Research on Engineering
Structures & Materials

WWW.jresm.org

Research Article

Solar energy-driven heat treatment of concrete and mortar in
desert environments: A case study of Bechar region, Algeria

Tidjar Boudjemaa *1.2a, Khelafi Hamid 3b, Bella Nabil 1<, Bennaceur Said 44, Lammari
Khelifa >¢, Benabdelfattah Mohamed 3£, Hadj Djelloul Nasser Dine 18, Slimani
Abdeldjalilzh, Dahbi Abdeldjalil 23

1FIMAS Laboratory, University of Tahri Mohammed, Bechar B.P 417, Bechar, 08000, Algeria
2Unité de Recherche en Energies Renouvelables en Milieu Saharien, URERMS, Centre de
Développement des Energies Renouvelables, CDER, 01000, Adrar, Algeria

3Faculty of sciences and technologies, University of Adrar. Laboratory of Sustainable Development
and Computer Science (LDDI), University of Adrar, Ahmed Draia, RN6, 01000 Adrar, Algeria
“Laboratory for the Development of Renewable Energies and their Applications in Saharan Areas
(LDREAS), Faculty of Exact Sciences, TAHRI Mohammed University, BP 417 Béchar, Algeria
SFaculty of Exact Sciences. Energy Laboratory in Arid Zones (ENERGARID). University of Béchar,
TAHRI Mohammed, Algeria

Article Info

Abstract

Article History:

Received 07 Feb 2025
Accepted 17 June 2025

Keywords:

Early-age strength;
Concrete mass loss;
Total shrinkage;
Endogenous shrinkage;
Solar energy treatment;
Energy consumption

This study investigates the effectiveness of solar energy-based heat treatment for
concrete and mortar as a sustainable alternative to conventional curing methods.
The approach aims to enhance early-age strength while reducing energy
consumption, lowering production costs, and minimizing environmental impact.
The acceleration of concrete and mortar hardening contributes to early-age
strength development, which is beneficial for the prefabricated construction
industry. Two treatment cycles were conducted: The first was: A 10 hours cycle in
a solar dryer (SD) and an oven, reaching a maximum temperature of 55°C, with an
average relative humidity of 60%. The second was: A 12 hours cycle in a solar
greenhouse (SG), achieving 60°C with 50% relative humidity. The results of the
tests were compared with those of the control specimens, hardened in at 25°C,
50% of relative humidity. The heat treatment significantly enhanced early-age
strength development. On day one, mortar flexural strengths in SD, oven, and SG
reached 25%, 25%, and 18%, respectively, of 28 days control specimen strength.
However, treatment conditions did not significantly affect flexural strength at 120
days, with treated specimens exhibiting strengths comparable to control
specimens. Moreover, these treatments lower concrete production costs while
reducing CO, emissions by approximately 214.6 g/m?, underscoring their positive
environmental impact.

© 2025 MIM Research Group. All rights reserved.

1. Introduction

Currently, the technological development that is happening in the world has led to a trend toward
the use of renewable energy due to global warming gas emissions from conventional energy
production [1]. Renewable energies are promising alternatives and without contributing to global
warming gas emissions [2], their use is very important in various applications, providing a solution
to growing energy consumption, while improving energy stability and sustainability [3].
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Solar energy, earth’s most abundant and perpetual resource, can be directly harnessed from solar
radiation. The earth’s surface receives approximately 100000 TW of solar energy annually [4].
Algeria’s desert regions rank among the world’s highest solar-exposed areas, averaging 10 hours
of daily irradiation [5] and 2500-4000 hours annually [6]. This makes solar energy an efficient,
sustainable solution for southern Algeria. Among these applications, heat treatment of cement
products serves as a notable example [7], which also reduces energy costs in developing economies
[8,9].

Heat treatment accelerates cementitious materials hardening to achieve high early-age strength
[10,11]. However, this treatment can negatively impact the long-term properties of the cement
materials [12]. The durability of heat-treated cementitious materials is influenced by many factors,
including the method of treatment [13].

A single heat treatment cycle suffices to achieve high demolding resistance in the short-term [14],
final strength is typically attained during storage [15]. Heat treatment aims to accelerate early-age
strength development through elevated temperatures. The American Concrete Institute (ACI) [16]
and Zeyad et al. [17] recommend steam curing as the standard method, which typically follows a
four-stage cycle:

e Preheating period: The temperature is maintained at or slightly above ambient levels for up
to 4 hours [18].

e Heating period: The rate of temperature increase is substantially constant from 13 °C to 30
°C per hour [19,20].

e Isothermal period: The temperature is kept constant, Erdog’du et al. [21] and Tiirkel et al.
[22] recommend the optimal temperatures treatment range from 60°C to 80°C.

e Cooling period: The temperature of the treated element returns to ambient temperature.

Several researchers Naas et al. [23] and Hanif et al. [24] have adopted the practice of using cooling
rates equivalent to the rate of temperature increase during the heating period. Famy et al. [25]
preferred the cooling speed to be slower than the heating speed. The sudden drop in temperature
leads to cracks, which can compromise concrete strength. However, other researchers Yazici et al.
[26] and Liu et al. [27] have adopted a cooling phase practice for a shorter period of the heating
phase.

Rapid reheating of concrete above 70°C accelerates cement hydration, leading to late ettringite
formation and potential sulfate attack [28]. While elevated temperatures enhance early-age
strength through rapid CSH (calcium silicate hydrate) gel formation [29] and increased hydration
product density [30], they may compromise long-term durability [31]. Notably, solar-powered heat
treatment of concrete is more energy-efficient [32].

The adoption of solar energy for concrete heat treatment presents significant economic and
environmental advantages. Conventional methods rely on carbon-intensive processes,
exacerbating CO, emissions, whereas renewable energy integration aligns with sustainable
development goals by reducing both emissions and production costs. Solar-treated concrete
demonstrates improved mechanical performance, minimizing long-term strength deficiencies
observed in traditional heat curing. For instance, Benammar et al. [33] reported a 77% strength
increase at 28 days compared to control specimens. Despite these benefits, no comprehensive
study has yet evaluated renewable energy-based heat treatment for its triple advantage:
Simultaneous strength enhancement, emission reduction, and cost efficiency. Therefore, this paper
reviews the potential of concrete and mortar heat treatment by solar energy as a technology
capable of:

e Early-age strength development for industrial applications (prefabricated concrete [34]).

e Operational cost savings through reduced energy demand.

e (O, emission mitigation.
In this study, the effect of the treatment method on the mechanical properties of concrete has been
studied as well as its environmental impact. Solar heat treatment of concrete and mortar is
expected to achieve the desired goal of improving strength, contributing to environmental
sustainability, and reducing carbon dioxide emissions.
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2. Materials and Methods

This section outlines the materials used, temperature analysis in SD, oven, and SG, test methods,
concrete and mortar mix design, specimen preparation, and testing procedures.

2.1. Materials and Characterization
2.1.1 Cement

This study used CEM II/A-L 42.5 N cement for mortar and concrete mixtures. Table 1 presents its
chemical composition, while Tables 2 and 3 show its mechanical and physical, respectively.

Table 1. Chemical composition of cement (%)

Cement SO3 SiOz A1203 F6203 CaO MgO Kzo Nazo Cl
CE};@ISI/I\?_L 1.59 18.86 4.51 2.56 65.20 2.33 0.64 0.33 0.005

Table 2. Mechanical characteristics of cement

Cement 2 days 7 days 28 days
CEMII/A-L 425N Compression (MPa) Compression (MPa) Compression (MPa)
17.4 36.9 45.7

Table 3. Physical characteristics of cement

Cement CEM II/A-L 42.5N

Consistency (%) 31
Expansion (mm) 1
Absolute density (g/cm3) 3.10
Apparent density (g/cm3) 0.95
Fineness (cm2/g) 3750
2.1.2 Sand and Gravel

used rounded sand from Oued Ksiksou banks, with an apparent density of 1580 kg/m?3, specific
density of 2600 kg/m?, and fineness modulus 1.95, for all mortar and concrete mixtures. Locally
produced crushed stones from Bechar region served as aggregates for concrete. Gravel 1 has an
apparent density of 1430 kg/m3 and specific density of 2620 kg/m3, while gravel 2 has an apparent

density of 1440 kg/m3 and specific density of 2610 kg/m3. The particle size curves of sand and
gravel are given in Fig. 1.
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Fig. 1. The particle size distribution of sand and gravel
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2.2. Mortar and Concrete Mix

The concrete mix comprised (0/3 mm) sand, (3/8 mm) gravel 1, and (8/15 mm) gravel 2. The
desired workability is characterized by a subsidence to the cone of Abrams A=6.5 cm (plastic
concrete). For the concrete formulation, we chose the Dreux-Gorisse method. This method makes
it possible to determine the optimal quantities of the various components (sand, cement, gravel,
water), based on particle size analysis [35]. The concrete formulation obtained is characterized by
a water/cement ratio of 0.55, a sand percentage of 30%, gravel (3/8 mm) 34%, and gravel (8/15
mm) 36%. Mortar mixture proportions follow the EN 196-1 standard while maintaining the
concrete’s 0.55 W/C ratio to preserve the same cement matrix. The compositions of the concrete
and mortar are presented in Table 4.

Table 4. Composition of concrete and mortar

Components Water Cement w/C Sand Gravel 3/8 Gravel 8/15
(kg/m3)  (kg/md) (kg/m3)  (kg/m?) (kg/m3)
Concrete 192.5 350 0.55 631.8 721.5 764
Mortar 247.5 450 0.55 1350 / /

2.3. Heat Treatment Arrangement

A research team from the Laboratory of Energy in Arid Zones (ENERGARID) locally manufactured
both SD and SG.

2.3.1 Sustainable Heat Treatment Systems

Operating partially through indirect solar energy via forced thermal convection, SD can also be
powered entirely or partially by electricity. This dual capability allows it to function year-round,
even in winter. However, SG, relies entirely on solar energy, limiting its nighttime use. Both models
were constructed locally using raw materials purchased from ordinary markets in the Bechar
region.

Fig. 2. The arrangement of the specimens. (a) in SD (b) in the greenhouse

Two systems were used for specimen drying. The first system, a SD, operates as an indirect thin-
layer dryer using partial solar energy with forced convection (see Fig. 2a). This dryer also functions
as an electric oven by covering the collector glass, blocking air inlet and outlet, and activating the
electrical resistances in the heating unit. The second system is a fully solar-powered greenhouse
(see Fig. 2b). We measured temperatures and humidity with a combined temperature-humidity
Sensor.

2.3.2 Specimens Preparation

We prepared the concrete and mortar at room temperature using the following procedure: Dry-
mixed the aggregates and cement for one minute and 30 seconds to achieve homogeneity. Added
two-thirds of the water and mixed for 2 minutes. Incorporated the remaining water and continued
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mixing for 5 minutes (4 minutes for mortar). After mixing, we poured concrete into cubic molds
(100 mm x 100 mm x 100 mm) and mortar into prismatic molds (40 mm x 40 mm x 160 mm). Each
mold was filled in two layers and compacted on a vibrating table.

2.3.3 Solar Heat Treatment Cycles and Processing Protocol

Immediately after casting, all molds were covered with a plastic film, and the specimens were then
subjected to heat treatment using solar energy. The placement of specimens in both SG and SD is
illustrated in Fig. 3. Humidity is supplied in both systems by the air humidifier, as shown in Fig. 3b.
The specimens were exposed to three different drying practical cycles the first and second in SD
and oven for 10 hours, and the third for 12 hours in the SG, as shown in Fig. 4.

() | & Air humidifier

Fig. 3. Heat treatment system (solar radiation drying): (a) SD, (b) SG
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Fig. 4. Practical and theoretical heat treatment cycles for drying by (a) SD and oven; (b) SG

The processing cycle includes four phases:

e Preheating: Temperature remains constant at 25°C for one hour across all cycles.

e Heating: Temperature increases at 15°C/h for 2 hours in the first and second cycles, and at
11.6°C/h for 3 hours in the third cycle.

e Isothermal phase: Temperature maintains at 55°C for 4 hours in the first and second cycles,
and at 60°C for 4 hours in the third cycle.

e Cooling: Temperature decreases to ambient levels at 15°C/h for 3 hours in the first and
second cycles, and at 8.75°C/h for 4 hours in the third cycle.

2.4. Experimental investigation

We conducted an experimental program to study how different drying methods influence
evaluation indicators, energy saving, and economic impact. We compared results with control
specimens across three drying cycles: Oven, SD and SG.
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2.4.1 Compressive Strength

The compressive strength test on concrete (100 mm x 100 mm x 100 mm) cubic specimens was
conducted using a 300 KN capacity press, a continuous and regular load was applied at a constant
rate of 1 mm/min until fracture. The maximum fracture force of the specimen was recorded (KN),
with three specimens tested for each concrete mixture.

2.4.2 Flexural Strength

We determined flexural strength using (40 mm x 40 mm x 160 mm) prismatic specimens according
to EN 196-1. The maximum (KN) at specimen fracture was recorded on the display screen. Data for
each mortar represent average values from three tests.

2.4.3 Mass Loss Investigation

We measured mortar mass loss Pm(t) at the end of each cycle period, after demolding, and
continuing through 120 days. The mass m(t) was measured by electronic balance with a relative
uncertainty of +0.2 g. We calculated specimen mass loss as follows:

Pm(t) = m(®) —mo (1)
mg
Where, mg: Mass of mould after pouring mortar before demolding or the mass of the specimen after
demolding, m(t): Mass of the mould at the late of each cycle period before release or the mass of
the specimen after t days after release. The mass loss value retained is the average of three
measurements on (40 mm x 40 mm x 160 mm) test specimens.

2.4.4 Shrinkage Investigation Endogenous and Total

We conducted shrinkage tests on (40 mm x 40 mm x 160 mm) prismatic specimens. After
treatment cycle and demolding, endogenous shrinkage specimens were covered with three layers:
A first layer of cellophane plastic film and two additional layers of aluminum foil. This process is
necessary to prevent external exchange and evaporation (see Fig. 5a). For shrinkage measurement,
specimens (40 mm x 40 mm x 160 mm) were prepared following the standard NF P 15-433. These
measurements were carried out using a linear variation comparator to determine the length
change of the specimens (see Fig. 5b). Final reported shrinkage values represent averages from
three specimens.

(a) (b)

Fig. 5. Shrinkage specimens and measurement device. (a) Endogenous shrinkage specimens;
(b) Shrinkage measurement device
2.4.5 Energy Consumption

Energy consumed during the treatment cycle is measured using a wattmeter located in the control
box mounted on the back face of the drying chamber, as shown in Fig. 6.
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Fig. 6. Calculation of energy consumed

3. Results and Interpretations
3.1. Compressive Strength

The compressive strength test was carried out on cubic specimens (100 mm x 100 mm x 100 mm)
immediately after the drying cycles up to 120 days.
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Fig. 7. Influence of the heat treatment method by solar energy on the development of
compressive strength

3.1.1 Early-age Compressive Strength

As shown in Fig. 7, the control concrete exhibited a low compressive strength of 7.9 MPa after 12
hours of storage in the laboratory at 25°C, which was lower than the target strength of 10 MPa. In
contrast, the SD and SG concretes exceeded 10 MPa, reaching 14.1 MPa and 16.3 MPa, respectively,
after treatment. By the second day, their compressive strengths increased to 24 MPa for SD and
21.3 MPa for SG, representing 99.8% and 99.7%, respectively, of the 28 days strength of the control
specimen. This improvement was attributed to the elevated temperature during both the final
heating and isothermal phases, which accelerated hydration. This process promoted rapid

formation of CSH [36], leading to increased material density [37,38] and, consequently, enhanced
early-age compressive strength.
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3.1.2 Medium-term Compressive Strength

The compressive strength of SG and SD treated specimens decreased after 28 days compared to the
control specimens. This reduction was primarily attributable to less uniform distribution of
hydration products in the paste, caused by initial rapid hydration [39]. These results align with
findings from Benammar et al. [33], Emmanue et al. [40], and Benouadah et al. [41]. Additionally,
concrete specimens treated in SD and SG showed a 1 MPa decrease in compressive strength at 28
days compared to 14 days. Moreover, at 28 and 90 days, their compressive strengths were slightly
lower than those of the control specimens.

3.1.3 Long-Term Compressive Strength

At 120 days, SD and SG treated concrete reached a compressive strength of 27.2 MPa and 25.3 MPa,
respectively, representing 99.92% and 99.85% of the control concrete strength. Furthermore, as
expected, the increased humidity in SD during treatment yielded slightly greater long-term
compressive strength compared to that of SG. This confirms Nabil et al. [42] conclusion that
humidity enhances strength development during heating. In addition, both treated specimens
exhibited slight strength reductions in the long-term. This phenomenon was attributed primarily
to solar radiation exposure and elevated temperatures during the initial hardening phase. These
conditions have accelerated the cement hydration process in the presence of free water within the
concrete mixture, which is consistent with the conclusions of Mehdizadeh et al. [43].

3.2. Flexural Strength

The flexural strength tests were carried out on prismatic mortar specimens of dimensions (40 mm
x 40 mm x 160 mm), using three specimens per test immediately after heating cycles at ages 12
hours, 1, 2, 7, 14, 28, 90, and 120 days. Fig. 8 illustrates the influence of method and temperature
of heat treatment on the specimens treated by solar energy and the control specimens with respect
to the development of flexural strength.
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Fig. 8. Influence of the heat treatment method by solar energy on the development of flexural
strength

3.2.1 Early-age Flexural Strength

The flexural strength results correlated closely with compressive strength development under all
treatment conditions. The dryer and oven treated specimens demonstrated remarkably similar
strength behavior, which was attributed to their identical treatment cycles. Testing confirmed that
greenhouse, dryer, and oven treatments significantly improved early-age flexural strength
development. At 24 hours, dryer and oven treated specimens achieved the highest flexural
strengths 5.3 MPa, 5.4 MPa, respectively. This improvement results from air condensation (the
greenhouse effect) and elevated temperatures, which accelerated cement hydration and produced
greater early-age strength compared to control specimens and SG treated specimens.
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3.2.2 Medium and Long-Term Flexural Strength

While the control specimens showed continued flexural strength gain, heat-treated specimens
exhibited strength reduction after 14 days. This behavior was primarily attributed to rapid initial
hydration, which resulted in less compact microstructural formation of hydration products [44].

3.3. Mass Loss

Fig. 9 shows mortar mass loss over time under different temperatures and heating methods. The
mass loss trends of the different mortars are similar; it increases rapidly during the treatment cycle
and tends to stabilize as the hardening age progresses.
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Fig. 9. Mass loss for the specimens treated and the control mortar

3.3.1 Initial Mass Loss

Oven, SD, and SG treated mortars showed the highest mass losses 0.92%, 0.94%, and 1% after 12
hours, respectively, while the control mortar lost only 0.33%. Parrott [45] and Jiang et al. [46] have
demonstrated that free water evaporation causes mass loss. Studies have confirmed that higher
initial free water content leads to greater mass loss [47]. After six days, control specimens
demonstrated greater mass loss than treated specimens, as the latter had already lost significant
water during treatment. SD, oven, and SG treated specimens showed more rapid initial mass loss
and reached equilibrium faster than control specimens.

3.3.2 Stability of Mass Loss

Mass loss of the heat-treated specimens stabilized by day 14, reaching values of 6.81%, 6.84%, and
7.25%, respectively. However, the control specimen achieved mass loss stability later, at day 21,
with 7.89%. This stabilization occurs when CSH gels form, filling pores and reducing water
evaporation at later ages, which confirms the long-term flexural and compressive strength results.

3.4. Total Shrinkage of Mortar
3.4.1 First Phase: Increase of Total Shrinkage

Fig. 10 shows that on the first day, shrinkage values reached 154, 159, 173, and 81 um/m for SD,
oven, greenhouse treated, and control mortars, respectively. The SG treated specimen exhibited the
highest shrinkage, which was attributable to elevated hardening temperatures combined with low
relative humidity.

Following the rapid development phase, shrinkage values progressively increased to final
measurements of 1009, 1027, 1081, and 579 pum/m for the respective specimens. All heat-treated
mortars demonstrated continued shrinkage growth with age, with significantly more rapid
development compared to the control specimen, which showed more gradual shrinkage
progression. During the initial 60 days period for dryer and oven treated specimens and the first
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35 days for SG specimens, total shrinkage showed comparable and significant deformation. These
values were slightly higher than those measured in control specimens at 70 days.
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Fig. 10. Total shrinkage evolution for the specimens treated and the control mortar

Elevated hardening temperatures significantly increased shrinkage, this finding is consistent with
the results of Bouziadi et al. [48], where higher temperatures accelerate hydration but create
irregular CSH distribution, increasing early-age porosity and shrinkage [49,50]. This explains the
rapid short-term shrinkage development in heat-treated specimens.

3.4.2 Second Phase: Stability of Total Shrinkage

In this phase, shrinkage tends to stabilize. After the initial setting and hardening phase, total
specimen shrinkage reaches stability due to rapid water loss caused by high temperatures during
treatment.

3.5. Endogenous Shrinkage of Mortar

Fig. 11 demonstrated rapid early-age endogenous shrinkage development across all mortar
specimens, resulting from auto-desiccation of the cementitious matrix during hydration and
hardening. The heat-treated specimens exhibited gradually decreasing shrinkage until day 21,
while the control specimen showed continued reduction until day 35.
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Fig. 11. Endogenous shrinkage evolution for the specimens treated and the control mortar

By 120 days, endogenous shrinkage values converged to 539 pm/m (SD), 559 um/m (oven), 577
um/m (SG), and 512 pum/m (control), despite differing treatment conditions.

10
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3.6. Economic and Environmental Feasibility of the Study
3.6.1 Energy Consumption

Table 5 compares the energy consumption (Ec) during specimen treatment cycles between the
partially electricity-powered SD and the oven using traditional heat treatment methods. Both
specimens exceeded the desired compressive strength after the first day. The SD specimen, using
renewable energy, achieved 16.3 MPa, surpassing the electric-powered oven specimen’s value of
14.3 MPa. Furthermore, the oven consumed 0.79 kWh/m3 of electrical energy, while the SD
specimen, consumed 0.21 kWh/m3.

Table 5. Electrical energy consumed

Heat treatment method Renewable Tradltlor.1a1 method
energy (electric power)
Energy consumed during the cycle (KWh) 0.35 1.36
Mass of specimens (Kg) 1.70 1.72
Energy to dry 1 m3 (KWh/m3) 0.21 0.79
Compressive strength after 24 hours (MPa) 16.3 14.3

As shown in Fig. 12, conventional heat treatment methods exhibited substantially higher energy
requirements than renewable alternatives. The oven's energy consumption (0.79 kWh/m?) was 3.8
times greater than SD, representing an estimated energy savings of 0.58 kWh/m? through solar
drying. These energy savings contribute to reduced CO; emissions. According to the
Intergovernmental Panel on Climate Change (IPCC) [51], producing 1 kWh of energy contributes to
the emission of 370 g of CO,. Consequently, using SD saves approximately 214.6 g of CO, emissions
per 1 m3 of concrete.

0,9
0,8
0,7
0,6
0,5
0,4

0,3 1

Energy to dry 1 m3 (KWh/m3)

0,2

0,1 -

Ec Renewable energy Ec Traditional method
(electric power)

Fig. 12. Energy consumed by heat treatment

3.6.2 Environmental and Economic Impact

To evaluate environmental impact through CO; emissions and economic effectiveness, we
conducted a financial analysis comparing conventional and renewable energy-based heating
methods for mortar mixes. We applied the C, indicator developed by Ma et al. [52]. The cost-
efficiency and environmental impact C, is calculated according to the following Eq (2):

C = Cost
P chS

Where, Cost: Total material cost per cubic meter, fc2s: 28 days compressive strength. The costs of
local raw materials in Algeria were taken from previous research by Benammar et al. [53], these
values are detailed in Table 6.

(2)

11
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Table 6. Cost of raw materials

Materials Sand Cement Water Energy Heating

Real study Cost ($/kg) [53] 0.029 0.12 0.00372 ($/kwh) 0.28

Fig. 13 shows the calculated C, values for mortars treated with renewable energy versus electric
energy. The C, values of electrically treated mortar significantly exceed those of renewable energy
treated mortar. The C, values of conventionally treated mortar were approximately 4.4 times
greater than those treated with renewable energy. This difference stems from the higher electricity
costs compared to renewable energy sources, contributing to the increase Cy in electrically treated
mortar.
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Fig. 13. The cost-efficiency and environmental impact

4. Effectiveness of the Study in the Global Context

This research demonstrates significant potential for global application, particularly in regions with
abundant solar energy. The findings support solar heat treatment as a viable, cost-effective
alternative to conventional treatment methods. Furthermore, our study supports previous similar
research by Aruova et al. [54] and Sarkisov et al. [55] from other regions of the world, concluding
that solar thermal treatment enhances early-age strength, provides an environmentally friendly
approach, and offers cost-efficiency compared to traditional treatment methods.

The method’s simplicity and scalability make it especially suitable for prefabricated construction
in developing countries, where energy costs pose challenges. Additionally, its congruence with
sustainable construction practices enhances its relevance worldwide, contributing to international
efforts to reduce the environmental impact of concrete production. Further validation in diverse
industrial settings could strengthen its global applicability. However, the study provides a strong
foundation for adopting solar heat treatment as a practical, eco-friendly solution in the
construction sector.

5. Conclusion

This study demonstrated the viability of solar heat treatment as a sustainable method for
enhancing the early-age strength of concrete and mortar without compromising long-term
performance. The results confirmed that this approach not only reduces production costs and
energy consumption but also significantly lowers CO, emissions, supporting its potential for large-
scale adoption in precast construction.

An experimental procedure evaluated the effect of the method of heat treatment of concrete and
mortar by solar energy on the strength. Additionally, other properties such as mass loss, total
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shrinkage, and endogenous shrinkage were studied. The results achieved were compared to
control specimens.

Energy from SD, oven and SG accelerated hydration of cement paste, resulting in:

e Early-age strength enhancement: Treated specimens achieved rapid strength development,
reaching 99.8% in SD and 99.7% in SG of 28 days control strength within two days. Notably,
early-age rapid strength gain did not influence long-term strength.

e Mass loss: Heat-treated exhibited high mass loss compared to control specimens, mainly
attributed to the evaporation of free water during treatment.

e Total shrinkage: Early-age shrinkage was similar between treated and control specimens.
However, long-term shrinkage diverged, with treated specimens exhibiting higher values.

o Endogenous shrinkage: Consistency appeared between treated and control specimens in
the short and long-term. However, the control specimens consistently exhibited higher
endogenous shrinkage values than treated specimens.

Based on these results, the following conclusions can be drawn:

e The abundance of solar radiation in areas with the highest solar radiation in the world should
be exploited in the concrete industry, which would allow savings in the industrial sector.

e Miniature models of SD and SG, represent a preliminary step toward developing of drying
chambers for cement-based materials such as bricks, curbs, and decorative elements. This
innovation benefits the economy by reducing energy consumption costs and contributes to
environmental protection by lowering CO,.

e Heat treatment by solar energy accelerates and increases the strengths of concrete and
mortar in the short-term, without negatively affecting their long-term strengths.

e SD and oven yielded similar results, this similarity stems from comparable treatment cycles
and the maximum temperature of the isothermal period at 55°C, these results are slightly
higher than those in SG, where higher temperatures (60°C) and lower humidity reduced
performance slightly.

e The utilization of solar energy, particularly through SD, reduced energy consumption by
approximately 3.8 times for treating 1 m3 of concrete, which has resulted in a reduction in
carbon dioxide emissions, thus ensuring environmental preservation. Furthermore, the cost-
effectiveness of heat treatment using renewable energy enhances environmental
effectiveness by a factor of 4.4.

These results prove that treatment with renewable energies is a promising viable alternative to
conventional heat treatment, enabling rapid strength gain while maintaining mechanical
properties. This approach deserves consideration for implementation in construction applications,
where rapid strength gain at an early-age is critical, particularly in geographic areas characterized
by abundant solar radiation.
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