
Open Journal of Applied Sciences, 2024, 14, 1604-1624 
https://www.scirp.org/journal/ojapps 

ISSN Online: 2165-3925 
ISSN Print: 2165-3917 

 

DOI: 10.4236/ojapps.2024.146105  Jun. 26, 2024 1604 Open Journal of Applied Sciences 
 

 
 
 

Prediction of Low Heating Value of Sugar Cane 
Bagasse as a Fuel for Industrial Boilers in the 
High Relative Humidity Region: Case of 
Cameroon 

Pierre Kana-Donfack1*, Maxell Tientcheu-Nsiewe2, Denis Tcheukam-Toko1, César Kapseu3 

1Department of Mechanical Engineering, College of Technology, University of Buea, Buea, Cameroon 
2Department of Fundamental Sciences and Engineering Technology, School of Chemical Engineering and Mineral Industries, 
University of Ngaoudéré, Ngaoudéré, Cameroon 
3Department of Process Engineering, National School of Agro-Industrial Science, University of Ngaoundéré, Ngaoudéré, 
Cameroon 

 
 
 

Abstract 
Many attempts have been made to estimate calorific value of bagasse using 
mathematical equations, which were created based on data from proximate, 
ultimate, physical and chemical analysis. Questions have been raised on the 
applicability of these equations in different parts of the globe. This study was 
initiated to tackle these problems and also check the most suited mathemat-
ical models for the Law Heating Value of Cameroonian bagasse. Data and 
bagasse samples were collected at the Cameroonian sugarcane factory. The 
effects of cane variety, age of harvesting, source, moisture content, and su-
crose on the LHV of Cameroon bagasse have been tested. It was shown that 
humidity does not change within a variety, but changes from the dry season 
to the rainy season; the sugar in the rainy season is significantly different 
from that collected in the dry season. Samples of the same variety have iden-
tical LHV. LHV in the dry season is significantly different from LHV in the 
rainy season. According to the fact that this study was done for cane with 
different ages of harvesting, the maturity of Cameroonian sugarcane does 
not affect LHV of bagasse. Tree selected models are much superior tool for 
the prediction of the LHV for bagasse in Cameroon compared to others. The 
standard deviation of these validated models is around 200 kJ/kg compared 
to the experimental. Thus, the models determined in foreign countries, are 
not necessarily applicable in predicting the LHV of bagasse in other coun-
tries with the same accuracy as that in their native country. There was linear 
relationship between humidity, ash and sugar content in the bagasse. It is 
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possible to build models based on data from physical composition of bagasse 
using regression analysis. 
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1. Introduction 

To address the energy crisis that began in 1970, special attention has been di-
rected towards alternative fuels to overcome the global energy problem. This 
shift has been prompted by the rising costs of fuel oil, natural gas, and electricity. 
Bagasse, which was previously burnt as waste, is now being utilized for combus-
tion in electricity generation, thus becoming a viable boiler fuel. Given the ne-
cessity to consider combustion efficiency when using it as boiler fuel, bagasse has 
emerged as an opportunity to serve as an energy reserve to address deficits in 
electricity supply ([1] [2] [3]). 

Currently, Cameroon owns two (02) sugar factories, which combustion of ba-
gasse is for co-generation steam and electricity just for the sugar process. This 
situation laid to the accumulation of enough quantity of bagasse around the fac-
tories (41.165 tons/year for one factory, Nkoteng), which causes many environ-
mental problems such the accident of bagasse fired ([4] [5]). The electricity defi-
cit in the rural region where the factory is located is less than 5%. Developing the 
possibility to burn total fuel in the aim to export excess of electricity to the na-
tional grid, could make socio-economic benefits and favorable environmental 
impact for the factory.   

In recent years, studies have been carried out over the world to better under-
stand the combustion of this fibrous residue and its calorific impact on boilers 
efficiency in order to obtain steam. The problem of flame stability in boilers, 
highlighted by several of these works, is closely linked to the physic, chemical 
and thermal properties of bagasse ([6]-[23]). These properties have to be studied 
before the study of combustion process. The previous work in the Cameroon 
sugar factory has shown that the increasing of water moisture content in bagasse 
in the raining season causes down time according to the degradation of steam 
quality and quantity in the rainy season [10]. A fuel having a moisture content of 
50% and an ash content of 2% will have an inert to combustible material ratio of 
52/48 = 1.08. If the moisture is 50% and the ash content is 5%, the ratio is 55/45 
= 1.22. This ratio is important when evaluating acceptable grate heat release 
rates and the amount of excess air required for complete combustion [24]. Com-
plete combustion which will help to avoid factory down time. Industrial solid 
fuel boilers were designed for mining coal before being modified and subse-
quently adapted to other fuels such as biomass. Compared to coal, sugar cane 
bagasse, like other biomasses, has high volatile matter and moisture content 

https://doi.org/10.4236/ojapps.2024.146105


P. Kana-Donfack et al. 
 

 

DOI: 10.4236/ojapps.2024.146105 1606 Open Journal of Applied Sciences 
 

([25]-[37]). According to the fact that moisture, ash content, and inert ratio 
could increase during the raining season, it is necessary to make particular re-
search. The increasing of moisture during the raining season which causes down 
time is due to the fact that a lot of mud usually adheres to the harvested cane and 
consequently increases the inert ratio in fuel bagasse, which influences the heat-
ing value. 

Heating value is also calling calorific value depending of the authors. There 
are two different heating values: low heating value (LHV) and High heating val-
ue (HHV). Hugo [7] empirical analysis shows that, bagasse HHV in the dry basis 
base is approximately HHV = 19,256 kJ/kg and varies only about two percent 
(2%) from different countries and region in the world. The LHV is the HHV in-
fluencing by the percentage of net hydrogen in bagasse which varies from coun-
tries to countries. These percentages of net hydrogen represent also the latent 
heat of the water formed by the combustion process. LHV gives a more accurate 
indication of heat practically obtainable. Bagasse as a fuel is usually burn in wet 
basis, and it’s characterized by fiber, brix, ash and moisture [7]. All these para-
meters could vary per countries and regions in the word. There are different 
methods used in the literature to analyzed bagasse: physical, proximate and ul-
timate analyses. From theses method and parameter obtained, we find a lot of 
models in the literature used to predict heating value of bagasse in the world 
([38] [39] [40] [41] [42]). The heating value of bagasse can also be determined 
experimentally (direct) by a bomb calorimeter, though this method is reliable, it 
is not feasible due to the equipment use and consumable cost. Then models are 
the most method use in the literature and could help to study the effect of ex-
trinsic parameters of the region on these Calorific Values ([43] [44] [45] [46]). 
As a limitation of these Mathematical models created, performs best in the 
country/locality in which it is created, while producing over or under prediction 
when used internationally.  

This work describes Cameroonian bagasse characterization, relevant models 
were selected in the literature used in others countries by authors to determine 
the most suitable one which could be used to predict the Cameroonian sugar 
cane bagasse LHV. 

2. Material and Methods  
2.1. Location  

The SOSUCAM sugar complex is located approximately 129 km north of the 
city of Yaoundé, along national road No.1 connecting Yaoundé to Nanga-Eboko 
in the Mbandjock-Nkoteng region in the South of Cameroon, between the fol-
lowing geographic coordinates: 11˚51' - 12˚10' East longitude, 4˚20' - 4˚35' lati-
tude North.  

Soil coverage of the Mbandjock-Nkoteng region (75% of the surface area), 
belongs to the domain of ferrallitic soils desaturated soils of the southern Ca-
meroonian plateau alongside soils with little evolved and raw minerals (5%) on 

https://doi.org/10.4236/ojapps.2024.146105


P. Kana-Donfack et al. 
 

 

DOI: 10.4236/ojapps.2024.146105 1607 Open Journal of Applied Sciences 
 

residual massifs and soils hydromorphs (20%) which cover the shallows (Figure 
1). The climate is subequatorial with four seasons: two dry seasons (from 
mid-November to mid-March and from July to August) and two rainy seasons 
(from September to mid-November and from mid-March to July). The temper-
ature is moderate and most often oscillates between 23.5˚C to 26.5˚C and there-
fore the annual average is 24.7˚C. While the sunshine is 5h20' per day and eva-
potranspiration of 3.8 mm per day are relatively low yet, the hygrometry remains 
high (morning value greater than 90%, the rest of the day the humidity does not 
falling below 70% than during the long dry season). The harvest being manual, it 
is preceded by spreading fire which eliminates all the leaves on the harvested 
cane. 
 

 
Figure 1. Localization of the Cameroon Sugar Company (SOSUCAM); A—Cameroon in Africa; B— 
Southern Cameroon; C—The SOSUCAM site [47]. 
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2.2. Sampling Design 

Sample from Table 1 
From the literature, Heating Value of sugar cane bagasse can be predicted by 

models based on fiber, sugar, ash and moisture content in bagasse. From these 
parameters, only moisture don’t have heating value (Table 2), but it being ab-
sorbs heat in vaporized during the combustion. 

Assuming that each of these parameters could be influence by cane varieties, 
season, age of cane, and types of soil when harvested; data were collected of his-
torical information of the factory (Table 1). These data were collected over two 
years to make sure that these parameters could be taken during rainy and dry 
season. Sample from (Table 1) where collected according to Hugo mathematical 
model of heating value which depend on the proximate parameter (moisture, 
sugar and inert material). Means, in this table heating value were calculated by 
the mathematic model given by Equation (4) (Table 3) [7]. The effect of season, 
variety of can, and soil on humidity, inert ratio and heating value will be study. 

Sample from Table 4 
Based on the hypothesis that impact of cane variety, ages when harvested, and 

types of soil on the calorific value of bagasse variation is not significant. The ba-
gasse samples were taken directly from the inlet of the burner taking into ac-
count their variations in humidity level with the quality of steam produced. In 
the plant, when the steam quality is poor, operators often use the mixture of ba-
gasse from storage (dry) (Figure 2(b)) with bagasse coming directly from the 
mills (Figure 2(a)).  
 

Table 1. Experimental data of bagasse caracteristics acoording to variety and parcel types. 

Season Humidity Sugar Ash LHV (kcal/kg) LHV (kJ/kg) Variety Location 

Rain 36.84 1.86 3.04 2394.02 10018.97 Co997 B11 

Dry 35.74 2.02 3.30 2441.37 10217.13 Co997 B11 

Dry 36.66 1.99 3.25 2397.95 10035.42 B46364 D1 

Dry 38.19 2.20 3.58 2316.07 9692.73 B46364 M10 

Dry 36.92 2.38 3.88 2370.82 9921.88 FR81258 M17 

Dry 36.85 2.30 3.75 2377.22 9948.64 B46364 G1 cg 

Dry 35.6 1.77 2.89 2457.52 10284.72 B46364 S2 

Dry 39.95 1.92 3.14 2240.91 9378.19 Cr87339 F2/2 

Dry 36.62 1.95 3.17 2401.57 10050.57 B46364 N4 

Dry 34.86 1.76 2.87 2493.89 10436.93 Co997 D800 

Dry 37.66 1.78 2.90 2357.37 9865.59 B46364 N3 

Dry 36.8 2.06 3.36 2388.52 9995.96 Co997 A9n 

Dry 40.99 2.15 3.51 2182.07 9131.94 Cr87339 F2/2 

Dry 35.26 1.88 3.07 2469.81 10336.15 B46364 F2/2 

Dry 36.37 1.79 2.92 2419.58 10125.92 B46364 f3/2 

Dry 37.48 1.80 2.94 2365.26 9898.61 B46364 F4/1-2 
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Continued 

Dry 37.83 1.88 3.06 2345.41 9815.52 B46364 F3/1 

Dry 37.45 1.67 2.73 2371.52 9924.79 B46364 M5 

Dry 40.05 1.57 2.56 2249.14 9412.63 Cr87339 M5 

Dry 35.35 1.43 2.34 2482.25 10388.20 Cr87339 M6 

Dry 34.45 1.47 2.41 2524.34 10564.34 Co997 M8 

Dry 35.48 1.37 2.24 2478.22 10371.35 B46364 M9 

Dry 36.78 1.42 2.31 2413.49 10100.46 FR81258 E10 

Dry 33.75 1.30 2.12 2564.77 10733.54 Co997 M10 

Dry 34.71 1.28 2.08 2519.05 10542.20 B46364 M600 

Dry 34.5 1.16 1.89 2533.55 10602.91 Co997 M12 

Dry 36.98 1.54 2.51 2399.23 10040.78 B46364 M300 

Dry 37.41 1.09 1.78 2395.06 10023.31 B46364 D700 

Dry 34.57 1.58 2.57 2514.68 10523.91 Co997 D800 

Dry 35.46 1.88 3.07 2460.11 10295.56 B46364 A100 

Dry 37.41 1.26 2.06 2388.58 9996.19 B46364 D10-12 

Dry 38.46 0.86 1.41 2352.53 9845.34 FR81258 C7 

Dry 35.56 1.57 2.56 2466.90 10323.98 FR81258 C800 

Dry 38.3 1.17 1.91 2348.89 9830.10 B46364 C10-12 

Dry 37.39 1.40 2.29 2384.39 9978.65 B82333 B8 

Dry 35.68 1.61 2.62 2459.76 10294.10 Co997 C11 

Dry 35.68 1.61 2.62 2459.76 10294.10 Co997 C800 

Dry 37.76 2.36 3.85 2330.92 9754.90 FR81258 C800 

Dry 35.7 1.18 1.93 2474.51 10355.82 B46364 C800 

Dry 35.85 2.04 3.33 2435.44 10192.30 FR81258 C17-19 

Dry 38.26 2.04 3.32 2318.67 9703.63 FR81258 M20 

Dry 33.41 1.65 2.70 2568.06 10747.31 FR81258 C23 

Dry 36.78 1.44 2.34 2412.77 10097.44 B46364 B6 

Dry 36.33 1.60 2.61 2428.60 10163.67 B46364 N9 

Dry 36.86 1.36 2.22 2411.77 10093.26 B46364 N10 

Dry 39.5 1.27 2.07 2287.09 9571.47 B46364 N8 

Dry 36.79 1.42 2.31 2413.01 10098.43 B46364 N12 

Dry 34.61 1.04 1.70 2532.66 10599.16 B46364 N6Sud 

Dry 41.63 1.40 2.28 2178.87 9118.55 B46364 N5 

Dry 44.32 1.96 3.19 2027.64 8485.67 B82333 A6-8 

Dry 37.81 2.15 3.51 2336.30 9777.39 Co997 A6-8 
Dry 41.35 2.44 3.98 2153.81 9013.67 Cr87339 A6-8 

Dry 39.97 2.02 3.30 2236.22 9358.56 FR81258 A6-8 

Dry 40.23 2.13 3.47 2219.65 9289.21 Cr87339 A9sud 

Dry 37.96 1.81 2.95 2341.62 9799.68 Co997 B1-2 

Dry 41.99 2.71 4.43 2112.57 8841.08 B82333 B5 

Dry 41.96 2.42 3.94 2125.06 8893.38 Cr87339 B9 
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Continued 

Dry 34.94 1.04 1.69 2516.89 10533.18 B46364 A7 
Rain 37.56 1.49 2.43 2372.90 9930.59 B46364 A400 
Rain 34.54 0.58 0.94 2553.33 10685.69 B46364 F1 
Rain 36.66 1.56 2.54 2414.03 10102.72 Co997 D11-13 
Rain 41.81 0.89 1.45 2189.22 9161.86 Cr87339 D300Sud 
Rain 38.51 1.49 2.43 2326.83 9737.76 Co997 F3/4 
Rain 35.05 1.00 1.63 2512.88 10516.38 R570 A600 
Rain 36.43 1.40 2.28 2431.07 10174.01 Co997 D5 
Rain 37.53 1.11 1.81 2388.52 9995.94 Co997 D9 
Rain 37.56 1.35 2.21 2378.06 9952.18 Co997 C5 
Rain 41.9 1.73 2.82 2153.53 9012.52 FR81258 C1 
Rain 38.6 0.94 1.53 2343.10 9805.87 B46364 C8 
Rain 38.36 1.03 1.68 2351.14 9839.52 FR81258 D7 
Rain 46.96 1.45 2.37 1918.44 8028.67 B82333 B10-12 
Rain 38.95 1.39 2.26 2309.33 9664.53 Co997 B10-12 
Rain 34.22 1.10 1.79 2549.41 10669.28 Co997 C15 
Rain 38.09 1.45 2.37 2348.52 9828.54 FR81258 C22 
Rain 40.48 2.23 3.63 2203.92 9223.41 Cr87339 B3 
Rain 39.69 1.46 2.38 2270.80 9503.28 R585 B3 

 
Table 2. Heating value of constituents of bagasse [7]. 

Constituent Heating value (kacl/kg) 

Fiber 4600 

Sugar 3955 

Impurities 4100 

Water (humidity) 0 

 
Table 3. Summary of models used for predicting law heating value of bagasse. 

Formulas  Ref.  Country N˚ 
LHV = 18309 − 207.6ω − 196.05k − 31.14s [41] South Africa Equation (1) 
LHV = 18603 − 207.6ω − 183.35k − 30.98s [42] Mauritius Equation (2) 
LHV = 18603 − 210.3ω – 186.03k − 34.12s [37] Australia  Equation (3) 
LHV = 4.18 (4250 − 48.5ω − 12s) [7] Combined  Equation (4) 

ω: moisture content in bagasse, k: ash content, s: sugar content. 
 
Table 4. Sample collection for analysis. 

Samples  observations moisture content  
1 Bagasse from mil 59.03% 
2 Mixing bagasse  --- 
3 Bagasse from mil 55.03% 
4 Bagasse from mil 51% 
5 Bagasse from mil 50.4% 
6 Bagasse from storage --- 
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Figure 2. Bagasse of sugar factory: excess from milling (a) and storage (b). 

2.3. Analytical Methods 

Effect of humidity, season, sugar Sample from Table 2 
The relatively unknown effects of many different parameters on the LHV of 

Cameroonian bagasse will be tested in this study by experimentation under con-
trolled conditions. The parameters on which the LHV depends and the LHV it-
self were divided into various groups which would isolate one or two controlled 
variables and a factorial analysis of variance (F ratio test) was applied to the 
samples within the groups. This is the case of the test of the effect of cane variety, 
season and the ages when harvested on the sugar content, humidity and LHV. 

Bagasse characterization: Sample from Table 4 
Bomb calorimeter (1520 kPa of oxygen pressure, 6 V circuit voltage, ca. 

0.7 g of bagasse sample) 
The experimental calculation of the Calorific value (LHV and HHV) was 

made according to Standard NF MO3-005/EN 14918/ISO 1928. So, the sample 
was first ground using the cutter mill. Then sieved through a sieve whose mesh 
opening is between 0.2 mm and 1mm. Before starting the analysis, the sample 
was mixed thoroughly for approximately one minute using a spatula. The calo-
rimeter was conditioned by obtain a temperature difference between the ther-
mometer of the adiabatic chamber and the calorimetric vessel thermometer less 
than or equal to 1˚C.  

Effect of moisture, ash and sugar on the LHV of bagasse  
Each bagasse corresponding sample from bomb calorimeter was analyze to 

determine moisture, ash and sugar content. These values were used to calculate 
the LHV of bagasse with the selected literature models. Results from calculations 
using formulas (Table 3) and from bomb calorimeter were statistically analyzed 
with multiple variable analysis method. To study the impact of inert ratio which 
characterized the region of culture (sludge and sand) [37], effective moisture of 
bagasse was evaluated and his impact on the calorific value study. in fact, if a lot 
of mud sticks to the bagasse during harvesting, it will not be crushed well and 
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will arrive at the burner with a lot of mud and humidity, thus increasing the rate 
of inert matter. This parameter depends on the type of soil and the harvesting 
technique (describe in Section 2.1). 

3. Results and Discussion 
3.1. Effect of Variety, Season, Moisture Age and Region of Cane 

Harvested on the LHV 

Table 5 shows the summary statistical test of the effect of season and variety 
change on the humidity content, sugar content and LHV. From these first three 
analyses, it is emerging that the constituent elements (humidity and sugar con-
tent) of the model used to calculate the LHV depend on the season and the va-
riety, the LHV depend also on the season and the variety. The results obtained 
also showed that humidity does not change within a variety. It would therefore 
be interesting or even essential for an application data of bagasse to indicate the 
harvest season and the variety used.  

Table 6 presents the Multiple Range Testing for Moisture Content by Variety. 
Five Homogeneous varieties are identified using columns of X. In each column, 
the levels containing X form a group of means within which there are no statis-
tically significant differences. The results obtained showed that humidity does 
not change within a variety. The samples of the varieties (Co997, B46364, 
FR81258, Cr87339 and B82333) have identical humidity. This can also mean that 
the types of soil do not really have an influence because these samples of the 
same variety come from different types of soil. 

Table 7 is the result of the multiple comparisons procedure to determine the 
means which are significantly different from each other, are there varieties 
which have similar humidity. The upper part of this table displays the estimated 
differences between pairs of means of two varieties. A star (*) was placed next to 
12 pairs, indicating that these pairs have statistically significant differences at the 
95.0% confidence level. We therefore see that the B46364 variety has the same 
moisture content as the FR81258 variety. Similar conclusion for B43664 and 
R585, B43664 and R570, Co997 and R570, Co997 and R585, Cr87339 and R570, 
FR81258 and R570, FR81258 and R585, R570 and R585. 

In Table 8, two homogeneous groups are identified using columns of X. In 
each column, the levels containing X form a group of means within which there 
are no statistically significant differences. The conclusion from these last two 
tables is that the varieties in the dry season have the same humidity. In the rainy 
season, we also have the same observation. Then, the humidity of different ba-
gasse in the dry season is different from the humidity in the rainy season. 

Table 9, Table 10 and Table 11 gives the averages of the sugar content for 
each level of the factors (season and variety). The question asked here is whether 
the sugar content of samples collected in the dry season is different from that 
obtained in the rainy season. 
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Table 5. Summary of statistical tests of the effect of season and variety change on the sugar and humidity content in bagasse, and 
the LHV. 

principal effect F value Probability 
sugar --- --- 
A: Season 13.45 0.0005 
B: Variety 2.28 0.0457 
Humidity --- --- 
A: Season 9.10 0.0036 
B: Variety 12.44 0.0000 
LHV --- --- 
A: Season 5.16 0.0263 
B: Variety 12.20 0.0000 

 
Table 6. Multiple range testing for humidity content by variety. 

Variety of cane Count Mean Homogeneous groups 
R570 1 34.2688 XX 
Co997 19 36.3602 X 
B46364 30 37.4769 X 
FR81258 12 38.0006 X 
R585 1 38.9088 XXX 
Cr87339 9 40.6751 X 
B82333 4 43.0556 X 

 
Table 7. Multiple comparison between cane varieties and humidity level. 

Contrast Sig. Difference +/− limits 
B46364 - B82333 * −5.57865 1.90311 
B46364 - Co997 * 1.1676 1.09622 
B46364 - Cr87339 * −3.19816 1.36019 
B46364 - FR81258  −0.523645 1.22698 
B46364 - R570  3.0813 3.73987 
B46364 - R585  −1.43187 3.73987 
B82333 - Co997 * 6.6954 1.96827 
B82333 - Cr87339 * 2.38049 2.14155 
B82333 - FR81258 * 5.055 2.05735 
B82333 - R570 * 8.8677 4.05876 
B82333 - R585 * 4.14677 4.05876 
Co997 - Cr87339 * −4.31491 1,45652 
Co997 - FR81258 * −1.6404 1.3258 
Co997 - R570  2.09137 3.70466 
Co997 - R585  −2.54863 3.70466 
Cr87339 - FR81258 * 2.7451 1.57159 
Cr87339 - R570 * 6.40628 3.84125 
Cr87339 - R585  1.76628 3.84125 
FR81258 - R570  3.73177 3.78908 
FR81258 - R585  −0.908226 3.8908 
R570 - R585  −4.64 5.03947 

*Denote a statistically significant difference. 
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Table 8. Multiple range testing for humidity content by variety. 

Season Count Mean Homogeneous groups 

dry  57 37.6111 X 

rainy 19 39.1735 X 

Contrast Sig. Difference +/− limits 

rainy saison - dry saison * 1.56236 1.03355 

 
Table 9. Multiple range testing for sugar by cane variety. 

Variety Count Mean Homogeneous Groups 

R570 1 3.73487 XX 

B46364 30 4.17677 X 

Co997 19 4.75923 XX 

FR81258 12 4.9934 XX 

R585 1 5.15487 XX 

B82333 4 5.51506 X 

Cr87339 9 5.56174 X 

 
Table 10. Multiple comparison between sugar content of the cane varieties. 

Contrast Sig. Difference +/− limits 

B46364 - B82333 * −1.3383 1.27224 

B46364 - Co997  −0.582463 0.73283 

B46364 - Cr87339 * −1.38497 0.909298 

B46364 - FR81258  −0.816629 0.820244 

B46364 - R570  0.441892 2.50013 

B46364 - R585  −0.978108 2.50013 

B82333 - Co997  0.755832 1.3158 

B82333 - Cr87339  −0.0466736 1.43164 

B82333 - FR81258  0.521667 1.37535 

B82333 - R570  1.78019 2.7133 

B82333 - R585  0.360188 2.7133 

Co997 - Cr87339  −0.802506 0.973693 

Co997 - FR81258  −0.234166 0.886307 

Co997 - R570  1.02436 2.47659 

Co997 - R585  −0.395644 2.47659 

Cr87339 - FR81258  0.56834 1.05062 

Cr87339 - R570  1.82686 2.5679 

Cr87339 - R585  0.406862 2.5679 

FR81258 - R570  1.25852 2.53303 

FR81258 - R585  −0.161478 2.53303 

R570 - R585  −1.42 3.36891 
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Table 11. Multiple range testing for sugar content by season. 

Season Count Mean Homogeneous Groups 

rainy season 19 4.2074 X 

dry season 57 5.47715 X 

Contrast Sig. Difference +/− limits 

rainy season - dry season * −1.26975 0.690934 

 
To compare the average sugar content of different varieties, the multiple 

comparison procedure was used. Table 9 shows the multiple comparison of 
sugar content of different varieties of sugarcane. The upper part of this table dis-
plays the estimated differences between pairs of means. A star was placed next to 
2 pairs (B46364 - B82333 and B46364 - Cr87339), indicating that these pairs 
have statistically significant differences at the 95.0% confidence level. With the 
exception of these, the sugar contents are significantly equivalent. 

Table 11 presents the multiple range tests of sugar cane content by season of 
harvest. The upper part of this table displays the estimated differences between 
pairs of means. A star has been placed next to one pair, indicating that this pair 
has a statistically significant difference at the 95.0% confidence level. At the top 
of the table, 2 homogeneous groups are identified using columns of X. In each 
column, the levels containing X form a group of means within which there are 
no statistically significant differences. Through this, we see that the sugar con-
tent of the samples of sugar cane varieties collected in the rainy season is not 
significantly different. Similar conclusion in the dry season. On the other hand, 
the sugar content of samples collected in the rainy season is significantly differ-
ent from that of samples collected in the dry season. 

Table 12, Table 13 and Table 14 give the averages of the LHV for each level 
of factors (season and variety). At the top of this table, 4 homogeneous groups 
are identified using columns of X. In each column, the levels containing X form 
a group of means within which there are no statistically significant differences, 
means that samples of the same variety have identical LHV. 

From Table 12 and Table 13, part of this table displays the estimated differ-
ences between pairs of means. A star was placed next to 11 pairs, indicating that 
these pairs have statistically significant differences at the 95.0% confidence level. 
In other words, 11 pairs of varieties (B46364 - B82333, B46364 - Cr87339, 
B82333 - Co997, B82333 - Cr87339, B82333 - FR81258, B82333 - R570, Co997 - 
Cr87339, Co997 - FR81258, Cr87339 - FR81258, Cr87339 - R570 and FR81258 - 
R570) have significantly different LHV. 

Table 14 presents the multiple range test for the comparison of LHV collected 
in the rainy season and the dry season. A star has been placed next to a pair, in-
dicating that this pair has a statistically significant difference at the 95.0% confi-
dence level. The LHV of samples collected in the dry season is significantly dif-
ferent from that obtained in the rainy season. 
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Table 12. Multiple range testing LHV content by variety. 

Variety Count Mean Homogeneous Groups 

B82333 4 2095.61 X 

Cr87339 9 2210.5 X 

R585 1 2301.08 XXXX 

FR81258 12 2347.04 X 

B46364 30 2382.25 XX 

Co997 19 2429.42 X 

R570 1 2543.18 X 

 
Table 13. Multiple comparisons between LHV of the cane varieties. 

Contrast Sig. Difference +/− limits 

B46364 - B82333 * 286.636 97.9867 

B46364 - Co997  −47.1779 56.4418 

B46364 - Cr87339 * 171.746 70.0332 

B46364 - FR81258  35.2112 63.1743 

B46364 - R570  −160.933 192.557 

B46364 - R585  81.167 192.557 

B82333 - Co997 * −333.814 101.342 

B82333 - Cr87339 * −114,89 110.264 

B82333 - FR81258 * −251.425 105.928 

B82333 - R570 * −447.569 208.976 

B82333 - R585  −205.469 208.976 

Co997 - Cr87339 * 218.924 74.9928 

Co997 - FR81258 * 82.389 68.2625 

Co997 - R570  −113.755 190.744 

Co997 - R585  128.345 190.744 

Cr87339 - FR81258 * −136.535 80.9176 

Cr87339 - R570 * −332.679 197.777 

Cr87339 - R585  −90.5791 197.777 

FR81258 - R570 * −196.144 195.091 

FR81258 - R585  45.9558 195.091 

R570 - R585  242.1 259.47 

 
Table 14. Multiple range testing for LHV by season. 

Saison Count Mean Homogeneous Groups 

rainy season 19 2299.59 X 

dry season 57 2360.15 X 

Contrast Sig. Difference +/− limits 

rainy season - dry season * −60.5589 53.215 
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The results obtained showed that humidity does not change within a variety, 
the humidity of different bagasse in the dry season is different from the humidity 
in the rainy season, the sugar content of samples collected in the rainy season is 
significantly different from that of samples collected in the dry season. Samples 
of the same variety have identical LHV. The LHV of samples collected in the dry 
season is significantly different from that obtained in the rainy season. Accord-
ing to the fact that this study was done for cane with different age of harvesting, 
the maturity of Cameroonian sugarcane does not affect LHV of bagasse.   

3.2. Validity of Selected Formulas Based on Sample Analysis 

Table 15 shows the minimum, maximum, average, and standard deviation (SD) 
of the ash contents, sugar and humidity contents, and the heating values of the 
normal milling operation bagasse. The ash contents of the bagasse samples cov-
ered a wide range, and the humidity contents varied in a moderate range. 

A P-value statistical test was done to check the relationship between ash con-
tents and heating value, sugar contents and heating value, and humidity contents 
and heating value.  

Table 16 shows a P-value which tests the statistical significance of the esti-
mated correlations. P-values below 0.05 indicate statistically significant non-zero 
correlations at the 95.0% confidence level. The following pairs of variables have 
P-values below 0.05: Ash (%) and sugar (%), Ash (%) and humidity (%), Ash (%) 
and LHV (kJ/kg), Ash (%) and HHV (kJ/kg); sugar (%) and humidity (%), sugar 
(%) and LHV (kJ/kg), sugar (%) and HHV (kJ/kg), humidity (%) and. LHV 
(kJ/kg), humidity (%) and HHV (kJ/kg), LHV (kJ/kg) and HHV (kJ/kg). It is 
means that the variability observed in HV was explained by moisture, ash and 
sugar. 

Table 17 presents the summary statistics of LHV obtained experimentally 
compared to the values obtained by calculation using different models presented 
from the literature (Table 3). The statistical evaluations are shown namely the 
average, standard deviation and the range between the maximum and minimum 
error that occurred, which will indicate the performance of the model.  

Table 17 confirms that Equation (1), Equation (2) and Equation (3) are better 
than Equation (4) due to a smaller standard deviation. Thus Equation (1), Equa-
tion (2) and Equation (3) are much superior tool for the prediction of the LHV 
values for bagasse in Cameroon. The standard deviation is around 200 kJ/kg 
comparing experimental values to those gives by the models. Thus, the models 
determined in foreign countries, such as that by the Conventional Equations 
above, are not necessarily applicable in predicting the LHV value of Bagasse in 
other countries with the same accuracy as that in their native country. 

Figure 3 shows the average with the maximum and minimum LHV value, 
which ably shows the divergence of the averages, maximum, and minimum val-
ues from the experimental data. It’s strengthening the arguments that Equation 
(1), Equation (2) and Equation (3) gave good prediction as compared to Equa-
tion (4). 
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Table 15. Characteristics of bagasse from analysis. 

 Ash (%) sugar (%) humidity (%) LHV (kJ/kg) HHV (kJ/kg) 

Average 4.34 4.6 48.6225 6843.88 8745.0 

Standard deviation 2.93622 2.23355 9.1634 2279.01 2172.85 

Coeff. of variation 67.6549% 48.5554% 18.846% 33.3% 24.8468% 

Minimum 1.5 2.36 39.9 4351.5 6385.0 

Maximum 7.5 7.26 59.73 8972.5 10800.0 

 
Table 16. The statistical tests significance of the estimated correlations. 

 Ash (%) sugar (%) humidity (%) LHV (kJ/kg) HHV (kJ/kg) 

Ash (%)  0.9903 0.9671 −0.9995 −0.9998 

  0.0097 0.0329 0.0005 0.0002 

sugar (%) 0.9903  0.9637 −0.9901 −0.9901 

 0.0097  0.0363 0.0099 0.0099 

humidity (%) 0.9671 0.9637  −0.9744 −0.9718 

 0.0329 0.0363  0.0256 0.0282 

 
Table 17. Summary Statistics of the LHV values of final mill bagasse from experience compare to the calculation value. 

 experimental (kJ/kg) Equation (1) Equation (2) Equation (3) Equation (4) 

Average 6843.88 7220.87 7570.72 7413.37 7686.21 

Standard deviation 2279.01 2531.3 2494.36 2533.62 1968.24 

Coeff. of variation 33.3% 35.0553% 32.9475% 34.1764% 25.6074% 

Minimum 4351.5 4212.6 4603.01 4398.84 5298.11 

Maximum 8972.5 9492.53 9815.11 9691.38 9526.44 

 

 
Figure 3. Average, maximum and minimum values of LHV for models and experiment. 

 
Lastly, this finding also proves that the best suited models depend not only on 

the humidity and sugar content but also on the ash content. Figure 4 shows the 
LHV predicted by Equation (1), Equation (2) and Equation (3) decreases with 
the increase of ash content in sugarcane bagasse.  

The previous paragraph shows that the Calorific Value of sugar cane bagasse 
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depends on the harvest season, and the moisture content of the bagasse obtained 
after crushing the cane. The joint influence of the plot and the harvest season 
would be linked to the sand content (not studied here) which could limit the ac-
tion of the mill on the cane and therefore would favor a very sandy bagasse and 
with a more ash after combustion. To choose the study models, it becomes im-
portant to evaluate the influence of the rate of ash on the LHV. 

Table 18 shows the ash content, effective humidity content and LHV of sugar 
cane bagasse analyzed. From this table inert rations increases with moisture 
content in our factory locality. Figure 5 shows the influence of the effective hu-
midity (inert ratio) on the LHV. When the inert ration (effective humidity) in-
crease, LHV decrease.  

 

 
Figure 4. Comparison between LHV values estimated for literatures formulas. 
 

 
Figure 5. Profile of LHV according to the effective humidity, compared to the profiles of [40] for the rate of ash at 0% and 10%. 
 
Table 18. Ash content, moisture and effective humidity of sugar cane bagasse. 

Ash (%) Humidity (%) Effective Humidity Weff (%) Experimental LHV (kJ/kg)  

4.21 39.90 40.82 8570.50 

1.50 42.45 42.23 8972.50 

4.15 52.41 53.59 5481.00 

5.50 59.73 61.94 4351.50 
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4. Conclusions  

The objective of this work was to select the most efficient model to predict LHV 
of Cameroonian bagasse. We have recorded data related to the characteristics of 
the bagasse such as humidity rate, sugar content, different varieties of harvest 
plots, and a sample according to whether or not severe combustion conditions 
were sampled. Statements linked to characteristics of the fuel were analyzed to 
study the influence of the various parameters on the LHV. 

It emerged from this analysis that: humidity does not change within a variety, 
the humidity of different bagasse in the dry season is different from the humidity 
in the rainy season, the sugar content of samples collected in the rainy season is 
significantly different from that collected in the dry season. Samples of the same 
variety have identical LHV. The LHV of samples collected in the dry season is 
significantly different from that obtained in the rainy season. 

The link observed between the harvest season and the humidity rate is ex-
plained by the existence of sand on the cane during the harvest, which should 
reduce the work of the mills and promote the production of very humid bagasse. 
Consequently, the mixture of sands in the bagasse of sugarcane increased the ash 
content. 

Equation (1), Equation (2) and Equation (3) are better than Equation (4) when 
using to predict the Cameroonian LHV due to a smaller standard deviation. 
Thus Equation (1), Equation (2) and Equation (3) are much superior tool for the 
prediction of the LHV values for bagasse in Cameroon. The standard deviation 
is around 200 kJ/kg comparing experimental values to those given by the mod-
els. Thus, the models determined in foreign countries, such as that by the Con-
ventional Equations above, are not necessarily applicable in predicting the LHV 
value of bagasse in other countries with the same accuracy as that in their native 
country. 

When the inert ration (effective humidity) and ash increase, LHV decrease 
thus the effect of ash in the LHV is not negligible as by those models in litera-
ture. Then, there is linear relationship between humidity, ash and sugar content 
in the bagasse. It is possible to build models based on data from physical compo-
sition of bagasse using regression analysis. It is therefore necessary to ameliorate 
the clean method of the sugarcane before processing it, or use mechanical harve-
sters instead of manual harvesting.  
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