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ABSTRACT

An experimental evaluation was carried out on three bagasse storage piles with the following characteristics: wet
baled raw bagasse, wet baled depithed bagasse and pre-dried baled depithed bagasse. In each of these formerly
mentioned alternatives, the storage time influence was analyzed on temperature profile, humidity behavior,
granulometry and morphology, with and without mechanical treatment, solubility in hot water, NaOH and alcohol-
benzene extractives. In the same way, the behavior of brightness in mechanical pulps produced from stored bagasse
was studied. Storage losses were calculated for each alternative on the basis of obtained results and it was
demonstrated that pre-dried bagasse as compared with wet bagasse storage, yields lower losses and better
conservation of its characteristics.
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RESUMEN

Una evaluaciéon experimental se llevd a cabo en tres pilas de almacenamiento de bagazo con las siguientes
caracteristicas: bagazo integral empacado en humedo, bagazo desmedulado empacado en humedo y bagazo
desmedulado empacado presecado. En cada una de las alternativas anteriormente mencionadas, se analizé la
influencia del tiempo de almacenamiento sobre el perfil de temperatura, el comportamiento de la humedad, la
granulometria y morfologia, con y sin tratamiento mecanico, la solubilidad en agua caliente, en NaOH y Extractos
Alcohol-Benceno. De la misma manera, se estudié el comportamiento de la brillantez en las pulpas mecanicas
producidas a partir del bagazo almacenado. Sobre la base de los resultados obtenidos, se calculé para cada
alternativa las pérdidas por almacenamiento y se demostré que el pre-secado de bagazo en comparacion con los
rendimientos de almacenamiento hiumedo rinde menores pérdidas y una mejor conservacion de sus caracteristicas.

1. Introduction

Sugarcane bagasse is the fibrous residue of
sugarcane (Saccharum officinarum) after the
extraction of juice. Bagasse, as agro-based fibers,
have the composition, properties and structure that
make them suitable for uses such as composite,
textiles, pulp and paper manufacture and animal
feed, among others (Narendra and Yang, 2005). In
addition, bagasse bio-fibers can also be used to
produce fuel, chemicals, enzymes and food and is
one of the most relevant sugarcane by-products of
the cane sugar production industry, a mixture of
hard fiber, with soft and smooth parenchymatous
(pith) tissue, having high hygroscopicity, soil, wax,
residual sugars, etc., remaining after the cane has
been crushed and extracted the juice (Lois, 2009;

Galvez, 1994). Sugarcane bagasse consists of
cellulose, 43.6%, hemi-cellulose, 33.8%, lignin,
18.1%, ash, 2.3% and wax, 0.8%, on a dry weight
basis (Sun et al., 2004).

Other applications of sugar-cane bagasse are as
sources of animal feed, energy, pulp and paper,
furfural, polymers, and agglomerated boards, as
well, which represent valuable raw materials for
countless industries (Banerjee and Pandey, 2002).
However, bagasse is still discarded in not very
productive ways such as in the generation of
energy for the sugar plant that processes the sugar
cane, or returned inefficiently to the fields as
fertilizer, or simply burnt, which results in
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irreparable harm to environment, directly tied to air
pollution (Kirchhoff, 1991). Hence, bagasse is
currently the primary fuel for sugar milling and
processing operations, with occasional
supplementation by sawdust, coal and fuel oil.
Some mills produce more power from fuel burning
equipment than is required for the sugar milling
process. The excess power is sold and exported to
the electricity grid. This process is called co-
generation (De Armas, 1994).

Due to the seasonal character of sugar industry,
large amounts of bagasse should be stored for the
operation of the plants during the off-season
periods. Temperature rises in the stored bagasse
and workmen often suffer from “bagassosis”, an
allergy response that may occur in susceptible
individuals to the presence of bacterial spores
(Thermoactinomyces sacchari) that can develop in
stored bagasse. The allergic response affects the
lungs and may cause breathing difficulties.
Furthermore, the quality of products manufactured
from rotten bagasse is diminished (Schmidt and
Walter, 1978). Other organisms are cellulolytic and
cause fiber deterioration of the bagasse stored
(Rivacoba and Lois, 1982). Heating and
contamination could be much decreased either by
drying to about 25% water content, which halves
the spore content after storage, mostly at the
expense of the Actinomycetes, or by adding 2% by
weight of the propionic acid, which decreases the
spore content to 4 x 10° spores/g or less, even
after 18 months storage (Lacey, 2008).

Several methods have been proposed to avoid
these microbial activities. There exist different
storage methods, and their choice depends mainly
on the type of production. One of the most common
methods used in the industry of bagasse fiber
boards and few pulp and paper factories in all over
the world since the 50s has been the bale
compacted system (Atchison, 1977; Lois, 1994).
When bagasse is baled and stored such as it
comes out from the cane sugar mills (48-52%
humidity), it constitutes a rich substrate for the
development of microorganisms (Lois, 1979).
During the first days of storage, the temperature
rises rapidly in the interior of the bales, which
together with other conditions create fiber
degradation processes, darkening, high fiber losses
and other chemical-physical damages, as well
(Lois, 1982; Schmidt and Walter, 1978).

An alternative in the baled storage method consists
in drying the bagasse to bring down the humidity in
the order of 20-25% before it is baled. This method
considerably decreases the development of
fermentation and, at the same time, it makes
possible to produce bigger bales, higher storing
capacities and reduce the fiber losses (Lois, 1982).

Despite the several published papers about the
behavior of bagasse stored in bales (Lois and
Suarez, 1983; Nakasone and Oda, 1976), there are
not available evidences regarding enough reliable
and accurate information upon the incidence of the
different alternatives of this method on the quality of
the stored material, and opinions about the figures
of the storage losses are contradictory. During the
last years, several studies and experimental works
have been carried out by different institutions on
the various alternatives of storage methods, among
them that of bale storage method.

The objective of the present work was to determine
the comparative influence of the storage time on
the stored material, physicochemical changes, fiber
losses and some other technological aspects.

2. Experimental work

In a zone adjoining “Pablo Noriega” sugar mill in
the province of Havana, Cuba, three experimental
piles of about 140 bagasse bales in each pile were
erected with the following coding characteristics:

i. Wetraw bagasse “IN” (~ 50% M.C.*)
ii. Wet depithed bagasse “DH” (~ 50% M.C.)
iii. Pre-dried depithed bagasse “PR” (~ 25% M.C.)

In the case of “DH” bagasse, the depithing
operation was carried out in horizontal rotor type
depithers, “Horkels”. In the case of “PR” bagasse
the depithing was carried out in vertical rotor type
depithers, “S.M. Caribe”, and further pre-dried in
flash type pneumatic dryers. The scheme of the
experimental plan is shown in Fig.1.

In each case, the bagasse was sampled and
characterized before baling, the moisture content
was determined, sampled and characterized
before baling too, and the moisture content was

determined every 15 minutes. The initial
characterization included particle size
(granulometry) and morphological analysis,

Vol.8 No.3 December 2010




Experimental Evaluation of Sugar Cane Bagasse Storage in Bales System, J. Lois-Correa et al., 365-377

Raw bagasse
Pith
Depithing—!

Accepted fiber (50% Hum)

Initial Characterization

Raw bagasse Raw bagasse

Pith
Depitrliinggf

Accepted fiber (50% Hum)

Granulometric and morphological analysis
Solubilities analysis
Final humidity (Hf)
Brightness
Determination of losses

Desintegration

Analysis and
evaluation of results

Thermometers installings
T1,72,..T9
Temperature Control

Figure 1. Experimental working plan.

cellulose, lignin and pentosans contents, solubility
in hot water, NaOH (1.0%), alcohol benzene
extractives and brightness degree of mechanical
pulps, as well. In the cases of “IN” and “DH”, the
dimensions of bales were of 150 x 80 x 80 cm and
320 kg bone dry each, which is the standard size
usually produced in the systems of wet baling in
mechanical presses with manual wiring. In the
cases of “PR”, the bale volume was three times
bigger in comparison with the other two cases and

the baling was carried out in automatic wiring
hydraulic presses. The bales were transported by
trucks and normal lifting equipment was used for
its handling and piling.

Before piling, 15 bales were sampled from each
pile for a total of 45 which were measured,
identified by means of metallic sheets and control in
weight as well. In Table 1, the average values of
the previous identified bales are shown.

Wet Raw

Bagasse (IN)
Average Std. Dev.

Parameter

Wet Depithed

Bagasse (DH)
Average Std. Dev.

Pre-dried Depithed

Bagasse (PR)
Average Std. Dev.

Initial weight (Po), kg 84.80 7.30
Initial M.C. (Ho), % 52.0 0.86
Bale volume (Vy), m® 0.21 0.014
Bale density (po), kg/m®  401.41 22.75

92.21 5.31 126.60 23.77
47.40 0.71 26.20 0.52
0.21  0.017 0.68 0.11

43442  23.65 185.36  15.37

Table 1. Average characteristics of bales.
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From data from Table 1, it is noted that the volume
(Vo) of pre-dried bagasse bales “PR” was 2-3 times
higher than those of wet bagasse, i.e. raw “IN” and
depithed “DH”. On the other hand, the density (po),
of the wet baled depithed bagasse (‘DH”) and wet
baled raw bagasse (“IN”) was 1.1 and 2.3 times
higher, respectively, than that of pre-dried baled
depithed bagasse “PR”. The initial moisture content
of depithed bagasse “DH” (47,4% M.C.) was lower
than that of wet raw bagasse “IN” (52.0% M.C.),
probably as a result of the partial transformation of
kinetic energy to thermal energy in the depithing
mill without excluding the influence of pith removal
upon the moisture content of bagasse.

The three experimental piles were erected at four
levels in pyramid form and were covered with
corrugated roofing tiles to protect the stored
bagasse from the rain. Three thermometers were
installed in the interior of each pile at different
heights over the ground level in order to record the
bagasse temperature behavior during storage time.
In a period of time from April to September, the
bales were randomly sampled and their final weight
(Pf) was determined. Then, the bales were
disintegrated as follows: in a clean area the
sampled bagasse was placed upon a polyethylene
mat sectioning it at half its volume and, afterwards,
it was manually disintegrated in a careful and rapid
way to decrease the possible humidity variations.
Five samples of bagasse were taken from each
pile, properly homogenized; then, they were packed
in a polyethylene bag which was sealed and
identified afterwards with a code.

The granulometry and morphological
were carried out:

analyses

1. With the samples of bagasse without being
subjected to any mechanical treatment.
2. With the samples of bagasse after being
processed in a pilot plant hammer mill.

The objective of this test was to compare the
influence of storage time upon the sensitivity of the
material to mechanical treatments, “degree of
fragility”, term usually employed in particle board
industries. The possible increase of the “fine
fraction” was also measured. The analytical
modified techniques (ICIDCA) DP-1 and DP-2, with
screens (mesh/mm): 1.0/25.4; 2.5/8.0; 10.0/1.68;
18.0/0.9205; 30.0/0.547 and 60/0.25 were

respectively used to carry out the morphological
and granulometry analysis. The sum of the
fractions passing the mesh 18.0 was denominated
“fine fraction”.

The indexes of losses due to storage were
determined on the basis of the differences between
the initial and final dry basis weight of the sampled
bagasse bales. Traditional worldwide known
techniques were used for the rest of the analysis.

3. Results and discussion
3.1. Temperature and humidity records of bagasse

The temperature values in the interior of the bales
were recorded every three hours during three
months. In Fig. 2, the daily averages
measurements are shown. The values of ambient
temperature as it was reported out by the National
Meteorology Institute in the zone of the
experimental area are also included for
comparison. From the obtained results, it was
possible to make the following comments:

1. In the cases of both wet baled bagasse (“IN”
and “DH”), the maximum temperature rise was
recorded in the first week of storage, reaching
values of 60 — 65 °C and even occasionally higher.
From that moment, the temperature began to
decrease down to about 30 °C after 6 - 7 weeks of
storage.

2. In the case of wet baled depithed bagasse
(“DH”), higher temperature values were recorded
perhaps due to a higher bale densification.

3. In the case of pre-dried baled bagasse (“PR”),
there was a slight rise in temperature during the
first 2-3 days reaching 50 °C. From that moment
on, the temperature decreased rapidly reaching 30
°C after 10 days of storage keeping in that range.

4. The temperature values recorded in the case of
both wet baled bagasse (“IN” and “DH”) showed an
intense exothermic microbiological process while in
the case of pre-dried baled bagasse “PR” this
process was lower due to its low humidity. The
results of humidity determinations are graphically
shown in Fig. 3.
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As it was expected, it can be seen from the
obtained results that the humidity values decreased
as temperature arose. The highest decrease was
observed during the first week of storage. In the
case of wet baled bagasse (“IN” and “DH”), the
initial humidity decreased from circa 50% to 35% in
the first week, and after 6-7 weeks, a value of 15%
was reached.

The humidity of the pre-dried baled bagasse (“PR”)
decreased similarly from an initial value of 25% to
15% in an equal period. The observed humidity
variations can be mainly due to changes in ambient
humidity registered in the rain season of the year in
the zone where the experiments were carried out.

3.2. Determination of Storage Losses

The behavior of the losses in terms of the storage
time for each one of the three cases (“IN”, “DH” and
“PR”) is graphically shown in Fig. 4.

The experimental values were fitted with the aid of
a program that determines the  best

32 —
30 —|
28 —

LOSSES (%)

26 —
24 —
22 | .
20 —|
18 —
16 —
14 — . °
12 —
10 —
8 —
6 —
4 —

2 —] -]

regression line which passes through the origin of
coordinates to correspond with the physical fact
that in “time zero” the losses do not exist.

Analyzing the results and taking into account that
determinations were only carried out on the basis of
both dry initial and final weights (Po), it can be
noted that

1. The higher losses were observed in the cases of
both wet baled bagasse, “IN” and “DH", during the
first 6-7 weeks of storage. After 40 days, some
stabilization was observed in a 20-25% range of
losses.

2. In the case of wet baled depithed bagasse, “DH”,
losses were slightly lower if compared with wet
baled raw bagasse, “IN”, thus indicating better
conservation degree.

3. In the case of pre-dried baled bagasse, “PR”,
the increase of losses was slower during the
storage time reaching a top value of 6.5% after four
months of storing.

max. 6,5%

Figure 4. Dry fiber losses vs. storage time. A Wet raw bagasse;

@ \\et depithed bagasse; OPre-dried depithed bagasse.
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The obtained results showed that wet baled
bagasse is submitted to intense chemical and
microbiological processes and to an enzymatic
destruction in the initial stage of its storing. With the
pre-drying of bagasse, the conservation degree of
the material is much higher.

3.3. Granulometrical and Morphological Analysis

In the case of bagasse before milling in a hammer
mill, the attempt to correlate the percent of “fine
fraction” (total passing mesh 18) with storage time
did not give satisfactory results.

However, it could be observed that in all cases,
obtained average values are always higher than the
initial value. In the case of milled bagasse, a
significant correlation was not found between the
percent of “fine fraction” and storage time either.

A comparison for each type of bagasse regarding
the content of fines in non milled and milled
material is shown in Table 2. The values are only
analyzed at the beginning and the average of the
rest of measures.

From the obtained results, it is difficult to draw
conclusions regarding the influence of storage time
on the sensitivity of the material to milling

processes. This can be due to sampling errors,
typical inaccuracies of the granulometrical
techniques and possibly to a very intensive milling
process which filled the differences in the “fragility
degree” of the material. In the results of the
morphological analysis for bagasse before milling,
in general, no significant correlation was found
between the percentage of fiber and the storage
time.

In the case of milled bagasse, it was demonstrated
that there exists a decreasing tendency of fibers
percentage in the cases of wet baled bagasse (“IN”
and “DH”) of about 10% and 8%, respectively after
4-5 months of storage time. In the case of pre-dried
baled bagasse (“PR”), no significant correlation was
found.

In Figures 5 and 6, where the experimental values
and the regression curves have been plotted for the
cases “IN” and “DH”, it can be noted that as the
storage time increases, the differences between the
percentage of bagasse fiber before milling and
milled increases too.

Bearing in mind that the morphological analyses
are more accurate than the granulometrical ones, it
can be stated that the results show some increases
of the “fragility degree” of stored bagasse by the
system of wet bales.

Wet Raw

Wet Depithed

Pre-dried Depithed

Type of bagasse Bagasse (IN) Bagasse (DH) Bagasse (PR)
Initial  Average Initial Average Initial Average
Before milling 32.07 34.74 24.03 25.46 4.65 12.87
Milled 55.22 56.78 48.10 51.10 44 .50 33.99
Difference 23.15 22.04 24.07 25.64 39.85 2112

Table 2. Influence of milling process on the “Fine Fraction” (passing mesh 18), %.
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3.4. Analysis of Solubility and Alcohol - Benzene
Extractives

The results of the analyses for the three analyzed
alternatives are shown in Table 3.
From their analyses, it can be observed that

a. The soluble content in hot water decreased by
60-65% approximately and 40-45% of its initial
value, respectively, for the wet bales bagasse “IN”
and “DH".

b. On the other hand, the soluble content in 1.0%
NaOH decreased 15-20%, respectively, for the “IN”
and “DH” cases. In the case of “PR”, the decrease
was of 7-10%.

c. The extractives in alcohol-benzene decreased
approximately 30-35% (“IN”), 15-20% (“DH”) and

3.5. Brightness Analysis

Mechanical pulp sheets were made for each of the
types of bagasse for determining the influence of
bagasse quality upon brightness. The results,
obtained with a Datacolor ELREPHO designed
specifically for the use of the paper industry, are
shown in Fig. 7 where the difference between the
initial ~ brightness values and the fact that the
depithing operation notably influences on this
parameter can be observed.

Regarding the brightness behavior during storage,
it should be noted that in the cases of mechanical
pulp sheets from wet baled bagasse (‘IN” and
‘DH”), a marked decrease is noted with few
differences. In the case of pre-dried depithed
bagasse (“PR”), no significant change was

20% (“PR”). observed.
Solubility in Solubility in Alcohol-Benzene
Sample Days Hot Water, %  NaOH at 1,0%, (%) Extractives, %
(IN)
IN-0 5.07 38.43 4.48
IN-1 4 4.47 32.10
IN-2 6 3.37 28.25 2.54
IN-4 19 3.76 2411 3.34
IN-6 39 2,77 25.01
IN-8 89 3.71 26.34 2.28
IN-9 141 1.72 26.10 2.88
(DH)
DH-0 4.75 34.35 6.42
DH-1 2 3.31 32.58
DH-2 5 6.12 31.06 3.81
DH-3 7 3.58 31.40
DH-5 20 2.76 3.20
DH-6 40 3.58 26.94
DH-7 90 242 25.72
DH-8 142 28.15 6.23
(PR)
PR-0 10.40 36.89 8.32
PR-2 14 10.65 34.51 10.13
PR-3 30 5.36 34.35
PR-5 82 9.54 34.16
PR-6 134 6.45 34.03 5.90

Table 3. Solubility of stored bagasse referred to initial weight.
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4. Conclusions

From the results of the evaluated experimental
work, it can be stated that both wet baled stored
bagasse, raw “IN” and depithed “DH”, show a
greater deterioration and changes than in the case
of pre-dried baled (“PR”) stored bagasse. As an
important aspect which backs up this conclusion, it
can be pointed out for cases “IN” and “DH” that

1. The temperature profile makes evident an
intense temperature rise in the first eight days of
storage reaching values of up to 65'C in the case of
wet baled bagasse “IN” and “DH” followed by a
gradual decline until values of around 30 °C were
reached in 40 to 50 days, remaining constant for
the remainder storage time.

2. An increase of the difference between the
percentage of bagasse fiber before milling and after
milling was reported and this may constitute an
index of the “fragility degree” of the material.

3. As a result of microbiological activity, the fiber
losses due to storage are significant for wet baled

bagasse and it can be stated that they are above
values of 20%.

4. In the chemical analysis, a decrease of the
cellulose and pentosans content and no significant
change of the lignin content were observed.

5. The soluble content in hot water exhibited a
marked tendency to decrease in dependence of the
storage time.

6. The brightness of wet baled bagasse is seriously
affected and only few differences are noted
between each case.

7. Evidence that depithing operation introduces
significant variations in this examined aspect was
not observed.

8. In the case of pre-dried stored depithed bagasse
‘PR”, a higher conservation was observed
characterized by the following facts:

e Losses due to storage are sensitively lower with
figures ranging between 4.0 to 6.0%.
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e Reduced temperature rise making evident less
microbiological activity.

e Significant changes are not observed in the
granulometrical, morphological and in the
chemical analyses, as well.

e Brightness of bagasse did not show a significant
correlation with storage time.
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