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Abstract

Campeche, Quinta Roo and Yucatan are states that have high forest activity, in tropical forest and wood
industry, with a great waste disposal, which could be an alternative for profitable use. Promoting the
management and use of this biomass, would generate energy benefits for the North of the Yucatan Peninsula.
In this work, the energy potential of wood residues generated in the states of Campeche, Quintana Roo and
Yucatan was determined by the calorific value and basic density. The wood preparation for density and
calorific value studies was carried out in accordance with the Tappi T264 standard. The heat value was
determined with a PARR 1266 calorimeter and the basic density according to the Tappi T258 standard. The
statistical analysis was developed with the SAS program, version 9.3. The results show significant
differences for basic density and heat value, being Bucida buceras L. the species with the highest values in
both parameters, however, in this work was a negative correlation between the basic density and the calorific
value.
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1 Introduction

The energy system of a country is fundamental for
its economic, environmental and  social
development, where a sustainable energy supply
allows an adequate functioning of the productive
system and, as a consequence, provides social
benefits through the generation of jobs (Kautto N.
and Peck P., 2012, Bondolich C. and Roccia H.,
2013). In Mexico, there is potential for the
generation of alternative energies from biomass,
however, in 2010 the participation of this in the
energy supply was only 4.3%, mainly due to the
use of firewood and cane bagasse (Garcia et al.,
2015).

The northern zone of the Yucatan Peninsula
is one of the areas with the greatest potential for
the use of wood energy, with a great diversity of
forest species, characteristic of the region. Much
of the forest management practiced in the area
focuses on the use of precious woods such as red
cedar and mahogany, however, many of the
species that coexist in the area are the main source
of energy use, used as firewood for the rural
populations of Campeche, Quinta Roo and
Yucatan. Although there is a commercial use for
their wood, the forestry activity and the wood
industry generate a large amount of waste in the
form of sawdust and some other pieces of wood
of different shapes, which could represent greater
income opportunities if they were used as energy
options. (UNDP et al., 2014; German-Nava et al.,
2014).

Therefore, within a sustainable scenario,
biomass hopes to become one of the best
renewable resources for the production of food,
livestock feed, materials, chemicals, fuels, energy
and heat (Aresta, 2012, Garcia et al., 2015). In
addition, studies prove that the chemical
composition of natural biomass is simpler than
that of solid fossil fuels, however, the
characteristics of the biomass vary according to
the source and need to be known in detail before
any thermochemical process is developed.
(Sauciuc et al., 2014; Vassilev et al., 2010).
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It is said that the biomass potential
represents a significant amount of energy and
there are several transformation processes, which
can be used to produce energy in the form of gas,
liquid and solid, from virgin or residual biomass,
and the potential characteristics of these Raw
materials such as moisture and energy content are
considered important effects for the selection of
species and biomass residues (Klass et al., 1998,
Ramirez, 2015). Thus, energy options such as
solid fuels are seen as one of the best options,
since this biomass does not need any prior
chemical intervention for its use, besides having
environmental and economic advantages, since it
is cheap and is a renewable resource (Erol et al.,
2010).

The calorific power of the biomass is an
indicator of the energy that is chemically bound to
it and that in the combustion process is
transformed into thermal energy. The calorific
value is considered the most important property of
a fuel, since it determines its energetic value (Erol
et al, 2010). Previous studies mention that the
range of calorific power for wood is from 4000 to
5000 kcal - kg-1 in dry weight (Tancredi et al.,
2005). On the other hand, density is a variable
linked to physical properties, which has a positive
correlation with calorific value (Kumar et al.,
2010). Some of the values reported for densities
range from 440 to 963 kg - m-3 (Manulala and
Meincken, 2009, Telmo and Lousada, 2011).

However, due to the growing demand for
energy, limitations for the creation of new
technologies from biomass, have made fossil fuels
with high calorific value widely used, making
biomass lose importance despite the recent
development of systems for the production of
cleaner energy (Cutz et al, 2016, Bilgili et al.,
2017).

So in this work the energy potential of wood
residues generated in the states of Campeche,
Quintana Roo and Yucatan was determined by
determining the calorific value and basic density,
to determine their viability as solid fuels.
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2. Methodology

To achieve the stated objective, the following
methodology was followed: Wood samples were
collected from the main species harvested in the
felling areas of the timber management programs
of the states of Campeche, Quintana Roo and
Yucatan. The samples taken were of residues that
are generally abandoned in the field as branches
of different diameters and pieces that are not sent
to the transformation centers. Each sample
collected was labeled with basic control
information: name and coordinates of the site,
date, species and sample number. These samples
were sent to the laboratory of forest products and
wood technology of the San Martinito
Experimental Field (INIFAP), for the estimation
of the basic density and calorific value.

Preparation of simple

The collected materials were transported to the
laboratory where the samples were prepared in
accordance with the TAPPI T257 standard. The
milling of the study material was done using a
Thomas Wiley mill. The milled material was
sieved with No. 40 and 60 meshes, using only the
material retained in No. 60 mesh. This material
was placed in paper bags with their respective
identification and stored for later calorimetry
analysis.

Heating power (PC)

For the PC determination, a Parr 1266
Calorimeter was used, following the procedure of
the operation manual. The calorimeter was
calibrated with benzoic acid tablets of calorific
grade. For its determination, a pellet was formed
with the ground material with a weight between
0.5 to 0.9 g, with a sample moisture content
between 5-10%. The pellet was placed in a
combustion pod, in addition to the 10 cm ignition
wire on the pellet, preventing the wire from
rubbing against the walls of the capsule.
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Then, the capsule with the pellet and the
wire were placed inside the oxygen pump, closing
to inject as oxygen the combustion medium.
Finally, the pump was placed inside a bucket and
connected to the electrodes. The determination of
the CP was carried out in a time not greater than
ten minutes, performing five repetitions per
sample. The results were obtained directly from
the calorimeter in units cal - g-1 and adjusted
according to equation 1.

__ Ee (At)—10-Lai (k)
- Pm

PCt 1)
Where:

PCt total calorific value [cal - g-1]

The equivalent energy [cal - ° C-1]

At increase in temperature [° C]

The length of the burned ignition wire [cm]
Constant k (2.3 cal.cm-1)

Pm weight of the wood pellet [g]

Density

The density of the wood was determined by the
volumetric  displacement method, since precision
and reliability were required in the results and the
pieces collected from wood were irregularly
shaped, for this purpose wax was used to cover the
samples and avoid measurement errors. the weight
of the sample before and after waxing.
Afterwards, the sample was introduced in a
container with water until it was completely
covered. The container was placed on the digital
balance so that during the operation the weight of
the displaced liquid was recorded directly, which
is proportional to the force of the water on the
sample. The density of water is equal to 1 g - cm-
3 and therefore the weight recorded by the balance
is equal to the volume of the sample. The basic
density was calculated by relating the anhydrous
mass and volume of the saturated wood, as shown
in equation 2.

pp=22 ©)

Vv
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Where: The basic density of the studied species was

Db basic density of wood [kg - m-3]
Po anhydrous weight [kg]
Vv green volume [m3]

With the weight and volume data, the initial
moisture content was calculated, expressed in the
caution 3:

CH = (Ph—Po)
Po

-100 3)

Where:

CH moisture content [%]

Ph initial weight of wet wood [kg]
Po anhydrous weight [kg]

For the estimation of the basic density and
calorific power, five repetitions were made for
each species and place of origin of the sample. An
analysis of variance was performed represented in
the statistical model of equation 4, as well as a
multiple comparison of means by the Duncan
method, using the SAS 9.3 program®.

Yij = U+ T te; 4)

Where:

Yij is the answer

u is the general average of the experiment

Tiis the effect of the treatment

eij is the treatment error associated with the
response Yij

3. Results

According to the multiple means comparison,
statistically there are significant differences in
calorific power and basic density with p <0.05 of
the species studied. In relation to the calorific
value (table 1) 11 groups were obtained, in a range
of values ranging from 4000.3 to 4706.71 kcal -
kg-1 being the species Coccoloba spicata (Bo'o)
with lower PC and Bucida buceras L. (Pucte) the
one with the highest PC value.
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presented in values of 366.8 kg - m-3 and 846.2 kg
-m3 (table 2), being the species Bursera simaruba
Sarg. (Chakd) the lightest wood and Bucida
buceras L. (Pucte) the densest.

It can be observed that the calorific value
and density results are in accordance with the data
reported in the literature, noting that Bucida
buceras L. and Psychotria pubescens Swartz were
the species with the highest combustion values,
having an energy content per unit volume of
3999.58 and 3914.72 Mcal - m-3 respectively.

Species Calorific power
(kcal-kg?)

Bucida buceras L. 4706.71 A

Psy chotria pubescens Swartz 4667.61 AB
Lonchocarpus castilloi Standl. 4649.35 AB
Lysiloma latisiliquum (L.) Benth. 4631.77 AB
Thouinia pausidentata 4588.67 B

Swietenia macrophylla King. 4585.65 B

Swartzia cubensis (Britt & Wils.)|4490.52 C
Standl.

M atayba oppositifolia Britton 4483.28 CD
Tectona grandis 4473.81 CD
Vitex gaumeri Greenm. 4470.84 CD
4470.58 CD
Psidium sartorianum (Berg.) Ndzu. 4467.89 CD
Bursera simaruba Sarg. 443465 CDE

Exostema caribaeum (Jacq) Roem. &|4421.45 CDE
Schult.

Piscidia piscipula (L) Sarg 4390.70 CDEF
Gymnopodium floribundum Roste 4388.82 DEF
Platy miscium yucatanum Standl 4360.13 EF
Diospyros cuneata Stanley 4350.90 EF
Caesalpinia violacea (Miller) Standl. [4304.48 FG

M imosa bahamensis Benth 424724 GH
Thevetia gaumeri hemsl 423146 GH
Lysiloma latisiliguum (L.) Benth. 4222.46 GHI
Acacia gaumeri Blake 4187.20 HU
Guetta combsii Urban 4186.27 HI
Caesalpinia gaumeri Greenm. 413182 1
Acacia milleriana Standl. 412452 ]
Guazuma ulmifolia Lam. 4118.19 J
Lonchocarpus Rugosa 4000.30 K

Table 1 Average calorific value of the forest residues of the
Yucatan Peninsula (values with the same letter are not
significantly different)
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Species Density 4700
(kgm3) ™ ° ..
Bucida buceras L. 8462 A 4600 ° °
Psychotria pubescens Swartz 8387 B e
Caesalpinia gaumeri Greenm. 8346 C 2 4500 ° o0 L
Acacia milleriana_Standl 8256 D S a0 | ° . A
Mimosa bahamensis Benth 8179 E S ] °
Acacia gaumeri Blake 7856 F § 4300 L4
Thouinia pausidentata 7632 G g o® °
Caesalpinia violacea (Miller) Standl. | 7564 H e 4200 ° °
Swartzia cubensis (Britt & Wils)) | 747.1 | § ° P °
Standl. e 4100
Psidium sartorianum (Berg.) Ndzu. 7468 ]
Lonchocarpus Rugosa 7421 K 4000 y = 43547 +00636x ©
Matayba oppositifolia Britton 7309 L 3900
Lonchocarpus castilloi Standl. 7109 M 300 500 700 900
Platymiscium yucatanum Standl. 7074 N Basic density (Kgn?)
Exostema caribaeum (Jacq) Roem. & [ 7009 O
Schult.
Coccoloba spicata 6983 P . . . . -
Gymopodium floribundum Roste 5654 O bGar:IiEhdlgniit:/_mear regression analysis, calorific value &
Diospyros cuneata Stanley 6571 R
Guetta combsii Urban 5801 S .
Piscidia piscipula (L) Sarg 5557 T 4. Conclusions
Thevetia gaumeri hemsl| 5501 U
Lysiloma latisiliquum (L)) Benth. 5204 V Forest residues from forest management programs
Guazuma ulmifolia Lam. 503.0 W in the northern Yucatan Peninsula represent an
Tectona grandis _ 4830 X opportunity for the generation of alternative
\S/W'ete”'a ”‘a‘?rgphy"a King. 462-1 Y energies. Given that, the values of calorific power
ftex gaumeri Greenm. ;126:; i and basic density obtained in this study showed

Table 2 Average basic density of the forest residues of the
Yucatan Peninsula (values with the same letter are not
significantly different)

The forest residues evaluated in this work
show a coefficient of determination R2 of 0.002,
which indicates that the values of basic density
and calorific value are not directly related (figure
1), as was the species Lysiloma latisiliquum (L.)
Benth, from which samples were obtained from
the states of Campeche and Quintana Roo, these
had an equal basic density, however, the calorific
value was different, being higher the species from
Quintana Roo.
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high values such as the species Bucida buceras L.
(Pucte).

On the other hand, the viability of forest
biomass as fuel depends on the correlations and
associations between its chemical composition, so
it is important to have other analyzes such as
chemical composition and elemental and proximal
analysis that can strengthen this study.
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