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ABSTRACT. Stranded brown algae and the rafts created by algal remaining on the water's surface are a 

common problem for Normandy shellfish farming, but they also poses a risk to naval activity. As a result, 

their removal has become a big issue, and their recovery has become a necessity. In this paper, we proposed 

to recycle stranded algae in earthen construction at large-scale. We focused on the performance of insulated 

walls made of lightened soil incorporating reed straw and stranded Laminaria digitata algae at various 

replacement levels of soil. The insulated walls were tested for compressive strength and hygrothermal 

characteristics. Our findings demonstrate that incorporating algae into lightened earth improves its heat 

storage capacity, its insulating level and its compressive strength. A real potential for the use of algae as 

partial replacement of earth, at an optimum rate of 20% is evidenced.  
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Introduction 

The production of cement produces a significant amount of CO2. Building engineering consumes 40% of 

global energy, with heating accounting for a substantial portion of that use [1]. Among the many solutions, 

the use of earth for construction gives a real alternative. One of the oldest and most extensively used building 

techniques is earthen construction [2].  Earth has a larger thermal mass potential and can maintain a higher 

level of interior humidity than most other building materials [3]. The behavior of earthen structures is 

influenced by a variety of environmental conditions. Earth is prone to high compressibility, poor shear 

strength, and differential settlement, all of which must be treated in order to improve its performance. The 

most recent technique for this purpose is chemical stabilization [4]. In this study, we evaluated the potential 

of alginates originating from brown algae as a biopolymer stabilizer of earth. Alginate is a gelled 

hydrocolloid that can be used for a variety of gel-forming and stabilizing purposes. The Stranded algae are 

dangerous during their decomposition forming a crust that releases gases [5]. The use of algae in earth 

building provides the opportunity to recycle waste, to reduce pollution, and  to improve earth properties [6]. 

In this study, we substituted partially the earth used as insulating material by algae in order to appreciate its 

relevance in the earth stabilization. 

Material and Methods 

Composition of insulating walls 

Insulating walls elaborated in this study are based on lightened earth incorporating reed straw and Laminaria 

digitata algae at different substitution level. The earth has been replaced by algae at 0 %, 10 %, 15 % and 

20 wt%. It is important to note that no cracking was observed, and the shrinkage is still very low (<2%) for 

all insulating samples after 28 days. It's also worth noting that, we elaborated and studied the insulating wall 

with 30% of algae, but this one had a particle breakage. For this reason, we present in this study only the 

specimens based on algae as partial replacement of earth with a maximum rate of 20%. The mixture 

compositions are presented in Table 1. 
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Table 1. Mixture proportion of the formulated insulation wall with algae. 

 
Insulation wall 

 
0% 10% 15% 20% 

Clay (kg) 4,120 3,708 3,502 3,296 

Reed (kg) 1,03 1,03 1,03 1,03 

Algae (kg) 0 0,412 0,618 0,824 

Water (kg) 4,12 4,12 4,12 4,12 

Algae 

Laminaria digitata is the type of stranded brown algae investigated in this study. The algae were collected 

from the coast of Courseulles sur Mer (Normandy, France). The algae were dried for 24h at 40°C and 

crushed to powder through a 63-micron sieve. The alginate content of Laminaria digitata was determined 

using the method proposed by Kennedy and Bradshaw [7]. It appears that alginate accounts for 29.3 ± 2.4 % 

of the dry weight of Laminaria digitata biomass. Table 2 shows the chemical composition derived using 

ICP-MS and ICP-OES.  

Table 2. Chemical analysis of Laminaria digitata algae 

Element K Na I Ca Mg Sr Fe Al Zn As Ba Cu Cr Ni Pb Mo 

mg/kg 35491 24863 8762 8731 7637 856 127 63 48 21 6.3 3.6 0.8 0.5 0.4 0.3 

Lightned earth 

We used soil from Lieusaint Carry (Normandy, France). The soil is dried for 24h at 100°C, crushed finely, 

and sifted to eliminate the stones. In Table 3 the chemical composition of the soil is shown. Quartz, albite, 

Kaolinite and calcite composed the clay. Image 1 shows particle size distribution. The lightened earth has a 

larger particle size distribution with about 98% of the earth particles size are less than 2 mm. The physical 

characteristics are given in Table 3 The plasticity of the soil is obtained using the Atterberg limits according 

to the NF P94-051 standard [8]. Atterberg limits help to determine the plastic limit (PL), liquid limit (LL), 

and plasticity index (PI) of the soil. The methylene blue value (MBV) is used to assess clay activity 

according to the NF P94-068 standard [9]. The methylene blue value is used to classify soils as silty, sandy, 

or clayey. 

Table 3. Chemical analysis of lightened earth 

Element SiO2 Al2O3 Fe2O3 CaO MgO K2O Cl- Na2O SO3 P2O5 

% 59,73 20,25 6,09 5,33 3,16 2,05 0,18 0,1 <1 <1 

 

 

    Image 1. Particle size distribution of lightened earth. 

 

Table 4. Physical characteristics of lightened earth 

LL [%] PL [%] PI [%] VMB [g/100g] 

57,8 42,5 15,3 5,64 
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Natural fiber 

Natural fibers were used to stabilize the earthen structure, preventing shrinkage cracks and when substantial 

amounts are injected, the density and thermal conductivity decrease [6]. Farmers from Laulne (Normandy, 

France) supplied the reed straw used in this work. Reed straw fibers have a thermal conductivity close to 

0,05 W.m-1.K-1 [10]. 

Mix design  

We investigated the mechanical and hygrothermal properties of four mixtures. The soil is replaced with 

algae powder in percentages of 10%, 15%, and 20%. First, the water, soil, and algae powder are combined, 

and then the fibers are progressively added. After 24 h, the mixtures are filled in cylindrical and prismatic 

molds. Three samples are prepared for each formulation. The samples were kept at room temperature for 48 

hours before being placed in a 40°C oven for 3 weeks. 

Technical characterization 

As shown in Image 2, the compressive strength was investigated on cylindrical specimens of (Ø11 

cm × 22 cm) according to NF EN, 1015–11 [11], while the thermal conductivity was investigated on 

prismatic specimens of 30×30×4 cm3. 

 

 

 

 

 

 

 

 

Thermal conductivity 

We used a heat flow meter to measure the thermal conductivity of prismatic specimens (HFM model 436 

We Lambda) according to the standard ISO 8301[12]. The sample is placed between two plates, one hot 

and one cold, with a temperature gradient of 20°C.  

Specific heat capacity  

A material's ability to store heat is proportional to its heat capacity, which determines the capacity of a 

thermal energy storage system. The heat capacity was evaluated using differential scanning calorimetry 

(DSC) according to the NF EN ISO 11357-4 standard [13]. During the tests, the temperature was 

progressively raised from -20 °C to 30 °C at a rate of 1 °C/min. 
 

Sorption/desorption 

The equipment includes a precision balance (± 1 µg) as well as tight temperature and humidity control, 

allowing for accurate of sample mass and sorption kinetics measurements. To generate 

adsorption/desorption isotherm curves, the sample is subjected to successive cycles of rising and decreasing 

relative humidity. The findings of the sample's water content are presented as a function of relative humidity.  
 

 

 

Image 2. Cylindrical simples for mechanical test and prismatic simples for termal conductivity test 
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Compressive strength 

The compressive strength tests was performed on cylindrical specimens using an INSTRON SCHENCK 

machine with a capacity of 100 kN according to NF EN 1015-11 [11]. Due to the ductility of our material, 

the typical strength selected is not the maximum stress. According to recent study [6], the maximum 

compressive strength was established for various percentages of longitudinal deformation ranging from 1,5 

to 7,5 percent. As a result, we calculated the compressive strength for a 4% of deformation.  

Results and Discussion 

 

 

Table 4 summarizes the physical parameters of 

each lightened earth formulation. These 

properties are essential in determining the 

material's insulating properties. The following 

sections will deal with compressive strength, 

specific heat capacity, moisture sorption and 

thermal conductivity. 

 
 

Thermal conductivity 

The evolution of the thermal conductivity at 20°C as a function of algae substitution rate is presented in 

Table 4. The most effective algal content for improving the thermal insulation of the insulating wall material 

is with 20% of clay substitution. Indeed, as compared to standard insulating wall, the addition of 20% algae 

decreased the thermal conductivity by 34% at 20 °C. This behavior can be explained by the decrease in 

density caused by the replacement of soil with algal substitution.  
 

Specific heat capacity 

The results of the specific heat capacity are shown in the Image 3. We observe that the incorporation of 

algae powder increases the specific heat capacity. The specific heat capacity values for the standard 

insulating walls varies between 200 and 600 J/(kg.K) while with 20% it varies between 400 and 800 

J/(kg.K). This increase of specific heat capacity is due to the increase of algae incorporation. Indeed, 

Laminaria digitata has a low thermal conductivity with a high specific heat capacity (λ=0.073 W.m-1.K-1, 

Cp= 1700 at 20°C). 

 
 

 

Image 3. Specific heat capacity of (a): specimens at different substitution of soil by algae 

 

Table 5. Physical properties of insulating wall 

Properties\Sample Standard 10% 15% 20% 

Compressive strength 

(MPa) 
0,079 0,104 0,142 0,336 

Thermal conductivity  

(W.m-1.K-1) 
0,157 0,134 0,118 0,117 

Density (Kg/m3) 697 668 657 643 

Porosité (%) 61 56 48 41 
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Compressive strength 

The addition of algae produced the higher compressive strength values, which were statistically greater than 

the standard insulating specimen. The increased of compressive strength is explained by the structuring, 

strengthening, and high cohesion between the algae, the fibers and soil matrix that prevented the cracks 

spreading. This effect is generated by the alginate’s stabilization [14], [15]. The increase of mechanical 

properties is also attributed to the decrease of bulk density of the insulating specimens with algal addition 

(Table 4). Indeed, the Laminaira digitata algae have a much lower density (136 Kg.m-3) than the soils used. 

The reduction in density of materials is beneficial for improved workability.  

Moisture sorption 

The moisture sorption/desorption isotherms of the 4 elaborated insulating wall are shown in the Image 4 

The samples were subjected to a relative humidity that ranges from 10% to 90%. The curves represent the 

amount of moisture absorbed by the material as a function of the relative humidity of the ambient air. It can 

be seen that with the addition of the algae the absorbed moisture increases.  

The results indicated that algae absorb a high quantity of moisture in insulating material mixes. With the 

incorporation of algae, the insulating walls improve their hygroscopic properties. The presence of organic 

components such as alginate contributes to Laminaria digitata's high absorbed moisture. Alginate is a 

polysaccharide hydrocolloid that is a very important hydrophilic element by its ability to absorb and retain 

a considerable quantity of water inside its structure 

The results obtained show that the incorporation of algae improves the hygrothermal and mechanical 

behaviour of the material. Alginates are water-soluble polymers that produce an insoluble gel when in 

contact with calcium [16]. Alginates in contact with calcium present in the soil and in water, gel and bind 

between grains and thus contribute to the stabilisation of the soil. We observe that porosity and density 

decrease simultaneously with the increase of the substitution rate, this can be explained by the production 

of a less dense gel and its subsequent filling of the pores. The sodium alginates contained in the algae are 

hydrophilic polymers with a high moisture absorption capacity [17], which explain the improvement of 

hygroscopic properties. 

Conclusions  

In the present study, we investigated the mechanical and hydrothermal properties of insulated earth walls 

incorporating Laminaria digitata algae at various content levels. Our results show that the addition of up to 

20% of algae to the earth leads to an increase of its insulation capacity and its compressive strength. The 

 

Image 4 . Moisture sorption-desorption isotherm of the insulting wall specimens at room temperature 
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increased compressive strength and hygrothermal performances of insulating material incorporating algae 

over ordinary insulating building wall will result in a reduction in the thickness of the insulating walls.  

The valorization of algae will contribute extensively to the fulfillment of the sustainable development goals 

and thus to the reduction of the financial impact of stranded algae management. 
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