
Examples of bousillage made with Spanish moss, golden broom, and Posidonia oceanica (credit: author, 2025).
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Abstract: Bousillage is a traditional construction technique used to build vertical and horizontal enclosures 
in tropical, West European, and Mediterranean regions. It uses a timbered structure called colombage and 
a fibrous filler made from natural waste. This research paper confirms the current practice of this ancient 
technique by analyzing its structural, hydrothermal and environmental peculiarities through the examination 
of three persistent solutions that use golden broom, Spanish moss, and Posidonia oceanica as binders. The 
methodology begins with a theoretical framework that confirms the technique’s historical roots according to 
context. Then, field and hygrothermal data is collected for each vegetal binder type. The main objective is to 
test the initial hypothesis that bousillage is a symbiotic construction method which creates a balance between 
nature and anthropocentrism in the local ecosystem—regardless of the plant waste used or the climatic 
context in which it is developed. The research results clarify that this environmental balance is achieved 
when waste discarded by nature is used as an active component in thermal building improvements. This 
benefits both the fauna and flora species, as well as anthropized neighborhoods. In conclusion, reviving this 
traditional technique in accordance with the current ecological situation, creates necessary anthroponatural 
interdependence for the long-term survival of the ecosystem.
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1. Introduction

Bousillage is an ancient construction technique used 
in European and American cultures. It combines wood, 
mud, and plant waste from different ecosystems as a 
binding fiber to create thermal mass. Traditionally, the 
strength and insulation of building were increased by 
adding animal hair, lime residues from oyster shells, straw 
or hay. However, collecting and incorporating these mate-
rials became too labor-intensive to justify their systematic 
use, even though they substantially improve the thermal 
insulation of typical earthen walls (Parlato et al., 2022; 
Jové-Sandoval et al., 2023) (see Table 3). 

The term “bousillage” first appeared in the French 
settlements of the Gulf of Mexico’s in the early 17th century, 
as documented in the 1611 French-English dictionary 
(Blokker and Knight, 2009).1 Though this technique took 
root in northern France and spread to the colonies, it was 
developed primarily in the Asturian mountain pastures 
for the past five centuries. (Graña Carcía and López 
Álvarez, 2007, pp. 213-215). There, it shaped the tradi-
tional image of shepherds’ thatched-roof huts commonly 
known as teitos, which were made of golden broom (GB) 
(Figure 1). Centuries later, the bousillage technique arrived 
at the Acadian outposts in Nova Scotia, Canada. Here, 
people began using straw and hay as insulation fillers. 
This trend traveled along the U.S. East Coast to the Upper 
Mississippi Valley, where grass from swamps and marshes 
was used instead. Over time, the technique evolved to 
include an endemic epiphytic-bromeliad called Spanish 
moss (SM),2 as a binder in Louisiana’s architectural 
heritage (Mulcahy et al., 2016) (Figure 2). Returning to 
the Iberian Peninsula, the bousillage travelled across the 
Mediterranean coast and arrived at the Pitiusas archi-
pelago (Ibiza and Formentera). In keeping with the idea 
of local reuse, Posidonia oceanica (PO) serves here as a 
binder (Figure 3). 

Using these resources expelled from the nature as 
“secondhand” bioinsulating materials, helps restore the 
ecosystem balance in those areas with long periods of 
instability. Thus, a positive ecological footprint can be 
projected in the construction sector, one of the most 
disadvantaged fields of anthropization.

2. Historical framework

The technique’s strength lies in its ability to adapt 
its construction methodology according to available 
resources in the surrounding. By maintaining only a 
common wooden structural framework, fillers from trop-
ical forests, pastures or coastal dunes, can be used. 

Pastoral colonization of the Asturian mountains dates 
back to the Neolithic period, reaching its peak in the 12th 
century, where teitos made of rye straw and GB became 
the typical structure for rural development in the Somiedo 
area and in the Ancares and Cabrera regions of León 
(Álvarez González, 2001; Graña Carcía and López Álvarez, 
2007, pp. 92-155). The technique spread to southern 
France, where it became significant in Ardèche and Lozère 
since the 17th century (Menéndez, 2008). There, straw and 
animal hair were used to insulate roofs.

Although the exploration of North America began in 
the 16th century, the French did not establish a permanent 
settlement until the early 1600s. Imitating that construc-
tion method common in France at the time, the settlers 
took advantage of the local forests to extract wood for a 
hollow structural frame. They initially filled it only with 
mud to build the first colonies. However, in 1699, Jesuit 
priest Paul du Ru recorded that the indigenous people of 
the American Southeast’s coastal region already used SM 
fibers to cover cracks in domestic buildings made with oak 
posts. This extraordinary record demonstrates two facts: 
firstly, it shows that the French were aware of this alterna-
tive practice; and secondly, that they applied this Native 
American knowledge correctly to improve their own mud 
constructions. Consequently, SM began to be used as a 
binder to fill the wooden framework (Reyna et al., 2022).

From then on, this improved indigenous recipe 
capable of withstanding hurricanes, became the standard 
construction method for French colonial, Creole, and 
Acadian buildings along the Gulf Coast (Fricker et al., 
1998). In fact, it peaked in popularity in Louisiana, where 
over 100 well-documented bousillage constructions from 
the early 18th to the late 19th century still stand today 
(Blokker and Knight, 2013) (Figure 4). 

This advancement in the bousillage traveled back to 
France, where animal hair and straw started to be mixed 
with mud in order to create sturdier enclosures. From 
there, the technique spread through the Pyrenees in the 
opposite direction to the mountain pastures of Asturias. 
Here, the roofs’ teitado technique got also used to build 
walls, under the name of cebatu. This variant replaced 
the traditional stone walls of Pyrenean huts with an inter-
woven structure of hazel rods filled only by GB fibers. Over 
time, clay was added to increase strength and thermal 
mass (Wang et al., 2006) (see Table 3).

This trend also influenced the traditional construc-
tion on the Pitiusas Islands, making use of available 
Mediterranean resources (García-Andreu et al., 2008). 
From the 14th to the 19th century, PO became a potential 
material for covering fishermen’s shelters to increase their 
insulation (Oliver et al., 2017). Note that PO is never mixed 
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Figure 1 | GB on the border between Asturias and Galicia (credit: author, 2024).

Figure 2 | Oak trees covered by SM in Audubon Park, New Orleans (credit: author, 2023).
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with mud. Instead, it is compacted upon insertion into the 
timber substructure to achieve greater thermal behavior 
(Hamdaoui et al., 2018; Carmona et al., 2018).

Although these three types of bousillage fell out of 
favor when cheaper, easier-to-use materials became 
available, recent initiatives are gradually reviving the 
original construction method. The goal is to reestablish 
the symbiotic relationship that the technique fosters.

3. Relevance and contribution

This paper defends the hypothesis that the bousillage of 
SM, GB and PO creates an unusual environmental balance 
between nature and humans, taking advantage of local 
plant excess as an active component in building insula-
tion. The objective is to evaluate its beneficial impact, 
based on the dynamic that no external agent alien to the 
ecosystem’s original functioning is introduced; rather, 
natural dynamics are understood to adapt the construc-
tion process accordingly. Thus, the technique can be 

used anywhere, considering only different plant waste 
produced by each ecosystem to fill the timber framework. 
This finding lends credence to the notion of tangible circu-
larity in the construction process, but in reverse order. 
Natural resources are no longer used in place of artificially 
manufactured ones, in order to reduce the carbon foot-
print. Conversely, waste produced by nature that disrupts 
the proper functioning of the ecosystem is used, not only 
to reduce the ecological impact but even to turn it into 
a positive one. Additionally, this comparative study high-
lights the maintenance of these three bousillage variants, 
since their hygrothermal performance achieves compet-
itive market values—surpassing other current bioinsula-
tions and matching those of artificial ones.

To consolidate this hypothesis, the three vegetal 
resources most used as binders in the history of bousil-
lage are analyzed. Photographic reports from field visits 
to Louisiana, Asturias and the Mediterranean coast, as 
well as data research from specialized scientific sources 
are compiled to create analytical drawings that eval-
uate how the technique transforms itself to generate 

Figure 3 | Accumulation of PO along the coast of Menorca (credit: author, 2025).
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a positive impact to its respective environment. The 
results presented below show that, despite originating 
from different climates, those plant binders are reused 
according to common principles of circularity. In other 
words, the positive anthroponatural impact is produced 
by the implementation of the technique itself, regardless 
of the fibrous waste.

In addition, clarifying this bousillage’s contribution can 
promote its further development in other geographical 
contexts with similar conditions. And it could also serve as 
a reference point for reviving other traditional construc-
tion systems that are symbiotic to the environment.

4. Discussion of results

SM, GB, and PO exhibit sustainability dynamics that 
significantly impact three stages: their role as atmo-
spheric regulators, their reutilization process that benefits 
nature by managing its waste, and their ability to achieve 
high hygrothermal behavior.

4.1. A unified environmental approach

In the American tropics, SM seeds are blown by the wind 
into cracks in oak tree bark, where they germinate. Then, 
they produce tiny tendrils that anchor it to the tree as 
it grows. These tendrils serve as a microhabitat for rat 
snakes, bats, and jumping spiders. The epiphytic-bro-
meliad produces its own food by capturing moisture and 
nutrients released from the dead cells of host trees. For 
this reason, it tends to develop on the bare branches of 
mature or slow-growing oak trees, which serve as scaf-
folding. Although SM does not appear to harm trees, 
it can accelerate their death by blocking sunlight from 
reaching their leaves (Figure 5). 

In addition, its populations are highly vulnerable to 
changes in air composition. Indeed, the decline of SM 
in specific areas is indicative of elevated atmospheric 
acidity levels, which exceed the permissible limit of 
0.05 µg/m3 (Suriel, 2010; Sun et al., 2021). If harmful 
particles are released, the plant becomes dormant 
until conditions improve (Larson et al., 2004). Once 
the polluted episode ends, the plant reactivates and 
substantially increases its growth rate by 120% as a 
defense tool, becoming so thick that it hardly damages 
the tree’s health—even fragmenting its branches. At 
this point, the SM begins to act as a parasite, posing a 
direct threat to the survival of the oak ecosystem. On 
the other hand, a natural benefit arises when humans 
control the plant’s expansion by collecting samples 
from fatigued trees, as well as fallen remains caused by 
overloading.

GB is a characteristic plant of Asturias’s meadows, but 
it is also a potentially invasive species. Their roots have 
nodules that convert nitrogen from the air into soil nutri-
ents improving the quality of pastureland for livestock by 
50-100 kgN/ha per year (Martínez-Cordeiro et al., 2014; 
Pérez-Fernández et al., 2016; Domínguez et al., 2018). 
However, excessive use of this fertilizer can damage crops 
due to the excessive release of polyphenols, which can be 
phytotoxic. Their rapid spread also threatens the survival 
of other local species such as exacerbated trees or rye 
straw, becoming meadows inaccessible to local wildlife. 
Along with the rural exodus and the Cantabrian deforesta-
tion caused by fire—which average 275 ha per year—the 
invasion of the GB has become a pressing problem. 

Due to a decline in cultivated rye straw, the remaining 
pastures in Asturias only generate basic feed for livestock. 
There is no straw available for use as roofing material, as 
was done in the past. Consequently, GB has gradually 
replaced it, helping to mitigate the fire risk associated with 

Figure 4 | Original and current state of Beau Bassin House, built between 
1765 and 1890 in Vermilion, Lafayette (credit: author, 2023).
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its rapid growth. However, GB thatching is much more 
complex due to its irregular morphology. For this reason, 
the practice is declining in favor of using it in vertical 
enclosures, following the cebatu variation of bousillage. 

Lastly, PO meadows play a fundamental role in the 
biological, geomorphological, and ecological regulatory 
processes of the Mediterranean Sea. They essentially act 
as CO₂ sinks and provide food for over 1500 species of 
fauna and flora (Concu and Pani, 2023). They also promote 
photosynthesis by fixing sediment, with a 20.3% reduc-
tion in hydrodynamic suspension and an 11.7% increase 
in deposition speed (Astudillo-Gutierrez et al., 2024).

In autumn, PO meadows undergo a process of natural 
exfoliation. The leaves turn dark and fall off, creating 
vegetal covers along the coast that act as a natural 
breakwater, stabilizing sandy substrates. However, the 
continuous influx of storms in recent years has created a 
surplus that the coast itself is finding increasingly difficult 

to manage. Since mollusks and crustaceans, such as 
puu, cannot use the leaves as a habitat due to their lack 
of seabed roots, the metabolic webs are altered. One 
way to address the surplus that disturbs the biological 
balance is to bury small quantities in order to enrich the 
soil of beaches and dunes. However, if the accumulation 
of dead PO exceeds 875 m3/m of coastline, removal is 
necessary.3

In all three cases, the initial commensal relationship—
in which the plant benefits the ecosystem—transforms 
into parasitism. Reading the dynamics of the environment 
and responding to its needs, means acting with ecolog-
ical responsibility. It is not just a matter of removing the 
excess of SM that overwhelms trees, the uncontrollable 
proliferation of GB that destroys the meadows fertility, 
or the PO that collapses the coast. The challenge lies in 
reintroducing each vegetal waste into the local ecological 
and economic cycle by adapting cultural customs to 
climatic needs. 

Figure 5 | Bare oak branches with a dense cover that hinders transpiration in the marshes of Avery Island, south Louisiana (credit: author, 2023).
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4.2. Same construction system

The bousillage technique is based on a combination of 
two elements: a wooden frame and a fiber binder. Using 
one plant or another does not substantially interfere with 
the construction process, although the pretreatments, 
mixtures, and assembly do impart certain peculiarities 
(Figure 6).

The first step is collecting the raw plant material that 
serves as the binder. This waste is treated using various 
processes before being incorporated into the wooden 
substructure. 

Analysis of samples from old buildings in Vermilione, 
a town south of Lafayette, Louisiana (Figure 7), reveals 
the presence of untreated epiphyte outer bark (Figure 8). 
This suggests that the fibers were incorporated into the 
mud while still green; that is, they were collected directly 
from the ground after falling or from overburdened tree 
branches. While they do not require curing, cleaning is 
mandatory to eliminate chiggers and red bugs, which can 
decompose the structure. 

Other studies reveal traces of a dark gray epiphyte, 
which results from the natural drying of SM (Blokker and 
Knight, 2009). This suggests that the fibers originate from 
residues that have accumulated over long periods of time 
under the tree canopy or from samples that were dried in 
the open air after cleaning. 

The third option is to exhaustively cure the epiphyte by 
composting it.4 SM used to be buried in a pit for 5 months 
to release excess water into the arid Louisiana soil and 
achieve optimal strength. Once the gray covering of the 
bromeliad dries completely, it falls off, revealing long, 
strong black filaments (Figure 9). After curing, unwanted 
materials, such as twigs, sand, leaves, and other debris, 
are removed using simple vibrating or sieving techniques. 

According to the Breaux manuscript,5 the cured 
strands of SM are then gently separated and placed in 
alternating layers with clay at the bottom of a hole, basin 
or tâche. Specialized workers called tâcherons or tacher-
ettes mix the components by using a process similar to 
grape treading, until the consistency resembles mortar. 

One of the most challenging aspects of the bousillage 
technique is to determinate the correct proportions that 
ensure enclosures optimal hygrothermal performance. 
Usually, vegetal fibers act as the solute, and the mud—
which is made from a mixture of sand, clay, and water—
acts as the solvent. If the mixture contains more than 20% 
water, it will not compact; and if it is too dry, the enclosure 
may crack (Blokker and Knight, 2009). Once the mixture 

has the right consistency (Table 1) (Kain et al., 2021), a 
small portion is compacted by hand into a “bousillage 
loaf” or torchis, measuring 30-60 cm long, 10-20 cm wide, 
and 5-8 cm deep. These loaves are then placed between 
the holes of the timbered substructure (Blokker and 
Knight, 2013).

The GB must be cut at a specific time. Traditionally, 
it is collected in August, when high temperatures allow 
for 30% drier fibers (Menéndez, 2008). After harvesting, 
the material is separated into piles and sifted to remove 
impurities. Due to their biocidal nature susceptibility 
to decomposition in their raw state, fibers must be 
completely dried before being used as insulation. 
Otherwise, they can break and rot, harboring microor-
ganisms that destroy the timber structure and cancel 
the thermal resistance. Once dry, thatchers called here 
teiteros or teitadores group the GB into bundles and 
place them on roofs. Alternatively, it can be compacted 
and inserted directly into the vertical enclosure’s profile. 
Another option is to introduce the fibers as a binder for 
the mud used to fill walls. The appropriate proportions of 
the mixture are also achieved through a manual treading 
(Table 2) (Gaujena et al., 2020).6 

Using PO as a binder offers a wider range of possi-
bilities for manufacturing. It should be noted that the 
variant most used in traditional Balearic architecture 
incorporated dried PO directly, without mixing it with 
clay (Tugores and Morata, 2017).7 The drying process 
is more complex due to the wet vegetal residue. When 
the leaves are collected, they are shaken or sieved to 
remove as much sand as possible so as not to alter the 
beaches composition (Hamdaoui et al., 2018). Then, 

 Table 1 | Two samples of insulation compositions made from SM mixed 
with mud (credit: author, 2025).

Volume λ = 0.06 W/mK λ = 0.146 W/mK
Fibers 83.46 % 45.69 %

Clay 3.24 % 10.99 %

Sand 7.57 % 24.85 %
Water 5.73 % 18.81 %

 Table 2 | Two samples of insulation compositions made from GB mixed 
with mud (credit: author, 2025).

Volume λ = 0.09 W/mK λ = 0.11 W/mK
Fibers 88.80 % 79.40 %

Clay 2.55 % 4.04 %

Sand 5.94 % 9.43 %
Water 2.72 % 7.14 %
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Figure 6 | Comparison of the construction sequence of the bousillage technique if SM, GB or PO is used as a binder for the insulating fill (credit: author, 2025).
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they are washed with plain or distilled water to remove 
residue. In some cases, to eliminate salt crystals and 
improve the fibers’ durability, the leaves are cured 
with a 2-6% sodium hydroxide solution (Concu and 

Pani, 2023). Finally, to completely dry the sheets, the 
material is spread in 5-10 mm thick layers and left out 
in the sun for a full day (Oliver et al., 2017). Once dry, 
leaves are confined within the wooden substructure 

Figure 7 | Interior walls made by bousillage of SM in the village of 
Vermilione (credit: author, 2023).

Figure 8 | X-ray of the wooden substructure with the insulating fill of mud 
and SM in Vermilione (credit: author, 2023).

Figure 9 | Samples of cured and dried SM fibers, with the respective mud mixtures for bousillage (credit: author, 2023)
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until the appropriate density is obtained—between 
170-215 kg/m3 (Carmona et al., 2018). Nowadays, PO 
is also incinerated to reduce its volume and produce 
mortar. The Fraunhofer Institute for Building Physics in 
Munich has also patented a method of using shredded 
PO waste to manufacture wood-like agglomerates 
(García-Andreu et al., 2008)—as seen in the 14 multi-
family dwellings built in Formentera by the IBAVI. 

As a last resort, the fibrous fruit spheres of PO 
(Figure 10), can be used as insulating capsules by 
blowing them into wooden frameworks. Sea salt acts as a 
preservative and biocide, making these spheres rot-proof, 
non-flammable and capable of trapping air in their micro-
structural cavities (Saval et al., 2014). This means that they 
do not require chemical treatments or additional curing 
in order to function properly as insulation. Note that using 
PO leaves or spheres as filler provides nearly the same 

hygrothermal insulation capacity, though the wall density 
is lower in the latter case (Table 3) (Hamdaoui et al., 2018; 
Carmona et al., 2018).

Mixing SM or GB fibers with mud improves the ductility, 
compression, and flexural behavior of the enclosure 
compared to traditional mortar paste (Allègue et al., 2014), 
stone walls or with other bioinsulations, such as cork 
or hemp (Silvestre et al., 2016; Gaujena et al., 2020) (see 
Table 3). In general terms, the mixture provides 20% 
greater thermal mass than conventional insulations, 
acting as a better natural passive heater and hygrothermal 
regulator. 

The other main component of bousillage technique 
is the structural framework that holds the filling in place. 
In the studied contexts of Louisiana, Asturias, and the 
Pitiusas, wood is the only locally available, sustainable 
material that can be reused for this purpose. Its layout 
traditionally differs depending on the type of plant waste. 
GB can be used for any kind of enclosure, while SM is 
inserted in vertical structures, and PO is placed on floors 
or roofs. 

The name given to the bousillage timbered substruc-
ture is colombage. It involves vertical posts spaced 
61-91 cm, and staves placed at intervals of 10-20 cm to 
support the infill material (Figure 11) (Fricker et al., 1998). 
The staves are trapezoidal in cross-section, 2–5 cm thick, 
and wedge-shaped ends to fit in a staggered pattern 
at the posts without nails (Blokker and Knight, 2009). 
In the GB cebatu, hazel twigs are woven into the posts 
instead of staves (Figure 12). The gaps in the colombage 
are filled from the bottom up (Figures 13-14). The wall 
takes shape as the “bousillage loaves” are tightly packed 

 Table 3 | A comparison of thermal transmittance and density of natural 
and artificial insulations. * Indicates that auxiliar structure is required 
(credit: author, 2025).

Material λ (W/mK) ρ (kg/m3)
Adobe 0.40-1.00 600-1,900

Straw / hay* 0.04-0.08 60-200

Straw + mud* 0.05-0.15 50-450

Animal hair* 0.038-0.045 200-400

Animal hair + mud* 0.12-0.35 700-1,300

Oyster shells + mud* 0.20-0.60 300-600

Mortar 0.50-0.72 1000-1860

Sandstone 1.3-1.6 2300-2700

Limestone 1.1-1.5 2300-2700

Granite 2.0-2.8 2300-2700

SM* 0.036-0.046 40-140

SM + mud* 0.047-0.146 50-200

PO (leaves)* 0.041-0.055 170-215

PO (spheres)* 0.043 150-190

GB* 0.05-0.09 120-300

GB + mud* 0.09-0.11 120-300

Cork (panels)* 0.036-0.045 90-150

Hemp* 0.055-0.065 130-190

EPS 0.032-0.038 12-35

XPS 0.034-0.035 28-45

Mineral wool* 0.031-0.042 30-150

PU* 0.035-0.038 30-60

Figure 10 | Leaves and fruits of PO in Menorca (credit: author, 2025).
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together. Each wall must dry completely for 2-4 months. 
Then, wooden boards are placed on both sides to form a 
kind of “box”, that is protected by lime plaster, reaching a 
thickness of 50 cm. 

Conversely, the bousillage technique for horizontal 
enclosures simplifies the colombage structure. Only a 
2×2 m2 framework made of pine wood, reeds, or branches 
is needed. If it is configured using pallets (Oliver et al., 
2017), dismantling the structure is unnecessary, as they 
can be placed upside down to receive the infill material 
(Figure 15). 

Dry PO is usually spread at a rate of 20 kg/m² to 
achieve a total thickness of 16 cm. The plant fibers 
are compacted by foot until it reaches an average 
density of 185 kg/m³. Once completed, the enclosure 
is covered with wooden boards, such as OSB-III. The 
roof is finished with a 20 cm layer of lime plaster and a 

10 cm of clay (Figure 16). The lime absorbs water from 
leaks, while the vegetable filling insulates and allows 
air vapor to pass in both directions, maintaining the 
interior hygrothermal balance (Table 4) (Oliver et al., 
2017); Giada et al., 2019).8

﻿

Figure 11 | Construction sequence of a vertical bousillage with SM: colombage of wooden posts and staves; placement of torchis; closure with wooden 
boards; and coating with plaster or lime (credit: author, 2025).

 Table 4 | Moisture absorption or EMC percentages of the envelope according 
to the type of fiber and the ambient humidity (credit: author, 2025).

Humidity 50% 95%
SM (0.04 W/mK, 50 kg/m3) 8-15% 20-40%

SM + mud
(0.12 W/mK, 125 kg/m3)

10-25% 30-60%

PO (0.044 W/mK, 185 kg/m3) 7-12% 18-28%

GB (0.07 W/mK, 125 kg/m3) 7-14% 18-35%

GB + mud 
(0.10 W/mK, 210 kg/m3)

10-30% 30-60%
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Figure 12 | Alternatives for constructing a vertical bousillage with GB: colombage of wooden posts and, eventually, staves; two variations of interwoven 
hazel twigs; placement of the mixture of mud and fibers; and coating with wooden boards, plaster or lime (credit: author, 2025).
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Both vertical and horizontal arrangements have a 
layered composition, all with the common goal of 
forming a “bousillage box”. Therefore, it is reasonable 
to assume that these boxes made on site can also be 
industrialized. This would initiate an alternative prefab-
rication process, speed up roof construction and open 
new prospects. 

5. Conclusions for future dynamics

This review of the bousillage technique in three contrasting 
climatic contexts reveals that due to its positive ecological 
footprint, this practice can be further developed today. 
The key to its success lies in introducing this construction 
dynamic as an additional element within the ecosystem’s 
web of relationships. At the same time, the conditions of 
home comfort can be improved by collecting waste that 
nature discards. 

The comparative study concluded that SM bousil-
lage achieves the best thermal performance without 
the need for mud (0.04 W/mK). However, mixing is 

﻿

Figure 14 | Vertical GB enclosure made by a timbered frame (1), wooden 
posts (2), hazel twigs interwoven (3), plant fibers mixed with mud (4), and 
clay coating (5) (credit: author, 2025).

Figure 15 | Analytical diagrams of a roof enclosure: structure of recycled 
pallets or wooden slats (1), filling with PO (2), after forming slopes (3) and 
waterproofing (4) (credit: author, 2025).

Figure 13 |Analytical diagram of an enclosure made with mud and 
SM: vertical or diagonal wooden posts (1) and transverse staves (2) to 
assemble the colombage structure, and torchis (3) as insulating filler 
(credit: author, 2025).
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Figure 16 | Alternatives for constructing a roof using PO: square colombage or inverted pallets on a waterproof sheet after forming slopes; placement of 
fibers; closure of the “bousillage box” with wooden boards; coating with lime and clay or geotextile and gravel (credit: author, 2025).
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recommended to facilitate assembly and improve hygro-
thermal behavior (from 9.5 % to 23 % of absorption). 
It also increases the enclosure’s durability by 5.6 times 
(Mclaughlin et al., 2016), since it reduces open porosity, 
controls moisture permeability and limits access by 
insects and fungi that accelerate biodegradation. It is also 
worth noting the similar values achieved in roof insulation 
with pressed PO, whether using dry leaves or fruit spheres 
(average rate of 0.044 W/ mK). In this case, it is not mixed 
with clay to reduce the roof’s weight further. 

Both cases coincide with the thermal transmittance 
values obtained from enclosures made of agglomerated 
cork panels (0.042 W/mK). These numbers are also close 
to the average thermal performance of artificial mineral 
wool or PU (0.037 W/mK). While they differ from the 
insulation values achieved by synthetic EPS and XPS 
panels (0.035 W/mK), using natural fibers from local 
ecosystem waste produces a carbon footprint of only 
0.30-1 kgCO₂e/ m²—compared to 1.7-2 kgCO₂e/m² for 
conventional materials (Ye et al., 2025). Although the 
GB bousillage’s hydrothermal resistance values are not 
particularly impressive, the conclusion remains the same 
in all three cases: restoring ecosystem balance is more 
worthwhile than investing in a distant chemical industry.

Nevertheless, it is important to be aware of the 
limitations of the technique. The bousillage is developed 
because there is a surplus of waste that is no longer 
needed by the ecosystem to thrive. If this surplus does 
not exist, the technique fails as a sustainable construc-
tion process. Continuing to use the material would not 
give new life to waste but rather consume the natural 
resources that stabilize the ecosystem. Consequently, 
metabolic rhythms would be altered, creating a new 
negative impact. Therefore, the bousillage must align with 
the rhythms of nature’s surplus production. Extraction 
should cease when there is no excess, requiring thorough 
construction planning that can adapt to it. Finally, new 
specific legislation is also needed to regulate the removal 
of plant fibers from their natural context, based on deter-
mining when they no longer qualify as waste.9

In conclusion, a small paradigm shift could lead to a 
model of responsible architecture that addresses envi-
ronmental concerns and cultural traditions. Incorporating 
the environmental variable into anthropocentric 

construction processes can positively improve landscape 
quality and building comfort conditions through a simple 
one-time action.
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