years of carbon storage

ing for

ign

CARBON AND TIME

Des

Stan van Etten 5668387

25 June 2025






gigatons of carbon

Negative CO, balance

12

o CO: emissions

0
P
-2 = WWWM\W J\ “ uptake by oceans

-8 CO2 uptake

remains in the
atmosphere

1860 1880 1900 1920 1940 1960 2000 2020

bron: Global Carbon Project

NOS Nieuws, Saturday 17 May 2025



Guido van der Werf (WUR)

“Trees are struggling because of humans and climate
change. People cut down forests, use land intensively, and
fragment the natural environment. As a result, forests are

becoming less resilient. As the climate becomes warmer
and drier, trees lose more water and grow less.”
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01 RESEARCH FINDINGS



01 RESEARCH TOPIC

Main question

"How can design decisions for timber construction in
the Netherlands be optimised into a guide for
maximum carbon uptake and minimum embodied

enerqgy?”




01 FINDINGS

Extension of a building’s lifespan



01 FINDINGS

Key factor
Embodied Operational
Energy Energy
Embodied Operational
Carbon Carbon

Key factor



01 HYPOTHESIS

By extensively protecting a building with a large overhanging roof — thereby significantly increasing the roof
surface area — the lifespan of a timber structure can be extended by several hundred years, while simultane-
ously reducing operational energy demand for heating and cooling.



01 MODEL

Guide to maximize Carbon Uptake and minimize Embodied Energy
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Minimal use of Materials

ials
——— Overhangs, fireproofing, indoor structure

Take a long-term view, therefore protect

dual construction mater

arerial®

Prefab — Handling resi
enSiOn (’T)/n
Service life Of

Fast growing natural materials,
Oyea/‘s)
Overhangs, fireproofing, indoor structure

Keep natural materials separate from additives

Europe, preferably neighbouring countries

Minimum window surface, low U-value

overdimension, use for instance straight shapes
Venturi effect, openable windows or high ventilation grilles

Storage, grey water system

Connection: timber joint with steel bolts

(Minimal damage during component replacement)
Focus on solar, wind and water

Fixed blinds at right angle, rotating blinds (auto. or man.), evening heat closure

Large open structure, modular walls and floors



02 CONTEXT



02 SITE PLAN




02 EXISTING BUILDING
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02 OPTOPPING




02 OPTOPPING
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Vertical building
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Green space



02 REFERENCE

Horyu-ji

Nara, Japan

6/0 AD

1350 years old






03 DESIGN



03 INITIAL DESIGN PROPOSAL




03 INITIAL DESIGN PROPOSAL




03 INITIAL DESIGN PROPOSAL




03 INITIAL DESIGN PROPOSAL




03 INITIAL DESIGN PROPOSAL




03 INITIAL DESIGN PROPOSAL
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03 ENTRANCE Material quantity relative to
Initial Draft the current design
+ 28%




03 ENTRANCE Material quantity relative to

Current Design the current design
0%




03 ENTRANCE Material quantity relative to

Design Enhancement the current de?ig%/n
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03 ENTRANCE
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plan ground level - 1: 500 plan ground level - 1: 200
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entrance ground floor - open-plan space community driven




*Building System 03 TYPICAL FLOOR LAYOUT
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03 PLATFORM Material quantity relative to
Initial Draft the current design




03 PLATFORM Material quantity relative to
Current Design the current design




03 PLATFORM Material quantity relative to
Design Enhancement the current design
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courtyard - biophilic design



enclosed courtyard
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03 RESIDENTIAL FLOOR

83350

13227

38260

5400

5400

3227

7548
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13177

4731

6702

1595, 2248 1595 4952
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41595

41595
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6437
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7497

13227]

4994

5400

sixth floor - 1:150
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entrance to sixth floor



03 STRUCTURE Material quantity relative to
Initial Draft the current design
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03 STRUCTURE Material quantity relative to
Current Design the current design




03 STRUCTURE Material quantity relative to
Design Enhancement the current design




03 APARTMENTS
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03 ROOF STRUCTURE
Initial Draft
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Material quantity relative to
the current design




03 ROOF STRUCTURE
Current Design
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Material quantity relative to
the current design




03 ROOF STRUCTURE
Design Enhancement
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Material quantity relative to
the current design




03 ROOF STRUCTURE
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rear view - north facade



04 CLIMATE



04 CLIMATE
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Min. of Building Services

Sustainable installations

WINDTURBINES

*20% (low factor) of T0KW peak capacity

total 161

energy delivery  2.820.000 kWh/year

SOLAR PANELS

*70% of 5700 m?

total m? 3990

energy delivery  2.750.000 kWh/year

TOTAL ENERGY DELIVERY

kWh/year

04 ENERGY DEMAND



WINDTURBINES

*20% (low factor) of T0KW peak capacity

total 167

energy delivery  2.820.000 kWh/year

SOLAR PANELS

*70% of 5700 m?

total m? 3990

energy delivery  2.750.000 kWh/year

TOTAL ENERGY DELIVERY
5.570.000 kWh/year

04 ENERGY DEMAND

MWh/year

Energy Supplied vs. Demanded per Year

Supplied

ENERGY DEMAND

*low 30 kWh/m? for apartments 4200 m?
low 50 kWh/m?2 for (flex)office spaces 2650 m?

125.000 kWh/year
132.000 kWh/year

apartments
(flex) office spaces

B TOTAL ENERGY DEMAND

Demanded

257.000 kWh/year



04 BUILDING SERVICES
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04 CLIMATE
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section bb - heating and cooling - R = 8.11 m2K/W
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west facade - winter 14:50
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04 VENTILATION
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section aa - natural ventilation with mechanical extraction



04 VENTILATION
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section bb - natural ventilation using the Venturi effect, high-level vents for winter ventilation floorplan - cross-ventilation in summer



05 STRUCTURE
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outward-facing facade
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05 STRUCTURE
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05 STRUCTURE




06 IN DETAIL



06 CONTRAST
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Eldridge Anderson Architects
Jan Juc Studio
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06 FACADE

MasFernandez Arquitectura tops
Chilean home
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courtyard facing facade



06 FACADE

Foyer Astural Chevrens Education Center
Lacroix Chessex
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06 CONSTRUCTION SEQUENCE
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06 CONSTRUCTION SEQUENCE

[

compressible sealing tape
soundproof block wrapped with
acoustic felt

N

tHES

PARTY WALL CONSTRUCTION

- Spruce sheathing 18 mm

- Battens 24/38 mm

- Fireproof magnesium oxide board (Magox) 18 mm

- ESB, non-formaldehyde 18 mm

- Recycled cotton insulation 60 mm with 95/45 mm wooden studs
- Non-contact air gap 86 mm

- ldentical build-up mirrored

stud in modular frame

threshold 114 x68 U = 0,6 W/m2K

114

o N

378

V]

felt sealing strip

FAGCADE BUILD-UP (R = 8.11 m2K/W)

Spruce sheathing 18 mm

Battens 24/38 mm

Fireproof magnesium oxide board (Magox) 18 mm

ESB, non-formaldehyde 18 mm

Wood fibre insulation with spruce I-profile blocking 240 mm
Wood firbre insulation (GUTEX Thermosafe-homogen) 80 mm
Battens, two times 18/70 mm

Larch sheathing 32 mm

Keim mineral finish, natural light colour tone

I-profile (non-formaldehyde)

R

; f p— expansion joint strip
compressible sealing tape

glulam column (spruce)

Fireproof magnesium oxide board

(Magox) 18 mm

wood firbre insulation (GUTEX
Thermosafe-homogen) 100 mm
wooden subframe (larch)

party wall to facade connection detail 1

Vapor-permeable foil

i

j
L

larch wood strip (fixed on one side)
finished with Keim mineral finish, natural light colour tone

]
o
13

122

[

2218 24 18,
T

240

470

| 32 1818




06 CONSTRUCTION SEQUENCE

1 i PARTY WALL CONSTRUCTION

- Spruce sheathing 18 mm

- Battens 24/38 mm

- Fireproof magnesium oxide board (Magox) 18 mm

- ESB, non-formaldehyde 18 mm

- Recycled cotton insulation (Metisse) 60 mm with 95/45 mm wooden studs
- Non-contact air gap 86 mm

- ldentical build-up mirrored

perimeter insulation strip (Metisse) 205+ T.0.B.

T o
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— compressible sealing tape
felt sealing strip
ol g [ compressible sealing tape
«
% g Glulam beam (Spruce)
7 |
> L
~ 250 x360—— |
ly
=)
=3
T |
©
st

L
N
3
£
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N
N

——— perimeter insulation strip (Metisse)
I | — 45xs | — | | | | | |

soundproof block wrapped with acoustic felt
felt sealing strip

50

1218,
25
L

FLOOR CONSTRUCTION RESIDENTIAL / FLEXIBLE SPACE
- Floor finish 16 mm

- Underlay beech Lingotherm 16 mm

- Electric Underfloor Heating 6 mm

- Medium-density wood fiberboard 8 mm

- Unbound flakes 80 mm in wooden cassettes of 22 mm

- Kerto Ripa with 100 mm gravel

- Fireproof magnesium oxide board (Magox) 18 mm

- Battens two times 50/45 mm | -
- Wood fibre board 18 mm

- Black acoustic fleece 2.5 mm
- Oak slats placed at intervals 15 mm - ]

18241822 60 8 | 60 ,2218,2418,
T T T T T T T L
470

party wall-floor connection detail 1 : 5



07 FROM HYPOTHESIS TO OUTCOME



07 CARBON STORAGE

Floor area 3000 m?
Carbon Storage ton CO, e
Beams ton CO,e
Design Enhancement

Carbon Storage ton CO, e

Heated floor area 4200 m?
Carbon Storage ton CO, e
Wood sheathing CO,e
Desigh Enhancement

Carbon Storage ton CO, e

Floor area 3900 m?
Carbon Storage ton CO, e
CLT-walls ton CO,e
Desigh Enhancement

Carbon Storage ton CO, e

Roof area 5700 m?
Carbon Storage ton CO, e
Sheathing ton CO, e

Desigh Enhancement

Carbon Storage ton CO, e



07 HARD TO COMPARE

Aeonwood Nest with Roof Aeonwood Nest without Roof BROCK COMMONS 2017

Floor area 6715 m? Floor area 6/15 m? Floor area 14280 m?

Carbon Storage ton CO, e Carbon Storage ton CO, e Carbon Storage ton CO, e
kg CO,-eq/m? kg CO,-eq/m? kg CO,-eq/m?

credits  ArchDaily

credits HK Architekten



Annual CO2 storage (kg CO2-eg/m?/year)
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07 LIFE SPAN IN COMPARISON

Annual CO2 Storage per m? vs. Building Lifespan

Aeonwood Nest with roof (274 kg CO2-eq/m?)
Aeonwood Nest with roof enhanced (249 kg CO2-eq/m°)
—e— Aeonwood Nest without roof (159 kg CO2-eq/m?)

75

150

225 300 375 450
Building Lifespan (years)



07 CONCLUSION HYPOTHESIS

The Aeonwood Nest can reproduce itself up to six times during its lifetime.

m3 of wood
trees used

For /5 years, 24 trees to be planted

(Excluding all other advantages offered by the roof))



07 DESIGN CONCLUSION




years of carbon storage
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CARBON AND TIME
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08 ADDED VALUE
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05 STRUCTURE

timber-to-steel connection
(same colour as the existing building)
weathered timber
T T |
< | Top of parapet of
-+ | existing building roof trim of existing building
21685+ (Black/Blue coloured)
o
S bitumen flashing
<« ==

=3

o

N

o welded threaded rod

©
©
o £
E -

§ steel facade element of existing building

|| (Black/Blue coloured)

| 400 | 57 148 165 | 150

I |
T 1
| 463 |
f 1

connection between new and existing structure 1 : 5
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05 STRUCTURE

492

U =06 W/m2K

expansion jtlint strip
threshold 114 x68

wooden subjframe (larch) Out

top of finished floor

250 + T.O.B. support blogks with wood fibre insu.
felt sealing strip gj(;)ooj d_l?%"gg
< it g
» \ [ 28x195 ] i i
/% %/ Min. 1.15° slope for drainage
/ <
/
0+T.0B
_ \ I — = — — — — —
L i L [ T————— fill gap with wood fibre insulation
[T felt sealing strip

= H H L

<

Sp

X E

5 &
N L [
N
e

W/ Pl sealing tape
=
Glulam beam (Spruce)
A o
\ /
— CONSTRUCTION BUILD-UP
\ / - Spruce sheathing 18 mm
\ / - Fireproof magnesium oxide board (Magox) 18 mm
N / - - Wood fibre insulation with spruce I-profile blocking 218 mm
X - ESB, non-formaldehyde 18 mm
Y - Wood firbre insulation (GUTEX Thermosafe-homogen) 80 mm
Y, -
/ \
/ A [ ———— structural support for sunshades
/
4 N sub frame
fill with woodfibre i"u manual mechanical support for sunshades
NN [ N [ N

7]

compressible foam tape

In

FLOOR CONSTRUCTION RESIDENTIAL / FLEXIBLE SPACE
- Floor finish 16 mm

- Underlay beech Lingotherm 16 mm

- Electric Underfloor Heating 6 mm

- Medium-density wood fiberboard 8 mm

- Unbound flakes 80 mm in wooden cassettes of 22 mm
- Kerto Ripa with 100 mm gravel

- Fireproof magnesium oxide board (Magox) 18 mm

- Plenum space (ventilation and sprinkler system)

- Lowered acoustic ceiling element

- Battens with mineral wool 50/45 mm

- Black acoustic fleece 2.5 mm

- Qakslats placed at intervals 15 mm

U =06 W/m>K

CLT bracing 300/150 mm

150

office-to-residential interface detail 1 : 5

300 32, 323

1000
Il 32 Il

421

132 18,

100

40 20, 40

top of lower
guardrail section
300 + T.O.B.

10

»—— drip edge

| ———————— angle bracket

| ——————— drain outlet

aluminium capping

170

48585

B.O.B.

I

31875 +
A\ 7a

BALCONY CONSTRUCTION

Accoya floorboards 28 mm

Battens on height adjustable pedestals 40/60 mm
Epdm waterproofing

Slant plank 32 mm

Vapor-permeable foil

Kerto Ripa 360 mm

Shimming 420 mm

Battens 18:70 mm

Larch sheathing 32 mm

T e—

Glulam beam (larch)

structural bolt through glulam beam



05 CONSTRUCTION SEQUENCE

492 100

| |
T 1
| 114 w 378 | 40 20, 40
I 1

A

FLOOR CONSTRUCTION RESIDENTIAL / FLEXIBLE SPACE
- Floor finish 16 mm

- Underlay beech Lingotherm 16 mm

- Electric Underfloor Heating 6 mm

- Medium-density wood fiberboard 8 mm

- Unbound flakes 80 mm in wooden cassettes of 22 mm

- Kerto Ripa with 100 mm gravel

- Fireproof magnesium oxide board (Magox) 18 mm U =06 WmK
- Battens two times 50/45 mm
- Wood fibre board 18 mm

- Black acoustic fleece 2.5 mm
- Oakslats placed at intervals 15 mm |

top of lower
expansion jqint strip guardrail section
threshold 114 x68 250 + T.O.B.
top of finished floor wooden subjframe (larch) ‘ /
205+ T.0.B. support blogks with wood fibre insu. E ;
T g: felt sealing stripI 205p001 d_?%('gg \|
S — B 7 - —K cige
/gg \ | 28x195 || g] 0
3
ST //4/ Min. 1.15° slope for drainage
ol
N N angle bracket
1 - — — — —_— o™ T drai ot — —
a4 ——— support blocks o8
0+T.0.B, . o
@
L \ / - Zi
] N / 2
N \ /
<
(cr 1 \ / L L Larch sheathing 32 mm
© > \ / with Keim mineral finish, natural light colour tone
% D' [ \ \ 7 o Structural beam connected to
£ Q o columns and tilted roof columns
\ N / | L =3 L (larch)
o - ©
= / N\ 5 N
/N L
7
1 B B
o / \ compressible sealing tape
/ \
ol -
2 — / \ H H H
8 RN \ o
s A / — L
3 % 7 [ compressible sealing tape J
o \ \ \ \ N
D 5 Vi Vv R Vi Vs V) Vs O Vot 57 ¥
BUVA SusStream, demand-controlled vent
/ breather membrane 1
5 NN ANNNN 3 NSNS
FACADE BUILD-UP (R = 8.11 m2K/W) \ | | ~ |
- Spruce sheathing 18 mm s | 1l J
- Battens 24/38 mm ) 1 VN
- Fireproof ;‘nagn‘edsn.;]mdoxlde board (Magox) 18 mm L 3 BALCONY CONSTRUCTION Underside of 30
- ESB, non-formaldehyde 18 mm - Accoya floorboards 28 mm .
- Wood fibre insulation with ~r - Battens on height adjustable pedestals 40/60 mm finished balcony
spruce I-profile blocking 240 mm 7 - Epdm waterproofing 596 - T.O.B.
- Wood firbre insulation S

- Slant plank 32 mm

(GUTEX Thermosafe-homogen) 80 mm - Vapor-permeable foil
- Battens, two times 18/70 mm [ ] - - Kerto Ripa 360 mm
- Larch sheathing 32 mm ™ - Shimming 147 mm
- Keim mineral finish, natural light colour tone \ / - Battens 18/70 mm

[ - Larch sheathing 32 mm
/ o

18,24 18,22 240 , 80 1818 32
T T T T LI

470

externally supported balcony with facade and party floor detail 1 : 5



790

616

05 STRUCTURE

FIRST ROOF CONSTRUCTION

- Extensive green roof (Type E-light) 80 mm
Geotextile fleece (Optigriin S V 800) 10 mm

- Drainage mat (Optigrin FKD) 25 mm

Protection film (Optigriin RMS) and epdm 4 mm

- ESB (ELKA PS), non-formaldehyde 22 mm

Kerto Ripa 520 mm

- Counter Battens 20 mm

Solid larch cladding strips 32 mm (with 4 mm gaps)

FACADE BUILD-UP

- ESB, non-formaldehyde 18 mm

- Cavity packed with furring strips and wood firbre insulation 70 mm
- ESB, non-formaldehyde 18 mm

- Wood firbre insulation (GUTEX Thermosafe-homogen) 80 mm

- Battens, two times 18:70 mm

- Larch sheathing 32 mm

- Keim mineral finish, natural light colour tone

angle bracket

sealing tape

BUVA SusStream, demand-controlled vent
breather membrane

FAGADE BUILD-UP (R = 8.11 m?K/W)
- Spruce sheathing 18 mm
- Battens 24/38 mm

Fireproof magnesium oxide board (Magox) 18 mm
ESB, non-formaldehyde 18 mm

- Wood fibre insulation with spruce I-profile blocking 240 mm

- Wood firbre insulation (GUTEX Thermosafe-homogen) 80 mm
- Battens, two times 18/70 mm.

- Larch sheathing 32 mm

- Keim mineral finish, natural light colour tone

3
8
2
567" slope for drainac®
0
e top of timber slats
1430 + roof edge
timber wind load restraint
wire mesh (for birds)
wooden support batten
wooden wind-directing I
(Larch)
mesh fixing strip top of roof edge
alu. roof trim 40475 +
plywood 25 mm \ %
structural support for wind turbine
F W 4 support fillet
2.10° slope for drainage
o J—
g
g — — =
. —
g
2
|
o
af
8
8
u
/
I
\
\
SECOND ROOF CONSTRUCTION
- Epdm
- Wood firbre insu. (GUTEX Thermosafe-homogen) 100 mm
- Kerto Ripa 360 mm with 200 mm wood firbre insulation
- Fireproof magnesium oxide board (Magox) 18 mm
- Battens two times 50;45 mm
- Wood fibre board 18 mm
- Black acoustic fleece 2.5 mm
- Oakslats placed at ntervals 15 mm /
18,24,18,22, 240
=

188,32
=t
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central garden - connection between office and new building
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