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Abstract: Climate deterioration and environmental pollution has been widely studied by a wide
scientific community. The effects of the ecosystem deterioration impacts directly to human activities.
In this scenario, the building industry has increased the pressure on proposing new materials to
replace the cementicious component and natural resources (water, sand, gravel, and limestone) on
mortar and concrete to reverse this trend. To this end, organic residues can offer opportunities as
an available alternative for construction applications. Therefore, this paper aims to broaden the
scope of research in this field by investigating the potential use of organic residues as cementicious
building material based on bibliometric-statistical analysis using scientific information. A preliminary
bibliometric analysis using VOSviewer was carried out to define the keywords co-ocurrence from
Scopus database. Type of organic material, constructive use, and its properties (physicochemical,
mechanical, and thermal) were extracted from scientific publications. Then, a systematic analysis
criteria was defined to limit the scope of the study. Finally, statistical variance analysis and multiple
correlation for identifying constructive application were applied. From the co-ocurrence analysis
of keywords, we determined that 54% of the selected scientific publications were closely related to
the scope of this study. State-of-the-art study established that related researches grew exponentially
at a rate of about 30%/year. Moreover, scientific publications reported the use of a wide variety of
organic residues, such as wheat, paper, hemp, rice, wood, molluscs, olive, coconut, among others.
Mainly, agricultural residues (82%) with building applications related to structural concrete, mortar,
bricks, and blocks, had been evaluated. Physicochemical properties from organic residues (extractives
content, lignin content, and density) were correlated to mechanical (compressive, flexural and tensile
strength) and thermal properties (thermal conductivity). The identification of the physicochemical
properties of the organic residues allow us to predict the mechanical and thermal behavior of the
material with residues. In summary, agricultural residues are the most promising organic building
material due to their abundance and lignin content, exhibiting better mechanic and thermal properties
than any other organic residues.

Keywords: organic residues; cementicious material; mechanical properties; thermal properties

1. Introduction

The construction industry plays a fundamental role in the economic growth of each
country, and its performance can achieve vital advances in the socio-environmental devel-
opment [1]. The construction industry is expected to grow at an annual average of 3.9%
until 2030, increasing the Growth Development Production (GDP) worldwide by more
than one percentage point (14.7% of GDP world) [2]. However, this industry generates 19%
of the total greenhouse gas emissions (CO2−eq), and it is responsible for the consumption
of 32% of the global energy related with buildings heating [3]. Therefore, there is an urgent
need to refocus of research and policy efforts in light of the climate crisis [4].

In the construction industry, cementicious materials, and specially concrete, are the
most used building materials [5]. Moreover, concrete is the second most produced and
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consumed material, only after water, reaching a global consumption of around 25 billion
ton/year [6,7]. From a mechanical point of view, concrete has relatively high mechanical
performance under compressive strength (5–60 MPa) when it is compared to other ma-
terials. Also, concrete is one of the most versatile materials used in buildings, allowing
structural engineers to optimise application requirements with many possible structural
configurations. Even more, fresh concrete is easy to mix, place and finish, increasing the
workability. In spite of that, the increasing demand of concrete also generates pressure on
the aggregates extraction, water and cement production [8,9].

The aggregate/cement/water ratio in the concrete production borders around 3/1/0.5
(volume/volume or v/v) depending on the construction application [10]. Fine aggregates
0.08–5 mm and coarse aggregates (>5 mm) that give stiffness to concrete are a natural
resource, which is scarce, finite, and highly demanded. In the last 15 years, aggregates
extraction have gradually increased, up to 17.5 Gton/year [11–14]. Meanwhile, Portland
cement (95% [3 CaO · SiO2 + 2 CaO · SiO2 + 3 CaO ·Al2O3 + 3 CaO ·Al2O3 · Fe2O3] + 5%
CaSO4), which is chemically synthesized from clay/calcareous rocks, has reached produc-
tion demand close to 4.1 Gton/year [15]. Despite the high mechanical performance and the
technological advances in the concrete/cement industry, the production industry of cement
is one of the most polluting industries [16,17].

As a building material, concrete generates up to 5% of CO2−eq [18]. Also, concrete pro-
duction is responsible for 9% (2 Gton/year) of industrial water withdrawals, corresponding
to 1.7% of total world water extraction [12]. As a consequence, it is highly recommended
to pursue in the innovation, testing, and analysis of the whole life cyclic assessment of
novel construction materials [19]. Reuse of waste materials, the use of fly-ash to replace the
cement content in the binder, and the use of organic residues are some of the solutions that
can increase the sustainability of the construction industry. In this paper, we focused the
bibliometric analysis in organic residues as a potential alternative in cementicious building
materials considering mechanical and thermal properties.

2. The Production of Organic Residues

Worldwide, nearly 2010 million ton/year of residues are produced, of which 63%
(1260 million ton/year) comes from organic residues [20]. One of the main sources of
organic residues generation is the agricultural industry, whose generation has been growing
at rates of 1.4%/year, reaching values of up to 37.5 million tons in 2019, value that could
increase to 39.5 million ton/year by 2050 [21].

The evolution and generation of organic residues from 1980 to 2019 (by year) and
by continent are shown in Figure 1. Here, the organic residues considered were barley,
soy, rice husk, corn, wheat, and others. A clear incremental trend in the generation of
agricultural residues can be seen during the last 40 years from Figure 1a. When it is
separated by continent (Figure 1b), Asia and America show a generation of 45.8% and
29% of the total agricultural residues worldwide, respectively. Indeed, wheat production
generates 9.9 million tons of organic residues, while maize, rice, and soy generates 9.3, 9.2
and 4.5 million tons, respectively [21].
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Figure 1. Generation of agricultural residues (1980–2019): (a) worldwide; and (b) by continent (Source:
Figures created by the authors based on [21]).

Several authors have proposed novel techniques and materials to improve the build-
ings’ thermal comfort [22–24]. Typical thermal barriers are placed in walls to prevent the
heat to dissipate. Fiberglass, mineral (rock or slag) wool, plastic fibers, or natural fibers
are used to insulate stud and joist spacing that is relatively free from obstructions. This
solution, however, tends to be relatively inefficient if it is done by non-trained personal.
Foam boards, to be placed on outside of wall (usually new construction) or inside of wall
(existing homes) are used to insulate concrete walls, but requires specialized skills.

Despite the many techniques available in the market, the thermal performance of
insulation is very dependent on proper installation and the skills of the insulation company.
Therefore, the thermal performance of the material needs to be improved to avoid addi-
tional solutions. On the other hand, thermal improvements using non-degradable materials
could give non-inert (toxic) properties to construction wastes (i.e., concrete) that are con-
sidered inert during the demolition [25]. Multiple studies have focused on evaluating the
alternative use of organic residues as a total or partial replacement, or as an additive to con-
ventional building materials. Indeed, various organic residues, such as wheat, paper, hemp,
rice, wood, mollusks, olives, walnuts, coconut, among others have been studied [26–34].
In addition, different constructive manufacturing or replacement of materials (aggregates
or cement) using organic residues have been reported, such as concrete, mortar, blocks,
bricks, panels and asphalt and also in replacement of materials [35–38].

There is robust bibliography available that deals with the use of organic residues as a
total or partial replacement of cement, fine or coarse aggregates in the cement paste and
concrete (>100 journals). In general, studies have established reuse of some of these organic
materials, towards construction applications with a focus on thermal improvement with a
large amount of incorporated organic material (65%, v/v). Meanwhile, structural application
reports use a lower amount of organic residues in its composition (1%, v/v) [39,40]. How-
ever, no systematic or statistical analysis on the use of organic residues as an alternative
building material has been reported. In this review paper, the use of organic residues as
building material is analyzed bibliometrically through a meta-analysis of the state-of-the-
art (systematic) and statistical analysis of existing scientific information. Conclusions are
presented to correlate the mechanical and thermal properties of the construction material
with physicochemical properties of the organic residue. Comparisons on the origin of the
organic residue as a potential replacement of cement or aggregate is also presented.

3. Methodology

This section describes the procedure used in the identification of the most suitable
database as well as methods of database analysis.
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3.1. Database Collection

A preliminary bibliometric analysis was carried out using the scientific journal reposi-
tory Scopus from Elsevier. The selected repository offers a more comprehensive coverage
when compared to Web of Science in fields outside of medicine and physical sciences [41,42].
In order to narrow the potential keywords to be used in the search engine, specific criteria
were defined in terms of start date and applications. The keyword used for this preliminary
analysis was “organic residue as building material”. This search generated 654 results
(scientific publications). Additional documents were excluded from this search based on
the documentation type. For instance, short surveys, notes, reports, and erratas were
not considered.

After the bibliometric analysis using Scopus database, a more specific analysis was
carried out using Science Direct. The analysis consisted in three different phases. First,
an exploring phase was performed to inspect journals while using the same keyword
as input in the search engine. This phase is called exploring phase. The final searching
process gave 62,893 results, including scientific publications from different topics and
knowledge areas.

A second phase, named identification phase, was implemented by using the most
compatible journal. This analysis determined that the three journals with the most compati-
ble research topic were Construction and Building Materials (19.8%), Journal of Cleaner
Production (3%), and Journal of Science of the Total Environment (1.4%). The percentages
given here are the amount of available scientific publications in each selected journal with
respect to the total search. The keyword used for this analysis was “organic residue”.
This phase gave 1448 results (scientific publications). Finally, a third phase called confirma-
tion phase, considered the inclusion and exclusion criteria described in Table 1, reaching
158 results (scientific publications).

Table 1. Constraining criteria of bibliometric analysis (confirmation phase).

Criteria Type Inclusion Exclusion

Temporality 1992–2020 <1992
Residue type Organic Inorganic
Application Building material Energy or agriculture

Specific information
Physicochemical, mechanical
and/or thermal properties No information

3.2. Processing Information

In this section, general and specific information were obtained from the confirmation
phase described before (158 scientific publications). The general information analysis,
as well as the specific information are described in Table 2. For each analysis, the infor-
mation was processed by objective, factor, variable, and analysis type. On the one hand,
preliminary bibliometric analysis used VOSviewer (version 1.6.16, Centre for Science and
Technology Studies, Leiden University, The Netherlands) from Scopus database, where a
co-occurrence network was performed to analyze the selected keywords (refer to Figure 2a).
This technique offers graphic (visual) representation of co-occurrence networks to be visu-
alized and to infer regarding relationships between entities. In this case, the size of each
node represents the appearance co-occurrence, and its color represents links that connect
different entities related to the topic.

To measure the influence of the organic residue on the potential use as building ma-
terial, a variance analysis using the two-way ANOVA test was performed to a group of
data (n = 557) to determine the influence the specific keyword has on the potential use.
Factors (type of organic residue and constructive use) and variable (compressive strength)
were considered. Normality (Shapiro-Wilks test) and variance homogeneity (Levene test)
were previously verified, considering database parametricity. Therefore, parametric (Tukey
test) or non-parametric (Kruskal Wallis test) variance analysis were used. Infostat 2020e
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software for ANOVA analysis and a significance level of 0.05 were used. This software
is used for both descriptive statistical and advanced methods of statistical modeling and
multivariate analysis. Database is only limited by available memory, admitting ordinal,
and nominal variables. Relationship between properties (physicochemical, mechanic,
and thermal) were based on multiple correlation analysis. Physicochemical properties,
such as density (kg/cm3), ash content (%, weight/weight or w/w), extractive content (%,
w/w), lignin (%, w/w), cellulose (%, w/w), hemicellulose (%, w/w), moisture content (%, w/w),
and pH were evaluated. Meanwhile, mechanic properties, such as compressive strength
(kgf/cm2), flexural strength (kgf/cm2) and tensile strength (kgf/cm2) were considered.
Finally, thermal conductivity was established as thermal property. These properties were
evaluated for organic residues and/or compounds (organic residue + traditional building
material). Normality (Shapiro-Wilks test) was previously verified, considering database
parametricity. Parametric (Pearson test) or non-parametric (Spearman test) multiple corre-
lation were considered as appropriate. Correlation coefficient (r < 0.5) and significance
(p < 0.05) were considered to establish regression trends (r2 > 0.5). OriginPro 2020b (Ver-
sion 2021, Northampton, MA 01060, United States) software for correlation analysis was
used. This software allows performing multivariate correlation analysis with parametric
and non-parametric tests, offering summary tables that show correlation and significance
coefficients. In addition, it has applications for peak fitting, surface fitting, statistics, and sig-
nal processing. It also offers excellent graphing and representation of results.

Table 2. Processing information phases.

Objective Factor Variable Analysis

Bibliometric analysis Year of publication Number of scientific
publication

Co-ocurrence and
state-of-the-art

Residue vs. use Organic residue and
constructive use Compressive strength two-way ANOVA

Constructive application
Physicochemical properties

(organic residue or
compound)

Mechanical properties
Thermal properties Multiple correlation

4. Results
4.1. Bibliometric Analysis

Bibliometric analyses conducted in VOSviewer software were employed to synthesize
patterns of knowledge production in the organic residues literature. Specific keyword
was used in order to analyze the research trend, that have evolved in this knowledge
base. The analysis calculates the number of times that an specific keyword has been
declared in the review database. Because this analysis scanned the use of organic residues
rather than any other co-citation, its results reflect patterns of using organic residues
as construction material in the ‘broader literature’. Thus, to some extent, this analysis
overcomes a limitation of ‘traditional citation analysis’ limited to a particular document
repository (e.g., Scopus, Web of Science).

Co-citation analyses have also been used as the basis for the ‘visualization of similari-
ties’ (VOS), a powerful approach to network mapping [43]. Co-citation analysis assumes
that when two scholars are frequently ‘cited together’ by other authors, they tend to share
a similarity in theoretical perspective [44]. Author co-citation analysis in VOSviewer trans-
forms patterns of author co-citation into a social network map that visualizes similarities
among the authors in a particular literature [43]. In this research, bibliometric network
to describe the co-occurrence map of the selected database (organic residues as building
material) was established. Figure 2a describes the co-occurrence map generated using
VOSviewer. The most prevalent keywords, due to their occurrence and represented by their
larger size were: building material, waste management, recycling, and construction materi-
als. These keywords are closely related to the topic addressed in this study, and represent
54% of the scientific publications. The keywords that are not directly related to the topic of
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this study were: incineration, heavy metals, leaching, landfill, adsorption, among others.
These keywords correspond to 46% of the total amount of scientific publications. Therefore,
there is a significant amount of publications that address the issues raised in this study
within the Scopus database, focusing on building materials and the use of residues in
construction applications.

Figure 2b shows the temporal evolution of studies (scientific publications) between
1992 and 2020. The solid black line represents the total number of scientific publications
(n = 1416). The selected database (solid red line) corresponds to articles that fulfilled
the previously detailed selection phases, corresponding to 11% of the total (n = 158) (see
Appendix A which contains all database for the criteria defined in Table 2). From 2007,
the number of studies show an annual average growth rate of 28.7%. The year 2020 is the
year with the largest number of studies selected with a total of n = 31 scientific publications
that represents the 12%. Most of the scientific publications were published between 2012
and 2020, representing the 92% of the total database.

(a) (b)

Figure 2. Bibliometric analysis based on the specific keyword “organic residues as building materials”:
(a) VOSviewer map displaying the most prevalent keywords for n = 654; and (b) temporal evolution
of studies related to organic residues in the construction industry between 1992 and 2020 for n = 1416.

The results on organic residues have been categorized and shown in Figure 3. This
group of scientific publications were divided depending on the construction implementa-
tion or use, the origin of the organic residues, and the type of organic residue. Figure 3a
describes the constructive use given to the organic residue in the scientific publication
analyzed. The results showed that the organic residues have been used as a replacement of
cement powder in mortar and concrete (∼60%), and also as a replacement/reinforcement
in blocks and bricks. To a lesser extent, organic residues have been implemented as partial
replacement of the constitutive component in insulating panels (12.7%). Figure 3b illus-
trates the origin of the organic residue studied in this research. In this regard, 81.7% of
the scientific publications declare to study residues coming from the agricultural industry,
whereas 8.9% comes from the fishing industry, 6.3% from sludge coming from wastewater
treatment plants, and 3.2% from the livestock industry. In this paper, the effect of different
sources of organic residues on the mechanical/thermal properties was taken into account
to establish a statistical relationship with the physicochemical property. These sources
correspond to agricultural, farming, fishing, sludge and livestock residues. In order to
measure the influence of the type of the organic residue as a potential construction mate-
rial, we use the average compressive strength of compounds using these organic residues.
On the other hand, thermal properties were related to the physicochemical properties of
the organic residues from all sources. Since the agricultural industry is the primary source
of organic residues, a more detailed analysis of it is made. In Figure 3c, the different types
of organic residues used as potential building material from the agricultural industry are
shown. The first three major type of agricultural industry are: rice industry that represents
the 14.6%, wood industry with the 9.5%, and the paper industry with the 9.5% of the
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total agricultural residues. These studies constitute 33.5% of all the scientific publications
analyzed. Less frequently, there are organic residues from the production of sugar cane
(7.6%), oil palm (5.1%), biomass (3.8%), hemp (3.8%), and coconut (3.8%), which have been
studied as building material.

Figure 3. Categorization of organic residues (n = 158) by: (a) constructive use; (b) origin; and (c)
type of agricultural residue.

In summary, the bibliometric analysis showed that 54% of the scientific publications
identified with the specific keyword were related to the potential use of organic residues as
building material. In addition, the amount of scientific publications related to the revalua-
tion of residues in construction presented an annual growth rates of ∼30%. Specifically,
32% of the scientific publications evaluated as potential constructive use of organic residues
have an specific application in mortar compounds, followed by concrete, blocks and bricks,
and panels. Finally, 82% of the scientific publications analyzed used organic residues
from the agricultural industry (rice, wood and paper), followed by those from the fishing
industry and the wastewater sanitation sector (sludge).

4.2. Influence of Type of Organic Residue on Its Potential Constructive Application

Figure 4 shows the behavior of compressive strength measured for compounds made
up of mixed between organic residues and conventional materials (i.e., cement, aggregates)
at ranges from 5 to 30% (v/v). Figure 4a displays how the compressive strength varies,
according to the different constructive uses (n = 557). The average compressive strength of
the mortar is 309.4 Kgf/cm2; while that, concrete, block/brick, and insulating panels report
average compressive strengths of 263.8, 142.1, and 40.7 Kgf/cm2, respectively. Therefore,
in terms of constructive application, insulating panels tend to show significantly the least
compressive strength (p < 0.05) with respect to the other applications.

Figure 4b shows behavior of compressive strengths respect to the origin of the
organic residue (n = 557). The average compressive strength of compounds using
organic residues from livestock industry corresponded to 359.6 Kgf/cm2, followed by
agricultural (215.6 Kgf/cm2), fishing (211.2 Kgf/cm2) and finally wastewater sanitation
(202.2 Kgf/cm2). The livestock industry presented significantly the most compressive
strengths (p < 0.05) with respect to the agricultural, fishing and wastewater sanitation
(sludge) industries. Figure 4c represents the values obtained for compressive strength,
according to organic residues from agricultural industry (n = 430). The most reported
agricultural residues were rice, wood, paper, sugar cane, oil palm, hemp, wheat with
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average compressive strenght of 220, 200, 120, 300, 410, 90, and 205 Kgf/cm2, respectively.
Therefore, there is differences between the compressive strengths depend on the type of
agricultural residue. Indeed, oil palm is the only residue that presents the most significant
differences (p < 0.05) with respect to the other agricultural residues.

Figure 4. Compressive strength behaviour by (a) constructive use; (b) industry; and (c) agricultural
industry. (n = 557). (*) there are significant differences (p < 0.05).

In general, a key parameter that characterize any material utilized in the construc-
tion industry is the compressive strength. Therefore, the comparison of this universal
parameter for classify building materials, allows to establish differences between different
materialities. In this research, the influence of type of organic residue on compressive
strength (constructive application) was observed. In fact, an average of 287 Kgf/cm2

was obtained for compounds used as mortar or concrete. Typical values of compresive
strengths for mortar and concrete vary between 50.8 and 611.8 Kgf/cm2 [5]. Therefore,
organic residues generate similar compressive strengths to typical. However, compressive
strength ranges (0.8–629 Kgf/cm2) for compounds used as concrete were slightly smaller
than mortar. It was observed mainly when organic residues were used as aggregates replace-
ment. This could be improved, if they replace to the cement, thanks to the fact that some
organic residues (e.g., sludge ash, 76.2% [3 CaO · SiO2 + 2 CaO · SiO2 + 3 CaO ·Al2O3 +
3 CaO ·Al2O3 · Fe2O3]) have close chemical characteristics to the Portland cement (93–95%
[3 CaO · SiO2 + 2 CaO · SiO2 + 3 CaO ·Al2O3 + 3 CaO ·Al2O3 · Fe2O3]) [15,45]. On the other
hand, lower compressive strengths can be found in block and brick, as well as in insulat-
ing panels, as expected. Typical compressive strengths for blocks, bricks, and insulating
panel vary between 37 and 205 Kgf/cm2, which are similar to reported by compounds
in this research [32,46]. Finally, the agricultural residues from the livestock industry pre-
sented the most compressive strenght (60–650 Kgf/cm2), thanks to its similar inorganic
chemical composition when the organic material is volatilized (T > 500 °C) (e.g., manure
ash, 78.4% [3 CaO · SiO2 + 2 CaO · SiO2 + 3 CaO ·Al2O3 + 3 CaO ·Al2O3 · Fe2O3]) to other
conventional material as the cement [47]. Therefore, a key factor in determining their
constructive use is in its composition.

4.3. Influence of Organic Residue Composition on Its Constructive Application

Table 3 resumes the correlation analysis (Spearman multiple correlation) established
between physicochemical (organic residue) and mechanical/thermal (compounds) proper-
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ties of n = 595 scientific publications. Of these relationships, those that meet the database
robustness requirements (p < 0.05) and correlation (r > 0.5) correspond to 18.7%. Of the
latter, the correlations between organic residue (physicochemical properties) with their com-
pounds (mechanical/thermal properties) reached 53% and relationships, being the following:
mechanical—physicochemical, mechanical—thermal, physicochemical—physicochemical,
physicochemical—mechanical, and physicochemical—thermal. These last two correlations
are those of main interest for this research.

The density and lignin content were well correlated with compressive, flexural and
tensile strengths (physicochemical—mechanical properties). Meanwhile, the density and
extractives content were well correlated with the thermal conductivity (physicochemical—
thermal properties).

Table 3. Analysis of correlation and regression between physicochemical, mechanical and ther-
mal properties.

Variable Correlation
Analysis

Regression
Analysis

Dependent Independent p-Value r Coefficients Equation R2

Residue density—
RD (g/cm3)

Compressive strength—
CS (kg/cm2)

<0.01 0.67
a = 29.440 ± 21.212
b = 186.185 ± 23.246 CS = a + b(RD) 0.40

Residue density—
RD (g/cm3)

Tensile strength—
TS (kg/cm2)

<0.01 0.72
a = 6.764 ± 2.315
b = 16.124 ± 1.725 TS = a + b(RD) 0.73

Lignin content—
LC (%/, w/w)

Flexural strength—
FS (kg/cm2)

<0.01 −0.95
a = 120.130 ± 14.214
b = −3.295 ± 0.639 FS = a + b(LC) 0.84

Residue density—
RD (g/cm3)

Thermal conductivity—
TC (W/Km) <0.01 0.54

a = −0.143 ± 0.072
b = 2.563 ± 0.261
c = −1.691 ± 0.199

TC = a + b(RD) + c(RD)2 0.68

Extractives content—
EC (%, w/w)

Thermal conductivity—
TC (W/Km) 0.01 −0.72

a = 0.100 ± 0.030
b = −0.525 ± 0.227
c = 0.578 ± 0.146

TC = a + b ∗ cEC 0.89

4.3.1. Physicochemical Properties (Organic Residue) with Respect to Mechanical
Properties (Compounds)

Figure 5 shows the linear correlations obtained between the physicochemical prop-
erties of the organic residue and the mechanical properties of the compounds. Figure 5a
shows the relationship between the residue density (0.08–2.52 g/cm3) and the compressive
strength of the compound (0.09–611.83 kg/cm2), reaching adequate levels of correlation
(r = 0.669; p = 0.001).

4.3.2. Physicochemical Properties (Organic Residue) with Respect to Thermal
Properties (Compound)

Figure 6 shows the non linear correlations between the physicochemical properties of
the residue and the thermal properties of the compound. Figure 6a indicates the relationship
between the residue density (0.08–1.4 g/cm3) and the thermal conductivity of the com-
pound (0.05–1.13 W/mK), obtaining adequate correlation indicators (r = 0.537; p = 0.001).
Figure 6b shows the relationship between the extractives content from organic residue
(1.5–15.58%), w/w) and the thermal conductivity of the compound (0.09–0.33 W/mK),
which showed adequate correlations (r = −0.176; p = 0.006). Therefore, materials made
up of organic residues with a density between the ranges 0.08 and 0.25 g/cm3 and 1.18 and
1.45 g/cm3 have a lower thermal conductivity (0.05–0.34 W/mK). Whereas, in materials
with incorporation of organic residues with high extractives contents (12–15.6%, w/w),
lower values are also obtained in the thermal conductivity (0.09–0.14 W/mK).
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Figure 5. Physicochemical and mechanical properties correlations. (a) Residue density-compressive
strength; (b) Residue density-tensile strength; and, (c) Lignin content-flexural strength.

Figure 6. Physicochemical and thermal properties correlations. (a) Residue density-thermal conduc-
tivity; and (b) Extractives content-thermal conductivity.

Thermal conductivity is the physical property that measures the ability of materials
to conduct heat through its mass. Therefore, the less the thermal conductivity a material
generates, the better insulating properties in construction applications it has. Indeed, con-
ventional building materials, such as cement and aggregates forming concrete reach thermal
conductivities up to 1.7 W/mK, being increased up to 2.2 W/mK when water saturation
ratio has reached 100%, v/v [48]. In this bibliometric analysis, compounds using organic
residues (≥0.5%, v/v) reached thermal conductivities from 0.1 to 1.9 W/mK. Moreover,
the moisture content of these residues (≥70%, v/v) increases their density and therefore
decreases their insulating properties. Effectively, the obtained polynomial regression shown
in Figure 6a displays that this behavior only occurs for densities close to the water density
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(approx. 1.0 g/cm3). On the other hand, low thermal conductivity are obtained when
densities are greater than 1.0 g/cm3. This can be explained due to the a greater amount of
extractives within the organic residues composition.

The extractives from organic residues are natural polymers, that is, macro molecules
formed by monomers joined by covalent bonds that prevents the free flow of electrons.
Therefore, a higher extractives content (≥2%, w/w) could improve thermal properties,
reaching values between 0.35 and 0.09 W/mK (refer to Figure 6b). In specific, non wood
biomass offers better thermal conditions than wood biomass, due to its extractives content
(5–15%, w/w) [49,50].

5. Conclusions

The bibliometric analysis in this engineering sciences field establishes that 54% of
the scientific publications that study organic residues and building materials focus on the
reuse and revaluation of organic residues, incorporating them as additives or as replace-
ment, total or partial, to the conventional materials (i.e., cement, aggregates, and water).
The number of studies that address these issues show an annual growth rate of 30%. Mortar
is presented as the most recurrent construction use (32%), followed by concrete, blocks
and bricks, and insulating panels. 82% of the organic residues studied come from the
agricultural industry. Regarding the results obtained on the compressive strength of the
compounds, mortar (309 Kgf/cm2) is projected as a potential structural constructive use of
organic residue with compounds percentages between 5 and 30%), v/v. The tensile strength
of cement based materials was statistically correlated with materials incorporating organic
residues. To measure this mechanical parameter properly, density of the residue was used
as a dependent parameter. To this end, the proportion of the variance for the dependent
variable in our regression model was interpreted as the R2 value of 0.73. The residue density
is directly related with the extractives content within the vegetable biomass composition.
As a consequence, as the extractive content increases, the density of the organic residue
increases, and the tensile strength also increases. The opposite outcome is found for organic
residues with high moisture content, where density usually decreases. The relationship
between the lignin content (dependant variable) of the residue and the flexural strength
of the compound (independent variable) was established using a regression analysis as
shown in Table 3 and Figure 5c. The proportion of the variance for the dependent vari-
able in the regression model was interpreted as the R2 value of 0.84, which demonstrate
good correlation. From this results, organic residues with lower lignin content (7.4–9.6%,
w/w), have higher flexural strength (83–99 kg/cm2). In specific, lignin is an amorphous
molecule that contains an internal structure with aliphatic chains (polyphenolic polymer),
which gives rigidity to the plant cell wall. Consequently, organic residues from herbaceous
biomass (lignin content from hard/soft woods range between 21 and 32%) have better
chances of improving flexural properties in compounds. On the other hand, the use in
panels (41 Kgf/cm2) would be the most relevant application for non-structural purposes.
The identification of the physicochemical properties of the organic residues allow us to
predict the mechanical and thermal behavior that the material composed of this residue
will have. The statistical analysis carried out showed adequate levels of correlation (r > 0.5,
p < 0.05) between some physicochemical properties (density and lignin content) of or-
ganic residues and mechanical/thermal properties (compressive strength, tensile strength,
flexural strength, and thermal conductivity) of the compounds.
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6. Arıoğlu Akan, M.Ö.A.; Dhavale, D.G.; Sarkis, J. Greenhouse gas emissions in the construction industry: An analysis and

evaluation of a concrete supply chain. J. Clean. Prod. 2017, 167, 1195–1207. [CrossRef]
7. Zareei, S.A.; Ameri, F.; Bahrami, N.; Shoaei, P.; Moosaei, H.R.; Salemi, N. Performance of sustainable high strength concrete with

basic oxygen steel-making (BOS) slag and nano-silica. J. Build. Eng. 2019, 25, 100791. [CrossRef]
8. Habert, G.; Miller, S.A.; John, V.M.; Provis, J.L.; Favier, A.; Horvath, A.; Scrivener, K.L. Environmental impacts and decarbonization

strategies in the cement and concrete industries. Nat. Rev. Earth Environ. 2020, 1, 559–573. [CrossRef]
9. Jiménez, L.F.; Dominguez, J.A.; Vega-Azamar, R.E. Carbon footprint of recycled aggregate concrete. Adv. Civ. Eng. 2018, 2018

[CrossRef]
10. ChileCubica. Dosificaciones de Hormigones y Morteros. 2006. Available online: www.chilecubica.com (accessed on 17 May

2021).
11. Alengaram, U.J.; Muhit, B.A.A.; Jumaat, M.Z.b. Utilization of oil palm kernel shell as lightweight aggregate in concrete—A

review. Constr. Build. Mater. 2013, 38, 161–172. [CrossRef]
12. Miller, S.A.; Horvath, A.; Monteiro, P.J.M. Impacts of booming concrete production on water resources worldwide. Nat. Sustain.

2018, 1, 69–76. [CrossRef]
13. Rashad, A.M. A preliminary study on the effect of fine aggregate replacement with metakaolin on strength and abrasion resistance

of concrete. Constr. Build. Mater. 2013, 44, 487–495. [CrossRef]
14. Tuan, B.L.A.; Hwang, C.L.; Lin, K.L.; Chen, Y.Y.; Young, M.P. Development of lightweight aggregate from sewage sludge and

waste glass powder for concrete. Constr. Build. Mater. 2013, 47, 334–339. [CrossRef]
15. Khan, K.; Ullah, M.F.; Shahzada, K.; Amin, M.N.; Bibi, T.; Wahab, N.; Aljaafari, A. Effective use of micro-silica extracted from

rice husk ash for the production of high-performance and sustainable cement mortar. Constr. Build. Mater. 2020, 258, 119589.
[CrossRef]

16. Karbassi, A.; Jafari, H.; Yavari, A.; Hoveidi, H.; Kalal, H.S. Reduction of environmental pollution through optimization of energy
use in cement industries. Int. J. Environ. Sci. Technol. 2010, 7, 127–134. [CrossRef]

17. Zhang, S.; Ren, H.; Zhou, W.; Yu, Y.; Chen, C. Assessing air pollution abatement co-benefits of energy efficiency improvement in
cement industry: A city level analysis. J. Clean. Prod. 2018, 185, 761–771. [CrossRef]

18. Huntzinger, D.N.; Eatmon, T.D. A life-cycle assessment of Portland cement manufacturing: Comparing the traditional process
with alternative technologies. J. Clean. Prod. 2009, 17, 668–675. [CrossRef]

19. Huang, Y.; Xu, C.; Li, H.; Jiang, Z.; Gong, Z.; Yang, X.; Chen, Q. Utilization of the black tea powder as multifunctional admixture
for the hemihydrate gypsum. J. Clean. Prod. 2019, 210, 231–237. [CrossRef]

20. Kaza, S.; Yao, L.; Bhada-Tata, P.; Van Woerden, F. What a Waste 2.0: A Global Snapshot of Solid Waste Management to 2050; World
Bank Publications: Washington, DC, USA, 2018.

21. ONU para la Alimentación y la Agricultura. FAOSTAT Residuos Agrícolas. 2019. Available online: www.fao.org (accessed on 17
May 2021).

22. Felix, M.; Elsamahy, E. The Efficiency of Using Different Outer Wall Construction Materials to Achieve Thermal Comfort in
Various Climatic Zones. Energy Procedia 2017, 115, 321–331. [CrossRef]

23. Abuelnuor, A.A.A.; Omara, A.A.M.; Saqr, K.M.; Elhag, I.H.I. Improving indoor thermal comfort by using phase change materials:
A review. Int. J. Energy Res. 2018, 42, 2084–2103. [CrossRef]

24. Falasca, S.; Ciancio, V.; Salata, F.; Golasi, I.; Rosso, F.; Curci, G. High albedo materials to counteract heat waves in cities: An
assessment of meteorology, buildings energy needs and pedestrian thermal comfort. Build. Environ. 2019, 163, 106242. [CrossRef]

25. Chen, K.; Wang, J.; Yu, B.; Wu, H.; Zhang, J. Critical evaluation of construction and demolition waste and associated environmental
impacts: A scientometric analysis. J. Clean. Prod. 2021, 287, 125071. [CrossRef]

26. Erkmen, J.; Yavuz, H.I.; Kavci, E.; Sari, M. A new environmentally friendly insulating material designed from natural materials.
Constr. Build. Mater. 2020, 255, 119357. [CrossRef]

27. Fu, Q.; Yan, L.; Ning, T.; Wang, B.; Kasal, B. Behavior of adhesively bonded engineered wood—Wood chip concrete composite decks:
Experimental and analytical studies. Constr. Build. Mater. 2020, 247, 118578. [CrossRef]

http://doi.org/10.1016/j.rser.2013.10.021
http://dx.doi.org/10.1016/j.landusepol.2020.104867
http://dx.doi.org/10.1061/(ASCE)1084-0680(2008)13:2(98)
http://dx.doi.org/10.1016/j.jclepro.2017.07.225
http://dx.doi.org/10.1016/j.jobe.2019.100791
http://dx.doi.org/10.1038/s43017-020-0093-3
http://dx.doi.org/10.1155/2018/7949741
 www.chilecubica.com
http://dx.doi.org/10.1016/j.conbuildmat.2012.08.026
http://dx.doi.org/10.1038/s41893-017-0009-5
http://dx.doi.org/10.1016/j.conbuildmat.2013.03.038
http://dx.doi.org/10.1016/j.conbuildmat.2013.05.039
http://dx.doi.org/10.1016/j.conbuildmat.2020.119589
http://dx.doi.org/10.1007/BF03326124
http://dx.doi.org/10.1016/j.jclepro.2018.02.293
http://dx.doi.org/10.1016/j.jclepro.2008.04.007
http://dx.doi.org/10.1016/j.jclepro.2018.10.304
www.fao.org
http://dx.doi.org/10.1016/j.egypro.2017.05.029
http://dx.doi.org/10.1002/er.4000
http://dx.doi.org/10.1016/j.buildenv.2019.106242
http://dx.doi.org/10.1016/j.jclepro.2020.125071
http://dx.doi.org/10.1016/j.conbuildmat.2020.119357
http://dx.doi.org/10.1016/j.conbuildmat.2020.118578


Buildings 2022, 12, 597 22 of 22

28. Gupta, S.; Kua, H.W. Application of rice husk biochar as filler in cenosphere modified mortar: Preparation, characterization and
performance under elevated temperature. Constr. Build. Mater. 2020, 253, 119083. [CrossRef]

29. Haik, R.; Bar-Nes, G.; Peled, A.; Meir, I.A. Alternative unfired binders as lime replacement in hemp concrete. Constr. Build. Mater.
2020, 241, 117981. [CrossRef]

30. Kochova, K.; Gauvin, F.; Schollbach, K.; Brouwers, H.J.H. Using alternative waste coir fibres as a reinforcement in cement-fibre
composites. Constr. Build. Mater. 2020, 231, 117121. [CrossRef]

31. Martínez-García, C.; González-Fonteboa, B.; Carro-López, D.; Martínez-Abella, F. Carbonation evolution of lime putty coatings
with mussel shell aggregate. Constr. Build. Mater. 2020, 264, 120165. [CrossRef]

32. Muñoz, P.; Letelier, V.; Muñoz, L.; Bustamante, M.A. Adobe bricks reinforced with paper & pulp wastes improving thermal and
mechanical properties. Constr. Build. Mater. 2020, 254, 119314. [CrossRef]

33. Pérez-Villarejo, L.; Eliche-Quesada, D.; Martín-Pascual, J.; Martín-Morales, M.; Zamorano, M. Comparative study of the use
of different biomass from olive grove in the manufacture of sustainable ceramic lightweight bricks. Constr. Build. Mater. 2020,
231, 117103. [CrossRef]

34. Zwicky, D. Mechanical properties of organic-based lightweight concretes and their impact on economic and ecological perfor-
mances. Constr. Build. Mater. 2020, 245, 118413. [CrossRef]

35. Hamada, H.; Tayeh, B.; Yahaya, F.; Muthusamy, K.; Al-Attar, A. Effects of nano-palm oil fuel ash and nano-eggshell powder on
concrete. Constr. Build. Mater. 2020, 261, 119790. [CrossRef]

36. Hamood, A.; Khatib, J.M.; Williams, C. The effectiveness of using Raw Sewage Sludge (RSS) as a water replacement in cement mortar
mixes containing Unprocessed Fly Ash (u-FA). Constr. Build. Mater. 2017, 147, 27–34. [CrossRef]

37. Malaiskiene, J.; Vaiciene, M.; Giosuè, C.; Tittarelli, F. The impact of bitumen roofing production waste (BTw) on cement mortar
properties. Constr. Build. Mater. 2020, 234, 117350. [CrossRef]

38. Şeyma Seyrek, E.; Yalçin, E.; Yilmaz, M.; Vural Kök, B.; Arslanoğlu, H. Effect of activated carbon obtained from vinasse and
marc on the rheological and mechanical characteristics of the bitumen binders and hot mix asphalts. Constr. Build. Mater. 2020,
240, 117921. [CrossRef]

39. Alabdulkarem, A.; Ali, M.; Iannace, G.; Sadek, S.; Almuzaiqer, R. Thermal analysis, microstructure and acoustic characteristics of
some hybrid natural insulating materials. Constr. Build. Mater. 2018, 187, 185–196. [CrossRef]

40. Farooqi, M.U.; Ali, M. Effect of pre-treatment and content of wheat straw on energy absorption capability of concrete. Constr.
Build. Mater. 2019, 224, 572–583. [CrossRef]
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