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ABSTRACT  

In this study, the impact of using different proportions of rice starch, cassava starch, and molasses as binders 

with eucalyptus charcoal fines briquettes was compared. The proportions considered were 5%, 7.5%, and 10% 

for rice and cassava starch, whereas for molasses, 5%, 10%, and 15% were used due to its high concentration 

and moisture content. Cooking tests of 3 liters of water with 15 MJ of usable calorific value (PCI) for each 

sample were first conducted. Subsequently, durability or impact resistance tests for each sample were carried 

out. At the conclusion of the testing series, it was observed that overall, the type of binder influences the 

combustion yield, which was 22.36%, 26.81%, and 27.30% for briquettes made with molasses, rice starch, and 

cassava starch, respectively. With varying proportions of binder, it was found that as the proportion of binder 

increases, the combustion yield tends to decrease. The relationship between yields and binder proportions is 

linear for starches and follows a power equation for molasses. Furthermore, between the two starches, very 

slight variation in combustion yield was observed, regardless of the binder proportion. Regarding the durability 

of the briquettes, it was observed that overall, the type of binder has little impact on the durability of the 

briquettes (74% for rice, 77.5% for cassava, and 76% for molasses). The durability of the briquettes is lower 

when the proportion of binder is low, following a linear equation regardless of the type of binder used. However, 

briquettes with molasses are more fragile than briquettes with starch for proportions below 10%. For the two 

starches, a slight difference in durability was observed as the binder proportion increased. 
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I. INTRODUCTION 

Biomass is defined as any organic matter derived from forestry and agricultural resources, including 

livestock effluents, that is available sustainably (OECD/IEA, 2015; FAO, 2004; IEA, 2004). The European 

Union directive (2001) provides a more energy-oriented definition: biomass is the biodegradable fraction of 

products, waste, and residues from agriculture (including plant and animal substances), forestry, and related 

industries, as well as the biodegradable fraction of industrial and municipal waste. It can be used for energy 

purposes, hence the term ―bioenergy.‖ It is part of renewable energy through the conversion of biofuels, which 

can be in solid form (wood, charcoal, briquettes, pellets, etc.), liquid form (biofuels such as ethanol, biodiesel, 

etc.), and gaseous form (biogas, etc.). 

In developing countries, cooking energy is considered one of the most important components of 

household energy consumption (AK Pandey et al, 2012). It is primarily sourced from the use of biofuels. 

Moreover, biomass, an abundant source of natural domestic energy, is one of the alternatives for adapting to 

climate change caused by greenhouse gas emissions (Bain, RL, 2004). When produced sustainably, it can be 

considered CO2 neutral. Additionally, biomass, particularly wood, often contains lower levels of pollutants 

(such as sulfur) compared to mineral coal (Srivastava NSL et al, 2014). 

In Madagascar, energy consumption is dominated by the use of biomass, accounting for 79% across all 

types of consumers. This percentage rises to 96% when considering domestic cooking in households, which is 

almost exclusively done using wood energy (MEEH,2017). Cooking stoves used by households are still largely 

traditional, consuming significant amounts of firewood or charcoal (MEEH, 2019). At the national level, the 

demand for wood energy far exceeds legal and sustainable production. This leads to the illegal overexploitation 

of natural forest reserves, with impacts exacerbated by the use of traditional carbonization techniques that 
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exhibit low mass yields (12% to 20%). Inefficient consumption of wood energy results in overexploitation of 

resources and low-yield carbonization, contributing to the degradation of forest ecosystems and significantly 

increasing greenhouse gas (GHG) emissions in the country (euei, 2015). 

Large volumes of biomass, including residues from agricultural production (such as peanut and coconut 

shells, corn cobs, for example) and urban waste, are generated each year in developing countries. These residues 

represent a burden for those who produce or collect them. They are often either left in place and slowly degrade, 

generating nuisances for the surrounding community, or incinerated, usually without heat recovery 

(Mwampamba TH et al 2013; Ferguson H 2012)  . Charcoal fines, a by-product of its production and marketing 

chain, are generally underutilized and accumulate at handling and marketing sites. Madagascar is no exception, 

even though no exact official figures have been released to date. However, these residues can be valorized for 

energy purposes, among other things, for briquette production as an alternative to charcoal. 

In the briquetting or agglomeration process, production machines can be classified into three categories 

based on the applied pressure: low-pressure briquetting (0 < P < 5 MPa) requiring the use of a binder; medium-

pressure briquetting (5 MPa < P < 100 MPa); and high-pressure briquetting (P ≥ 100 MPa) that does not require 

the use of a binder (yousif A. et al 2006; OYEDEMI T. I, 2012). From this classification, briquetting 

technologies are grouped into two machines: i) briquetting press machines (hydraulic, piston, rollers) and ii) 

extruder machines, which are based on the principle of a screw without typically requiring a binder (JS 

Tumuluru, 2010). 

When valorized through agglomeration, residues generally lead to the production of briquettes 

characterized by low density. Several studies have been conducted on this subject, taking into account the 

energy performance of briquettes, as well as economic aspects related to transportation, storage, and usage (J.S. 

Tumuluru, 2010; Sokhansanj, S. and Fenton, J. 2006; Mitchell, P. et al 2007). Therefore, there is interest in the 

densification technique, which allows density to be increased up to 600 to 1200 kg/m³ (Phani A. et al, 2011; 

Holley CA, 1983; Mani, S, et al 2003; McMullen, J., et al 2005; Obernberger, I. and G. Thek, 2004) . Indeed, 

densification improves handling, reduces transportation costs, and, importantly, increases the energy content per 

unit volume of fuel, which also gains in homogeneity and stability [23][24] (Granada, E. et al 2002; Kaliyan, N. 

et R. Morey, 2006). The briquettes can take various forms (cubic, cylindrical, conical, spherical, and prismatic), 

and unlike pellets, are primarily intended for household cooking (Grover., PD and SK Mishra, 2006; K. 

Demirbaş, A. Şahin–Demirbaş, 2009). 

Technically, the production of briquettes for domestic use generally requires the use of binders to 

enhance the cohesion of materials, even though most biomass contains natural elements that can be used as 

binders (Shaw M, 2008). Furthermore, due to densification, the use of binders reduces energy costs (Rukayya 

I.M., 2017) and wear on production equipment [29] (JS Tumuluru et al 2011), thereby implicitly lowering 

production costs. 

Binders can be classified according to their function (matrix type and film type) and their 

characteristics (organic, inorganic, and composite) (W.H. Chen et al, 2015;. Chou C., 2009; Kaliyan, N., Morey 

RV, 2009; Mwampamba, TH et al, 2013; Njenga, M et al 2014; Rezania, S. et al 2016; Roy MM,, 2012),  In 

terms of comparison, briquettes produced with an inorganic binder (such as clay) exhibit excellent thermal 

capacity but have low fixed carbon content and also lower combustion yield, while ash content is high. 

Briquettes with organic binders show better cold resistance, high volatility, mechanical strength, and thermal 

stability that can vary at high temperatures. Composite binders consist of multiple binders that combine all the 

advantages of the different types (G. Zhang et al, 2018). 

In addition to technical criteria, the choice of a binder in practice also responds to other considerations: 

availability, cost, and competition with agricultural materials intended for food. According to G. Zhang et al. 

(2018), the main properties of a binder can be summarized as follows: solid bonding, emitted pollution, impact 

on combustion, usability, and environmental considerations, and it should remain economically accessible. 

Currently, many studies have been conducted regarding the impact of binders on the quality of 

briquettes. For example, a study by Abdu Z. et al. (2014) on carbonized corn cob briquettes using cassava starch 

as a binder found that as the proportion of binder increases (6%, 10%, 14%, and 19%), the ash content decreases 

(21.38%, 20.70%, 14.24%, and 11.49%) while the fixed carbon content increases (72.78%, 73.96%, 78.79%, 

and 81.88%). Another study conducted by Tembe et al. (2014) also showed the impacts of different proportions 

of cassava binder (15%, 25%, and 35%) on briquettes produced from a combination of three materials: peanut 

shells, rice husks, and sawdust from Daniella oliveri. They concluded that briquettes with higher concentrations 

of binders are more resistant and that briquettes with 35% binder exhibit better combustion quality. 

In the context of this study, the objective is to determine the impacts of three locally available 

binders—rice starch, cassava starch, and molasses—on eucalyptus charcoal fines briquettes produced using a 

manual piston press (low pressure). The studied impacts will primarily focus on the combustion yield and 

mechanical or shock resistance of the briquettes. 
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II. MATERIALS AND METHODS 

2.1. Raw material 

For this study, the charcoal fines (CF) used are a by-product of the pyrolysis of eucalyptus wood in a GMDR 

carbonization oven. The CF represents 9.3% of the total production (Temmerman M.et al 2019) from 

carbonization oven. 

 

2.2. Different types of binders 

Three organic binders are considered in this study: 

 Rice flour, available on the local market 

 Cassava flour, available on the local market 

 Cane molasses, produced by the Ambilobe sugar factory 

 

2.3. Briquette preparation 

The briquette production process is described in the following figure. 

 

 
Figure1: Briquette production stage 

 

The grinding of charcoal fines, rice, and cassava to obtain powders was performed using an electric 

hammer mill (2.2 kW) equipped with a screen with a mesh diameter of 4 mm. As for the shaping of the 

briquettes, it was done with a manual piston and lever press. At the end of the process, the briquettes were 

placed outdoors on a metal drying rack until they reached a constant weight. 

 

2.4. Boiling water testing equipment 

For determining the thermal yield using the briquette samples, the deployed equipment includes: 

 A clay stove of semi-conical shape, weighing 9.5 kg, with a height of 18 cm and a combustion chamber 

volume of 2,000 cm³. This is the most sold stove model on the market and is produced by a local artisan. 

 A thermocouple for measuring temperature changes. 

 An electronic precision scale of the Sartorius type with a maximum weight of 20 kg ± 0.5 g. 

 A local pot of size No. 24 with a flat bottom, weighing 750 g, with a diameter of 22 cm and a height of 9 

cm. 

 

2.5. Composition and masses of briquette sample 

The mass proportions of binders studied are 5%, 7.5%, and 10% for the starches (rice and cassava), while for 

molasses, given its high concentration and significant moisture content (25%), the proportions used are 5%, 

10%, and 15%. 

 

The quantity or energy content is set at 15 [MJ] per test to estimate the necessary mass of each sample. In this 

study, the equipment necessary for measuring the Lower Heating Value (LHV) was not available, which led to 

the proposal of an alternative method for estimating the useful HHV per sample according to the following 

general relationship: 

𝐿𝐻𝑉𝑢𝑠−𝑠𝑎𝑚 = %𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 . 𝐿𝐻𝑉𝑢𝑠−𝑚𝑎𝑡𝑒𝑟 𝑖𝑎𝑙 + %𝑏𝑖𝑛𝑑𝑒𝑟 . 𝐿𝐻𝑉𝑢𝑠−𝑏𝑖𝑛𝑑𝑒𝑟      (1) 

The ash content in the charcoal fines differs from that of the charcoal from which they originate due to the 

increased ash content resulting from the presence of bark during carbonization, as well as during collection, 

transport, storage, and preparation of the charcoal fines (mixing with sand, soil, and/or dust, etc.). Thus, in this 

study, the useful LHV (or the amount of heat that is actually usable) of the material and binders takes into 

account not only the moisture but also the ash content according to the following formula, derived from 

literature (Schenkel Y., Temmerman M, 2005): 
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𝐿𝐻𝑉𝑢𝑠 = 𝐿𝐻𝑉.  1 − 𝑊  1 − 𝑇𝑎𝑠ℎ − 2,4𝑊        (2) 

where: 

 𝐿𝐻𝑉𝑢𝑠−𝑠𝑎𝑚 : Useful LHV of the sample or mixture in [MJ/kg] 

 𝐿𝐻𝑉𝑢𝑠−𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 : Useful LHV of the material used in [MJ/kg] 

 𝐿𝐻𝑉𝑢𝑠−𝑏𝑖𝑛𝑑𝑒𝑟 : Useful LHV of the binder used in [MJ/kg] 

 %𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 : Mass proportion of matter in [%] 

 %𝑏𝑖𝑛𝑑𝑒𝑟 : Mass proportion of binder in [%] 

 𝑊 : Moisture content of the material or binder in [%] 

 𝑇𝑎𝑠ℎ : Ash content of the material or binder in [%] 

The calculation of the necessary mass of each sample per test is a function of the useful LHV and the amount of 

energy required to be provided for a test series. Therefore, the calculation is done according to the following 

formula :𝑄𝑡  

𝑚𝑠𝑎𝑚 /𝑡𝑒𝑠𝑡 =
𝑄𝑡  

𝐿𝐻𝑉𝑢𝑠−𝑠𝑎𝑚
          (3) 

 

Or 𝑄𝑡 is set at 15[MJ] for each test series. 

Below is the table for calculating the useful LHV of each material and the binders for the composition of the 

briquette samples. 

 

Table  1: Calculated Useful LHVof raw materials and binders used for briquette composition 
 CF Rice Cassava Molasses 

LHV 

[MJ/kg] 

30.5 

(S. Gaur  et TB Reed, 1995) 
17.5 

(BM Jenkins et al, 1996) 
14.3 

(Glauber C. et al 2020) 
10 

(Feedinamic) 

Ash [%] 
10.5 

(S. Gaur  et TB Reed, 1995) 

18.6 

(BM Jenkins et al, 1996) 
1.5 

(NNX Dung et al 2002) 
15 

(Soder KJ et al 2011) 

Moisture [%] 10 5 

5 

 

 

24.5 

(K. Singh et al, 2003) 

Useful LHV[MJ/kg] 24.3 13.8 13.3 5.9 

 

For carbonized materials, the moisture content is set at 10%, considered as equilibrium moisture or air-dried. 

Regarding the moisture content of the starch-containing materials used as binders, several authors (Jiang L et al, 

2014; Egun I. et al,3013; Xiong HG, 2008) confirm a value range between 4% to 11%. Therefore, the value of 

5% is considered for our materials in this study. To provide 15 [MJ] of energy for each test, the tables below 

show the results obtained in relation to the useful LHVand the necessary mass per repetition for each sample. 

 

Table  2: Estimated useful LHV and corresponding mass of charcoal fines briquettes based on the Type of 

mixture (proportion and binders used) to deliver 15 MJ 

Composition % CF 
% 

Rice 
% Cassava % Molasse 

Estimated 

useful LHV 
Mass (kg) 

CF-R-5 95 5 
  

23.8 0.630 

CF-R-7.5 92.5 7.5 
  

23.5 0.637 

CF-R-10 90 10 
  

23.3 0.644 

CF-C-5 95 
 

5 
 

23.8 0.631 

FC-C-7.5 92.5 
 

7.5 
 

23.5 0.638 

FC-C-10 90 
 

10 
 

23.2 0.646 

FC-M-5 95 
  

5 23.4 0.641 

FC-Ml-10 90 
  

10 22.5 0.667 

FC-M-15 85 
  

15 21.6 0.696 

 

For each composition or sample and for each combustion test series, the quantity described in Table  2was 

produced. 

 

2.6. Conducting Experiments 

2.6.1. Determination of Combustion yiedl 

The test involves using the same amount of energy for each repetition to raise the temperature of 3 litters of 

water contained in the pot described in §2.4, through the combustion of the samples prepared for this purpose 

(Table 2). This means that the mass of each sample is used in the stoves described in §2.4 to raise the 

temperature of the water in the pot until all the briquettes are completely consumed. 

The test is conducted with an uncovered pot, and the energy efficiency is determined by the ratio of the amount 

of energy required to evaporate the amount of water in the pot to the amount of energy provided by the fuel 

used. Thus, formulas (1) and (3) are used to determine this efficiency, namely: 



Impacts of rice starch, cassava starch, and molasse binders on the combustion yield and durability .. 

6 

The test is carried out with a pot without a lid whose energy efficiency is determined by the ratio of the amount 

of energy required for the evaporation of the quantity of water in the pot to the amount of energy provided by 

the fuel used. Thus, formulas (1) and (3) are used to determine this efficiency, i.e.: 

𝜂 =
𝐸𝑢

𝐸𝑝
=

𝑚𝑤𝑖 𝐶𝑝𝑤  𝑇𝑒−𝑇𝑖 +𝑚 𝑖 ,𝑒𝑣𝑎𝑝 𝐻𝑙

𝑚𝑒𝑐 ℎ/𝑡𝑒𝑠𝑡 𝑃𝐶𝐼𝑢𝑡𝑖𝑙 −𝑒𝑐 ℎ
           (4) 

Where: 

 𝐸𝑢 [J]: useful energy 

 𝐸𝑝 [J]: energy produced by the fuel 

 𝑚𝑤𝑖 [kg]: initial mass of water 

 𝐶𝑝𝑤 [kJkg-1°C]: specific heat of water 

 𝑚𝑖 ,𝑒𝑣𝑎𝑝 [kg]: mass of water evaporated during the test 

 𝐻𝑙 [kJ kg-1]: latent heat of vaporization of water 

 𝑇𝑒[°C]: boiling temperature 

 𝑇𝑖 [°C]: initial water temperature  

 𝑚𝑒𝑐ℎ/𝑡𝑒𝑠𝑡 [kg]: actual mass of fuel used for the test 

For this experiment, 10 repetitions for each sample were performed. The average of all the yields obtained from 

the 10 repetitions is considered the final yield for each sample. This value is subsequently used to analyse the 

influences of different types and proportions of binders used. 

 

2.6.2. Determination of the mechanical strength of briquettes 

The mechanical strength of the briquettes in this study aims to evaluate the binder's ability, according to 

the defined proportion, to maintain the integrity or keep a large proportion of the briquette mass intact against 

shocks. The principle involves subjecting a known mass briquette sample to a series of controlled shocks. A 

simplified device has been designed to carry out the test. 

In practice, the sample, contained in a well-sealed plastic bag, is initially weighed to determine its 

initial mass. It is then placed in the upper compartment of the device to initiate the drop. After 3 consecutive 

drops, the plastic is opened, and the sample inside is placed in a sieve. All pieces that do not pass through a sieve 

with diamond-shaped openings of 10 mm on each side are collected for weighing to obtain the final mass after 

the shocks. It is indeed considered that, in practice, pieces of this size would remain usable for combustion in an 

improved stove. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figiure2: Principle of the Briquette Shock Resistance Test 

The durability or shock resistance is thus determined by the ratio of the final mass of the sample to the initial 

mass, that is: 

𝐷𝑈 =  
𝑀2

𝑀1
           (5) 

Where: 

 DU: Durability or shock resistance in [%]; 

 M1: Initial mass of the sample [g]; 

 M2: Final mass of usable pieces of the sample after the drops [g] 

For each briquette composition, 10 samples were tested, constituting 10 repetitions of the test. 
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III. RESULTS 

3.1. Impacts of binders on the combustion efficiency of briquette 

3.1.1. Influence of the Nature of the Binder 

The results obtained are presented in the following graph. 

.  

Figure3: Influence of the nature of the binder on the combustion yields of the briquettes 

 

InFigure3, the histograms represent the average yields obtained from the 10 repetitions for each briquette based 

on the type of binder. In contrast, the error bars represent the standard deviations associated with the yields of 

each briquette. 

From Figure3, the following points are noted: 

 The yields values are 22.36%, 26.81%, and 27.30% for briquettes with molasses, rice starch, and 

cassava starch, respectively. 

 The briquettes with rice starch and cassava starch show similar energy yields of around 27%. 

 The briquettes containing molasses have lower combustion yields than those produced with rice and 

cassava flours. 

 

3.1.2. Effect of binder proportion on combustion yields 

Considering only the 2 types of binders, namely starch and molasses, by grouping rice and cassava into the 

starch category, the following graph presents the results obtained. 

 
Figure4: Influence of binder proportion on the combustion yields of briquettes 

From Figure4, it appears that: 

 In general, regardless of the type of binder used, briquettes with a low binder content exhibit higher 

combustion yield compared to those with a higher binder content. 

 For the same binder proportion, briquettes with starch have higher combustion yields than those with 

molasses. Indeed, with a 5% binder content, the briquettes with starch achieve a combustion yield of 
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35% compared to 27% for briquettes with molasses. With 10% binder, the briquettes with starch have a 

combustion yields of 20.6% compared to 18.5% for briquettes with molasses. 

 The molasses briquettes with 10% and 15% binder have almost the same combustion yields of 18.5%. 

The following graph allows us to verify the similar behaviour of the briquettes produced with starch-type 

binders (rice & cassava). 

 
Figure5: Behaviour of briquettes during cooking based on the type and proportion of binder 

 

It can be observed in Figure5that a slight difference in combustion yields is particularly noted between 

the 2 types of starch at a 5% binder content. Indeed, the briquettes with rice starch have a slightly higher yield 

compared to those with cassava starch, with yields of 39% and 34%, respectively. However, no significant 

difference in combustion yield is observed for the other binder proportions. 

 

3.2. Impacts of binder on the shock resistance of briquette 

3.2.1. Based on the type of binder used 

The following graph presents the results obtained from the shock resistance tests of briquettes based on the type 

of binder used. 

 

 
Figure6: Impact of the nature of the binders used on the durability of briquettes 

 

y = -3.453x + 54.55
R² = 0.987

y = -2.590x + 46.73
R² = 0.999

0

5

10

15

20

25

30

35

40

45

0 2.5 5 7.5 10 12.5 15

Y
ie

ld
 [

%
]

Proportion of binder [%]

Combsution yield with rice and cassava binders

Rice Cassava

0

10

20

30

40

50

60

70

80

90

100

Rice Cassava Molasses

D
U

R
A

B
IL

IT
Y

 [
%

]

BINDER

Briquette durability according to binder type



Impacts of rice starch, cassava starch, and molasse binders on the combustion yield and durability .. 

10 

In this

 

Figure6, the histograms represent the average durabilities obtained for each briquette based on the type 

of binder, while the error bars represent the average standard deviations. It appears that briquettes made with 

cassava starch exhibit an impact resistance of 77.5%. In second place are the briquettes made with molasses, 

with a very slight difference in durability compared to cassava starch, showing a value of 76%. The briquettes 

made with rice starch rank third, with a durability value of 74%. These figures, however, show very slight 

differences between the durability of the three briquettes. 

 

3.2.2. Based on the proportion of binder 

Considering only the two types of binder, namely starch and molasses; by grouping rice and cassava in the 

starch category, the following graph presents the results obtained. 

 

 
Figure7: Impact of the proportion of binder on the durability of briquettes 
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From this

 

, it is observed that: 

 Durability is lower when the proportion of binder is low, regardless of the type of binder used. This 

relationship between the proportion of binder and the durability of the briquettes follows a linear 

function. 

 The evolution of the durability of the briquettes in relation to the proportion of binder is more stable or 

less sensitive with starch compared to molasses. 

 For the same proportions, namely 5% and 10%, the briquettes containing molasses are more fragile 

than those made with starch. Moreover, the regressions are greater with molasses compared to starch. 

However, as the proportion approaches 15%, the briquettes with molasses become increasingly 

compact. 

To verify the difference in impact resistance of the briquettes produced with the same type of binder, the 

following graph shows the results of the comparison between the two starches used in this study 

 
Figure8: Comparison of the impact of the proportion of rice and cassava starch on the durability of 

briquettes 

In thisFigure8, a slight difference can be observed between the durability of briquettes made with rice 

starch and those made with cassava starch as the proportion of binder increases. That is, briquettes with cassava 

starch are slightly more compact than those with rice starch as the proportion of binder increases, following a 

linear function. 

 

IV. DISCUSSIONS    

The results presented below allow us to observe the impact of the binder used on the combustion yield 

of the briquettes. Indeed, the increase in the proportion of binder negatively influences the combustion yield of 

the briquettes. In this study, mathematical modelling derived from the results allows us to predict the 

combustion yield of briquettes based on the binder content used, whether it be molasses or starch. For starches, 
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this decrease in combustion yield occurs linearly with the increase in the proportion of binder. In contrast, for 

molasses, this decrease follows a power equation with the increasing binder content (Figure4). Furthermore, the 

results demonstrate that binders of different natures, such as starch and molasses in this study, affect the 

combustion yield of briquettes differently, even when present in the same proportion. This can be explained by 

the differences in compositions of the binders, particularly the ash content, which negatively influences the 

combustion behaviour (smothering) of the briquettes. However, binders of the same nature originating from 

different sources, such as rice and cassava starch in this study, show no significant or negligible difference in 

combustion yield, regardless of the proportion considered (Figure5). 

Regarding the durability of the briquettes, the results of this study demonstrate that an increase in the 

proportion of binder positively impacts the durability of the briquettes, regardless of the type of binder used. 

Indeed, the linear functions derived from the results allow predicting the durability of the briquettes based on the 

binder proportion used for either molasses or starch. Nevertheless, the variation in the durability of the 

briquettes in relation to the binder proportion is more sensitive with molasses than with starch (

 

). 

In several studies involving starch binders, cassava has been the most studied, and the results regarding 

its impacts on the quality of briquettes are confirmed by this current study. For instance, the study by M. 

Sawadogo et al. (2018) concluded that briquette B.35 with 10% cassava starch, among the options studied (5 – 

10 – 15 – 20 – 25%), represented the best compromise between physicochemical characteristics and mechanical 

properties. Furthermore, Tembe et al. (2014) demonstrated that as the binder content increases, the briquettes 

become increasingly resistant to handling and gain stability according to Olorunnisola (2004). Similarly, 

Oyelaran, O.A. et al. (2014) concluded that for the proportions studied (5 – 10 – 15 – 20%) of cassava starch, 

proportions of 10-20% yield good briquettes in terms of durability. 

Regarding molasses, the study by Singh, A. et al. (1982) confirms that the durability of the briquettes 

increases with the rising binder content used. The results obtained in these studies would have been more 

precise if measurements on the characteristics of the materials used were feasible in the field. Thus, values from 

various publications were utilized. 

When making the final choice for the binder, particularly an organic type, it is important to consider 

food competition and the price related to the dry matter mass to set the price for the briquettes. 

Given these previous technical results and the cost in relation to the dry matter mass, the choice of 

binder type is leaning more towards cassava starch. Indeed, on the local market, 1 kg of dry rice (3900 Ar/kg) is 

more expensive compared to cassava starch (2800 Ar/kg). As for molasses, it is produced in a sugar factory 

(SIRAMA Ambilobe) and is not for sale due to its utility in the factory. The choice of cassava is also justified 

due to food competition, considering that rice is a staple food for Malagasy. 

 

V. CONCLUSION 

Regarding combustion yield, it is concluded that: 

 Overall, the type or nature of the binder used influences the combustion behaviour or yield. However, 

for binders of the same type but derived from different materials, the combustion efficiencies of the 

briquettes are minimally affected. 
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 The more the binder proportion increases, the lower the combustion efficiency tends to be. For 

starches, this decrease in combustion efficiency occurs linearly with the increase in binder proportion. 

In contrast, for molasses, this decrease follows a power equation with the increasing binder content. 

 Binders of the same nature, derived from different materials (rice and cassava), show very little 

variation, if any, in combustion yield. 

Regarding impact resistance, it is concluded that: 

 Generally, the type or nature of the binder has very little impact on the durability of the briquettes (74% 

for rice, 77.5% for cassava, and 76% for molasses). 

 The increase in the proportion of binder positively impacts the durability of the briquettes, regardless of 

the type of binder used. However, the variation in the durability of the briquettes based on the binder 

proportion is more sensitive with molasses than with starch. 

 Binders of the same nature, derived from different materials (rice and cassava), exhibit a slight 

difference in durability, especially as the binder proportion increases. 
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