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a b s t r a c t 

Increasing effect of climate change coupled with global warming has necessitated the need 

for mechanical cooling in buildings to provide indoor thermal comfort. Many countries in 

tropical climates, particularly in sub-Saharan Africa, use sandcrete blocks for construct- 

ing building envelopes which have relatively high thermal conductivity. This leads to in- 

creased heat transmission through the building walls resulting in increased building elec- 

tricity consumption using air-conditioners. This study focused on opportunity of minimiz- 

ing the thermal conductivity of sandcrete blocks by mixing it with available bio-based local 

materials, specifically treated sawdust and palm fibers. Experiments were conducted to de- 

termine the thermal conductivity, compressive strength and densities of sandcrete mixed 

with 10%, 20%, 30% and 40% of treated sawdust and palm fiber to form building block 

composites. The study results showed that incorporating the bio-based material into the 

sandcrete decreases its density and thermal conductivity, thereby decreasing the wall heat 

transmission load. Using a minimum standard limit of 3 MPa for compressive strength for 

building envelopes, the composite samples: S10, P10, P20 and P30 were found to be ap- 

propriate to be used to minimize wall heat transmission. The composite of 70% sandcrete 

with 30% treated palm fiber (P30) exhibited the best thermal performance with 38% reduc- 

tion in thermal conductivity compared to the control sandcrete block. Maximum wall heat 

flux reduction of 52 W/m 

2 was attained at peak load with the composite P30 compared 

to the control sample P0 (100% sandcrete). In addition, using the degree-days cooling for 

Ghana, the analysis indicated maximum electricity saving potential of 453.40 kWh per year 

for an office space cooling using the sandcrete-palm fiber composite P30 as the building 

envelope. 
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Introduction 

Electricity consumption of residential, commercial and public buildings in tropical climates is dominated by air-

conditioning equipment to provide indoor thermal comfort [1–3] . The type of construction materials used in these build-

ings and the characteristics of the building envelopes have huge impact on the building energy consumption as far as air-

conditioning is concerned [ 4 , 5 ]. In particular, air-conditioning equipment could consume as much as 60–80% of electricity

used in commercial and public buildings in hot-humid climates [6] . 

Recent research and development in the building industry are therefore focused on sustainable energy efficient building

materials that minimize wall heat transmission load in order to reduce the electricity consumption and the corresponding

operational cost of buildings [ 7 , 8 ], and in addition reduce CO 2 emissions associated with electricity use in buildings [ 9 , 10 ]. 

Building codes in terms of thermal performance of building envelopes have therefore been established in different coun-

tries and research are being conducted all over the world to meet these green building codes [11–13] . For example, research

on using phase change materials (PCM) to reduce cooling energy requirements of buildings have been investigated [14–17] .

It has also been demonstrated that PCM can be used to reduce and control fluctuations in indoor temperature of buildings

during the hot summer days [18] . In the work of Ramakrishnan et al., [19] , they reported annual energy savings potential of

16–25% in commercial buildings in major Australian cities using thermal energy storage cementitious composites (TESC) to

reduce peak indoor temperatures by approximately 5.6 °C during summer design days. 

A number of studies have been conducted by different researchers to improve the thermal characteristics of building

materials to minimize outdoor-to-indoor heat transmission via building envelopes in order to reduce energy consumption

of buildings [20–22] . For instance, studies conducted by [ 23 , 24 ] have shown that conventional building materials can be

modified to reduce building energy consumption as far as air-conditioning equipment energy consumption is concerned. 

In the work of Boumhaout et al., [25] , they conducted studies on the use of energy efficient composite material consisting

of mortar reinforced with Date Palm Fiber (DPF) mesh. The bio-composite material used in their work was experimentally

characterized in terms of thermal conductivity, diffusivity, thermal capacity, effusivity, compressibility and flexural strengths. 

They reported that the increase of DPF mesh content in mortar increases its insulating capacity by decreasing its thermal

conductivity by up to 70%. Moreover, the heat damping properties of the composite material is enhanced as its thermal

diffusivity is reduced by up to 52% and its thermal effusively is reduced by up to 56%. Furthermore, DPF mesh lightens the

mortar by decreasing its density by up to 39%. 

Using international building codes and standards, soil blocks used as building envelopes should have a minimum com-

pressive strength of 3.0 MPa [26] . The work of Madrid et al., [27] also reports acceptable compressive strength of 3.0 MPa

or more for non-load-bearing masonry units. In the experimental work of Danso et al., [28] , compressive strength in the

range of 1.6 3.0 MPa was obtained for soil building blocks mixed with different proportions of coconut, bagasse and oil

palm fibers. 

In the design of energy efficient building materials using composites, low thermal conductivity is desired. However, it

is expected that the physical strength of the building material in terms of the compressive strength is not compromised.

Compressive strength, density and thermal conductivity are therefore three decisive parameters to consider for light weight

energy efficient insulating building materials [29] . 

Sandcrete block: the main building envelope in cities of sub-Saharan Africa 

In the cities of Ghana and most sub-Saharan African countries, sand and cement are mixed in various proportions to

form mortar sandcrete matrix which are then used to mould sandcrete blocks that are predominantly used as envelopes

for buildings in the residential, commercial and public sector. The blocks are usually moulded with coarse sand and cement

mixed in the proportions of 4:1 upto 6:1 by weight depending on the quality desired. Little water is added during the

mixing process to facilitate bonding and subsequent curing of the sandcrete blocks. Fig. 1 a shows solid sandcrete block for

constructing buildings in Ghana. The individual blocks are layed to form the building envelope. After laying the blocks, the

surface is then plastered with fine sand-cement mortar to give it a good finish ( Fig. 1 b). 

In hot climates as we have in Ghana, much of the electricity consumption in buildings is for room air-conditioning during

the daytime [6] . The high daytime air-conditioning load is largely attributed to the poor thermal resistance (that is, the high

thermal conductivity) of the building envelope made of sandcrete blocks. Table 1 shows the thermal conductivity values of

some building materials (building envelopes) used in different places [30–33] . 

As observed from Table 1 , the thermal conductivity of sandcrete blocks which are predominantly used as the building

material/envelope in Ghana and many countries in sub-Saharan Africa is very high compared to other building materials

used in some developed countries (plaster board, clay bricks, etc.). The high thermal conductivity of the sandcrete blocks

results in high heat transfer through the building envelope, thereby increasing the air-conditioning load. This effect subse-

quently increases the electricity consumption of the building because of the increased cooling load. 

This study focuses on opportunity of minimizing the thermal conductivity of sandcrete blocks by mixing it with available

bio-based local materials, specifically treated sawdust and palm fibers, without compromising on the strength. The study

objectives are to: determine the thermal conductivity and the compressive strength of the composite blocks by varying the

proportions of the sawdust and palm-fiber in the sandcrete material; measure and analyze the effect of density on the
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Fig. 1. (a) Sample sandcrete block and (b) cement plaster on wall. 

Table 1 

Thermal conductivity of different building materials/envelopes. 

Building Material Thermal conductivity (W/m K) 

Clay 0.151.81 

Sandcrete block (mixture of cement and sand) 1.131.41 

Straw 0.090.20 

Wood 0.100.14 

Clay bricks 0.701.32 

Plaster board 0.170.19 

Glass 0.930.96 

Rigid polyurethane 0.0220.028 

Autoclaved aerated concrete 0.160.20 

Timber 0.120.19 

Table 2 

Composition for preparing the composite sandcrete blocks. 

Sample Composite of sandcrete and treated sawdust Sample Composite of sandcrete and treated palm fiber 

S0 100% sandcrete, 0% sawdust P0 100% sandcrete, 0% palm fiber 

S10 90% sandcrete, 10% sawdust P10 90% sandcrete, 10% palm fiber 

S20 80% sandcrete, 20% sawdust P20 80% sandcrete, 20% palm fiber 

S30 70% sandcrete, 30% sawdust P30 70% sandcrete, 30% palm fiber 

S40 60% sandcrete, 40% sawdust P40 60% sandcrete, 40% palm fiber 

 

 

 

 

 

 

 

 

 

 

 

 

 

thermal conductivity and compressive strength of the composite blocks; and determine the potential reduction in wall heat

flux and electricity consumption of the composite blocks relative to the pure sandcrete blocks. 

Materials and methods 

Preparation of composite sandcrete blocks 

In this study, new composite materials comprising of sandcrete mixed with treated palm fiber and sawdust were pre-

pared in different proportions (by weight) as presented in Table 2 . The raw sawdust and the palm fiber materials (shown

in Fig. 2 , a b) were initially treated with Chlorpyrifos (CPS) solution to kill any potential hidden insects/pests. CPS is an

organophosphate pesticide [34] and has no effect on the chemical composition or mechanical properties of plant based ma-

terials [35] . It also has no chemical bonding property when used in treatment of wood, building materials and structures

[36] . In this study, the treatment process using CPS (50% liquid concentrate) was undertaken over a 24 h period by missing

it with water in the proportion of 1% CPS with 99% water, by volume [36] . Thereafter, the treated sawdust and palm-fiber

materials were dried in the open sun for 3 days before mixing with the sandcrete mortar to obtain the bio-based compos-

ite materials. For the sawdust, grain diameters between 0.5 and 1.4 mm were measured using a standard mechanical sieve

whilst for the palm-fibers, diameters of 0.4 0.8 mm were measured with digital Vernier caliper. 

Using a standard mould from the Civil Engineering Laboratory at KNUST, the sandcrete-bio-based composite materi-

als were moulded to form different samples of blocks ( Fig. 2 d) based on standard block dimensions used in Ghana of

450 mm x 125 mm x 225 mm. The blocks were then cured for 28 days before determining their thermo-mechanical prop-

erties (thermal conductivity, compressive strength and density). 
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Fig. 2. Composite Preparation: (a) Treated palm-fiber, (b) Sawdust, (c) Sandcrete (sand-cement mixture) and (d) Sandcrete-bio-based composite blocks at 

different curing days. 

Fig. 3. disk-shaped block element to determine ‘ k ’ value. 

 

 

 

 

 

 

 

 

 

Determination of thermo-mechanical properties 

Thermal conductivity 

The thermal conductivity (k) of the various block samples of sandcrete with treated palm fiber and sawdust were de-

termined using the Slab method with a TPS 2500S Hot Disk Thermal Constant Analyzer (HDTCA). The accuracy of the tem-

perature sensors of the HDTCA was ±0.01 °C and thermal conductivity reproducibility of ±2.0%. disk-shaped block sam-

ples/elements were made as shown in Fig. 3 and tested in the hot disk thermal constant analyzer ( Fig. 4 ) to determine

the thermal conductivities. Prior to the measurement of the thermal conductivity values, the measuring instrument was

calibrated based upon ANSI/NCSL Z540.1 (R2002). 

In the determination of the thermal conductivity values of the samples with the HDTCA, the requirement for the ratio of

sample thickness (t) to the sensor radius (r) was ensured such that: 0 . 03125 < 

t 
r < 0 . 79836 . The disk-shaped block samples

were subjected to heat flow (Q) by the hot-disk apparatus and the temperature difference ( �T) across the surfaces were

measured at steady state conditions. The thermal conductivity values were then determined using the Fourier 1-D heat
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Fig. 4. Setup for thermal conductivity measurement using the HDTCA. 

Fig. 5. Setup for compressive strength test. 

 

 

 

 

 

equation as: 

k = 

Q × t 

A × �T 
(1)

where; A is the surface area of the disk-shaped block element, t is the thickness, and �T is the difference in the surface

temperatures of the block element being tested. Five experimental trials were conducted for each element and the mean

thermal conductivity value was computed. 

Compressive strength 

The compressive strength of each of the samples of the sandcrete-bio-based composite blocks was also determined with

an Avery Testing Machine (ATM). Fig. 5 shows a sample of the solid block mounted in the ATM. The accuracy of the ATM is

±1.5%. 
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Fig. 6. Experimental setup for wall heat transfer analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The compressive strengths (Cs) of the composite blocks were computed using Eq. (2) . 

C s = 

F c 

A 

(2) 

where Fc is the ultimate load applied to cause crushing of the blocks and A is the cross-sectional area perpendicular to the

load. 

Block heat transmission experiment 

For the purpose of determining the heat transmission through the control block sample (100% sandcrete) as well as the

composite blocks of sandcrete with treated sawdust and palm-fiber, experiments were conducted to measure the rate of heat

transfer per unit area through them. Fig. 6 shows the experimental setup. FluxDAQ instrument which measures and records

both temperature and heat flux (the rate of heat transfer per unit surface area, in W/m 

2 ) was used. In the experimental

simulations, heat was applied on one side of the block surface (outer surface) using a resistive surface heater. The surface

temperatures across the block samples were then measured at steady state conditions for each heat flux applied. In the

experiment, it was ensured that the block outer surface temperature did not exceed 50 °C to mimic practical scenarios of

building surface temperatures as reported in the work of Zempare et al. [37] . 

The heat flux and surface temperatures data were recorded onto a computer via the FluxDAQ instrument. The accuracies

of the temperature and the heat flux sensors were ±0.75% and 0.02 W/m 

2 , respectively. 

Thermal modeling of a composite wall system 

For the purpose of estimating the wall heat transmission load for space cooling of an office constructed with the different

block samples with cement plaster ( k = 0.72 kW/m °C) on both sides of the block, the overall heat transmission coefficient

(U) was computed using a thermal resistance circuit ( Fig. 7 ). Each layer of the composite wall (comprising outside cement

plaster, middle block, and inside cement plaster) was represented with a thermal resistance. 

The total thermal resistance was computed for the three thermal resistances in series as: 

R total = 

∑ 

R = R po + R b + R pi = 2 × R p + R b 

= 2 × �x p 
k p 

+ 

�x b 
k b 

(3) 

where R po , R b and R pi are the thermal resistances for the outer plaster, the block and the inner plaster, respectively. The

inner cement plaster and the outer cement plaster are usually of the same material and thickness such that R po + R pi = 2 ×
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Fig. 7. Thermal resistance circuit for the wall. 

Table 3 

Wall characteristics of a standard office and climatic data for Kumasi city. 

Wall characteristics Month RH (%) T db ( °C) 

Total wall surface area 66 m 

2 Jan 70.2 27.8 

Wall surface made of blocks 49.5 m 

2 Feb 66.0 29.5 

Cement plaster on blocks 12 mm thickness Mar 70.3 29.0 

k = 0.72 W/m K Apr 75.0 28.9 

May 78.0 28.0 

Control sandcrete block 125 mm thickness Jun 80.1 26.5 

k = 1.34 W/m K Jul 82.1 25.9 

Aug 84.0 25.0 

Composite sandcrete blocks 125 mm thickness Sep 81.2 26.1 

Varying “k ” value Oct 78.5 27.0 

Air-conditioner installed in the office 

for space cooling 

EER = 3.15 and electricity consumption of 

2600 kWh/yr 

Nov 76.1 28.1 

Dec 70.3 27.5 

Annual 76.0 27.4 

 

 

 

 

 

 

 

 

 

 

R p where k p and k b are the thermal conductivities of the cement plaster and the block, and �x p and �x b are the thicknesses

of the cement plaster and the block, respectively. 

The wall heat flux can be written in terms of the overall heat transmission coefficient (U) as: 

q = U · �T = 

�T 

R total 

(4)

where �T = T s 1 − T s 2 and U = 

1 / R total 
Using the information on the overall heat transmission through the block walls, analysis was conducted on the potential

electricity savings for space cooling for a standard office located in Kumasi city, Ghana. The characteristics of the office wall

and the energy efficiency rating (EER) of the air-conditioner installed in the office are presented in Table 3 . The monthly

mean relative humidity (RH) and dry bulb temperatures ( T db ) of Kumasi are also presented [6] . 

Statistical analysis 

Three main thermo-mechanical properties including thermal conductivity (k), compressive strengths (Cs) and the density

( ρ) of the different samples were measured. In the measurement of the thermo-mechanical properties, the experiments were

repeated 5 times for each material sample. The mean values and the standard deviations associated with the measurement

were then computed using Eqs. (5) and 6 [38] , at 95% confidence level. 

X = 

1 

N 

·
N ∑ 

i =1 

X i (5)

σs = 

t √ 

N 

×

√ √ √ √ 

N ∑ 

1 

(
X i − X 

)2 

N − 1 

(6)
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Table 4 

Thermo-mechanical properties of the composite materials. 

Sample Composition k (W/m K) C S (MPa) ρm (kg/m 

3 ) 

S0 100% sandcrete, 0% sawdust 1.34 ± 0.014 4.196 ± 0.016 2053.71 

S10 90% sandcrete, 10% sawdust 0.98 ± 0.016 4.160 ± 0.018 2002.74 

S20 80% sandcrete, 20% sawdust 0.95 ± 0.016 2.489 ± 0.019 1840.44 

S30 70% sandcrete, 30% sawdust 0.56 ± 0.018 1.244 ± 0.019 1753.55 

S40 60% sandcrete, 40% sawdust 0.37 ± 0.021 1.156 ± 0.020 1721.96 

P0 100% sandcrete, 0% palm fiber 1.34 ± 0.014 4.196 ± 0.016 2053.71 

P10 90% sandcrete, 10% palm fiber 1.03 ± 0.015 4.569 ± 0.017 1990.52 

P20 80% sandcrete, 20% palm fiber 0.97 ± 0.016 4.089 ± 0.017 1943.13 

P30 70% sandcrete, 30% palm fiber 0.83 ± 0.017 3.911 ± 0.019 1887.84 

P40 60% sandcrete, 40% palm fiber 0.45 ± 0.019 2.382 ± 0.019 1824.64 

Fig. 8. Thermal conductivity and compressive strength of the composite blocks. 

 

 

 

 

 

 

 

 

 

 

 

 

Where X i is the i th data point, X is the mean value, N is the number of data points and t depends on N and the confidence

level (in this case 95%). A value of t = 2.57 was used from statistical tables [39] . The results obtained from the experimental

measurement and the analysis of the energy savings potential with the different bio-based composite blocks are presented

in the following sections. 

Results and discussions 

Thermo-mechanical properties 

The computed mean values and standard deviations from the experimental measurement for the different composite

materials are presented in Table 4 . 

From Table 4 , it is observed that all the blocks produced are categorized under dense aggregate masonry blocks [27] since

their densities are between 1700 2400 kg/m 

3 . For the purpose of comparing the thermal conductivity and the compressive

strength of the different composite blocks with their densities, the values are plotted and presented in Fig. 8 . 

It is observed from Fig. 8 that for both composite blocks of sandcrete with sawdust and palm-fiber, the thermal conduc-

tivity and the compressive strength generally decreases with increasing percentage of the plant-based material. The thermal

conductivity values of the sandcrete-sawdust composites were found to be lower than that of the sandcrete-palm fiber

composites. The thermal conductivity values for the composite blocks obtained in this work compare well with the values

( k = 0.44 −1.02 W/m K) reported in the works of [ 29 , 40 , 41 ]. 

For the compressive strength, the sandcrete-palm fiber composites exhibited relatively higher values compared to that

of the sandcrete-sawdust composites. From literature and building codes, materials used as building envelopes should have
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Fig. 9. Compressive strength versus density. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

minimum compressive strength of 3.0 MPa [26] . Using this minimum compressive strength (Cs ≥ 3.0 MPa) as yardstick and

comparing with the results of Fig. 8 , the following cases (with conditions) emerged: 

1 Compressive strength (Cs) ≥ 3.0 MPa {90% Sandcrete, 10% Sawdust (S10) 

2 Compressive strength (Cs) ≥ 3.0 MPa { 
90% Sandcrete, 10% Palm f iber ( P10 ) 

80% Sandcrete, 20% Palm f iber( P20 ) 

70% Sandcrete, 30% Palm f iber ( P30 ) 

The results indicate that for the sandcrete-sawdust composite materials, only sample (S10) meets the compressive

strength requirement of (Cs) ≥ 3.0 MPa, with thermal conductivity of 0.98 W/m K. In the case of the sandcrete-palm fiber

composites, the composite samples (P10), (P20) and (P30) meet the compressive strength requirement of (Cs) ≥ 3.0 MPa,

with corresponding thermal conductivity values of 1.03 W/m K, 0.97 W/m K and 0.83 W/m K, respectively. Comparing these

thermal conductivity values of the composite blocks that meet the compressive strength standard (Cs ≥ 3.0 MPa) with the

control sandcrete block (100% sandcrete with k = 1.34 W/m K), it is determined that there is maximum reduction in thermal

conductivity value of 38.1% with the composite block sample P30. 

Variation of compressive strength with density 

The compressive strengths of the composite blocks are plotted with their densities as shown in Fig. 9 . 

From the results of Fig. 9 , it is observed that the compressive strengths of the sandcrete palm fiber composites are

generally higher than that of the sandcrete sawdust composites. The higher compressive strength of the sawdust-palm fiber

composites could be attributed to the morphological arrangement of the palm fiber which are cylindrical in shape and

irregular with many filaments and cells allowing good adhesion between the fibers and the sandcrete matrix Braiek et al.,

[42] . 

Variation of thermal conductivity with density 

The thermal conductivity values were also plotted against the densities for the different samples as shown in Fig. 10 . 

From the result of thermal conductivity versus density, it is observed that generally, a change in density causes a change

in the same direction in thermal conductivity. The implication is that as density of the composite materials decreases ther-

mal conductivity also decreases. There is a strong relationship between the thermal conductivity and density of the com-

posites (with R 2 = 0.95 and R 2 = 0.86 for composites of palm-fiber and sawdust, respectively). This result is consistent with

the findings of Riaz et al., [29] which emphasized strong dependence of thermal conductivity on density. Inferring from the

best fit line, it is observed that the thermal conductivity has a relation with the density ( ρ) with the following empirical
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Fig. 10. Thermal conductivity versus density. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

expression: 

k ( ρ) = 

{
k s = 0 . 0024 ρ − 3 . 6392 

k p = 0 . 0036 ρ − 6 . 0333 

}
(7) 

where: k s and k p represent the thermal conductivity of the sawdust and palm fiber composites, respectively. Testing the

empirical correlations with other thermal conductivity values for plant-based composite building materials reported in lit-

erature [ 33 , 43–45 ], it is found out that the developed empirical correlation ( Eq. (7) ) is able to estimate their values within

18% margin. This implies that Eq. (7) can be used to estimate the thermal conductivity of plant-based composite building

materials within uncertainty band of 18%. 

Heat transmission analyses 

Heat transfer analyses were conducted on the bio-based sandcrete composite blocks as well as the control sample (100%

sandcrete). The thermal conductivity values (k) obtained for each sample was used to evaluate the rate of heat transfer per

unit surface area of the blocks using the experimental setup of Fig. 6 above. The rate of heat transmission per unit surface

area (heat flux) is defined as: 

q = −k m 

T S2 − T S1 

L 
= k m 

T S1 − T S2 

L 
= k m 

�T 

L 
(8) 

where L is the thickness of the block in the direction of the heat flux and �T is the difference in surface temperatures of

the block. Fig. 11 shows the results of the heat flux through the blocks at different simulating times (from sunrise to sunset:

7:0 0 GMT to 18:0 0 GMT) for the composites blocks of sandcrete–sawdust and sandcrete palm fiber. The results are shown

for only the blocks that meet the minimum 3.0 MPa compressive strength standard. 

From the results of Fig. 11 , it is observed that for both composites of sandcrete-sawdust and sandcrete-palm fiber, the

wall heat flux initially increases at sunrise, peaks at around 2 pm (14 GMT) and then decreases till sunset. It is also observed

that there is no appreciable difference in the heat flux for S10, P10, and P20. Sample P30 had the lowest heat flux values

at all times compared to the other composite samples. Comparing P30 to the control sample, there is a maximum heat flux

reduction of about 52 W/m 

2 around 2 pm (14:00 h GMT). This result gives an insight of using sample P30 as an efficient

building material to reduce wall transmission load of buildings in order to minimize their air-conditioning load thereby

reducing the electricity demand for air-conditioning equipment. 

The result also shows that at any given time, the heat flux decreases with increasing composition of the bio-based

material in the composite block. The decrease in the heat flux is as a result of decrease in the thermal conductivity of the

composite block due to increasing percentage of the sawdust and palm fiber in the sandcrete material. This results compares
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Fig. 11. Heat flux for sandcrete-bio-based composite blocks. 

Table 5 

Difference in overall heat transmission coefficient. 

Block type Difference in overall heat transmission coefficient ( U − U com ) (W/m 

2 °C) 

Control –

S10 1.68 ± 0.09 

P10 1.43 ± 0.07 

P20 1.73 ± 0.09 

P30 2.46 ± 0.11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

favorably well with the findings of [ 42 , 46 , 27 , 47 ] when plant based materials were used to reduce the thermal conductivity

of building materials. 

Electricity savings potential with bio-based sandcrete building blocks 

Using the data presented in Table 3 above and the overall heat transmission coefficient for the office wall, the potential

savings in the office electricity consumption for space cooling considering the office walls being constructed of the different

composite blocks compared to the control sample was computed using Eq. (9) [48] . 

E sa v ings = 

H · A wall · ( U − U com 

) · DDC 

E E R 

(9)

where H is the number of hours of space cooling per day. For the cooling of the office space, 8 h of cooling per day was used.

The degrees days cooling (DDC) values were obtained from the database of [49] . The overall heat transmission coefficients

of the multi-layered wall were computed ( Eq. (4) ) in the case of the wall with the control sample (U) and the composite

samples (U com 

) for S10, P10, P20 and P30 which satisfied the compressive strength standards. Table 5 presents the difference

in overall heat transmission coefficient ( U − U com 

) for the building wall envelope using the different composite blocks with

the cement plaster on the inner and outer surfaces. 

The results of the annual electricity savings potential obtained with the office wall constructed with the different com-

posite blocks are presented in Fig. 12 . 

The result of Fig. 12 shows that there is substantial potential electricity savings in the office space cooling using the

different com posite blocks for the office wall compared to the control sample. From the result, it is found out that the

composite materials S10, P10, P20 and P30 have potential electricity savings of 309.9 kWh/yr, 264.1 kWh/yr, 319.2 kWh/yr

and 453.4 kWh/yr, respectively, compared to the control sample. This study has revealed that there is maximum electricity

savings potential of 453.40 kWh per year for the office using the sandcrete-palm fiber composite P30. The results obtained in

this study give insights to huge potential reduction in building electricity consumption using bio-based materials to improve
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Fig. 12. Potential annual electricity savings with bio-based composite blocks. 

 

 

 

 

 

 

 

 

 

 

 

 

 

the thermal performance of building envelopes made of sandcrete blocks which are predominantly used in sub-Saharan

Africa. 

Conclusion and recommendations 

From the results obtained in this study, the following key conclusions are made: 

i The density and the thermal conductivity of the composite sandcrete blocks decreased with increasing proportion of

the bio-based materials. To achieve the minimum possible thermal conductivity that fulfills the requirement for efficient

energy use, a minimum limit was set for the compressive strength of the composite sandcrete blocks. 

ii Using a minimum limit or constraint of 3 MPa for compressive strength for building envelopes, the composite samples:

S10, P10, P20 and P30 were found to be appropriate to be used to minimize wall heat transmission. 

iii A maximum heat flux reduction of 52 W/m 

2 was attained at peak wall heat transmission load with the composite P30

compared to the control sample of 100% sandcrete (PO). The results from this study also show that there is maximum

electricity savings potential of 453.40 kWh per year for an office space cooling using the sandcrete-palm fiber composite

P30 as the building envelope. 

Declaration of Competing Interest 

We write to confirm that there is no conflict of interest with this submitted article with our institutions or our fund-

ing agency. The sponsor of this research has been duly acknowledged in the work and we believe that the review and

publication of this article does not pose any threat to your Journal. 

Acknowledgment 

The authors would like to thank the Office of Grant and Research (OGR) at the Kwame Nkrumah University of Science

and Technology , Kumasi-Ghana, for providing the financial support (Grant number: KREF/COE2019 ) towards this research

under the project: “Green Cooling Initiative in Ghana ”. 

References 

[1] M.G. Rasul , C. Doring , Performance assessment of desiccant air conditioning system in an institutional building in subtropical climate, Energy Procedia

110 (December (2016)) (2017) 4 86–4 91 . 
[2] R. Hitchin , I. Knight , Daily energy consumption signatures and control charts for air-conditioned buildings, Energy Build. 112 (2016) 101–109 . 

[3] S. Kindaichi , D. Nishina , S. Murakawa , M. Ishida , M. Ando , Analysis of energy consumption of room air conditioners: an approach using individual
operation data from field measurements, Appl. Therm. Eng. 112 (2017) 7–14 . 

https://doi.org/10.13039/501100012015
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0001
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0001
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0001
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0002
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0002
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0002
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0003
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0003
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0003
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0003
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0003
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0003


R. Opoku, G.Y. Obeng and J. Darkwa et al. / Scientific African 8 (2020) e00358 13 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[4] L. Aditya , et al. , A review on insulation materials for energy conservation in buildings, Renew. Sustain. Energy Rev. 73 (January) (2017) 1352–1365 . 
[5] D. D’Agostino , B. Cuniberti , P. Bertoldi , Energy consumption and efficiency technology measures in European non-residential buildings, Energy Build.

153 (2017) 72–86 . 
[6] R. Opoku , K. Mensah-darkwa , A.S. Muntaka , Techno-economic analysis of a hybrid solar PV-grid powered air-conditioner for daytime office use in hot

humid climates – A case study in Kumasi city, Sol. Energy 165 (August (2017)) (2018) 65–74 . 
[7] C. Ionescu , T. Baracu , G.-.E. Vlad , H. Necula , A. Badea , The historical evolution of the energy efficient buildings, Renew. Sustain. Energy Rev. 49 (2015)

243–253 . 

[8] X. Shi , Z. Tian , W. Chen , B. Si , X. Jin , A review on building energy efficient design optimization from the perspective of architects, Renew. Sustain.
Energy Rev. 65 (2016) 872–884 . 

[9] A. Synnefa , et al. , Transformation through renovation: an energy efficient retrofit of an apartment building in Athens, Procedia Eng. 180 (2017)
1003–1014 . 

[10] F. Hu , X. Zheng , Carbon emission of energy efficient residential building, Procedia Eng. 121 (2015) 1096–1102 . 
[11] F. Khayatian , L. Sarto , G. Dall’O , Building energy retrofit index for policy making and decision support at regional and national scales, Appl. Energy

206 (August) (2017) 1062–1075 . 
[12] N.N. Abu Bakar , et al. , Energy efficiency index as an indicator for measuring building energy performance: a review, Renew. Sustain. Energy Rev. 44

(2015) 1–11 . 

[13] F. Bano , V. Sehgal , Evaluation of energy-efficient design strategies: comparison of the thermal performance of energy-efficient office buildings in
composite climate, Sol. Energy 176 (June) (2018) 506–519 . 

[14] H.B. Kim , M. Mae , Y. Choi , T. Kiyota , Experimental analysis of thermal performance in buildings with shape-stabilized phase change materials, Energy
Build. (2017) . 

[15] L. Navarro , et al. , Benchmarking of useful phase change materials for a building application, Energy Build. 182 (2019) 45–50 . 
[16] L. Erlbeck , P. Schreiner , F. Fasel , F. Methner , M. Rädle , Investigation of different materials for macroencapsulation of salt hydrate phase change materials

for building purposes, Constr. Build. Mater. 180 (2018) 512–518 . 

[17] A. Laaouatni , N. Martaj , R. Bennacer , M. El , E. Ganaoui , Phase change materials for improving the building thermal inertia, Energy Procedia 139 (2017)
744–749 . 

[18] E. Elnajjar , Using PCM embedded in building material for thermal management : performance assessment study, Energy Build. (2017) . 
[19] S. Ramakrishnan , X. Wang , J. Sanjayan , J. Wilson , Experimental and numerical study on energy performance of buildings integrated with phase change

materials, in: Energy Procedia 8th Int. Conf. Appl. Energy – ICAE2016, 105, 2017, pp. 2214–2219 . 
[20] K. Gourav, N.C. Balaji, B.V. Venkatarama Reddy, M. Mani, Studies into structural and thermal properties of building envelope materials, in: Energy

Procedia - CISBAT 2017 Int. Conf. – Futur. Build. Dist. – Energy Effic. from Nano to Urban Scale, 122, 2017, pp. 104–108. www.sciencedirect.com . 

[21] R. Diao , L. Sun , F. Yang , Thermal performance of building wall materials in villages and towns in hot summer and cold winter zone in China, Appl.
Therm. Eng. (2017) . 

[22] A. Oushabi , S. Sair , Y. Abboud , O. Tanane , A. El Bouari , An experimental investigation on morphological, mechanical and thermal properties of date
palm particles reinforced polyurethane composites as new ecological insulating materials in building, Case Stud. Constr. Mater. 7 (July) (2017) 128–137 .

[23] S. Chadiarakou , P. Antoniadou , Application of innovative composite cool thermal insulating material for the energy upgrade of buildings, in: Procedia
Environ. Sci. Int. Conf. Sustain. Synerg. from Build. to Urban Scale, 38, 2017, pp. 830–835 . 

[24] M. Robati , G. Kokogiannakis , T.J. Mccarthy , Impact of structural design solutions on the energy and thermal performance of an Australian office build-

ing, Build. Environ. (2017) . 
[25] M. Boumhaout , L. Boukhattem , H. Hamdi , B. Benhamou , Thermomechanical characterization of a bio-composite building material : mortar reinforced

with date palm fibers mesh, Constr. Build. Mater. 135 (2017) 241–250 . 
[26] M. Lokeshwari , K.S. Jagadish , Eco-friendly use of granite fines waste in building blocks, Procedia Environ. Sci. 35 (2016) 618–623 . 

[27] M. Madrid , A. Orbe , H. Carré, Y. García , Thermal performance of sawdust and lime-mud concrete masonry units, Constr. Build. Mater. 169 (2018)
113–123 . 

[28] H. Danso , D.B. Martinson , M. Ali , J.B. Williams , Physical, mechanical and durability properties of soil building blocks reinforced with natural fibres,

Constr. Build. Mater. 101 (2015) 797–809 . 
[29] M. Riaz , B. Chen , S. Yousefi, M. Mohsan , Development of a new bio-composite for building insulation and structural purpose using corn stalk and

magnesium phosphate cement, Energy Build. 173 (2018) 719–733 . 
[30] F. Rowley , A. Algren , Thermal conductivity of building materials, Eng. Exp. Stn. - Universiy Minnesota (1937) 1–114 . 

[31] Z. Pezeshki , A. Soleimani , A. Darabi , S.M. Mazinani , Thermal transport in: building materials, Constr. Build. Mater. 181 (2018) 238–252 . 
[32] B. Abu-jdayil , A. Mourad , W. Hittini , M. Hassan , S. Hameedi , Traditional, state-of-the-art and renewable thermal building insulation materials : an

overview, Constr. Build. Mater. 214 (2019) 709–735 . 

[33] P. Meukam , Y. Jannot , A. Noumowe , T.C. Kofane , Thermo physical characteristics of economical building materials, Constr. Build. Mater. 18 (2004)
437–443 . 

[34] O. Lockridge , L. Verdier , L.M. Schopfer , Half-life of chlorpyrifos oxon and other organophosphorus esters in aqueous solution, Chem. Biol. Interact. 311
(August) (2019) 108788 . 

[35] Cayman Chemical, “Chlorpyrifos: MSDS - Identification of the substance,” Regul. EC No. 1272/2008 , no. 1907, 2017. 
[36] H. Pant , T. Sadhna , Fungal decay resistance of wood fumigated with chlorpyrifos, Int. Biodeterior. Biodegradation 64 (7) (2010) 665–669 . 

[37] D.D.D. Zempare , C. Opare , O.A. Okpoko , B.R. Ntansah , S. Ntah , Experimental determination of the thermal performance of different local building
materials in Ghana, Graudate Thesis (2018) 1–76 . 

[38] C.D. Montgomery , C.G. Runger , F.N. Hubele , Engineering Statistics, 5th Edition, 2013 ISBN-13: 978-0470631478 . 

[39] T.J. McClave , P.G. Benson , T.T. Sincich , Statistics For Business and Economics, 12th Edition, 2012 ISBN-13: 978-0321826237 . 
[40] O. Bayode , Y. Michael , D. Adedeji , Review of economic and environmental benefits of earthen materials for housing in Africa, Front. Archit. Res. 6 (4)

(2017) 519–528 . 
[41] R. Tiskatine , et al. , Thermo-physical analysis of low-cost ecological composites for building construction, J. Build. Eng. 20 (August) (2018) 762–775 . 

[42] A . Braiek , M. Karkri , A . Adili , L. Ibos , S. Ben , Estimation of the thermophysical properties of date palm fibers / gypsum composite for use as insulating
materials in building, Energy Build. 140 (2017) 268–279 . 

[43] M.P. Ansell , et al. , Natural plant-based aggregates and bio-composite panels with low thermal conductivity and high hygrothermal efficiency for

applications in construction, in: Chapter 10 Nonconv. Vernac. Constr. Mater., Second Ed., 2020, pp. 217–245 . 
[44] C. Shon , T. Mukashev , D. Lee , D. Zhang , J.R. Kim , Can common reed fiber become an effective construction material ? physical, mechanical, and thermal

properties of mortar mixture containing common reed fiber, Sustain 11 (2019) . 
[45] S.-Y. Chang , S.K. Al Bahar , J. Zhao , Advances in Civil Engineering and Building Materials, 1st edition, Taylor & Francis Group - CRC Press, 2012 . 

[46] W. Ahmed , R. Arsalan , S. Ali , S. Ahmad , W. Latif , M. Usman , Effective use of sawdust for the production of eco-friendly and thermal-energy efficient
normal weight and lightweight concretes with tailored fracture properties, J. Clean. Prod. 184 (2018) 1016–1027 . 

[47] T. Ashour , A. Korjenic , S. Korjenic , W. Wu , Thermal conductivity of unfired earth bricks reinforced by agricultural wastes with cement and gypsum,

Energy Build. 104 (2015) 139–146 . 
[48] R. Miller, “Energy conservation analysis for air-conditioning and refrigeration (Manual).” pp. 1–198, 2017. 

[49] Weather data for energy professionals, Online database (2019) https://www.degreedays.net . 

http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0004
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0004
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0004
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0005
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0005
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0005
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0005
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0006
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0006
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0006
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0006
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0007
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0007
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0007
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0007
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0007
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0007
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0008
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0008
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0008
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0008
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0008
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0008
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0009
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0009
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0009
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0010
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0010
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0010
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0011
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0011
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0011
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0011
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0012
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0012
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0012
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0013
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0013
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0013
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0014
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0014
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0014
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0014
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0014
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0015
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0015
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0015
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0016
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0016
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0016
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0016
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0016
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0016
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0017
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0017
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0017
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0017
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0017
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0017
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0018
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0018
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0019
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0019
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0019
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0019
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0019
https://www.sciencedirect.com
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0021
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0021
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0021
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0021
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0022
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0022
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0022
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0022
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0022
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0022
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0023
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0023
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0023
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0024
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0024
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0024
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0024
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0025
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0025
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0025
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0025
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0025
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0026
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0026
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0026
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0027
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0027
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0027
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0027
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0027
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0028
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0028
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0028
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0028
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0028
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0029
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0029
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0029
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0029
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0029
http://refhub.elsevier.com/S2468-2276(20)30096-X/othref0001
http://refhub.elsevier.com/S2468-2276(20)30096-X/othref0001
http://refhub.elsevier.com/S2468-2276(20)30096-X/othref0001
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0030
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0030
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0030
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0030
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0030
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0031
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0031
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0031
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0031
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0031
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0031
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0032
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0032
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0032
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0032
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0032
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0033
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0033
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0033
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0033
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0034
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0034
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0034
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0035
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0035
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0035
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0035
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0035
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0035
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0036
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0036
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0036
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0036
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0037
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0037
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0037
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0037
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0038
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0038
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0038
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0038
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0039
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0039
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0039
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0040
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0040
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0040
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0040
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0040
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0040
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0041
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0041
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0041
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0042
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0042
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0042
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0042
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0042
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0042
http://refhub.elsevier.com/S2468-2276(20)30096-X/othref0003
http://refhub.elsevier.com/S2468-2276(20)30096-X/othref0003
http://refhub.elsevier.com/S2468-2276(20)30096-X/othref0003
http://refhub.elsevier.com/S2468-2276(20)30096-X/othref0003
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0043
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0043
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0043
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0043
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0043
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0043
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0043
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0044
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0044
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0044
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0044
http://refhub.elsevier.com/S2468-2276(20)30096-X/sbref0044
https://www.degreedays.net

	Minimizing heat transmission loads and improving energy efficiency of building envelopes in sub-Saharan Africa using bio-based composite materials
	Introduction
	Sandcrete block: the main building envelope in cities of sub-Saharan Africa

	Materials and methods
	Preparation of composite sandcrete blocks
	Determination of thermo-mechanical properties
	Thermal conductivity
	Compressive strength

	Block heat transmission experiment
	Thermal modeling of a composite wall system
	Statistical analysis

	Results and discussions
	Thermo-mechanical properties
	Variation of compressive strength with density
	Variation of thermal conductivity with density

	Heat transmission analyses
	Electricity savings potential with bio-based sandcrete building blocks

	Conclusion and recommendations
	Declaration of Competing Interest
	Acknowledgment
	References


