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Abstract: Waste has become an everyday subject, especially its efficient recycling due to the increasing

decline in the planet’s primary resources. Therefore, their recovery is intended to be total and with

minimal energy consumption. Biomass waste is fully recoverable in raw or processed states and in

combination with other compatible waste types (including wastewater from construction, polymers,

and sunflower seeds). It represents the basic elements for obtaining synthetic wood to replace natural

wood, which is very expensive and difficult to obtain (lasts for several years). This paper proposes

three methods to determine the thermal conductivity of these new materials (synthetic wood) to

guarantee and optimise their thermal characteristics. The determination of thermal characteristics in

insulating materials is usually performed experimentally in a double climate chamber or more simply

using a special instrument of the ISOMET type, but under these conditions, the sample must meet

certain conditions imposed by the manufacturer to be tested. Thus, two experimental investigation

methods are used to which a numerical method is added, which consists of modelling by the finite

element method with an adequate programme of heat transfer through these materials. Four samples

with variable content of recyclable waste obtained through combinations resulting from six different

experimental design plans with two controlled factors were analysed to optimise synthetic wood

recipes for the efficiency of their hygro-thermal characteristics. The content of the tested samples

varied relative to the quantity and number of recyclable wastes included in the final recipe. Thus,

the thermal conductivity obtained was different for each sample but close to that of similar synthetic

wood-type materials and natural wood.

Keywords: thermal conductivity; recycled waste; synthetic wood; experimental design; finite element

method

1. Introduction

Efficient waste recycling management is an important challenge for each administra-
tion but is mandatory for the environment, leading to a significant reduction in greenhouse
gases. Solid waste, especially from construction but also from wood biomass, is an acute
problem through the large areas it occupies, contributing to soil contamination and affecting
groundwater when non-compliant. The recycling of biomass waste by re-introducing it into
the economic circuit is a concern of all countries through multiple research teams that have
obtained biogas from burning it in specialised installations [1,2] and ash as an addition to
cement [3–5].
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According to the EU report on waste management [6], a solid comparative analysis
between 2010 and 2020 (Figure 1) shows that the best-ranked country is Finland with almost
20 t/capita. In contrast, Croatia or Turkey produce almost 2 t/capita, which is 10 times less.
Romania is above the EU average of 5 t/capita, but this value has decreased compared to
2010 when it was almost 10 t/capita.
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Figure 1. Waste recycling rates in Europe by country (in accordance with Eurostat data [6]).

Products obtained through recycling and whose main component is wood waste or
derived products, the so-called Wood Plastic Composite (WPC) [7], are being used more
and more frequently throughout the world [8–10]. Winandy et al. [11] enumerated some of
these products obtained in the USA, but this market experienced an exponential rise in all
countries, especially in developed ones [12,13].

Some researchers [14] have studied the chemical composition and nutrient stocks in
two mountainous regions in western Bulgaria on four types of beech waste of different
types (stumps, standing, and lying dead wood) which they called wood dead. Thus, they
determined that they contained predominantly carbon, hydrogen, and nitrogen and that
the quantities in the studied regions differed. This study highlights the stocks of carbon,
hydrogen, nitrogen, and other elements existing in wood biomass in a mountainous region
of Bulgaria.

The economic impact of the use of various wastes as constituent elements of the WPC
was studied in Ref. [15]. This study was based on a comparison of composite materials
containing different fractions of their waste mass with those obtained with virgin materials.
However, no significant cost differences were found between them. From this, we can
conclude that it is increasingly important to recycle all types of waste as much as possible by
reintroducing them into the economic circuit and with beneficial effects on the environment.

A study [16] aimed to recover cellulose from wastewater sludge, serving as a substitu-
tion for WPC elements. To improve the properties of the new material, maleic anhydride
(MA) and vinyltrimethoxysilane (VTMS) were added. Analyses have shown an increased
efficiency of MA compared to VTMS in the refinery of interfacial bonding. Thus, cellulose
obtained from wastewater can be a viable alternative to WPC production.

Using rubber waste to obtain WPC is a challenge and has been introduced by Zhou et al.
In their study [17] with a new rubber-wood-plastic formula (RubWPC), they insisted on
the use of malleated and silane coupling agents.
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Nano wood is another concept that is being used more frequently [18,19]. This consists
of the introduction of nanoparticles in the recipe of the new wood material to improve its
physical–mechanical characteristics.

Researchers in China have developed a wood-derived product with a polymer-type
binder called resol [20], which is similar to lignin. It is obtained from woody biomass waste
through heat treatment developed by other researchers [21–23]. In the first version, the resol
binder is light and has the advantage of good fire and acid resistance, while thermolignin
is a biodegradable product with very good hygrothermal properties.

The thermal treatment of the new material is another essential component of this pro-
cess of obtaining synthetic wood [17,24], with improved and high-performance properties
superior to the natural one. In ref. [17], researchers focused on the effects of ultraviolet (UV)
radiation. The results showed that there was a change in colour for WPC when exposed
to UV.

In this study, the thermal treatment of the mixture from which the synthetic wood was
obtained was beneficial because this heat treatment accelerated the reaction process/drying
and facilitated the creation of chemical connections between the various components of the
recipe. The objective of the study was to present a wood-type material, called synthetic
wood, obtained mainly from wood biomass waste combined with other compatible types of
waste (such as polymers, cellulose, rubber, and sunflower) that is capable of preserving at
least part of the properties of natural wood but is environmentally friendly. It was obtained
in the laboratory and had a thermal conductivity close to the category of thermal insulation
materials, such as the values of the agglomerated slabs of wood (PAL), located between 0.05
for porous pal and 0.14 for insulating boards. Knowing that obtaining it naturally is much
more expensive and long lasting, the optimisation of recipes to achieve these requirements
is the goal of these studies.

Some researchers [25] have used biomass to produce biogas through the pyrolysis
process. Thus, two types of processes are presented: thermochemical and a mix of biological
and chemical or physical processes that depend on several parameters, such as the type of
biomass, humidity, and the production process.

Plastic waste is an inexhaustible and indefinitely recyclable source because its lifespan
is very long. Cinelli et al. [26] identified an innovative method for accelerating the degrada-
tion of plastic waste from agriculture by applying a biotic approach. These were subjected
to attacks with enzymes and larvae. Over time, an acceleration of the degradation was
found depending on the type of polymer subjected to this test.

Many other studies have addressed the topic of liquid wood [27–29]. These are pure
biopolymers, such as lignin (e.g., Arboform), or hybrid mixtures with other biocompatible
waste, and they use specific characteristic injection modelling in an almost liquid form due
to thermal processing [17,27].

2. Materials and Methods

2.1. Design of Experiments (DoE) Method

Considering that obtaining new materials with characteristics that are sometimes
superior to existing ones requires many experimental trials, the proposed technique is
old-fashioned. It was first used in agriculture by the statistician Sir R. A. Fisher [30–34],
primarily to reduce their number and especially to study the variability of these experiments
with the help of statistics, that is, by analysing the variance of the experimental results with
the help of an analysis of variance (ANOVA) table [30–34].

The design of the experimental method is an advanced method of planning, analysis,
and optimisation [30,34] of complex problems such as a black box in which things happen
without being directly controlled but which, thanks to this technique, can identify both
influential variables and mathematical models for the optimisation process.

For this study, multiple experimental plans of the two-parameter factorial type [30–34]
were planned and developed to vary, on sets of four samples, different factors [30–34] that
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were part of the synthetic wood recipes and that were inventoried and chosen with the
help of Poisson’s diagram (Figure 2).

Figure 2. Ishikawa diagram for synthetic wood.

Thus, six sets of plans (DoE1–DoE6) with two variable factors, X1 (Recycled polystyrene),
X2 (Sunflower husk waste), were studied, for example (Tables 1 and 2, with four samples
each (Table 3) for a total of twenty-four samples (Tables 4–9). Some of these were then tested
using a double climate chamber to determine the thermal conductivity in situ (Yi) (Table 3).

Table 1. Experimental design and variable parameters (DoE1–DoE3).

Experimental Design No. DoE1 DoE2 DoE3

Waste/Additive
Alcohol

(mL)
Ceresit

(g)
Fly Ash

(mL)
Polymer (g)

Rec. Polystyrene
(g)

Sunflower Husk
(g)

min 20 10 13 10 3.5 25
max 40 20 26 20 7 50

Table 2. Experimental design and their variable parameters (DoE4–DoE6).

Experimental Design No. DoE4 DoE5 DoE6

Waste/Additive
Plastic Waste

(mL)

Recycled
Cement

(g)

White
Cement (g)

Sodium
Silicate (g)

Rubber Waste
(g)

Sulphuric
Acid
(mL)

min 20 10 30 25 10 20
max 40 20 70 50 20 40

Table 3. Experimental design for two factors.

No. X1 X2 Response

1 0 0 Y1

2 1 0 Y2

3 0 1 Y3

8 1 1 Y4
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Table 4. Mixture composition of sample no. 1.

No. Mixture Component Percent (%) Sample

1 The wood waste fine part 0.17
 

 
 

 

 

 

2 Wood waste coarse part 0.30
3 Adhesive tip urelit 0.30
4 Cement 0.03
5 Recycled meal 0.06
6 Alcohol 0.06
7 Additive hardener 0.01

Table 5. Mixture composition of sample no. 2.

No. Mixture Component Percent (%) Sample

1 Wood waste fine part 0.17
 

 
 

 

 

 

2 Wood waste coarse part 0.30
3 Adhesive tip urelit 0.30
4 Cement 0.03
5 Recycled fly ash 0.09
6 Alcohol 0.07
7 Polymer 0.03
8 Additive hardener 0.01

Table 6. Mixture composition of sample no. 3.

No. Mixture Component Percent (%) Sample

1 Wood waste fine part 0.32
 

 
 

 

 

 

 

0.01 

2 Recycled polystyrene 0.02
3 Sunflower husks waste 0.13
4 Adhesive tip urelit 0.21
5 Recycled cement 0.10
6 Sodium silicate 0.05
7 Alcohol 0.10
8 Polymer 0.05
9 Additive hardener 0.01

Table 7. Mixture composition of sample no. 4.

No. Mixture Component Percent (%) Sample

1 Wood waste fine part 0.28
 

 
 

 

 

 

 

 

 

 

2 Wood waste coarse part 0.06
3 Fly ash 0.10
4 Recycled plastic 0.02
5 Adhesive tip urelit 0.19
6 Recycled cement 0.01
7 Sodium silicate 0.10
8 Alcohol 0.10
9 Polymer 0.10

10 Additive hardener 0.05
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Table 8. Mixture composition of sample no. 5.

No. Mixture Component Percent (%) Sample

1 Wood waste coarse part 0.20
 

 
 

0.12 

 

 

 

0.01 

2 Sunflower husks waste 0.03
3 Recycled polestyrene 0.03
4 Adhesive tip urelit 0.39
5 White cement 0.12
6 Sodium silicate 0.09
7 Meal waste 0.07
8 Sulphuric acid 0.06
9 Additive hardener 0.01

Table 9. Mixture composition of sample no. 6.

No. Mixture Component Percent (%) Sample

1 Wood waste fine part 0.11
 

 
 

 

 

0.07 

 

 

 

 

 

2 Wood waste coarse part 0.11
3 Rubber 0.03
4 Sunflower husks waste 0.04
5 Adhesive tip urelit 0.30
6 Recycled cement 0.07
7 White cement 0.07
8 Sodium silicate 0.09
9 Meal waste 0.05

10 Sulphuric acid 0.07
11 Alcohol 0.07
12 Additive hardener 0.01

This study investigated synthetic wood samples obtained from the combination of
wood mass waste or biomass with adhesive (urellite type) and other types of compatible
waste (Tables 4–9).

Thus, they were mixed using experimental planning and several factorial plans with
two factors each from which one sample was chosen to make a comparative analysis in
determining the thermal conductivity of these samples.

The samples chosen for the analysis were based on wood waste in which other types
of recyclable waste were introduced in turn, such as meal (sample no. 1), fly ash (sample
no. 2), sunflower husks, recycled polystyrene (sample no. 3, sample no. 5), recycled cement,
plastic (sample no. 4), and rubber (sample no. 6).

This modern method of experimental planning was chosen to control two parame-
ters on each plane and trace their influence on the physical–mechanical characteristics
of the synthetic wood. In particular, the aim was to preserve, if not improve, their
thermal conductivity.

Our goal was to identify as many solutions as possible, with variations between
compatible parameters for such a recipe (synthetic wood) so that we could incorporate as
much recyclable waste as possible with minimal costs.

2.2. Thermovision and Thermography of the Thermal Field

Thermal imaging cameras [35] are a powerful tool for identifying and analysing the
existing thermal flow between two premises or environments at different temperatures
(Figure 3a) through an intelligent detection system that obtains an optimal and high-quality
image. The usefulness of this method in highlighting the critical areas, as well as the
identification of the points of interest in the temperature range with high precision, has
been proven by the ability of this technique. It reproduces, with high precision, a complete
image of superior quality with the related heat losses and possible non-conformities in the
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structure or even for a quick localisation of areas with high humidity and an obvious risk
of mould (Figure 3b).

ff

(a) (b) 

 
 −
 

Figure 3. Heat loss identification with a thermovision camera. (a) Testing condensation areas; (b) Heat

loss in the insulated wall.

2.3. Double Climate Chamber Environmental Simulation for Conductivity Determination

Thermal conductivity was determined using a climatic installation with a double
chamber (Figure 4), whose technical characteristics were as follows [36]:

- Test volume room: 630 dm3;
- Temperature range variation: −10 ◦C/+40 ◦C;
- Humidity range variation: 50–95%.

 

Figure 4. Double climate chamber in the work.

The sample whose geometric dimensions were 23 cm length, 11 cm width, and 1.5 cm
height was introduced into the climatic chamber. The gap left between the two enclosures of
the climatic chamber was filled with polystyrene. For condition test permanent monitoring,
a thermal flow sensor and a temperature sensor were installed on the sample (Figure 5).



Sustainability 2023, 15, 15481 8 of 17

  

Climate chamber no. 1—hot face 

Temperature sensor 

Climate chamber no. 2—cold face 

Temperature sensor and thermal heat flow sensor  

Figure 5. Sample preparation inside climate chambers.

2.4. Numerical Simulation for Conductivity Estimation

Numerical modelling was performed using RDM v7.04 software [37]. Figure 6 shows
the stages of numerical modelling, such as the definition of the geometry (a), the struc-
tural discretisation (b), the definition of the physical–mechanical properties of the mate-
rials (c) and assigning the thickness of the whole (d), and the imposition of the contour
conditions (e).

(a) (b) (c) (d) (e) 

tt
ff

ff

𝜆 = 𝜙 ∙ 𝑑𝑇 − 𝑇𝜆 𝜙𝑑  𝑇  and  𝑇 

Figure 6. Numerical simulation stages of the sample. (a) definition of the geometry, (b) the structural

discretisation, (c) the definition of the physical–mechanical properties of the materials, (d) assigning

the thickness of the whole, (e) the imposition of the contour conditions.

Structural discretisation was performed automatically by the RDM v7.04 programme,
with planar triangular elements. For the colours in the Figure 6, the meaning is as follows:
the green in Figure 6a represents the geometry of the part, with the highlighting in the
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dotted line of the areas to be discretized in triangular planar finite elements that can be
found in Figure 6b. In Figure 6c, the materials used are represented in different colours:
yellow—polystyrene, brown synthetic wood or pink in Figure 6d and the contour conditions
with the hygrothermal characteristics of the thermal loads on the two sides of the sample
are highlighted.

Mathematical Model of Numerical Conductivity

The mathematical model of numerically shaped thermal conductivity is directly pro-
portional to the thermal flow and thickness of the material and inversely proportional to
the temperature difference between the two enclosures.

The mathematical equation is given by [38]:

λ =

φ·d

Te − Ti
(1)

where λ is the thermal conductivity, φ is the thermal flux obtained by numerical stimulation,
d is the weight of the sample, and Te and Ti are temperatures.

2.5. Experimental Thermal Conductivity Determination

2.5.1. Measurement Tool Description

The Isomet 2114 device [39] is a handheld device for the direct measurement of heat
transfer properties. It measures a wide range of materials, including those considered
insulators. It applies a dynamic measurement method, which allows the measurement time
to be reduced compared to other experimental steady-state measurement methods.

2.5.2. Principle of the Measurement Method

The evaluation of thermal conductivity and volumetric heat capacity was based on
temperature records at regular time intervals, provided that heat propagation took place
in a continuous environment and with infinite duration. These values were recorded in
the device memory as a weighted average of these values. The operation was repeated at
least twice to increase the precision and the final average of these values. Its measurement
accuracy was between 5% and 10%.

3. Results and Discussion

3.1. Relevance of This Study

The aim of this study was to experimentally determine the thermal conductivity of
some new synthetic materials in a double climate chamber, mainly from wood biomass
waste [40] with various additions of other wastes whose compatibility [41] was close to
that of wood. The novelty of other studies is highlighted by the fact that these materials
were obtained from various combinations based on advanced experimental planning
using an experimental design method, which allowed us to take a modern approach to
organising and making a varied mix of recyclable waste. Comparative numerical analysis
using finite element modelling with RDM 7.04 software or the double climate chamber
and Isomet 2114 hand tool for thermal conductivity determination confirmed that the
results obtained experimentally were correct. The secondary objective of this study was
to identify combinations of parameters that optimise the thermal characteristics of this
material with varying contents of recyclable waste and that meet the requirements for
strength and durability with beneficial effects on the environment, considering its recyclable
waste content.

3.2. Synthetic Wood Thermographic Images

To highlight the thermal flux (Figure 7) with its variations on the partition wall of
the double climate chamber, we employed a thermographic camera, Testo 870 [35], with a
thermal sensitivity of 0.05 ◦C.
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ff

  
(a) (b) 

Figure 7. Thermographic test preparation in a double climate chamber. (a) Thermal image of sample

no. 1; (b) Double climate chamber—test preparation.

The variation in the thermal flux of the samples subjected to heat transfer was observed
in the thermal image (Figure 8) with the identification of temperature boundary zones
and their contours. To determine temperatures in predefined areas of interest or other
parameters (including emissivity and reflected temperature), they were marked by points
(marked with Mi) on the thermal image. Using Testo IRSsoft 5.0 software, we obtained the
desired values and even their evolution through the thickness of the element (Table 10).

ff

ffi

ff
 
 
 

Figure 8. Thermal image of sample 1 points marked with Pi.

Table 10. Temperature variation of sample 1.

Measurement Objects Temperature (◦C) Emissivity Reflected Temperature (◦C)

Measure point 1 19.1 0.93 20
Measure point 2 15.6 0.93 20
Measure point 3 17.4 0.93 20
Measure point 4 16.0 0.93 20

As shown in Figure 9, the average values of the temperatures on the halves of the
plate between the two rectangles were almost identical, with a difference of only 0.1. This
is due to the thermal isotropy of the material.
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ff

ffi

ff
 
 
 

Figure 9. Thermal isotropy material of sample 1.

3.3. Experimental Conductivity Results

Most of the building materials were not necessarily homogeneous; their structure was
capillary porous, which allows the migration of air or water but especially vapours through
this network of capillaries and pores. Consequently, the heat flow was transmitted in several
forms, but we were interested in the one through conduction, which is a characteristic
of these materials. Quantitative evaluation of this phenomenon was difficult based on
mathematical equations, so we chose its appreciation on an experimental basis to reflect
the complexity of these heat transfer processes. The following factors are known to affect
conductive transfer:

- temperature;
- air humidity;
- material thickness;
- density and porosity.

Six samples with different characteristics were used due to the various waste contents
(Tables 4–9). The temperature difference between the two enclosures was 10 ◦C (+15 ◦C
for the left chamber and +25 ◦C for the right chamber). The experimental results for each
sample were recorded every 10 min in the climate chamber for at least 4 h and an average
of these values was calculated (over 25 recordings). These are presented in Table 11.

Table 11. Experimental and numerical results of conductivity.

No. Sample Sample Thickness (m)
Double Climate

Chamber Thermal
Conductivity (W/mk)

Numerical
Thermal Conductivity

(W/mk)

Manual
Thermal Conductivity

(W/mk)

1 Sample 1 0.0155 0.107 0.109 0.155
2 Sample 2 0.0163 0.118 0.121 0.126
3 Sample 3 0.018 0.102 0.127 0.124
4 Sample 4 0.019 - 0.139 0.147
5 Sample 5 0.023 - 0.185 0.189
6 Sample 6 0.021 - 0.140 0.142

3.4. Numerical Results of Conductivity

Numerical modelling on a finite element is a numerical method that shapes physical
phenomena with certain hypotheses and constraints but which is very close to the real
phenomenon. Instead, it is always at much lower costs, with the results being comparable
and close in size.

In the hygrothermal calculation of the tire elements or of the building in its entirety, the
thermal flow is considered stationary and its transmission is made by conduction between
two different environments (air-solid-air) by a temperature difference of at least one Celsius
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degree. The stationary regime is defined by the constant in time of the temperature field.
However, variations in indoor/outdoor temperature can be sinusoidal with periods of 6, 12,
or 18 h or days. They can also be given by polynomial functions or conventional variations
by discrete measurements [41].

The results of the numerical analysis are presented graphically in Figure 10, where a
represents the thermal flux density, b represents the temperature isotherms, and c represents
the thermal flux passing through the sample.

  

 

 

 

(a)  (b)  (c)  

ff

′

Figure 10. Numerical conductivity of sample 6. (a) Flux density; (b) Temperature; (c) Thermal flux.

Considering that the connecting element of these two approaches (numerical mod-
elling and the experimental one) was thermal conductivity, in numerical modelling, we
aimed for the two thermal flows to be as close as possible to reality.

Figure 10 shows that the temperature is evenly distributed on the two sides of the
sample, with values between 19.42 and 20.58 ◦C. For the thermal flow, we observed a
concentration of it in the sample area with maximum and moderate values in the rest.

Because thermal conductivity [42,43] is a characteristic of the material, its values are
very different depending on its nature and properties. Thus, for porous materials, the con-
ductivity decreases with an increase in porosity, while it increases linearly with an increase
in temperature. Metals have the highest thermal conductivity, which is proportional to
electrical conductivity.

Figure 11 shows the flux density and its variation on the cross section D–D′ (Figure 11)
for sample no. 1 (Figure 11a) and sample no. 3 (Figure 11b).
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ff

′

  
 

(a)  (b) 

Figure 11. Numerical results of the sample. (a) Flux density of sample 1; (b) Flux density of sample 3.

3.5. Microstructural Analysis

From the samples obtained, cores with a diameter of 3 cm were extracted and analysed
with the help of a BX51M (PA-USA) electronic microscope [44] with a magnification of
up to 1000, which allowed for a microstructural exploration of the connections created
between the various wastes and binders in the analysed recipes (Figure 12a–c).

ff

   
(a) (b) (c) 

ff

ff

ff

ff

Figure 12. Microstructural image for sample 2 at different magnitudes. (a) 100× magnitude; (b) 200×

magnitude; (c) 500× magnitude.

Analysing the images studied at different magnitudes (Figure 12), we noticed that
the images for sample 2 showed a microstructure with good homogeneity and adhesion
between the wood fibres and the binder.

3.6. Analysis and Interpretation of Results

The results obtained and presented in Table 11 show us the concordance between
the three approaches and strengthen our conviction that both the experimental tests and
numerical modelling prove that the hypotheses considered in the numerical modelling
of the heat transfer phenomenon, as well as the protocol of the experimental tests in the
double-climatic enclosure, were perfectly viable. However, the determination of thermal
conductivity inside the climate chamber was much more precise but more expensive; thus,
we tested all samples with the Isomet 2114 manual device. The results are shown in
Table 11.

Our interest in the hygrothermal characteristics of synthetic wood was also to exploit
the heating behaviour of lignin, generally obtained from wood biomass, namely at a strict
temperature range of 180–230 ◦C. When lignin acts as a thermoplast adhesive, “melting”
and constituting in a strong binder achieves acceptable internal cohesion and creates the
possibility of replacing the obsolete urelite adhesive. It was observed that in the case of the
analysed samples, we have a good heat transfer with the ones containing recycled pollen
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(sample 3) and fly ash and/or sunflower seeds (sample 2), while those containing cement
and sodium silicate (sample 5) have worse conductivity.

The synthetic wood discussed in this paper through the presented recipes can have
multiple applications [45–48], depending on the physical–mechanical characteristics ob-
tained through the tests. However, the replacement of the urea-type adhesive (which also
has harmful effects on the environment; adhesives made from urea formaldehyde resins are
more dangerous) was a constant concern of ours during this research. Thus, our proposal
(including within the ongoing EFECON project [49]) for the future would be to replace
it with the one obtained by melting lignin under certain conditions. In these cases, since
it is a thermoplastic polymer, we have a problem with uneven dispersion in the newly
created matrix in the manufacturing process of the new cellulosic materials, implicitly
resulting in a more complex technological process with increased electricity consumption
to overcome this inconvenience. This in no way diminishes the value of this idea. We have
not yet fully implemented a synthetic wood production system to quantify the effects on
its thermal performance.

In this paper, we presented the microscopic characteristics of synthetic wood, a bio-
material with huge potential for the absorption of biomass waste and more. Thus, the
combination of different biomass waste with binders and other types of recyclable construc-
tion waste can generate a product with superior characteristics to natural wood, primarily
related to the average duration of its production but also to properties such as superior
mechanical resistance, weight, and low conductivity comparable to insulating materials or
resistance to water absorption.

4. Conclusions

In this paper, we carried out a comparative study to analyse the thermal conductivity
of a new synthetic wood-type material obtained with the addition of various recyclable
materials. The main purpose was to highlight the thermal characteristics of the new
material but also to experimentally, manually, and numerically validate these sizes. Thus,
we tested several specimens in the double climate chamber, determining the value of the
energy flow that crosses the new material.

The experimental design method used in this work is a modern method of experi-
mental planning, analysis, and optimisation that allowed us to investigate a minimal set
of experimental samples to obtain different configurations of parameters with very good
results, benefiting from such specificity.

The values obtained for thermal conductivity by the three analysed methods were
between 0.107 and 0.118 for the samples analysed with a double climate chamber, 0.109
and 0.185 for those determined by numerical modelling, and 0.124 and 0.189 for those
determined manually with the Isomet 2114 (BL-SK) (Made by Applied Precision Ltd.,
Stavitelska 1, 83104 Bratislava, Slovakia) device, which places it in the category of insulating
materials and is very good considering that its rigidity is quite good and can be used for
both thermal and/or sound insulation and perimeter closures.

Lignin acts as a thermoplastic adhesive, “melting” in the range of 180–230 ◦C and
forming a strong binder, achieving acceptable internal cohesion, and it can partially or
totally replace the urellit-type adhesive frequently used to obtain wood-type derivatives.

The thermal imaging camera helped us to identify the imperfections in the synthetic
wood structure, determine the temperature differences on a surface, check the isotropy of
the material, and view the thermal field on its entire surface. Infrared investigations are
a particularly useful tool for architects, construction engineers, and installers. The use of
thermography always clarifies aspects of major interest and allows for great reductions in
expenses by easily detecting problems that require much more expensive investigations
using other methods.

Applications of liquid wood patented by TECNARO are multiple in all fields with very
good results and they are also biodegradable. However, there could also be microstructural,



Sustainability 2023, 15, 15481 15 of 17

structural, and chemical incompatibilities that we have not yet encountered or that have
not yet been discovered.

Our goal is to obtain synthetic wood that incorporates as much recyclable waste with
compatible characteristics from a physicochemical point of view but that ultimately meets
the resistance and hygrothermal requirements so that it can be used not only in construction
but also in the wood processing industry.

Considering the global objectives of the whole world, the benefits of using biomass
waste and other compatible materials to produce synthetic wood are multiple: horizontally,
by removing them from zones that are crowded/are used for storage and then returning
these areas to agriculture; and vertically, by replacing natural wood, which is much harder
to obtain, with synthetic wood, which can be produced, distributed, and used rapidly.

The perspectives offered by the synthetic wood solution are very encouraging and
achievable, considering the increased interest in the reuse of all recyclable waste, as well
as the fact that the natural one has a very high growth/development rate, and has major
implications for the natural ecosystem (see illegal deforestation especially in Romania).

The optimisation and analysis of these experimental tests were initiated with the ex-
perimental design method to obtain the first information on the influence of the parameters
on the physical–mechanical characteristics of synthetic wood. We aim to use the same
modern method to identify the configuration that corresponds to the needs of the operator,
depending on the type of use.
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