—v You would like the view of
&‘:' the tree in general

In summer, you'd appreciate

the coolness the tree brings
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«—v You would like the view of
k‘.:' the tree in general

In summer, you'd appreciate

the coolness the tree brings

@ But in winter, the tree
blocks the warmth you long for
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«—v You would like the view of
K‘.:' the tree in general

In summer, you'd appreciate

the coolness the tree brings

But in winter, the tree

blocks the warmth you long for

The tree causes higher electricity

4
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DO YOU ALSO WANT MORE TREES IN
______ROTTERDAM?

for suitable locati COOL Do WN CITY
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BRING TREE SEEDLINGS SMALL TREES CITY GARDEN PLANTING AND GREEN SUBSIDY SCHOOLS
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WAARSPOT JE B/@"{BOMEN?

Source: World Economic Forum. (2C ober 26, 2025, from

https://www.weforum.org/stories/201
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Source: World Economic Forum. (2019). World’s maijor cities to face ‘unknown’ climate conditions by 2050. Retrieved October 26, 2025, from
https://www.weforum.org/stories/2019/07 /worlds-major-cities-to-face-unknown-climate-conditions-by-2050/
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3-30-300 rule

Every person should see 3 trees from their
home, have 30% tree canopy cover
in their neighborhood, and live within
300 meters of a green space

Benefits:

Boosts mental health, encourage physical
activity, and it helps lower heat stress

%
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30%

boomkroon-
bedekking

bomen zichtbaar
«J vanuit je woning
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But, still remember
this house?

The tree might cause higher electricity

4

costs due to higher usage of heater

3
TU Delft 01. Introduction |12



v

—+ You would like the view of
K‘:’.' the tree in general

In summer, you'd appreciate

the coolness it brings
-
@ But in winter, that same tree
blocks the warmth you long for

I f} More heater use = higher electricity]
bill

Can we support the 3-30-300 rule to help reduce the
effects of climate change, without unintentionally
increasing electricity bills across neighbourhoods?

3
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Building energy modelling

Solar
irradiance
window opening @ HX':CI
Glazing system B??gahvtii:rgﬂ fﬁﬂiﬁfﬁi ;Jiii‘:;’f BEM 2> A phySiCS'based
el W Ve g computational method for
Do representing how buildings use
. and transfer energy
cat transier .
R ¢ \Il;l'/ - |
— 1185

System diagram of building energy simulation modules
Source: Chen et al. (2024), Energies, 17(17), 4313. Licensed
under CC BY 4.0 (https://doi.org/10.3390/en17174313)
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Heat balance method

- ] This method calculates heating and cooling
A ﬂ{'c'a' / Roof demand by balancing energy gains and losses
) within a thermal zone.

—

Irradiation mdow e AIR d

| Wall
Floor /

Heat balance representation
Source: Melo, A.P. & Lamberts, R. (2009).
Licensed under CC BY 4.0
(https://www.ibpsa.org/proceedings/BS2009/BS09 2243 22
50.pdf)

3
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Heat balance method

_ This method calculates heating and cooling
A I’Eﬂii‘”a' / Roof demand by balancing energy gains and losses
- within a thermal zone.
Iradiation [\window > AIR ] Gains: solar irradiation, artificial lighting, and
| Wall internal heat from occupants and equipment.
\ Floor /

Heat balance representation
Source: Melo, A.P. & Lamberts, R. (2009).
Licensed under CC BY 4.0
(https://www.ibpsa.org/proceedings/BS2009/BS09 2243 22
50.pdf)
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Heat balance method

_ This method calculates heating and cooling
A I’Eﬂii‘”a' / Roof demand by balancing energy gains and losses
within a thermal zone.
Iradiation | Window > AIR S Gains: solar irradiation, artificial lighting, and
| Wall internal heat from occupants and equipment.
\ Floor / Losses; cc?nduction throggh the envelope,
ventilation, and radiation exchange.

—

Heat balance representation
Source: Melo, A.P. & Lamberts, R. (2009).
Licensed under CC BY 4.0
(https://www.ibpsa.org/proceedings/BS2009/BS09 2243 22
50.pdf)
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energy

modelling L
- if using the heat balance

b%g,l—e method: challenges in
building data availability and

computational
An complexity

]
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Solution:
UBEM
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UBEM approaches and their characteristics

Approach (Example Tools) Strengths Limitations

Top-down (e.g., LEAP, aggregated data
EnergyPLAN, TIMES)

Data-driven (Bottom-up) (e.g., Depends on historical data
ANN models, Regression,

Random Forests)

Simulation-based (Bottom-up)
(e.g., SimStadt, CitySim, CEA)

Integrates with BIM/3DCM

based on physics-based
odelling

Adapted from: Abbasabadi, N., & Ashayeri, M. (2019). Urban energy use modelling methods and tools: A review and
an outlook. https://doi.org/10.1016/j.buildenv.2019.106270

3
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UBEM approaches and their characteristics

Approach (Example Tools) Strengths Limitations

Top-down (e.g., LEAP, aggregated data
EnergyPLAN, TIMES)

Data-driven (Bottom-up) (e.g., Depends on historical data
ANN models, Regression,

Random Forests)

Simulation-based (Bottom-up)
(e.g., SimStadt, CitySim, CEA)

* Integrates with BIM/3DCM

» based on physics-based
modelling

Adapted from: Abbasabadi, N., & Ashayeri, M. (2019). Urban energy use modelling methods and tools: A review and
an outlook. https://doi.org/10.1016/j.buildenv.2019.106270
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UBEM approaches and their characteristics

Approach (Example Tools) Strengths Limitations

Top-down (e.g., LEAP, aggregated data
EnergyPLAN, TIMES)

Data-driven (Bottom-up) (e.g., Depends on historical data
ANN models, Regression,

Random Forests)

Simulation-based (Bottom-up)
(e.g., SimStadt, CitySim, CEA)

* Integrates with BIM/3DCM
* based on physics-based
modelling

Adapted from: Abbasabadi, N., & Ashayeri, M. (2019). Urban energy use modelling methods and tools: A review and
an outlook. https://doi.org/10.1016/j.buildenv.2019.106270
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Physics-based UBEM workflow

INPUT MODEL SIMULATION OUTPUTS
__________ o
d
dataset Urban | |
»  building | |
/ Building-  / model [
related data L
: Energ.t,r Qutputs —||—
- simulation | |
/ Utility rates / ' |
> system |
— model | |
District i
system data | | |
|
Y I B

Physics-based UBEM workflow in general (adapted from [Ferrando et al., 2020]

]
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POST-PROCESS

>

Spreadsheet

Graphic
visualization
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Physics-based UBEM workflow

Weather
dataset
Building-
related data

/ Utility rates /L

District
system data

Physics-based UBEM workflow in general (adapted from [Ferrando et al., 2020]
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Representation of trees in physics-based UBEM

Tree

Representation

Trees as canopy layers

1. Radiative + BEM CitySim filtering short- & long-
wave radiation

Approach Main Tools

100 x 200 m site (~40
000 m? floor area)

Trees defined by height,

2. Coupled ENVI-met + CEA (Zurich) LAD, albedo, Zu(rﬁhc;oS?nszu?fz?) i
Microclimate + / ENVI-met + EnergyPlus transmittance; affect -
- : : Thessaloniki: 40 000 m?
UBEM (Thessaloniki) microclimate (T, RH, . :
wind) residential area
3. Direct Tree GIS + Grasshopper + | 1 142 trees as simplified | Capitol East, Des Moines
In ration shading objects — neighbourhood scale
tegratio UMl hading object ighbourhood scal

3
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Representation of trees in physics-based UBEM

Main Tools

CitySim

ENVI-met + CEA

(Zurich) / ENVI-met +
EnergyPlus

(Thessaloniki)

rely on multiple tools
rather than a single
modelling platform

GIS + Grasshopper +
UMI

]
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Representation of trees in physics-based UBEM

Scale

100 x 200 m site (~40
000 m? floor area)

Except for the 2nd
approach, these

studies are also
limited to a small
neighbourhood
scale.

Zurich: 522 x 498 m
(+100 m buffer)
Thessaloniki: 40 000
m? residential area

Capitol East, Des
Moines —
neighbourhood scale

]
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Representation of trees in physics-based UBEM

no methods currently exist for incorporating
vegetation at the large neighbourhood or
district scale within a single modelling

platform.

3
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Research question:

How can the spatial representation of
tree planting be integrated into UBEM
to assess its effectiveness in
reducing heating and cooling demand
under projected 2050 climate conditions?

3
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Objectives

SRQ1 Method to integrate spatial tree
data into UBEM workflows to
quantify neighbourhood-scale
energy impacts.

3
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Objectives

SRQ1 Method to integrate spatial tree
data into UBEM workflows to
quantify neighbourhood-scale
energy impacts.

SRQ2 A set of modelling
assumptions and
simplifications for

representing tree shading
under varying climates
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Objectives

SRQ1 Method to integrate spatial tree
data into UBEM workflows to
quantify neighbourhood-scale
energy impacts.

SRQ2 A set of modelling
assumptions and
simplifications for

representing tree shading
under varying climates

SRQ3 Framework for interpreting
simulation results to guide
urban planning and climate

adaptation decisions.

3
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Positive Energy
District (PED)

European initiatives to design urban
areas that cut energy use, produce
surplus renewable energy, and reach
net zero emissions. One of PED
goals is Reducing energy demand
through efficiency and smart urban
management.

]
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URBAN EUROPE

Home > Positive Energy Districts (PED)
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Study Area

. Feijenoord district

: L 'f- : by “most ‘stony’ or not green neighborhood in

-
............
PR ) s N R .

Feijenoord District Boundary

0 500 1,000 1,500 2,000 m

Figure 4.1.: Feijenoord District
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Study Area
T VAl Y Feijenoord diStriCt

“most ‘stony’ or not green neighborhood in
Rotterdam”

Has 9 neighborhoods

But only 2 were chosen due to computational
and time limitations. The areas are Kop van

Zuid and Afrikaanderwijk.

-
-
........
enem® S

Feijenoord District Boundary

0 500 1,000 1,500 2,000 m

Figure 4.1.: Feijenoord District
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Study Area

Feijenoord district

“most ‘stony’ or not green neighborhood in
Rotterdam”

Has 9 neighborhoods

But only 2 were chosen due to computational
and time limitations. The areas are Kop van
7% Zuid and Afrikaanderwijk.

Even though only two areas were analyzed,
~\ they still show useful variation between a
waterfront zone and a dense inner-city area.

Feijenoord District Boundary

0 500 1,000 1,500 2,000 m

Figure 4.1.: Feijenoord District
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Method

Simulation Modelling Simulation,

. . Ses post-
Scenarios tool and data simplifications Model SeeeaETE

analysis and

development requirements and configuration
identification assumptions visualization
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1. Scenarios developments

Clhimate Conditions
Present 2050

No tree _
Structured to isolate the

individual and combined
effects of vegetation and

With existing : _
climate change on building
trees energy demand
With existing

and proposed trees

03. Method and Experiment | 40
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1. Scenarios developments

]
TUDelft

No tree

Clhimate Conditions

Present

2050

S0

A

53

A

Begin with a reference case
containing only buildings
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1. Scenarios developments

With existing

]
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trees

‘A

then introduce existing trees

03. Method and Experiment | 42



Scenarios developments

With existing

and proposed trees

S5 . .
/\ + and finally include proposed
4+ 4+ trees.

]
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1. Scenarios developments

Climate Conditions These cases are run under
both present and projected
Present 2050 2050 climate conditions.

%
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1. Scenarios developments

Clhimate Conditions

Present 2050

No tree . i
This approach will allow us

to systematically compare
how each factor influences
heating and cooling demand

With existing

trees

With existing

and proposed trees

]
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Method

Simulation
Scenarios tool and data

development requirements
identification

%
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2. Simulation Tool and Data Requirements Identification

]
TUDelft

Assessed based on:

modelling approach and simulation engine

GIS integration
computational requirements
Applicability
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2. Simulation Tool and Data Requirements Identification

Energy simulation tool:
| Assessed based on: |

modelling approach and simulation engine: heat balance
DIN V model
GIS integration: has CityGML integration
computational requirements: PC-based

Sl mStadt Applicability: city scale

Urban simulation environment
developed at HFT Stuttgart,
Germany

]
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2. Simulation Tool and Data Requirements Identification

Energy simulation tool:
| Assessed based on: |

modelling approach and simulation engine: heat balance
DIN V model
GIS integration: has CityGML integration
computational requirements: PC-based

Sl mStadt Applicability: city scale

Urban simulation environment
developed at HFT Stuttgart,
Germany

Supporting tools:

FME ¢ WUl

by Safe Seftware

]
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2. Simulation Tool and Data Requirements Identification

| Data needed: |

Buildings - to capture geometry and energy characteristics
Vegetation (existing and proposed) > to represent additional shading
Weather Data (Current and Future)

Urban Context - District boundaries
Land use layers - to generate proposed trees

]
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Method

Simulation Modelling
Scenarios tool and data simplifications

development requirements and
identification assumptions

3
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3. Modelling Simplifications and Assumptions

Simulation Limitations:

tool:
Only reads CityGML

building geometries

m) - Needs weather data

in specific format (at

least contains GHI +
temperature)

SimStadt

]
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3. Modelling Simplifications and Assumptions

Simulation Limitations: ,
tool: Modelling
. *  Only reads CityGML S|mplt|.f|cat|ons am;ll d
building geometries ass:Imkp |onts;1are ngel €
m) - Needsweather data m) 0 ceep the mode

workable while still
capturing the dynamics
we wanted to study

in specific format (at
least contains GHI +
temperature)

SimStadt

]
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3. Modelling Simplifications and Assumptions

Tree Representation:
 Trees modeled as cylinders
« Each tree given generic construction year + building type to stay in workflow

Foliage Density:
* Full foliage in summer (1 x Dc), reduced foliage in winter (0.64 x Dc)
« Only differentiates deciduous vs. evergreen based on trees genus and not species-specific
details

Proposed Trees:
« Trees are placed in ‘suitable planting areas’, at least 3 meters from buildings and 5 meters apart.
All new trees are deciduous, with uniform height and diameter.

Future Tree Growth:
» Linear growth until 2050 for known planting years
« Max growth limits: +2 m diameter, +2.5 m height to reflect pruning limits

Future Climate Conditions:
Monthly changes in temperature + radiation included for 2050 scenarios - due to data availability
(KNM| ’23) 03. Method and Experiment | 54




3. Modelling Simplifications and Assumptions

Tree Representation:
 Trees modeled as cylinders
« Each tree given generic construction year + building type to stay in workflow

Foliage Density:
* Full foliage in summer (1 x Dc), reduced foliage in winter (0.64 x Dc)
« Only differentiates deciduous vs. evergreen based on trees genus and not species-specific
details

52B: Existing tree + proposed tree S52A: Existing tree + proposed tree

in winter model (current climate) in summer model (current climate)

%
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3. Modellmq pllflcatlons and Assumptions

»\ ’2‘{% (\/\\ e # = ,' 20l 5
V: ol KA ) N 9, o W G
o\ s e - . . b DAY o
¢ ‘,l ‘s/‘ . .. A Sty ' ' S 4
' 4 AL raSea e 5, ¢ >4
g w7\ R A\ 3
H /a A
s G 2

a\.‘ ‘ 0
o ! Existing trees

et S u Proposed trees
-

Proposed Trees:

« Trees are placed in ‘suitable planting areas’, at least 3 meters from buildings and 5 meters apart.
All new trees are deciduous, with uniform height and diameter.
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3. Modelling Simplifications and Assumptions

S1A: Existing tree in summer mode S4A: “Future” tree in summer model

(current climate

Future Tree Growth:

» Linear growth until 2050 for known planting years
« Max growth limits: +2 m diameter, +2.5 m height to reflect pruning limits

%
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3. Modelling Simplifications and Assumptions

Month Gg, Gpn Gpy Temp (°C) Month  Gen  Gpn Gan  Temp (°C)
Jan 29 9 19 41 Jan 2862 888 1974 5.0
Feb 56 23 33 45 Feb 56.87  23.36  33.51 49
Mar 104 48 56 6.7 Mar 10247 4729 5518 7.3
Apr 167 85 83 9.6 Apr 17122 8715 8407 10.6
May 210 109 100 13.3 May 21512 11166 10346 143
Jun 225 114 110 16.2 ‘jun 231.81 11745 11436 17.1
Jul 214 107 107 18.2 Jul 22891 11446 11446 197
Aug 181 89 92 18.1 Aug 19055 9370 96.85 19.9
Sep 125 58 68 15.3 Sep 12736 59.10 6826 16.6
Oct 71 28 42 11.6 Oct 7244 2857  43.87 12.8
Nov 33 10 23 7.6 Nov 3468 1051 24.17 8.8
Dec 21 6 15 4.8 Dec 21.53 6.15 15.38 2.7

Future Climate Conditions:
Monthly changes in temperature + radiation included for 2050 scenarios - due to data availability
(KNM| ’23) 03. Method and Experiment | 58




Method

Simulation Modelling
Scenarios tool and data simplifications Model

development requirements and configuration
identification assumptions

3
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4. Model configuration

1. Preprocessed the building and tree data using the assumptions and simplifications defined
earlier

03. Method and Experiment | 60
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4. Model configuration: existing trees

03. Method and Experiment | 61

%
TUDelft



4. Model configuration: proposed trees

Cyllindrical
proposed trees

To generate potential planting areas and then
generate the proposed tree points on it

data

fi
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4. Model configuration

Scenario (Summer/Winter) Buildings Existing trees Proposed trees
SO (Current Climate)
S1 (Current Climate)
S2 (Current Climate)
S3 (Future Climate)
S4 (Future Climate)
S5 (Future Climate)

ENENENENENEN
NN
<A

2. Combined the building and vegetation data into one input model per
season and per scenarios

3
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4. Model configuration

Each area 2 12 models and simulation runs:

File Name Description

Model NT_Afr.gml No trees (current climate)

Model CT_Afr Summergml  Existing trees (current climate)
Model . CT_Afr_Winter.gml Existing trees (current climate)

Model PT_Afr Summer.gml  Existing + proposed trees (current climate)
Model _PT_Afr_Winter.eml Existing + proposed trees (current climate)

Model FNT_Afr.gml No trees (future climate)

Model_ FT_Afr Summer.gm]l  Future existing trees (future climate)
Model FT_Afr_Winter.gml Future existing trees (future climate)

Model FPT_Afr Summer.gml Future existing + proposed trees (future climate)
Model FPT_Afr_ Winter.gml Future existing + proposed trees (future climate)

]
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S0: No tree (current climate) S1A: Existing tree in summer model

(current climate)

s

»Gcﬁ,dglé Ea‘.ﬁlf'

S2B: Existing tree + proposed tree S2A: Existing tree + proposed tree S1B: Existing tree in winter model

in winter model (current climate in summer model (current climate) (current climate

3
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S3: No tree (future climate) S4A: “Future” tree in summer model

(future climate)

s

»Gcﬁ,dglé Ea‘.ﬁlf'

S5B: “Future” tree + proposed tree S5A: “Future” tree + proposed tree S4B: “Future” tree in winter model

in winter model (future climate in summer model (future climate) (future climate

3
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Method

Simulation Modelling Simulation,

. . Ses post-
Scenarios tool and data simplifications Model SeeeaETE

analysis and

development requirements and configuration
identification assumptions visualization
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5. Simulation, Post-Processing, Analysis, and Visualisation

SIMULATION EXECUTION

1. 50 Summer
3. 51 Summer
5. 52 S5ummer
7. 53 Summer
9. 54 Summer
11. 55 Summer

2. 50 Winter
4. 51 Winter
6. 52 Winter
8. 53 Winter
10. 54 Winter
12. 55 Winter

POST PROCESSING AND ANALYSIS '

* Energy demand aggregation (heating + cooling).
* Difference maps (baseline vs. enhanced, present vs. 2050)
» |dentification of effective proposed trees
= Statistical analysis

VISUALIZATION

* Maps of Energy Demand Difference (baseline vs. enhanced,
present vs. 2050).
* Graphs (time series plots per scenario)

]
TUDelft

processing,
analysis and
visualization
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5. Simulation, Post-Processing, Analysis, and Visualisation

POST PROCESSING AND ANALYSIS

+ Identification of effective proposed trees

» Statistical analysis

ID

File Name

S0

51A
51B

52A
52B

53

S54A
54B

55A
55B

Model NT_Afr.gml

Model CT_Afr Summer.gml
oG Afr.Winter.gml

Model PT_Afr Suimmergml
Vioelel PT_Afr.Winter.gml

Model _F g

Model_FT_Afr_Summer.g
Model FT_Afr_Winter.gml

Model FPT_Afr_Summer.gm
Model FPT_Afr_ Winter.gml

]
TUDelft

Climate Conditions

Present

2050

5"/\

No tree

53

()

isting 51
trees /n\+ #

A

isting

and proposed trees

.I.‘

PN
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5. Simulation, Post-Processing, Analysis, and Visualisation

» Statistical analysis

POST PROCESSING AND ANALYSIS

+ Identification of effective proposed trees

]
TUDelft

ID File Name

S0 Model NT_Afr.gml

S1A  Model CT_Afr Summer.gml
S51B  Model CT_Afr_Winter.gml
52A  Model PT_Afr Summer.gml
52B  Model PT_Afr_-Winter.gml

Model FNT_Afr.gml

Climate Conditions
Present 2050

No tree

With existing
e

With existing
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5. Simulation, Post-Processing, Analysis, and Visualisation

SO S1 S2 S3 S4 S5
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5. Simulation, Post-Processing, Analysis, and Visualisation

POST PROCESSING AND ANALYSIS

* Fnergv demand asgregation (heating + cooling).
* Difference maps (baseline vs. enhanced, present vs. 2050).
* |dentification ot effective proposed trees
= Statistical analysis

S0

No tree /ﬁ\

53

Effect of climate change =

S3-S0

SO S3

]
TUDelft
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5. Simulation, Post-Processing, Analysis, and Visualisation

POST PROCESSING AND ANALYSIS

* Fnergv demand asgregation (heating + cooling).
* Difference maps (baseline vs. enhanced, present vs. 2050).
* |dentification ot effective proposed trees
= Statistical analysis

With existing

posed trees
S1 S2

]
TUDelft

Climate Conditions

Present |

Effect of
proposed
trees

(present
climate) =

S2 - S1
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5. Simulation, Post-Processing, Analysis, and Visualisation

POST PROCESSING AND ANALYSIS

* Fnergv demand asgregation (heating + cooling).
* Difference maps (baseline vs. enhanced, present vs. 2050).
* |dentification ot effective proposed trees
= Statistical analysis

Climate Conditions
2050

Effect of s4
proposed trees /ﬁ\#

S5 — S4 Eﬁ/h\ $ ot
(future climate) L e

]
TUDelft
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5. Simulation, Post-Processing,

Analysis, and Visualisation

POST PROCESSING AND ANALYSIS

. Energ'g' demand aggregatmn [heatmg + mulmg]

[N o

L e e L e N L S T

* |dentification of {:ffrzl:twﬁ proposed trees
* STATISTICAI analysis

e e

e W

At et

]
TUDelft

Effect of
proposed trees
(future climate)

S5 - 5S4

Effect of
proposed trees
(present
climate) =

S2 - S1
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5. Simulation, Post-Processing, Analysis, and Visualisation

POST PROCESSING AND ANALYSIS
+ Energy demand aggreggormiiTentmmrooime
* Difference maps (baseline v& enhanced, present vs. 2050).
* |dentifisstinnafafRative aranacad trees
= Statistical analysis

Effect of climate change =
S3-S0

]
TUDelft

S0

Effect of
proposed trees
(future climate)

Effect of
proposed trees
(present
climate) =

S2 - S1

03. Method and Experiment | 76



5. Simulation, Post-Processing, Analysis, and Visualisation

VISUALIZATION

* Maps of Energy Demand Difference (baseline vs. enhanced,
present vs. 2050).
* Graphs (time series plots per scenario)

Effect of proposed trees Effect of proposed trees
(future climate) = (present climate) =

S5 -S4 S2 - $1

Effect of climate
change = S3 - S0

]
TUDelft
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f04\ [Results and analysis]

Climate Effect of Urban
change proposed vegetation
\_ J effect trees assesment
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Cooling demand under current climate

Climate Conditions

Building Cooling Demand - Afrikaanderwijk ?uildi::g Cclzglingls:)emziond Sl e AL wel” : L
0 50 100 150  200m . _ A . :Eu: ;;, -ﬁ :?\
[ — — Legend - LS5
Legend Cooling Demand
Cooling Demand [ ] 0-50 kwh/m2/year

[ ] 0-50 kWh/m2/year [] 50-100 kWh/m2/year
[] 50-100 kWh/m2/year [T 100-200 kWh/m2/year
E] 100-200 kWh/m2/year - 200-300 kWh/m2/year
[ 200-300 kWh/m2/year [l 300-500 kWh/m2/year
Il 300-500 kWh/m2/year B >500 kWh/m2/year

B >500 kWh/m2/year

Climate Condtions
200

e
= he ‘A
| REE | R

%
TUDelft
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Heating demand under current climate

Climate Conditions.

Building Heating Demand - Afrikaanderwijk Building Heating Demand - Kop Van Zuid . M )
0 50 100 150 200 m With existing | 81 -
0 50 100 150 200 = AE RS
" bl ¥ Al
e — " — Logend i | W
Legend Heating Demand
Heating Demand [ 0-50 kwh/m2/year

[ 0-50 kWh/m2/year [] 50-100 kWh/m2/year
[] 50-100 kWh/m2/year [T 100-200 kWh/m2/year
[Z] 100-200 kWh/m2/year [l 200-300 kWh/m2/year
[l 200-300 kWh/m2/year [l 300-500 kWh/m2/year
- 300-500 kWh/m2/year B >500 kWh/m2/year

B >500 kWh/m2/year

Climate Conditions
2050

- Ay A
"I A
ey VY Y X
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Statistical Check: Kop van Zuid SO Results

Building Cooling Demand - Kop Van Zuid o P;ﬁ“\m v|® 2 Building Heating Demand - Kop Van Zuid -l %\m v|® 2

0 50 100 150 2?0 m wm::"’i")h\# “ﬁ # 0 50 100 150 200m e A
mwmu: “ﬁ#&? “ﬁ#qu < “m:‘"/\h Tes, ., 1

Legend ' Legend e

[ ] 0-50 kwh/m2/year
[] 50-100 kWh/m2/year
[ 100-200 kWh/m2/year
[ 200-300 kWh/m2/year
[l 300-500 kWh/m2/year
B >500 kWh/m2/year

[ ] 0-50 kWh/m2/year
[] 50-100 kWh/m2/year
[7] 100-200 kWh/m2/year
[ 200-300 kWh/m2/year
[l 300-500 kWh/m2/year
B >500 kWh/m2/year

Table 5.1.: Statistical for the Kop van Zuid simulation without trees under the current climate
scenario

Simulation Result 0-50 50-100 100-200 200-300 300-500 >500 Max _ Min
] Cooling Demand 58 19 21 10 6 7 1475363 0
TUDelft Heating Demand 43 o 19 9 14 30 3895175 0 81




Statistical Check: Kop van Zuid SO Results

Climate Conditions.
Present 2050

Building Cooling Demand - Kop Van Zuid " AV A

0 50 100 150 200 m

a5 SR A
woroe, WE R

Legend

Cooling Demand

[ ] 0-50 kwh/m2/year
[] 50-100 kWh/m2/year
[ 100-200 kWh/m2/year
[ 200-300 kWh/m2/year
[l 300-500 kWh/m2/year
B >500 kWh/m2/year

Table 5.1.: Statistical for the Kop van Zuid simulation wit

scenario

Climate Conditions

Building Heating Demand - Kop Van Zuid

o Present 1 2050
" A A
0 50 100 150 200 m With existing | 81 ﬁ...? U/n\‘#
I e ) v | il |
il XX ﬁ##*
Legend :
Heating Demand

[ ] 0-50 kWh/m2/year
[] 50-100 kWh/m2/year
[7] 100-200 kWh/m2/year
[ 200-300 kWh/m2/year
[l 300-500 kWh/m2/year
. >500 kWh/m2/year

2 R\

v T

trees under the current climate

Simulation Result 0-50 50-100 100-200 200-300 300-500 ~>s#l0  Max VA
] Cooling Demand 58 19 21 10 6 7| ~~1475363 Y0
TUDelft Heating Demand 43 6 19 9 14 3@ 3895.175 7] 0 82




Building with highest cooling demand

Climate Conditions.

Building Cooling Demand - Kop Van Zuid - ﬁ};\m v|® 2

0 50 100 150 200 m — T

p— — ] - TAS

Legend ~i AR Sy Gemeente 3D Rotterdam
Cooling Demand

[ ] 0-50 kwh/m2/year
[] 50-100 kWh/m2/year
[ 100-200 kWh/m2/year
[ 200-300 kWh/m2/year
[l 300-500 kWh/m2/year
B >500 kWh/m2/year

Building with highest value in N_YCD

R

Street Van der Hoevenplein
N_YHD (kWh/m?/year) 374.555

N_YCD (kWh/m?/year) 1475.363

Gml_parent_id BAG_0599100000753300
PrimaryUsageZoneType industry
SecondaryUsageZoneType residential

%
TUDelft
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Building with highest heating demand

Climate Conditions.

Building Heating Demand - Kop Van Zuid - AV A
0 50 100 150 2?0 m mm;.s- /ﬁ\-o.# uﬁ# |
Py &l i
Legend :
"9\3’ Gemeente 3D Rotterdam Heating Demand
T T : = [ ] 0-50 kWh/m2/year
‘ Building with highest value in N_YHD [ 50-100 kWh/m2/year

[T 100-200 kWh/m2/year
; [ 200-300 kWh/m2/year
il BN 30050 ewnvmzyea
Street Posthumalaan Il >500 kWh/m2/year

R

N_YHD (KWh/m?/year) 3895.175 2 - o ON
N_YCD (KWh/m?/year) 685.74 o 7 9 TN SN 'S? “Q
Gml_parent_id BAG_0599100000359215

PrimaryUsageZoneType education and research

SecondaryUsageZoneType none

%
TUDelft
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Climate change effect (S3-S0) Afrikaanderwijk

Effect of Climate Change on Building Heating Demand -

Effect of Climate Change on Building Cooling Demand - Effect of Climate Change on Building Energy Demand -

Afrikaanderwijk Afrikaanderwijk Afrikaanderwijk

50 100 150 200 m 0 50 100 150 200 m 0 50 100 150 200 m
—— 2 e s

Legend Legend Legend

- Increase - Increase - Increase

- Decrease - Decrease - Decrease

- No change - No change - No change

S
The change in heating demand was derived from the difference between current and future climate scenarios g - g
Energy demand change is calculated from the combined changes in heating and cooling demand under no-tree conditions.

The change in cooling demand was derived from the difference between current and future climate scenarios
under no-tree conditions,

under no-tree conditions.

Climate 04. Results and analysis | 86
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Climate change effect (S3-S0) Afrikaanderwijk: On cooling demand

Effect of Climate Change on Building Cooling Demand -
Afrikaanderwijk

100 150 200 m

Legend

50

The change in cooling demand was derived from the difference between current and future climate scenarios
under no-tree conditions.

3 Climate N '
04. Results and analysis | 87
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Climate change effect (S3-S0) Afrikaanderwijk: On heating demand

Effect of Climate Change on Building Heating Demand -

Afrikaanderwijk
0 50 100 150 200 m
L EE—— SE——

Legend
- Increase

.Decrease

. No change

The change in heating demand was derived from the difference between current and future climate scenarios
under no-tree conditions.

3 Climate N i
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Climate change effect (S3-S0) Afrikaanderwijk: On cooling + heating demand

Effect of Climate Change on Building Energy Demand -

Afrikaanderwijk
0 50 100 150 200 m
EEEmTEN 0 oEEeen 0

Legend
- Increase

Energy demand change is calculated from the combined changes in heating and cooling demand under no-tree conditions.

3 Climate N i
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Climate change effect (S3-S0) Kop van Zuid

Effect of Climate Change on Building Cooling Demand - Kop Van Zuid

Effect of Climate Change on Building Heating Demand - Kop Van Zuid Effect of Climate Change on Building Energy Demand - Kop Van Zuid
0 50 100 150 200 m 0 50 100 150 200 m 0 50 100 150 200 m
Legend Legend
- Increase - Increase
- Decrease - Decrease
- No change

The change in cooling demand was derived from the difference between current and future climate scenarios The change in heating demand was derived from the difference between current and future climate scenarios
under no-tree conditions.

under no-tree conditions.

3 Climate N i
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Effect of Climate Change on Building Energy Demand -
Afrikaanderwijk

100 150 200 m

wes l1able 5.6.: Annual energy demand for cooling, heating, and total energy in 2023 and 2050 for
i Kop van Zuid and Afrikanderwijk (no tree cover scenario). Change denotes the absolute

B difference (2050-2023), while % Change denotes the relative change.
Neighborhood Cooling Heating Total Energy Demand

50

Kop van Zuid
2023 10,616,728 20,593,462 31,210,190
2050 14,029,074 17,918,065 31,947,139
hang 412246 625,29 736,949
2.36%

Effectsoof "'l'w 15:" m_t,,mon Building Energy D d - Kop Van Zuid A Il an = erWl]
ol 2023 6,577,134 29,524,953 36,102,087
- N R 2050 9,157,658 25,962,409 35,120,067
BTy T e £ 580,524 i -982,020
2.72%

For both neighboorhood total annual energy use changes only slightly,

Energy demand change is calculated from the combined changes in heating and cooling demand under no-tree conditior

3 Climate N '
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Effect of Climate Change on Building Energy Demand -
Afrikaanderwijk

50 100 150 200 m

Legend
- Increase
- Decrease
[T Nochange
>

Energy demand change is calculated from the combined changes in heating and cooling demand under no-tree conditions

Effect of Cli Change on Building Energy D d - Kop Van Zuid

50 100 150 200m
Legend

Energy demand change is calculated

fupeit I

from the combined changes in heating and cooling demand under no-tree conditiofgl

Climate
change
effect

Table 5.6.: Annual energy demand for cooling, heating, and total energy in 2023 and 2050 for
Kop van Zuid and Afrikanderwijk (no tree cover scenario). Change denotes the absolute
difference (2050—2023) while % Change denotes the relative change.

ig : Cooling Heating Total Energy Demand
10,616,728 20,593,462 31,210,190
2050 14,029,074 17,918,065 ¥ ‘
Change 3,412,346 -2,615397 736,949
Sanlelnamng 32.14% -12.99% 2.36%
; 6,577,134 29,524,953 36, 102 087
2050 9,157,658 25,96%,409
Change 2,580,524 -3,562,544 -982,020
% Change 39.23% -12.07% -2.72%

For both neighboorhood total annual energy use changes only slightly,
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Effect of Climate Change on Building Energy Demand -
Afrikaanderwijk

50 100 150 200 m

Legend
- Increase

. Decrease
- No change

Energy demand change is calculated from the combined changes in heating and cooling demand under no-tree conditions

on Building Energy D d - Kop Van Zuid

N
8
3

f‘ imate N
Tupeit JEAREED

Table 5.6.: Annual energy demand for cooling, heating, and total energy in 2023 and 2050 for
Kop van Zuid and Afrikanderwijk (no tree cover scenario). Change denotes the absolute
difference (2050-2023), while % Change denotes the relative change.

Neighborhood Cooling Heating Total Energy Demand

Kop van Zuid

2023 10,616,728 20,593,462 31,210,190
2050 LL20.024. 17,918,065 31,947,139
Change -2,675,397 736,949
% Change 32.14% -12.99% 2.36%
Afrikanderwijk

2023 6,577,134 29,524,953 36,102,087
2050 * & 25,962,409 35,120,067
Change -3,562,544 -982,020
% Change -12.07% -2.72%

For both neighboorhood total annual energy use changes only slightly,
but summer cooling is becoming much more dominant, suggesting
potential challenges for peak electricity demand in the future.
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Effectiveness of Proposed
Tree Planting Strategies
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Effectiveness of Proposed Tree Planting Strategies

Effect of Proposed Trees on Building Cooling Demand -
Afrikaanderwijk

.\--..' .

e B A

TU De|ft - o Cooling demand change was estimated by comparing simulations using existing tree cover with simulations using
proposed tree cover under current climate conditions



Effectiveness of Proposed Tree Planting Strategies

Effect of Proposed Trees on Building Cooling Demand -

Shading effect Afrikaanderwijk
— Trees block solar pirS S R b R
radiation Legand
— Less heat enters
Proposed Tree
buildings a
— Indoor temperatures Caoling Demand Change
stay cooler Bl increase
— Cooling demand [] Decrease
decreases 7] No change
More shade

= less solar heat gain
= lower need for air
conditioning.

Cooling demand change was estimated by comparing simulations using existing tree cover with simulations using
proposed tree cover under current climate conditions

%
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Effectiveness of Proposed Tree Planting Strategies

Effect of Proposed Trees on Building Heating Demand -
frikaanderwiij

%
TUDelft

Heating demand change derived from comparing proposed and existing tree cover under baseline climate conditions.



Effectiveness of Proposed Tree Planting Strategies

Effect of Proposed Trees on Building Heating Demand -

Shading effect Afrikaanderwijk
— Trees block solar x it T N I T
radiation [agend

— Less heat enters
buildings L Ticrogsd Tess
— Indoor temperatures Heating Demand Change
drop B increase
— Heating demand Bl Decrease
increases Bl No change

More shade = less
free solar warmth in
winter = higher need

for heating.

%
TUDelft

Heating demand change derived from comparing proposed and existing tree cover under baseline climate conditions.



Effectiveness of Proposed
Tree Planting Strategies

Effect of proposed
trees (present
climate) =

S2 - S1
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Effectiveness of Proposed
Tree Planting Strategies

A Cooling demand
Effect of proposed

trees (present
climate) =
S2 - $1
A Heating demand
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Effectiveness of Proposed
Tree Planting Strategies

A Cooling demand

Effect of proposed
trees (present Energy Demand
climate) = Difference
S2 - $1

A Heating demand
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Effectiveness of Proposed

Tree Planting Strategies

Trees with a
negative/no impact

Energy Demand

Difference
Trees with a positive
impact

fupeiit JEIDES
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Effectiveness of Proposed
Tree Planting Strategies

oand iz Trees with 2
increasing negative/no impact
Energy Demand
Difference
Trees with a positive

fupeiit JEIDES
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Effectiveness of Proposed
Tree Planting Strategies

>=DOeZaE12Iei?y Trees with a
[iciaheing negative/no impact
Energy Demand
Difference <0 > Energy Trees with a positive
Demand is imbact
decreasing P

fupeiit JEIDES
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Effectiveness of proposed tree planting strategy

under current climate

Effect of Proposed Trees on Building Energy Demand -

Afrikaanderwijk
0 50 100 150 200 m
Legend

- Tree with Negative/No Impact
Tree with Positive Impact

Energy Demand Change
- Increase
-Decrease

- No change

(‘ C'Ilimate Effect oL N\
TUDelft change sl P

Energy demand change is derived from combining changes in heating demand with changes in cooling demand.
In Afrikanderwijk, 945 proposed trees have a positive impact on building energy demand.

Energy demand change is derived from combining changes in heating demand with changes in cooling demand.
In Kop van Zuid, 173 proposed trees have a positive impact on building energy demand.

Effect of Proposed Trees on Building Energy Demand - Kop Van Zuid

0 50 100 150 200 m

Legend
B tree with Negative/No Impact
- Tree with Positive Impact
Energy Demand Change

- Increase
- Decrease

- No change
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Effectiveness of proposed tree planting strategy

under future climate

Effect of Proposed Trees on Building Energy Demand -
Afrikaanderwijk 2050

0 50 100 150 200 m

Legend
. Tree with Negative/No Impact

Tree with Positive Impact

Energy Demand Change

- Increase
-Decnase

Effect of '\
proposed

Climate

change
effect trees

%
TUDelft

Energy demand change is derived from combining changes in heating demand with changes in cooling demand.
In Kop van Zuid, for future climate, 235 proposed trees have a positive impact on building energy demand.

Energy demand change is derived from combining changes in heating demand with changes in cooling demand.
In Afrikanderwijk, for future climate, 742 proposed trees have a positive impact on building energy demand.

Effect of Proposed Trees on Building Energy Demand - Kop Van Zuid 2050

0 50 100 150 200 m

Legend

. Tree with Negative/No Impact
Tree with Positive Impact
Energy Demand Change

- Increase
- Decrease

- No change
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Difference:

p—
Energy demand change is derived from combining changes in heating demand with changes in cooling demand

In Afrikanderwijk proposed trees have a positive impact on building energy demand

Energy demand change is derived from combining changes in heating demand with changes in cooling demand.
In Afrikanderwijk, for future climatg proposed trees have a positive impact on building energy demand.

T——
Energy demand change is derived from combining changes in heating demand with changes in cooling demand.
In Kop van Zunroposed trees have a positive impact on building energy demand

Energy demand change is derived from combining changes in heating demand with changes in cooling demand.
In Kop van Zuid, for future climate proposed trees have a positive impact on building energy demand.

Afrikaanderwijk Beneficial trees: 945 under current climate — 742 under
future climate

Kop van Zuid Beneficial trees: 173 under current climate — 235 under
future climate

]
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Difference:

p—
Energy demand change is derived from combining changes in heating demand with changes in cooling demand
In Afrikanderwijk proposed trees have a positive impact on building energy demand

Energy demand change is derived from combining changes in heating demand with changes in cooling demand.
In Afrikanderwijk, for future climatg broposed trees have a positive impact on building energy demand.

""
Energy demand change is derived from combining changes in heating demand with changes in cooling demand,
In Kop van Zuid| proposed trees have a positive impact on building energy demand

Energy demand change is derived from combining changes in heating demand with changes in cooling demand.
In Kop van Zuid, for future climate proposed trees have a positive impact on building energy demand.

Afrikaanderwijk Beneficial trees: 945 under current climate — 742 under
future climate

Kop van Zuid Beneficial trees: 173 under current climate — 235 under
future climate

- Climate warming changes the balance of tree energy benefits.
- Local urban characteristics influence outcomes.

]
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Urban
vegetation
assesment
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Canopy cover maps

Tree Canopy Map Afrikaanderwijk

S0 100 150 200 m

Legend

- Tree Canopy

Existing canopy cover far less than 30% canopy target.

3 Climate Effect of Urban i
TU Delft change proposed vegetation 04. Results and analysis | 110
effect trees assesment



GDPR COMPLIANCE > ROTTERDAM 3DCM ONLY CONTAINS PUBLIC

TREES

3 Climate Effect of Urban i
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Potential planting area maps

Plantable Area Map Afrikaanderwijk Plantable Area Map Kop Van Zuid

100 200 300 400 m 100 200 300
— I J

Legend
- Plantable Area

Abod 35.5% (21.8 ha) g Afrikanderwijk’s total land area (61.6 ha) is plantable.  Abdlit 45% (11.8 ha) offKop van Zuid's total land area (26.1 ha) is plantable.

Potential planting areas exceed the 30% canopy target.

3 Climate Effect of Urban i
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is a 30% canopy cover target
enough for cities?

Climate Effect of :
change proposed veg:t):t?on 04. Results and analysis | 113
effect trees assesment



is a 30% canopy cover target
enough for cities?

Or should cities focus more on planting
wisely, considering placement, density,
and local conditions to achieve real
cooling and energy benefits?

Climate Effect of Urb .
change proposed veg;t:t'ilon 04. Results and analysis | 114
effect trees assesment
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Research Questions & Objectives

How can tree planting scenarios, as nature-based strategies, be integrated into
neighbourhood-scale simulation-based UBEM to evaluate their effectiveness in
reducing heating and cooling demand under projected 2050 climate conditions?

SRQ2 A set of modelling
assumptions and
simplifications for

representing tree shading
under varying climates

SRQ1 Method to integrate spatial tree
data into UBEM workflows to
quantify neighbourhood-scale
energy impacts.

SRQ3 Framework for interpreting
simulation results to guide
urban planning and climate

adaptation decisions.

1(!U Delft 05. Conclusion | 116



Research Questions & Objectives

How can tree planting scenarios, as nature-based strategies, be integrated into
neighbourhood-scale simulation-based UBEM to evaluate their effectiveness in
reducing heating and cooling demand under projected 2050 climate conditions?

Effect of Climate Change on Building Energy D
Afrikaanderwijk
100 200 m

Legend

Climate Conditions
Present 2050

No tree /ﬁ\ /ﬁ\
With exi:rt;:: $1 ‘/ﬁ\-l-# sS4 ﬁ # +
Wi XX NN

53

SimStadt
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Limitations

The climate data had limited temporal resolution, as monthly inputs
were used

The building energy model relied on the DIN V 18599 standard with
monthly energy balances and predefined archetypes, which may not
fully reflect local practices

Vegetation was simplified by modelling trees as static cylinders
with fixed seasonal factors and generic species assumptions, thereby
oversimplifying shading and cooling effects

05. Conclusion | 118
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Limitations

Due to computational limitations, the analysis was limited to two
neighbourhoods, preventing the exploration of additional urban
typologies and densities and limiting applicability to other urban forms.

Finally, the modelling framework assumed a static building stock

over time, without accounting for future retrofitting, insulation upgrades,
or system replacements.

05. Conclusion | 119



Still remember this apartment unit???

3
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Still remember this apartment unit???

It's probably a good idea to think about how
planting new trees might affect energy use
before deciding to plant them.

3
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Positive Energy
District (PED)

European initiatives to design urban
areas that cut energy use, produce
surplus renewable energy, and reach
net zero emissions. One of PED
goals is Reducing energy demand
through efficiency and smart urban
management.

—
TUDelft

URBAN EUROPE

Home > Positive Energy Districts (PED)

ut how

Source: JPI Urban.Eur'op i)

September 19,2020,

gy use
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Effect of Proposed Trees on Building Energy Demand -

Afrikaanderwijk
0 50 100 150 200 m
Legend

. Tree with Negative/No Impact

- Tree with Positive Impact
Energy Demand Change
- Increase
- Decrease

- No change

Conclusion

The study demonstrates that energy-aware and site-specific
tree planting can effectively reduce cooling demand and
contribute to urban climate adaptation.

Energy demand change is derived from combining changes in heating demand with changes in cooling demand.

Effect of Proposed Trees on Building Energy Demand - Kop Van Zuid

0 50 100 150 200 m

Legend

- Tree with Negative/No Impact
- Tree with Positive Impact
Energy Demand Change

- Increase
- Decrease

- No change

%
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Energy demand change is derived from combining changes in heating demand with changes in cooling demand.
In Kop van Zuid, 173 proposed trees have a positive impact on building energy demand.



Conclusion

The study demonstrates that energy-aware and site-specific
tree planting can effectively reduce cooling demand and
contribute to urban climate adaptation.

However, uniform canopy targets are less effective, as the
benefits of trees depend on local conditions, building
layout, and seasonal shading effects.
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Energy demand change is derived from combining changes in heating demand with changes in cooling demand.
In Kop van Zuid, 173 proposed trees have a positive impact on building energy demand.
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Conclusion

The study demonstrates that energy-aware and site-specific
tree planting can effectively reduce cooling demand and
contribute to urban climate adaptation.

However, uniform canopy targets are less effective, as the
benefits of trees depend on local conditions, building
layout, and seasonal shading effects.

Therefore, cities should aim not just to plant more trees, but to
plant wisely — in the right places and for the right purposes.
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Energy demand change is derived from combining changes in heating demand with changes in cooling demand.
In Kop van Zuid, 173 proposed trees have a positive impact on building energy demand.
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Additional Analysis
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== e Roteniam 3D Rotterdam

Building with highest value in N_YCD

I

Street Van der Hoevenplein
N_YHD (kWh/m?/year) 374.555

N_YCD (kWh/m?/year) 1475.363

Gml_parent_id BAG_0599100000753300
PrimaryUsageZoneType industry

SecondaryUsageZoneType residential

) :‘;k Ro!u:;dm::\ 3D Rotterdam

- —_ . ‘ Building with highest value in N_YHD

et

R
Street Posthumalaan

N_YHD (kWh/m?/year) 3895.175

N_YCD (kWh/m?/year) 685.74

Gml_parent_id BAG_0599100000359215
PrimaryUsageZoneType education and research

SecondaryUsageZoneType none

Figure 5.1.: Buildings with the highest simulated cooling (top) and heating (bottom) demand
in Kop van Zuid.



Tree effects on neighbourhood under current
climate

Table 5.7.: Annual energy demand for cooling, heating, and total energy under the current
climate for Afrikaanderwijk and Kop van Zuid, comparing existing trees and existing +
proposed trees scenarios.
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Neighborhood / Scenario Cooling Heating Total Energy Demand
Afrikaanderwijk

Existing Trees 6,207,070 29,857,855 36,064,925
Existing + Proposed Trees 6,019,078 30,053,765 36,072,843
Change -187,992 195,910 7,918
% Change -3.03% 0.66% 0.02%
Kop van Zuid

Existing Trees 10,561,203 20,613,527 31,174,730
Existing + Proposed Trees 10,429,203 20,728,684 31,157,887
Change -132,000 115,157 -16,843
% Change -1.25% 0.56% -0.05%




Tree effects on neighbourhood under future
climate

Table 5.8.: Annual energy demand for cooling, heating, and total energy under the future
climate for Afrikaanderwijk and Kop van Zuid, comparing existing trees and existing +
proposed trees scenarios.
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Neighborhood / Scenario Cooling Heating Total Energy Demand
Afrikaanderwijk

Existing Trees 8,574,256 26,339,661 34,913,917
Existing + Proposed Trees 7,717,935 26,869,988 34,587,923
Change -856,321 530,327 -325,994
% Change -9.99% 2.01% -0.93%
Kop van Zuid

Existing Trees 13,943,506 17,942,320 31,885,826
Existing + Proposed Trees 13,711,659 18,060,193 31,771,852
Change -231,847 117,873 -113,974
% Change -1.66% 0.66% -0.36%




A Normalized ED (kWhIzlyear): -32
/A Normalized YCD (kWh/m?/year): -78
A Normalied_ YljD__ g:v_y_hl_mzl ear): 4

Figure 5.16.: Highest net benefits building in Afrikaanderwijk
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A Normalized YED (kWh/m?/year): 4.109
A Normalized YCD (kWh/m?/year): -23.219
A Normalized YHD (kWh/mzlar): 27.329

Figure 5.18.: Building with high cooling benefits but substantial heating penalties in
Afrikaanderwijk
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A Normalized YED (kWh/m?/year): 54.024
A Normalized YCD (kWh/m?/year): 11.420

Figure 5.20.: Building heating penalties outweigh cooling benefits in Afrikaanderwijk.
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Simulation runs

Table 4.10.: Simulation success for each neighbourhoods across scenarios. A tick (V) indicates
successful completion; cells marked "X’ indicate failed runs.

Neighbourhoods Today Trees Today Trees Proposed Proposed LR

| INFO
(Summer) (Winter) Trees (Sum- Trees (Win- I
| INFO
ITIEI') ter) | INFO
| INFO
| INFO
Afrikaanderwijk A% \% A% \Y% {TNFo
B]{}emhof V V X_ X E?E"é . 5. iimp‘l.iiic(zga:iosity;«}gorxt:mﬁrcc
| INF .h.s. i ifiedRadiosityAlgorit roc
Feijenoord v X X X e Pl S
Hillesluis V V v V : kgiig < 5 .SimplifiudRadiosityAlgor thmProc a;aox‘ Destructor of XmlScene.
[IHFO Sn:mplih:cdRadj ty;‘«lgor}thmpx‘oc Destructor of Qi rict.
Katendrecht \ \ \ \ IO | d-h.a:5.3 SimpliFiedRadiostiyhLgortthebrocesser — —— o ctor oF Scene:
' \ ; 3 Soy Py rithmPr X ( rd Exce ) s ;all
K(')p van ZUld V V X. V \[EEF:;gR\ . SimplifiedRadiosityAlgorithmProc Tg;u?\gf\ységzd ’ui:gfpgéo:{()jc:m yt.)aglzaszctry again.
E t t |INFO | d. TiledSimplifiedRadiosityAlgorithmProc or - Tile (3, SRA Done : 15/24
ntrepo
Kop van Zuid v V V \% Figure 4.12.: Example of a memory allocation error (std::bad.alloc) encountered during the
Noordereiland A% V A" V simulation.
Vreewijk \% X X Vv
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