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Abstract: The study aimed to investigate the thermal storage potential of oak tree bark as a
natural and easily accessible material and to examine the possibility of incorporating this
raw material into external prefabricated walls. The U-values of oak tree bark were compared
with mineral wool (MW), which is a standardized and well-known insulating material.
Oak tree bark, a residual material, is mainly used as an energy source. However, in light of
actual green policies at the European Union (EU) level, raw wood and its components, e.g.,
bark, should be used for long-lasting products and not as an energy source. According to
the Croatian Technical Regulation on the Rational Use of Energy and Thermal Insulation
in Buildings, the maximum U-value for external walls in Croatia is 0.30 W/m2K. Here
presented test results show that the U-values of the experimental wall compositions were
0.22 W/m2K for the wall with mineral wool (MW) and 0.29 W/m2K for the wall with oak
tree bark. Despite mineral wool having a thermal conductivity (λ, W/mK) 53% lower than
the experimental tree bark, walls with bark fulfill the national insulation requirements;
therefore, they present an alternative and sustainable insulation option. Furthermore, the
Blower door test (n50 value) of the bungalow was measured to be 3.75 h−1, proving the
potential of tree bark as an alternative eco-friendly insulation material in exterior walls.
However, further investigations are necessary in order to create and optimize the panel, its
thickness, density, adhesive technology, the size of bark particles, production parameters,
etc., as these influence properties of the final product to be placed on the market.

Keywords: tree bark; thermal insulation; lightweight walls; thermal properties

1. Introduction
Energy consumption worldwide contributes to pollution, environmental degradation,

and global greenhouse emissions [1]. The industrial, building, transportation, and agri-
culture sectors are the top contributors to energy consumption, with a significant portion
attributed to the construction and operational phases of buildings [2].

The growing investment in nearly zero energy buildings (nZEB) encourages the use
of passive envelope solutions, leading to thicker insulation in buildings globally [2]. As a
result, the impact of these materials on the life cycle environmental footprint of buildings is
becoming increasingly significant [2]. Therefore, seeking new natural insulation materials
with low carbon footprints is becoming attractive for the building industry. Parallel to
this, other industries are interested in reducing their waste materials during production
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and exploiting all input materials as much as possible to leave zero waste and preserve
the environment.

The bark itself protects the tree from insects, animals, and weather conditions, trans-
ports water and dissolved minerals from the roots to the rest of the plant, and provides
physical support to the trunk [3]. In the wood industry, tree bark is often considered a
residual material. In wood processing, removing bark is often the first phase in sawmill
production, and generally, oak bark is excluded from log diameter. Reducing the total
diameter of logs up to 4 cm for oak wood logs makes bark another raw material source
at no extra cost. Bark as a material also has favorable properties such as relatively high
resistance against microorganisms, low density, low thermal conductivity, and high heat
storage capacity [4].

Currently, in Europe, most of the available tree bark is utilized for bioenergy pro-
duction or for lower value-added purposes such as composting and incineration [5]. Tree
bark contains more protective materials (tannin, suberin) than wood; thus, the bark has
natural protective elements against decay. Consequently, it is likely that bark used as insu-
lation material will require less chemical protection compared to other insulation materials,
potentially reducing costs [6].

As presented in detail by various authors [7,8] bark was historically used for many
purposes: the fibrous structure of bark is good for spinning ropes and clothes, food sources
in winter, paper production, and even as a medicine. Nowadays, its high calorific properties
make it attractive for pellet production, but the regulations that limit the ash content of
biofuels prevent its commercial utilization. Bark can also be used to produce tanning agents
due to its high amounts of tannin. Bark is also used for mulching because it keeps the soil
moist in dry periods. There were even attempts to produce bark-based particle boards.
This was not successful due to many contaminants on the bark, which negatively affect the
service life of tools for wood processing.

By 2050, all buildings in the EU must achieve net-zero emissions throughout their
lifecycle, encompassing both operational and embodied emissions [9]. The significant
carbon footprint of commonly used insulation materials, primarily arising from their pro-
duction phase, has driven the adoption of alternatives made predominantly from recycled
materials to minimize embodied carbon [10]. The insulation materials market remains
largely concentrated around a few material types, including mineral wool (MW), expanded
polystyrene (EPS), extruded polystyrene (XPS), and glass fiber [11,12], some of which cause
significant impacts on the environment at one or more stages of the lifecycle [10]. Insulation
materials available today can be categorized based on various criteria [13]: material struc-
ture, chemical composition, origin, specific weight, thermal conductivity, density, resistance
to physical agents and resistance to chemical factors.

Regarding the total environmental impact of various thermal insulation types across
different life cycle stages (production, construction, use, and end-of-life), the production
stage typically has the highest impact [12]. In the UK, the most commonly used method only
considers the impact of greenhouse gases and energy from the cradle-to-gate stage [14]. A
quantitative comparison of 15 insulation materials [13] evaluated both thermal performance
and carbon footprint, but the assessment was limited to the cradle-to-gate phase due to
insufficient reliable data for the use and disposal phases.

Compared with other natural insulation materials thermal conductivity [15], it is
concluded that the insulating properties of the tree bark are similar to the values of the
other natural insulation materials (Hemp: 0.052 W/mK; Wood fiber: 0.048 W/mK; Wood
chips: 0.076 W/mK).

Currently, in Croatia, the most common thermal insulation materials used in the
building industry are expanded polystyrene (EPS) and mineral wool (MW). Research
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presented in [10,13] revealed that the carbon footprint per mass (kg CO2-eq./kg) for EPS is
4.205 and for MW between 0.920 and 1.082, with thermal conductivity values (W/mK) of
0.037 for EPS and MW values ranged from 0.040 to 0.045.

When it comes to prices of commonly used insulation materials (10 cm thick panels,
1 m2 area), they are [16,17]:

• 5.72 €/m2 for EPS (12–30 kg/m3), λ = 0.032–0.042 W/mK
• 16.52 €/m2 for MW (10–200 kg/m3), λ = 0.035–0.050 W/mK
• Approx. 1.98 €/m2 for raw material–tree bark (approx. 300 kg/m3),
• λ = 0.0651–0.0657 W/mK according to [15]

As the production and installation of insulation materials increase, the low recycling
rates (and consequently high rates of waste incineration and landfilling) highlight an
urgent need for interventions to close material loops [18]. This is where tree bark has
advantages over EPS and MW. Both expanded polystyrene (EPS) and mineral wool (MW)
significantly affect the environmental indicators outlined in [19], including global warming
potential (GWP), formation potential of tropospheric ozone (POCP), abiotic depletion
potential for fossil fuels (ADP-fossil fuels), and the total use of non-renewable primary
energy resources (PENRT).

Research on bark insulation is not new; however, limited data are available on
this topic.

Kain et al. [20] presented research on thermal insulations produced out of 5 bark
species (larch, pine, spruce, fir, and oak), including a combination of larch bark and
industrial popcorn and in combination with different adhesives. They demonstrated that
bark species have a minor influence on the thermal conductivity compared to panel density
in the range from 300 to 450 kg/m3. High heat storage capacity compensates for their
reduced insulation properties compared to mineral wool or EPS [21]. Results of another
experiment [22] demonstrated that neither fraction size nor density of black locust bark
panels affected thermal conductivity (λ = 0.06 W/mK). Further experiments [6] proved that
thermal conductivity values of robinia, poplar, larch, scots pine, and spruce bark are in
a very narrow range when tested dry (0.06 to 0.08 W/mK), but moisture has a different
influence for different species—the change of heat conductivity per 1% moisture content
change was 1.43 to 2.77% for spruce and robinia bark, respectively.

This paper’s research proves that tree bark, a sustainable thermal insulation material,
can be used for insulation of wooden prefabricated external walls, which are often used in
the building industry.

In the first experiment presented in this paper, tree bark was used to prepare samples
for thermal conductivity testing, which is a crucial characteristic of a thermal insulation
material. In an ideal scenario, a thermal insulation material with low thermal conductivity
(measured in W/m2K) allows for the design of relatively thin envelopes. Still, it offers high
thermal resistance R-value (measured in m2K/W) and low thermal transmittance U-value
(measured in W/m2K). The next step was to install tree bark as an insulation material in the
experimental bungalow’s external prefabricated walls during the building process. Some
parts of the walls were insulated with mineral wool as a reference. Both parts of the walls
were subjected to in situ measurements of thermal transmittance values (U-value, W/m2K).

Compared to similar research, this paper’s novelty is in the parallel testing of the tree
bark’s thermal properties in the laboratory at the material level and in testing the actual
size structure and external walls in real thermal conditions—the winter season.

Before the in situ U-value measurements of the walls, the bungalow has undergone
the Blower door test to determine the airtightness (n50, h−1) value of the bungalow and
Infrared Thermography (IRT) inspection.
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U-values of the experimental wall compositions were 0.22 W/m2K for the wall with
mineral wool (MW) and 0.29 W/m2K for the wall with oak tree bark. Despite mineral wool
having a thermal conductivity (λ, W/mK) 53% lower than the experimental tree bark, walls
with bark fulfill the national insulation requirements; therefore, they present an alternative
and sustainable insulation option. Furthermore, the obtained n50 value of the bungalow
was measured to be 3.75 h−1.

Here presented results prove the potential of tree bark as an alternative eco-friendly
insulation material.

2. Materials and Methods
2.1. Experimental Bungalow

The studied bungalow is shortly presented in this section. The bungalow (Figure 1)
was produced and erected within the frames of an externally funded research project.
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Figure 1. Experimental bungalow after completion of all construction works (South—West facade).

During this research, one of the objectives was to investigate the possibilities of using
oak bark as insulation material, which could be used as an eco-friendly alternative to stan-
dard insulating panels. In the primary processing of wood, the bark is created as a product
of the log debarking process and is the indispensable first phase of log processing. The
obtained raw materials—the bark chips—have mainly been used to receive thermal energy.
Due to the possibly large quantities of bark being available, its good thermal properties,
ecological benefits, and low price of such a raw material, which is in fact a residue in the
log processing, we considered it worth researching. This research focused on investigating
the applicability of wooden bark as thermal insulation in lightweight structures.

The experimental bungalow, oriented north-south, was built in the autumn of 2023
and is situated at the Faculty of Forestry and Wood Technology at the University of Zagreb.
Its load-bearing part of the structure is made from bi-directionally laminated ash wood
beams covered with standard OSB boards or plywood, thus forming modular panels. The
final product is presented in Figure 1. The flat roof panel as well as the floor structure
follow the same logic as load-bearing walls. The floor assembly was elevated 30 cm above
the ground. Inside the external walls, there are two types of thermal insulation—mineral
wool and oak tree bark, both in 20 cm thickness.

Mineral wool was installed in the end parts of exterior walls and in floor and roof
panels, whereas inner sections of external walls were filled with tree bark (Figure 2). A
tree bark layer, i.e., insulation, was installed during the wall manufacturing process by
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filling all gaps between load-bearing beams and pressing it with approximately 400 kg/m2,
thus obtaining an insulation layer of approximately 350 kg/m3. Positions with tree bark
insulation were presented in Figure 2 and marked yellow; the rest of the walls were
insulated with MW. Such a composition of walls enabled the installation of bark in bulk
state and its compression up to approximately 50%.
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Figure 3 presents the bungalow floor plan, and the investigated wall, positioned on
the north of the bungalow, is marked with red circles. A cross-section of the load-bearing
external wall showing wall layers and their thicknesses is presented in Figure 4. During
the measurements conducted on this bungalow and its walls, the bungalow was nearly
finished, right before applying the finishing coverings (floors and walls cover). Measuring
building thermal properties at this stage is crucial because it’s easy to spot and fix issues
such as unintentional cracks and thermal bridges before applying the final coverings.
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Figure 4. Cross-section of the load-bearing external wall.

The bungalow’s outside and inside facade/finishes and the level of completion during
the measurements are presented in Figure 5.
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2.2. Thermal Properties Testing on the Material Level

The first experiment used tree bark to prepare samples for thermal conductivity testing.
Three samples were made and tested in the laboratory. The thermal conductivity (λ, W/mK)
of the material utilized for the external wall of the bungalow was assessed in a laboratory
using a heat flow meter instrument, specifically the Fox200 instrument (TA Instruments,
New Castle, DE, USA) employed in this study for determining the thermal conductivity of
materials. The instrument’s essential characteristics and testing requirements were drawn
from [23].
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The raw material used to produce the experimental bark insulation was taken from a
parquet manufacturer, a large processor of oak wood. Samples of shredded material from
the factory’s MBP Meccanica machine were used. Granulometric analysis determined the
composition of the raw material for producing an experimental bark insulation. In the
range of square openings of the sieve above 63 mm, there was no material left; in the range
of 63–45 mm, there was 8% of raw material, 45–31.5 mm, there was 9% of raw material,
31.5–16 mm, there was 29% of raw material, 16–8 mm, there was 14% of the raw material,
8–3.15 mm, there was 28% of the raw material, and for less than 3.15 mm, there was 12%
of the raw material. For the further production of the insulation material, granulation of
63–45 mm and granulation smaller than 3.15 mm were excluded.

The Insulation material is designed so that its density is 250 kg/m3, dimensions are
25 × 25 × 5 cm, the required amount of glue is 252.34 g, and the pressing pressure is 150 bar.
To produce the experimental insulation material, we used Vinavil XA V500mPas water
dispersion adhesive (VINAVIL Corp., Milan, Italy), which is often used for particleboard
production. After mixing tree bark and adhesives, the material was left under pressure for
24 h. The moisture content in the bark was determined by measuring it on a Kern moisture
analyzer (Kohn & Sohn, Balingen, Germany), and it was 6.66%. The process of sample
preparation is presented in Figure 6.
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Following the preparation of the insulation material, thermal conductivity testing was
conducted. Samples were placed between two plates in the test stack, and a temperature
gradient was established across the thickness. The plates were positioned to automatically
determine the sample thickness. The plates were positioned to use auto thickness to deter-
mine sample thickness. Each material employed in constructing the external wall—veneer
plywood, mineral wool, OSB panel, and tree bark—underwent testing using the instrument,
with three samples analyzed for each. Figure 7 shows the tree bark sample in the Fox200
instrument before conducting the measurement.

The surfaces of the test specimens were made flat through cutting and grinding to
ensure close contact with the working surfaces.
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2.3. In Situ Testing of Thermal Properties of External Walls

Good indoor air quality benefits health, comfort, and productivity [24]. Building
airtightness prevents uncontrolled airflows through the envelope, mitigating issues such
as hygrothermal inefficiencies, health risks, increased energy consumption, compromised
ventilation performance, reduced thermal comfort, noise intrusion, and diminished fire
resistance [25]. Air leakage and indoor air exfiltration can result in moisture buildup or
condensation, which may promote microbial growth, negatively alter material properties,
and potentially cause structural damage [25]. The airtightness of the building envelope is
of central importance when dealing with the problem addressed here [26]. Tight buildings
enhance occupant comfort, which can subsequently influence energy consumption and
acceptability of the indoor environment [27]. Quantifying envelope airtightness is essential
for assessing energy loss from infiltration and its contribution to ventilation demands [28].
Airtightness requirements are often specified in national building regulations. To measure
airtightness, a Blower door test (Figure 8) is conducted to determine the relationship
between the pressure difference across the building envelope, ∆P [Pa], and the airflow rate
through the building envelope, Q [m3/h] [29].
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Measured U-values of tested walls presented in this paper were collected from 1 De-
cember to 8 December 2023. A sampling interval of 10 min was used for all data collection.
According to ISO 9869-1:2014 (Thermal insulation, building elements, in situ measurement
of thermal resistance and thermal transmittance), U-value measurements were conducted
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under a temperature difference more significant than 10 ◦C between the indoor and outdoor
environment. The bungalow had two heating devices installed and running seven days
before and during the measurements of U-values, temperatures (inside the bungalow, out-
side temperature, and wall temperature), and relative humidity. The heating was activated
earlier to reduce the impact of the walls’ thermal storage on measured U-values. Using
those heating devices, the average inside temperature during the test period was 24.98 ◦C,
and the average outside temperature was 1.81 ◦C (results from the Hukseflux device).
Therefore, a minimum average of 23.17 ◦C difference in temperature between indoor and
outdoor air was achieved during the measurement, double than required.

The average relative humidity value inside the bungalow during the observed period
was 85.07%. The cross-sections of tested walls are presented in Figure 9.

Buildings 2025, 15, x FOR PEER REVIEW 9 of 16 
 

 

Figure 8. Bungalow airtightness testing by using a Minneapolis Blower door. 

Measured U-values of tested walls presented in this paper were collected from 1 De-
cember to 8 December 2023. A sampling interval of 10 min was used for all data collection. 
According to ISO 9869-1:2014 (Thermal insulation, building elements, in situ measure-
ment of thermal resistance and thermal transmittance), U-value measurements were con-
ducted under a temperature difference more significant than 10 °C between the indoor 
and outdoor environment. The bungalow had two heating devices installed and running 
seven days before and during the measurements of U-values, temperatures (inside the 
bungalow, outside temperature, and wall temperature), and relative humidity. The heat-
ing was activated earlier to reduce the impact of the walls’ thermal storage on measured 
U-values. Using those heating devices, the average inside temperature during the test pe-
riod was 24.98 °C, and the average outside temperature was 1.81 °C (results from the 
Hukseflux device). Therefore, a minimum average of 23.17 °C difference in temperature 
between indoor and outdoor air was achieved during the measurement, double than re-
quired. 

The average relative humidity value inside the bungalow during the observed period 
was 85.07%. The cross-sections of tested walls are presented in Figure 9. 

 

Figure 9. Cross section of wall insulated with MW (upper image, Wall 1) and wall insulated with 
TB (lower image, Wall 2). 

The heat flow method (HFM) and temperature-based method (TBM), Figure 10, were 
used to determine the U-values of the walls. Both methods are explained in detail in [30]. 
HFM is a common, non-destructive, and standardized method for estimating plane build-
ing components’ thermal transmission properties. Its application relies on creating a min-

Figure 9. Cross section of wall insulated with MW (upper image, Wall 1) and wall insulated with TB
(lower image, Wall 2).

The heat flow method (HFM) and temperature-based method (TBM), Figure 10, were
used to determine the U-values of the walls. Both methods are explained in detail in [30].
HFM is a common, non-destructive, and standardized method for estimating plane building
components’ thermal transmission properties. Its application relies on creating a minimum
temperature gradient between indoor and outdoor environments, ensuring sufficient heat
flow is present [30]. TBM is a recent and straightforward, yet non-standardized, method for
performing in situ U-value measurements. It is based on Newton’s law of cooling, which
asserts that the rate of heat transfer is proportional to the temperature difference between
an object and its environment, as well as the surface area involved [31].
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In this research, both methods were used to compare results as a control measurement
and to test TBM since it’s a non-standardized method used to conduct in situ measurements
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(Figure 10). Figure 10 shows a measurement setup with Wall 1 on the right and Wall 2 on
the left. Sensors for HFM and TBM were placed next to each other.

Figure 11 shows how infrared thermography (IRT) was used to avoid positioning the
sensors near the thermal bridges and cracks.
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Figure 11. Infrared Thermography (IRT) images on tested walls—wall insulated with tree bark (left)
and a wall with mineral wool (right). The same temperature scale refers to both images.

The left image on Figure 11 is taken on a wall insulated with tree bark (Wall 2), and
the right image on a wall with mineral wool (Wall 1) as an insulation material. IRT detected
places that should be avoided when placing instrument sensors—for example, the diagonal
wooden crossbar on the right image.

3. Results and Discussion
3.1. Thermal Properties Testing on the Material Level

Measurements were conducted according to ISO 8301:1991. Thermal insulation—
Determination of steady-state thermal resistance and related properties—Heat flow me-
ter apparatus.

Measuring results are presented in Table 1. Deviation from average was also observed
(last column) to ensure that all three results from each sample are within the ±10% deviation
according to ISO 8301:1991.

Research [15] presented thermal conductivity values of bark insulation material rang-
ing from 0.0651 to 0.0657 W/mK. Using pine tree bark, Kain et al. [21,32] measured similar
thermal conductivity factors (from 0.06 to 0.09 W/mK). Compared to the often-used MW
and EPS, those two have more favorable thermal conductivity values (0.032–0.050 W/mK).

Based on the results shown in Table 2, the obtained results for OSB panel, mineral wool
and veneer plywood are in accordance with [33], except for tree bark since this material
isn’t listed in the regulation as an insulation material. Some differences can be explained by
technical regulations, which give general values for various materials without specifying
material manufacturers.
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Table 1. An overview of the thermal conductivity (λ, W/mK) measuring results.

External Wall
Element

Sample
Number

Thickness
[mm]

Coefficient of Thermal
Conductivity [W/mK] Average [W/mK] Deviation from

Average

OSB panel

1 24.55 0.1041

0.1068

−3%

2 24.53 0.1075 1%

3 24.41 0.1088 2%

Tree bark
insulation

1 47.82 0.07849

0.0760

3%

2 45.44 0.07353 −3%

3 47.5 0.07288 −4%

Mineral Wool

1 43.55 0.0361

0.0351

3%

2 40.47 0.03476 −1%

3 36.68 0.03456 −2%

Veneer plywood

1 14.87 0.1231

0.1267

−3%

2 14.6 0.1289 2%

3 15.02 0.1282 1%

Table 2. Thermal conductivity (λ, W/mK)—measured vs. prescribed values.

Material Thermal Conductivity
(λ, W/mK)—Measured Average Values

Thermal Conductivity
(λ, W/mK)—Values According to [26]

OSB panel 0.1068 0.130

Mineral Wool 0.0351 0.034–0.038

Veneer plywood 0.1267 0.100–0.180

Tree bark 0.0760 N.A.

3.2. In Situ Testing of Thermal Properties of External Walls

Bungalow airtightness was measured using Minneapolis Blower door equipment by
EN ISO 9972:2015 [34,35], Figure 8. Measurements followed EN ISO 9972:2015—Method
1 while applying a pressure difference of 50 Pa. The obtained n50 value of the bungalow
was measured to be 3.75 h−1 (with r2 of 0.92541), which is higher than the one prescribed
in [33] (3.0 h−1 for this type of building). Here, it is essential to note that these were the
first measurements before applying finishing covers on the walls, floors, and window sills.
Also, places of potential leakage problems (door sill, cracks due to electrical and sensor
installations) were discovered and sealed before finishing works.

Table 3 presents the results of tested walls, showing both the in situ U-values ob-
tained by measurements and calculated U-values according to the international standard
ISO 6946:2017. Calculated U-values are based on the [W/mK] results gained during
laboratory testing of each layer and presented in Table 1, Section 3.1.
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Table 3. An overview of in situ U-values obtained through measurements, compared with theoretical
U-values, alongside a comparison of theoretical U-values for uninsulated and insulated walls using
various building materials.

Wall Layers Thickness
[cm]

Coefficient of
Thermal

Conductivity of
Layer [W/mK]

Wall Thermal
Transmittance

[W/m2K]—
Calculated Value

Wall Thermal
Transmittance

[W/m2K]—Measured
Value HFM

Wall Thermal
Transmittance

[W/m2K]—Measured
Value TBM

Wall 1
(insulated
with MW)

Veneer plywood 1.4 0.1267

0.1600 0.2017 0.2237

Steam dam 0.017 -

Mineral Wool 20 0.0351

Vapor-permeable film 0.038 -

OSB panel 2.4 0.1068

Wall 2
(insulated
with Tree

Bark)

Veneer plywood 1.4 0.1267

0.3200 0.2902 0.2984

Steam dam 0.017 -

Tree bark layer 20 0.0760

Vapor-permeable film 0.038 -

OSB panel 2.4 0.1068

Theoretical U values (using thermal conductivities of different layers, thicknesses, and
convective heat transfer coefficients inside and outside) were calculated according to the
following equation:

U = 1/Ri + ∑λi/ei + 1/Re (1)

where λi is the thermal conductivity of each material that composes the enclosure in
W/(m K), ei is the thickness of each layer of material in meters, and Ri and Re are the
surface thermal resistances corresponding to the interior and exterior air, respectively, in
m2 K/W [36].

TBM is based on Newton’s law of cooling; in a steady state, Newton’s law of cooling
is expressed as:

Q = hA(Ts − T) (2)

where Q is the heat flow rate, h is the surface heat transfer coefficient, A is the surface area,
Ts is the body surface temperature, and T is the surrounding temperature [31].

When using the HFM, an estimate of the U-value can be obtained using the
following equation:

U =
∑n

j=1 qj

∑n
j=1

(
Tij − Tej

) , (3)

where qj is the heat flux passing through the unit area of the sample, Tij and Tej are the
interior ambient temperature and exterior ambient temperature, respectively, and index j
enumerates the individual measurement [37].

From Table 3 we concluded the following:

• U-values obtained by measurements for Wall 1 are higher than calculated ones, 26%;
• U-values obtained by measurements for Wall 2 are slightly lower than calculated ones,

less than 10%;

Both of the above can be a consequence of exposure of the wall and its layers to
real weather conditions, inside relatively high relative humidity (since 40% to 60% is
recommended), and the influence of material humidity on thermal properties.

Nevertheless, differences of 26% and 10% between measured and calculated values
are in accordance with previous research—according to the Italian standard UNI 10351,
differences between laboratory measurements and real thermal conductivity values of
new materials range from 5% to 50%, influenced by the material’s aging, material type,
average humidity levels, installation procedure errors, and thickness tolerance [38–40].
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Previous studies also found differences between the U-values of walls measured in situ
with different methods, and theoretical values range by up to 153% [41].

Most interestingly, the values obtained by two methods, standardized and non-
standardized HFM and TBM, are consistent. Therefore, this research proves that the
new approach (TBM method) for in situ assessment of thermal transmittance can be very
effective and promising, based on preliminary results.

According to [33], the maximum U-value allowed for external walls is 0.30 W/m2K.
U-values of Wall 1 and Wall 2 comply with this since the measured values are below. The
calculated value for Wall 2 is slightly above the maximum value, which indicates that
the thermal insulation layer of the tree bark should be 2 cm thicker to comply with the
regulation [33].

4. Conclusions
Large quantities of bark available make it a very attractive source for building materials.

Its utilization in the form of insulation material is one of the possibilities in obtaining a
long-lasting wood-based product and a good alternative to using it as an energy source.
This study demonstrates the potential of oak bark as a sustainable and effective insulation
material in lightweight building structures. By leveraging tree bark, a by-product of the
wood processing industry, as an alternative to conventional insulating materials such as
mineral wool, we explored its thermal properties and in situ performance. The experimental
bungalow served as an ideal testing platform to assess both laboratory and real-world
applications of bark insulation.

The presented results show that the U-values of the experimental wall with oak tree
bark (0.29 W/m2K) fulfill the national insulation requirements and provide competitive
thermal performance, with measured U-values aligning well with regulatory requirements.
Moreover, the consistency between the standardized Heat Flow Method (HFM) and the
novel Temperature-Based Method (TBM) highlights the viability of alternative approaches
for in situ thermal property evaluation. The values obtained by two methods, HFM and
TBM, are consistent. The U-value results obtained by HFM method measurements for Wall
1 with MW are higher than the calculated ones by 26%, and for experimental Wall 2 with
tree bark, they are slightly lower than the calculated ones, less than 10%. Despite slight
deviations from theoretical values, factors such as real-world humidity levels, outdoor
natural weather conditions, and material aging underscore the importance of further
research into optimizing bark insulation thickness and installation practices.

All the tests performed on the experimental bungalow clearly demonstrate its potential
for further research in order to obtain an insulation panel from oak tree bark.

Overall, this research underscores the promise of tree bark as a viable, eco-friendly in-
sulating material that supports sustainable construction practices. Continued investigation
into its application, alongside the development of standardized testing methods, will pave
the way for broader adoption and innovation in green building materials.

Further research should focus on optimizing the process parameters, insulation thick-
ness, panel density, adhesive technology, bark particle dimensions, level of fire resistance
and mechanical properties, and the technology of insulation panel production and imple-
mentation in walls.
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The following abbreviations are used in this manuscript:

MW Mineral wool
EU European Union
OSB Oriented strand board
IRT Infra-Red Thermography
EPS Expanded polystyrene
GWP Global warming potential
POCP Formation potential of tropospheric ozone
ADP-fossil fuels Abiotic depletion potential
PENRT Primary energy and primary energy resources used as raw materials
HFM Heat flow method
TBM Temperature-based Method
TB Tree bark
nZEB Nearly zero-energy buildings
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