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Abstract

This research project T completed as part of my
graduation project for the MSc Architecture, Urbanism
and Building Science at TUDelft T set out to investigate
the architectural potentials and limitations of
Baubotanik design through the following questions:
What can Baubotanik do? and What do spaces need?
By analysing both precedents and spatial requirements
across temperate and tropical climates, the study
identifies seven key design considerations for the
strategic application of Baubotanik in spatial design,
with the aim to provide designersconcrete advice in this
experimental field. The findings demonstrate that
climate, seasons, tree species, environmental
control and spatial typologies play animportant role in
the viability and success of a Baubotanik project. We
have concluded that Baubotanik is not suitable
everywhere, with tropical environments and (semi-)

outdoor spaces showinggreatercompatibility .

Thefindings in this research paper provide an important

starting point for the upcoming design project.
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Introduction

In our long-standing tradition to reimagine and
reinterpret the relationship between architecture
and nature, a new and exciting building approach
has emerged known as Baubotanik - a German
term that translates to build and botany (Ludwig,
2023).

Combining aspects of architecture, landscape and
structural design, it presents an interesting
challengein current architectural practice by using
living trees as a building material to form living
structures. But what can you actually do with it?
Whatforms can it take? What are its potentials and

limitations?

Thisresearch project aims to take a closer look at

these intriguing questions.
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Recent structural experiment: Arbor Kitchen, Germany
(Ludwig, 2023)



Inspired by the vernacular living root bridges in
India (Fig 1) and building on the work of
predecessors in related fields (Ludwig, 2023),
Baubotanik is now being investigated rigorously as
an architectural and construction method at the

TechnicalUniversityof Munich, Germany.

When it comes to available knowledge,
Baubotanik is a relatively new building approach. It
is not veryestablished, it is still at the early stages,
and it is very experimental. In recent years, there
has been a lot of progress in the structural and
technical research side of things (Figs 2 & 3)
(Ludwig, 2023). But less explored is the viability
and design applications of this approach both in
architecture and in the urban context. Thiswill be
the focus of this research paper, with the following
research questions defining the scope of
investigation: WWhat can Baubotanik T Y e d@nd
h 1 6 dogspaces U 1J 13 I Thapoints of focus are,

thus, trees and space.

>

3 Recent structural
experiment: Baubotanik

Tower, Germanyown photo)
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Method overview

The method involves, on the one hand, analysing Baubotanik
precedents, and on the other, analysing spatial

requirements .

This analysis is conducted across 2 different climate zones 1
tropical andtemperate Tto seeif there are any similarities or
differences in the results. Specifically, it looks at the tropical

monsoon and the temperate oceanic subcategories.

On the following pages, the analysis is explained in more

detail.

Method

Baubotanik Spatial

precedents requirements

la Method diagram A
1b Tropical climate map: P

1c Temperate climate map? }

Temperate

1(Beck et al. 2023)
2(Beck et al. 2023)



Baubotanik precedents

In total, 12 Baubotanik precedents have been analysed: 6 in the tropical

climate and 6 in the temperate climate. Unbuilt projects have not been

considered. During the selection, projects with a minimum degree of load-

bearingpotential were favoured.

For each precedent, key aspects that were studied include spatial use, form

and growth behaviour, at different points in time. Several site visits were

conducted in 2024 to collect data of the temperate precedents.

Temperate climate : Tropical climate:

1 Plane Tree Cube, Germany 7

2 Baubotanik Footbridge, Germany 8

3 Waldkirchen Birdwatching 9
Station, Germany

4 SteverauePlatform, Germany 10

5 Baubotanik Tower, Germany 11

6 Arbor Kitchen, Germany 12

Living Root Bridges, India
The Great Banyan, India

SriNambunayakiAmman
Temple, India

. TheAnpingTree House, Taiwan
. Stone Wall Trees, China

. Kam Tin Tree House, China

7 Livingroot bridge, India (Tropical} 1 Plane Tree Cube, Germany (Temperafe)

1(Ludwig, 2023)
2 (Ludwig, 2023)
3(O-L-A, n.d.)

4(O-L-A, n.d.)

5 (Ludwig, 2023)
6 (Ludwig, 2023)
7 (Ludwig, 2023)

8 (Savage, 2017)

9 (Google Maps, n.d.)

10 (Hoechuah, 2020)

11 (DeWolf, 2016)

12 (Greening, Landscape and Tree

Management Section, n.d)
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Spatial requirements

In total, spatial requirements for over 50 spaces
were analysed using the gradient in Fig. 13, with
particular focus on spatial openness and climate

control.

Each space was analysed across 2 climates T
tropical and temperate T and across seasonal
extremes. The aim being to see how spatial

requirements change.

What we see is a shift in requirements, both across
climates but also across seasons. Generally
speaking, from temperate to tropical there is a shift
towards less control. And, equally, from winter to
summer, or from wet to dry season, there is also a

shift towards less control.

oOuT

open

,,,,,, : Wﬁ:r :—: h l . IN

S I N —1 | closed
low control 1 medium control high control
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Shift in:

CLIMATE
- SEASON

13 The dagramshows typical rooms for a house in the temperate climate. These were analysed
in terms of spatial openness and climate control at seasonal extremes, using the gradient shown.

The analysis revealed &hift in spatial requirements.
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Results overview

For the initial two questions, the results are 7 design For each item, the paper will outline key observations and
considerations that will serve as advice for designers, each explain what this means for design. This should help
covering a different topic. These are grouped by research designersassesswhere, when and how to use Baubotanik in
guestion: Considerations 1-4 are in response to AVhat can aproject.

Baubotanik do?k while 5-7 addressWhat do spaces need

What can Baubotanik do?

What do spaces need?
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What can Baubotanik do?

Structural behaviour
and longevity

Baubotanik structures exhibit one of two
fundamental behaviours regarding their
structural and spatial performance: an
increasing capacity or a decreasing capacity .
This is determined by the chosen building
approach T gradual or instant T irrespective of

tree species or geographiclocation.

Structural +
spatial capacity

[ Gradual building approach ]

spatial capacity

Structural +

v

time

[ Instant building approach ]

Argument / supporting data:

Projects with an increasing capacity are the
result of a gradual building approach. Here,
both the structural output and spatial output are
low at the start, but steadily increase with time.
As living parts grow stronger, they can take on
more load and, equally, the amount of space
they can host increases (Ludwig, 2023). This
approach ensures that the stresses imposed on
the trees T fluctuations in light, spatial
constraints, available energyor wound damage Tt
are distributed over an extended period, allowing
the living parts to adapt and recover from such
stresses. The Living Root Bridge is a good
example of this gradual but durable result, with
the potential to last several centuries (see

Timeline 1).

In contrast, a decreasing capacity is found in
structures that employ an instant building
approach. Here, the structural output and
spatial output are high at the start, but rapidly
decrease with time. This can be attributed to
overexertion: initially, in order to reach the
maximum output instantly, the trees get
overexertedwith multiple simultaneous stresses
T limited light, overcrowding, energy depletion,
wounding and fungal exposure T pushing the
trees past their biological limits (Ludwig, 2023).
As seenin the Waldkirchen Birdwatching Station
(seeTimeline 2), such structures rarely last more

than a few years.
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What does this mean for design?

A gradual building approach ensures an
increasing structural and spatial capacity
with durable results, thus making it suitable
for long-term or permanent projects. Here,
the results are slow but, in return, you can

expecta long-lasting structure.

An instant building approach guarantees
immediate functionality at the cost of
lifespan, thus making it useful for short-term
or temporary projects, such as pavilions or
spatial installations, where instant results
are essential and a short lifespan is expected

or evendesired.

These two opposing strategies suggest that
recognising the close relationship between
construction speed, project performance,
and longevity is essential for the design of a
baubotanical structure. Thus, identifying a
G| Y T Uteroporal needs early on is
imperative, in order to find the right balance
and ensure that the resulting structure

behavesand developsas expected.



spatial capacity

Structural +

[ Gradual building approach ]

spatial capacity

Structural +

v

time

[ Instant building approach ]

“C’ Year O Year 15 Year 30 Year 45 Year 60+
S R e e e e >
=
= Low capacity Medium capacity High capacity
Structural output: low Structural output: medium Living parts reach full functionality
Spatial output: low Spatial output: medium and continue to grow stronger.
A A
Timeline 1: Long lifespan . Living Root Bridge transitions from low output to high output over 3a Living Root Bridge. High
the course of decades. Living parts grow stronger with time, ensuring a steady increase in the capacity reachedin Year 60.
. . . N . Approx Year200in image. !
overall structural and spatial capacity of the bridge. Timelineadapted from Ludwig (2023). pprox Year200 age
3b Waldkirchen Bird-
watching  Station.  High
capacity reachedin Year 0.2
v
\
o~
L Year O Year 1 Year 2 Year 3 Year 4
c
0 il ol ettty il i el >
=
= High capacity Medium capacity Low capacity
J Instant functionality. Weakening of structure. Structural failure
Structural output: high Structural output: medium
Spatial output: high Spatial output: medium
A A

Timeline 2: Short lifespan . Waldkirchen Birdwatching Station goes from high output

to low output in just a few years. Living parts get weaker rapidly, eventually leading to

structural failure. Timelineadapted from Ludwig (2023).
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3a & 3b Timescale comparison: high
capacity reached at different points in

time.

1 (Ludwig, 2023)
2(O-L-A, n.d.)



What can Baubotanik do?

Growth
patterns

Living structures exhibit two distinct growth
patterns: dominant upward growth or

dominant downward growth.

This is determined by the tree species and
their inherent growth strategy, regardless of

any human or environmental interference.

Up

[ Upward growth ]

Down

[ Downward growth ]

Argument / supporting data:

Upward growth is found in temperate
precedents using soil-rooted species. These
typically feature a compact trunk system with a
single anchorage point to the ground, resulting in
limited structural elements at lower level for
baubotanical structures. To compensate,
temperate structures like the Plane Tree Cube
employ multiple trees to increase the number of
construction elements, improve load-
distribution and extend the horizontal reach at

ground level (seeFigs 2a & 2b).

In contrast, downward growth is typical of
tropical precedents with aerial-rooted species. A
single tree can generate numerous aerial roots
radially, providing multiple structural elements
at lower level and a broad horizontal span
without requiring additional trees, as observedin

TheGreat Banyanin India (see Figs 2c & 2d).

14

What does this mean for design?

Upward systems : Multiple trees are required
to create a single small-to-medium scale

living structure.

A Advantages: Relatively predictable form
due to fixed initial anchor points and low

horizontal expansion.

A Challenges: Significant tree competition
T light, space, nutrients T due to high tree
density. Spatial planning is key at the
initial stage to reduce this, combined with
long-term management focusing on

pruning and spacing strategies.

Downward systems: A single tree is
sufficient to create a small-to-medium scale

living structure.

A Advantages: There is no inter-tree
competition, since a single tree forms the

entire structure.

A Challenges: The origin point of aerial
roots along a branch is less predictable.
However, their anchorage point to the
ground as well as the entire path can be

trained.



2a In order to have sufficient construction elements to

coveran areaof 10m x 10m, the Plan TreeCube employs 58
pairs of upward-growth trees at ground level, totalling 116.
The image shows a row of fused pairs on the southern

fagcade at ground level. (own photo)

(N
SEENEEL

2b Eachgrid-point is comprised of
two individual trunks that have fused
overtime. Thisdoubles the available

construction elements. (own photo)

2c The Great Banyan is composed of a single tree
that covers 18,000n? (Botanical Survey of India,
n.d.), thanks to the downward growth pattern of its
aerial roots, which act as supports or secondary
trunks. (Rahul, 2015)

2d Image of the southeastern entry to The Great

Banyan gives an indication of its vastnesgThird Eye
Traveller, 2016)
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What can Baubotanik do?

Form
types

Living structures can be categorised into two
types of forms based on spatial and structural
malleability: rigid forms and flexible forms.
This distinction is determined by the tree

species.

[ Rigid forms ]

[ Flexible forms ]

Argument / supporting data:

Rigid forms employ soil-rooted tree species.
While branches and trunks serve as viable
construction elements, underground roots do
not. The available components have relatively
low malleability and can only be guided within a
narrow range (approximately 0145°) from their
natural growth direction. A defining feature of
these projects is the predominance of vertical
and/or diagonal living elements, often at regular
intervals, but a lack of horizontal load-bearing
components, instead achieved by technical
elements. Temperate precedents like the
Baubotanik Footbridge (Fig 3a) are a prime

example of this.

In contrast, flexible forms employ aerial-rooted
tree species. These structures incorporate not
only branches and trunks (low malleability), but
also highly malleable aerial roots as
construction elements (Fig 3c). These have a
wide directional range, meaning they can be
trained in virtually any direction. In low-trained
structures, these are relatively vertical due to
gravity. In highly trained structures, these are
found in every imaginable direction, often
forming highly intricate networks. Such forms
are typical in tropical precedents, such as the
Wah Thyllong Living Root Bridge in India (Fig 3b
& 3c).
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What does this mean for design?

These findings underscore the critical role of
species selection in the structural and spatial
potential of living architectural forms. Theuse of
soil-rooted species restricts achievable shapes
to predominantly orthogonal and geometric
forms, lending structures a strong and legible
vertical rhythm. In contrast, aerial-rooted
species allow greater design freedom and the
creation of more intricate and diverse
geometries, resulting in a naturally more

organic visual language
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3a The living elements in the Baubotanik
Footbridge are predominantly vertical with a few
diagonals. Notice how the diagonals have been
planted obliquely instead of attempting to bend
them into shape. This speaks to the low
malleability of soil-rooted species. As seen here,

the baubotanical forms arising from such

NJ\

elements are, thus, quite rhythmic and orthogonal.
Also noteworthy is the lack of living horizontal
components. The elevated horizontal walkway is
comprised of steel gratings that are fixed to the
trees. (Ludwig, 2023)

3b  The Wah Thyllong Living Root Bridge is made up of
countless aerial roots trained into the shape of a load-
bearing structure. The wide directional range of these
components is evident in this image, thus, creating more

flexible geometries. (Ludwig, 2023)
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3c Thisimage shows how pliable young aerial roots

can be, which can be trained in virtually any direction or
shape, in this case, a knot that forms part of a larger
lattice -like root network. As they mature, they gain in

strength and rigidity. (Ludwig, 2023)



