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Abstract: Agro-industrial biomasses are materials that come from the transformation of sources of vegetable or animal origin
generally used for energy processes. This bibliographic review describes five economic interest biomasses in Honduras:
coffee, African palm, sugarcane, shrimp, and cashew. A general description of each biomass is made, contextualizing
the economic importance in the country, a brief description of the production process, current uses, and possible future

applications.
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|
Introduction

In many countries, the agro-industry represents an es-
sential impact on the global economy, generating foreign
exchange and employment. Honduras is the primary sector
of economic development, followed by the manufacturing,
agricultural, and mining sectors™.

However, these beneficial practices for society gene-
rate considerable amounts of waste, which in many cases
represent environmental problems that are difficult to ma-
nage. These residues have important physicochemical cha-
racteristics that could enhance the circular economy and
minimize ecological issues.

Until December 2021, agro-industrial activity accounted
for 53% of total export earnings, with coffee being the main
product in this agro-industrial category, followed by palm
and shrimp. However, according to the Central Bank, there
was evidence of a deficit in the import-export ratio, mainly
due to imports of raw materials, consumer goods, and fuel'.

To improve this deficit, Honduras must export more
products or decrease imports. A window of opportunity is
the use of waste generated in agribusiness. Depending
on their origin, these residues contain essential chemical
compounds that can be extracted, transformed, and used in
many industrial applications to create products or raw mate-
rials that can no longer be imported as they are generated
locally.

Biomass from agribusiness has various possibilities
and can be the basis for developing a biorefinery in Hon-
duras that generates energy and chemical products. It is
a cleaner and more environmentally friendly alternative to
replace fuels and chemical products from non-renewable
sources.

Currently, in Honduras, most of the biomass generated
in agribusiness is used for energy production, taking advan-
tage of its calorific value. For example, biomass is directly
burned, as occurs with parchment or coffee husk, palm fiber
or shell, the sugarcane bagasse, and the cashew nutshe-

IIl. On the other hand, biomasses that do not have a direct
application in energy, as is the case of shrimp waste, are
used for animal feed production.

Based on the literature review, this work is the first to
evaluate the current uses and other potential applications
of biomass generated in Honduras, focusing on those from
coffee, palm, sugarcane, shrimp, and cashews, presented

in Figure 1.

Coffee

The coffee bean is prepared as one of the most popu-
lar drinks worldwide. This is due to people associating its
consumption with "energetic" benefits that will help them do
daily activities. With psychostimulant substances aid, such
as caffeine, people hope to lighten the struggle of daily ac-
tivities?®.

Most coffee bean production comes from two species:
Coffea arabica (Arabica) and Coffea canephora (Robusta).
Both species have gone through multiple analytical techni-
ques that have revealed their differences*¢. The economic
importance of coffee among the producing and consuming
countries has led to profound studies interested in differen-
tiating varieties through plant genetics, sensory properties,
and cup quality”®.

According to the International Coffee Organiza-
tion (OIC), the worldwide production for the coffee year
2020/2021 was 168.88 million 60 kg bags, representing a
0.1% decrease from last year's production. Nevertheless,
the Arabica production was 99.26 million bags, representing
a 2.2% increase from the 2019/2020 production. The gene-
ral decrease in production is due to the Robusta species®.

The OIC states that ten countries represent 89% of
worldwide production. Brazil, Vietnam, and Colombia do-
minate the list. Indonesia, Ethiopia, Honduras, Uganda,
India, Mexico, and Peru follow these countries. The mentio-
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Figure 1. The primary biomass genera-
ted in Honduras are coffee, palm, sugar-
cane, shrimp, and cashew.

ned countries sustain global coffee consumption. In the ten
years before 2020, coffee consumption increased by 1.9%
on average. In 2022, an increase of 3.3% was expected®1°.

According to the OIC and the Honduran Coffee Ins-
titute (IHCAFE for its Spanish acronym), Honduras takes
sixth place among the highest coffee-producing countries.
According to the OIC reports, Honduras represented 3% of
the global coffee production in 2020/2021. Figure 2 shows
the Honduran production in millions of 46 kg bags accor-
ding to IHCAFE through the coffee years of 2016/2017
to 2020/2021; as shown in Figure 2, a slight increase in
production is appreciated in the periods of 2016/2017 to
2017/2018. On the other hand, a decrease in production
was reported from 2017/2018 to 2020/2021. This decrease
caused Honduras to lose fifth place in the list, going down
to sixth place™.

The coffee bean is the most important agricultural pro-
duct in Honduran exports. This is due to its impact as a
source of foreign exchange. The National Statistics Institute
(INE for its Spanish acronym) reported 868 million dollars
in exportations for 2020, a decrease from previous years.
In 2017, a historical amount of 1.29 billion dollars in coffee
bean exports was recorded’?.

Temperature, altitude, and precipitation affect the Hon-
duran coffee bean production. The optimal growing condi-
tions for a 100% Honduran Arabica type coffee are tempe-
ratures ranging from 14 to 26 °C, altitudes from 400 to 1200
meters above sea level for tropical regions, and annual
1000-2700 mm precipitations*'5.

The coffee bean comes from the coffee fruit, locally
known as the "coffee grape" or the "coffee cherry." The
fruit's morphology is shown in Figure 3. It consists of an
exocarp, the outer skin, which changes color from green to
red due to its growth. This changing color is a significant pa-
rameter to consider in its harvest. The mesocarp is a sticky
layer abundant in carbohydrates and derivatives such as
pectin. The mesocarp consists of a pulp and mucilage. The

endocarp, known as parchment, is a thin yellowish layer
that protects the endosperm or the coffee bean, which has
a layer known as the silver skin?.

The commercially important part, the coffee cherry, is
agro-industrially processed to obtain the coffee bean. The-
se operations are known as coffee processing. This pro-
cess follows steps ranging from the coffee fruit reception
to the drying without parchment, known internationally as
green coffee beans'”. The processing can be done in diffe-
rent ways, in a dry or wet way. Dry processed coffee is the
oldest and easiest way to obtain the grain, which consists
of a single sun-drying stage of the coffee cherry immedia-
tely after its harvest. Through this method, we get natural
or sun-dried coffee. The washed coffee is obtained through
the wet method, using large amounts of water. Wet coffee
processing consists of two stages: the wet and dry stages.
The wet stage consists of a series of steps going from the
fruit reception, de-pulping, demucilaging (fermentation),
washing, classification, and drying until we get a seed with
12% humidity. Once the ideal humidity levels are reached,
it begins with the dry stage, starting with storage, threshing,
classifying, tasting, and packing. 90% of Honduran-produ-
ced coffee is wet-processed and is destined for exportation.
The other 10% is dry processed and is used for national
consumption'. Coffee processing is a crucial stage that
uses the big differences in the coffee beans' anatomy, che-
mical composition, and humidity, affecting the final product's
quality in its sensory properties and the number of genera-
ted by-products’®.

With the dry processing method, only one by-product is
generated by mechanical threshing after drying. The by-pro-
duct consists of the coffee husk of the skin, pulp, mucila-
ge, and parchment. All of this represents about 45% of the
fruit®°. On the other hand, with the wet processing method,
the skin and the pulp are potentially recovered in the me-
chanical depulpment in a percentage of 43.2%, the mucila-
ge in the demucilaging stage in 11.8%, and the parchment
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Figure 2. Coffee pro-
duction in Honduras in
millions of 46 kg bags in
the harvest from 2016 to
2021.
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after the drying and dehusking in 6.1%". The silverskin is
only removed after the coffee roasting process. This opera-
tion is considered extra to the wet processing stages carried
out in Honduras'®. The adapted Table 1 of Iriondo-De-Hond
et al."® summarizes the number of by-products generated in
the wet and dry processing and the bioactive compounds
and nutritional compositions present in each one.

The environmental and social impact of coffee proces-
sing, added to the increase in its production, has aroused
interest in organizations, governments, producers and so-
ciety to pay attention to by-products. To save resources in
the agri-food sector, the Food and Agriculture Organization
(FAO) suggests implementing a waste hierarchy that redu-
ces the by-products. The most recommended actions are
prevention, reduction, reuse, and recycling. The least re-
commended action is incineration and landfills?°.

Coffee can be used in ethanol production via traditional
fermentation through yeasts from two substrates: fresh and
dry husks. A total amount of 14 and 29% in sugars on a dry
basis for these substrates has been reported, respectively.
In 2009, Gouvea et al. conducted fermentation studies, con-
cluding that the mentioned substrates are a potential sour-
ce for ethanol production compared to other residues. They
recommend analyzing these wastes for potential substrates
destined for biorefinery?'.

In the same year, Murthy et al. reported the solid-state

Silverskin

fermentation (SSF) of the husk, pressed pulp, parchment,
and silver skin as substrates and the Neurospora crassa
as the fungal strain to obtain the a-amylase enzymes that
show acceptable enzymatic activity?2. Additionally, the same
research group reported the extraction of phenolic antioxi-
dants from these coffee wastes employing mixtures of sol-
vents and pretreating the wastes with mixtures of cellulolytic
enzymes (lysozyme), obtaining mainly chlorogenic acids
(CGA). The silverskin reported the most significant yield in
the extraction, revealing that these by-products can be a
source of extraction of other bioactive compounds of inte-
rest, such as nutraceuticals and food preservatives?:.

Other authors have found other applications of indus-
trial interest for the coffee by-products. Among the many
applications found, some of them are food coloring®*%, ob-
taining honey and coffee flour?, as a fiber source in biscuits
and bakery preparations, and?”? as potassium and vitamin
C sources through the manufacture of instant drinks?®.

Oliveira et al. used dry coffee husks as a heavy metal
bio-adsorbent in the materials field. The heavy metal ions
in the aqueous solution were copper, zinc and chromium.
They report a successful sorption for low concentrations of
the ions®.

The coffee husks have been used as biomass for ener-
gy production. For example, the husk with the least mucila-
ge reported a high calorific value of 16.1MJ/kg. On the other
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Quantity, composition, origin, type, and stages of processing where

by-products are generated

By-product Cascara Mucilage Parchment Silverskin

Origin Producing Producing Producing Worldwide
countries countries countries

Type of processing Dry/Wet Wet Wet Dry/Wet

step Pulping Fermentation Hulling Roasting

Kg by-product/100 kg 39 - 45%* 22% 39% 2.08%*

cherry*/bean**

Macronutrients

% Carbohydrates 45 - 89 45.8 0.45 44

% Total fiber 18-32 0.9 89 -91 62.4

% Lipids 05-3 0.12 0.6 2.2

% Protein 4.0-12.0 0.93 0.4 16.2-18.6

% Protein energy value 94 1.9 0.8 18.8

Micronutrients

% Ash 3.0-10.0 043 0.5-1 50-7.0

Magnesium [mg/100 g] 20.8 - 420 88 49 2002

Sodium [mg/100 g] 100 - 266.6 - - 5.32

Potassium [mg/100 g] 2284 - 2460 1282 11 4977

Calcium [mg/100 g] 54.8-554 370 190 584

Iron [mg/100 g] 43-15 30.2 33 41.8

Vitamin C [mg/100 g] 69.8 - - 110

Bioactive Compounds

% Tannins 1.8-93 - - 0.02

% Caffeine 1.2 - 0.1 1.4

% Chlorogenic acids 10.7-12.6 - - 15.8

% Melanoidins 15 - - 17-23

*Data are expressed in % of dry matter

Table 1. Nutritional composition and bioactive compounds of coffee by-products. The date is expressed in dry mass

percentage.

hand, parchment reports a high calorific value of 18.2MJ/
kg. However, these results may be affected by its low bulk
density, increasing storage and transportation costs®'.

African oil palm

African oil palm, or macaw-fat or just oil palm, is a tro-
pical plant that grows in lands with altitudes less than 500
meters above sea level. Its origin can be traced back to the
Gulf of Guinea in West Africa, hence its scientific name,
Elaeis guineensis. Its introduction to the American continent
is attributed to the Portuguese colonizers and traders due to
the presence of oil palm in their diet®.

Palm oil is Honduras's second most exported agro-in-
dustrial product; in 2021, a total export of 490.81 million ki-
lograms was reported, equivalent to US $554.4 million in

the Global Market'. Honduras is one of the leading palm
oil producers, ranking eighth in world production and third
in all American countries, bested only by Guatemala and
Colombia.

African oil palm cultivation in Honduras began in 1929
when the United Brands Company started planting seeds
of several strains of Malaysian origin. These seeds were
planted at Lancetilla Botanical Garden in Tela, Atlantida De-
partment. The first oil palm plantations with for-profit pur-
poses were established in 1936 and 1938 in El Progreso,
Yoro Department. In the '70s, the oil palm industry began
to rise with a project of 11,000 hectares in the Aguan Valley
in Colon Department, and in the '90s, growth in industrial
development was prompted due to companies and inde-
pendent producers uniting to create Federaciéon Nacional
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de Productores de Palma de Honduras (FENAPALMAH)®2.  theless, the mesocarp's oil content is low concerning the

Until 2016, it was estimated that 189,500 hectares were  fruit, making only about 17-18% of its weight. The psifera
planted, 155,000 were in production, and the rest were still  variety can be distinguished because it has a fruit without an
in development. The main product of interest of the oil palm endocarp and has fibers surrounding the endosperm. The
is the crude oil contained in its fruit. The fruit has an ovoidal tenera variety has an endocarp with a thickness of 0.5 to
shape, is 3 to 6 cm long, and weighs about 5 to 12 grams; it 4 mm, and the mesocarp has a high weight proportion of
has red-colored skin, and its diameter can go up to 4 cm. It  60-96%, but the proportion of crude oil per bunch, usually
presents a smooth and shiny epicarp, a mesocarp or fibrous  between 22-25%, with the best plants reaching up to 30%
tissue that contains lipids within their cells, an endocarp or  of the whole bunch weight®.
nut comprised of a lignified shell and an endosperm or oily In the cultivation of the African oil palm, there is a ger-
almond, as seen in Figure 4. mination period between 75 to 90 days, and then they are

The African oil palm is a perennial plant with three varie-  transferred to a nursery where they remain from 10 to 14
ties: dura, pisifera, and genera. The general variety is used months. The adequate initial development in this phase di-
in crude oil extraction and comes from a cross between two  rectly influences the behavior of the seedlings in the field
varieties, dura and pisifera; its general characteristics are and will affect the production of bunches during the first
shown in Table 2%2. The dura variety has a mesocarp that years of harvest. The harvest is carried out throughout the
takes about 35-50% and reaches 65% of the fruit. Never- year as long as it is considered that the fruit has matured
enough since this guarantees a higher content of lipids. The
change from a purple to a reddish-orange color in the fruit
signifies correct ripening. The harvest can take between 30
and 36 months from when the palm is planted in the field.
The harvesting cycles can vary depending on the age of the
palm and the regional climatic conditions; these are more
frequent in rainy seasons®. A palm is considered young
when it is under five years old; it produces 14 bunches per
year, weighing 7 kg per bunch, increasing to about 22 kilo-
grams when the plant reaches eight®®.

After harvesting, the fruit is processed at an extracting
plant to obtain the crude palm oil; in some plants, the crude
oil is refined to obtain refined, bleached, and deodorized
oil (RBD oil). At the extracting plant, the first stage is the
reception of the bunches, where most of the impurities co-

Mesocarp Epicarp

S _ ming from the field are removed. The bunch goes through
Pericarp a machine that fractures it into several pieces, allowing the
Figure 4. Vegetal morphology of the fruit of Elaeis guineen-  fruit to fall out and separate from the rachis, which is the
sis variety tenera. fibrous structure that supports the fruits. The crushed fruits
Parameter Value
Leaf production 24 to 30 leaves per palm
Bunch production 12 per palm 1n a year
Bunch weight [kg] 20-30
Fruit weight [g] 10
Fruit production [tons/hectare] 1-1.6
. Table 2. General
Almond oil [tons/hectare] 0.5 data of the African
Kernel cake [tons/hectare] 0.45 oil palm - Elaeis
guineensis variety
Shell production per seed [%] 5 tenera.
Pericarp/fruit [%] 86-92
Oil /bunch [%] 20-25
Oil production per vear [tons/hec- 5-8
tare|
Fiber production/bunch [%] 13

Production of rachis/bunch [%] 22
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and rachis are sterilized to maintain the crude oil quality and
detach the seed from the fruit. Presses extract the crude
oil from the sterilized fruit, obtaining solid organic matter
as a by-product. The crude oil is dragged by hot water to
maintain its temperature and goes through a clarification
process®®. After the extraction process, the crude palm oil is
ready to be refined and transformed according to the objec-
tives of the production plant.

The crude oil contains a balanced composition of satu-
rated and unsaturated fatty acids with 4% monounsaturated
oleic acid, 10% polyunsaturated linoleic acid, 40% satura-
ted palmitic acid, and 5% saturated stearic acid. It contains
antioxidants in the form of vitamin E and vitamin A¥. The
solid mass is kernel cake, separated into rachis fibers and
seeds. The seeds are taken to the palmistry section, whe-
re they are broken to separate the kernel from the shell to
obtain palm kernel oil. The fiber of the rachis, the shell, and
all the seed fibers that have gone through the oil extraction
process are dried and used as fuel for boilers®.

Crude palm oil is one of the oils with the best relations-
hip between production cost and yield per hectare®. Until
2016, fifteen extraction plants were known in Honduras. Six
plants produce RBD oil, and five offer manufactured pro-
ducts to be marketed, as shown in Table 3. These oil extrac-
tion plants showed a yield of approximately 20% in terms of
oil recovery, which means about 520,000 tons of oil come
from an annual production of 2,550,000 tons of palm, for
which a yield of 16.45 tons of fruit was estimated fresh per
hectare®.

According to the National Federation of Oil Palm
Growers (Fedepalma) in Colombia, four general sectors of
palm biomass utilization can be identified: energy (biofuel
and electricity), manufacturing (also known as eco-pro-
ducts), agriculture (animal feeding and compost), and bio-
technology (high-value chemicals and activated carbon)*'.

Due to the vast quantity of palm planted on the Hon-

duran soil and the high yield of oil extraction, a significant
amount of biomass is produced, mainly utilized as fuel ma-
terial for the boilers of cogeneration systems in the oil ex-
traction plants. However, this is only a measure to reduce
the amount of waste and cannot utilize all the biomass po-
tential as renewable energy. Table 4 shows the physical and
chemical data of the main components of the biomass used
in extracting plants*2. The oil that remains in the seed and
cannot be removed is also considered*.

The high energy content of the oil is due to the amount
of long-chain fatty acids of about 16-18 carbon atoms.
However, many of the significant African palm oil producers
around the world, such as Malaysia, Indonesia, Thailand,
Colombia, and Ecuador, promote the use of the oil residues
contained in the biomass for biodiesel production becau-
se the seed has a significant amount of short-chain fatty
acids (8-10 carbon atoms) and medium-chained fatty acids
(12-14 carbon atoms). This biodiesel presents a compara-
ble quality to the biodiesel produced from rapeseed oil. The
latter oil is primarily utilized for biodiesel production*.

Biogas is another possibility of taking advantage of the
liquid biomass stored in the effluents of extraction plants
and oxidation ponds or biodigesters for energy generation*'.
The transformation of biomass to gas (BTG) has tested and
accessible technology for its direct use in boilers, power ge-
nerators, and other equipment. In Latin America, Honduras
and other Central American countries are leaders in energy
development and have found a viable option for economic
growth.

Another significant residue from the extraction process
is the rachis, a part of the harvested bunch. In 2017, the
rachis was evaluated as a material that can adsorb certain
dyes found in wastewater. The effectiveness of rachis ad-
sorption was studied with and without chemical pretreat-
ment by controlling pH conditions, dye concentration, and
the ratio between the rachis and the dye in the wastewater.

Name Department Municipality Extrac- Refined and | Commercialization
tion transformed of products
Grupo Jaremar Atlantidaand = Tela and Tocoa X X X
(Two plants) Colon
DINANT Corp. Atlantidaand = San Francisco X X
(Two plants) Colén and Trujillo X
ACEYDESA Colon Trujillo X
AGROPALMA Colon Trujillo X
HONDU- Yoro El Negrito X X X
PLAMA
COAPALMA Colon Tocoa X X X
PALCASE Yoro Progreso X X
Coop. SALAMA Colén Tocoa X
PALMASS Colén Bonito Oriental X
COINSU Cortes Choloma X X X
CORAPSA Atlantida Tela X
HONDU- Cortés Puerto Cortés X
CARIBE
ASAPALSA Colon Saba X

Table 3. African palm oil extraction in Honduras.



This study concluded that the palm rachis is an effective
adsorbent of textile dyes, reaching a dye removal between
60 and 85%*.

Other more specific uses that can be given to African
oil palm residues are those related to nanotechnology. One
of these technologies is the manufacture of activated car-
bon. Furthermore, the presence of essential molecules in
palm oil matrices makes them good candidates as stabili-
zers for nanoparticle formation. Crude and fruit oils have
facilitated the biosynthesis of silver, zinc oxide, and gold
nanoparticles, which have applications as reducing agents,
stabilizers, and adsorbents. Carbon-based nanomaterials
can also be generated due to the chemical composition of
African palm biomass, as shown in Table 5.

In the Biotechnology field, the cellulose extracted from
this biomass manifests a high resistance and a low den-
sity, which are attractive physical and chemical properties
and present the advantage of having a low cost and being
biodegradable. Some materials it can synthesize are na-
no-cellulose, nanocrystals of cellulose, carbon nanotubes,
graphene, and activated carbon. These materials have a
wide range of uses, such as supercapacitors, complements
in biocomponents, production of polypropylene compounds,
concrete reinforcement, and treatment of effluents of oil ex-
tracting plants*e.

Biomass in other applications is reported, including pa-
per manufacturing and its use in specialized products such
as mattresses, filling materials, the automotive industry, and
plastics. In agricultural applications, biomass can be used
as a composting method. In animal feeding, some new
combinations of kernel cake mixed with vegetal material

A look into Honduran biomass: facts, uses and potential applications

from the leaves are used to produce animal feed pellets.

Sugarcane

Sugarcane is a plant that significantly influences Latin
American countries through seeding, harvest, and transfor-
mation*’. The sugarcane is a tropical grass of high altitude,
commonly related to sorgo and corn. A juice rich in sucrose
is accumulated in the plant, and this is transformed within
the sugar mills. Sugar is the resultant product of the harvest
of sugarcane leaves, which has an approximate growth be-
tween six and eight months, depending on the sugarcane
variety. In Honduras, the variety grown of sugarcane is S.
officinarum. The main section on which the transformation
and production of sugarcane is focused is the stem, which
is divided into nodes and internodes, as shown in Figure
5%4% The internodes comprise the solid part known as fi-
ber and the liquid known as juice, which contains water and
sucrose, as well as other components in small amounts, as
described in Table 6.

The sugarcane in Honduras is harvested manually by
burning and optimized using mechanized machines. By ha-
ving an adequate high, the sugarcane is transported to the
sugar mills for transformation, combined with the leaves,
corolla, and branches, which can affect the transformation
process in the mills. In Honduras, the sugar mills, with the
passing of the years, have been adapting their technologies,
trying to reduce the waste and by-products generated in the
production process. The principal product of the transfor-
mation of the sugarcane is sugar, which is distributed in the
local and international markets for later use in other proces-
ses*®. During the transformation, some by-products are ge-

Sample Average calorific Average ash Average volatile | Average moisture
value [KJ/kg] content [%] matter content content
[“o] [“e]

Rachis 18,795 4.6 87.04 67.00
Fibers 18,795 6.1 84.91 37.00

Shell 20,093 3 83.45 12.00
Kernel 18,884 3.94 88.54 0.28

Cake

Almond oil 38,025 0.79 74.27 0.02

Table 4. Energy data of biomass from African oil palm.

Cellulose
[%o]

Residues

Holocellulose | Hemicellulose = Lignin

[%o] [%o] [%o]

Rachis
Shell
Mesocarp fiber

43-65
27-35
43-44
40-50
29-37

Leaves

Pseudo-stem

Table 5. Carbohydrate distribution in African palm residues.

68-86
40-47
70-71
80-83
42-45

17-33
15-19
33-35
34-38
12-17

13-37
48-55
22-24
20-21
18-23
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Nodes

Figure 5. Nodes and internodes of sugarcane stem.

Components Stem [%]
Water 73-75
Sucrose 8-15
Fiber 11-16

Table 6. Main components of the sugarcane stem.

nerated, the most important being molasses due to its high
commercial interest. Other by-products are also generated,
such as bagasse, bacilli, and cachaca, as shown in Figure
6. These by-products were studied in the last few years to
find new alternatives to the green process and reutilization.
To a lesser extent, the bagasse and the bacilli continue to
be used in mills as the primary source of combustion for
steam generation in boilers®. Instead, the cachaza, the
by-product generated in the separation process of clarifica-
tion and filtration with a high content of humidity, around 70
g per 100 g of filter cake, has found alternatives as fertilizer
for the farmlands and as a supplement for the feeding of
ruminant's animals®'. In Colombia, a study was conducted
to use the cachaza as a nutrient material for the elabora-
tion of compressed earth by using the precipitation method,
a process which can generate precipitates of calcium car-
bonate and as a component for bioremediation process in
fields with high content of aromatics hydrocarbons and total
hydrocarbons®2.

In Honduras, according to the Secretary Department in
the Energy Office report, the current generation of renewa-
ble energy is based on 7.78% produced by biomass, a ca-
tegory to which the bagasse belongs, in comparison with
hydraulic energy (26.31%), wind energy (8.39%), photo-

Internodes

voltaic energy (19.04%) and geothermic energy (1.30%)%.
According to the Balances Energéticos Nacionales (BEN),
in 2017, it was estimated that 2.98 million metric tons of
bagasse were used to produce energy, representing an
equivalent of 3096 barrels of petroleum (BOE)®*. In Hondu-
ras, solar, firewood, wind, hydroelectric, and bagasse are
primary energies. The latter represented 23% in 2017. Of
this percentage, 48% was used by the industrial sector and
the rest was distributed by the Empresa de Energia Hondu-
ras (EEH). During 2017-2018, bagasse reached 30% within
the primary energies®. In 2019, this percentage decreased
to 11%. In 2020 because of the pandemic of COVID-19,
reported a reduction of 9%, which was all consumed by the
local industry®7.

The sugar mills located in Choluteca, Francisco Mora-
zan, Cortés, and Santa Barbara study the biomass of the
surroundings for the combustion in the boilers, focusing on
properties like caloric power as a principal physiochemical
parameter for (58) The bagasse contains the most quantity
of fiber inside the sugarcane after partially or entirely remo-
ving the sugar juice. The caloric power depends on the phy-
sicochemical composition, the percentage of humidity, and
the residual components as volatile compounds and ashes,
in addition to the particle size before the combustion in the
boilers. The dry bagasse was estimated to have a gross
calorific value (GCV) of 19,605 kJ/kg®°. Inside of the com-
mon parameters in the sugar mills, it was estimated that the
humidity can be in the range of 47-56%, affecting the GCV,
reporting values between 7500-8400 kJ/kg for the wet ba-
gasse®%2, The caloric power can be improved through the
methods of gasification and pyrolysis, which are focused on
removing water®®. In Mexico, a study was conducted using
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Figure 6. Sugarcane by-products..

the biotransformation with carbon to increase the caloric
power of the solid mixture, obtaining better results than the
bagasse as biomass®. Table 7 reports a typical physicoche-
mical and elemental analysis of the bagasse*.

Barroso et al.®® estimated that 280 kilograms of bagas-
se waste are generated from one ton of sugarcane. The
leading destination of this bagasse is waste or energy ge-
neration by biomass combustion.

It is well known that the cement industry causes 5% of
the carbon dioxide that coexists in the atmosphere. Thus,
various investigations in the field, like Asma et al.®5, have
been trying to find new alternatives for the materials used
in the production process to reduce the gas emission per-
centages. The same study has shown that the chemical
composition of bagasse, after thermal transformation by
pyrolysis, contains pozzolanic materials, which are helpful
in cement fabrication. The sugarcane bagasse ash (SCBA)
has also been studied in India to make cement with different
proportions of bagasse ashes, which has shown satisfac-
tory results in increasing the mechanical properties and in
the energetic savings in the production process. In Hondu-
ras, as Bonilla and Borrachero® indicate, a study was made
with ashes samples coming from Santa Matilde Sugar Mill
and Los Mangos Sugar Mill in Choluteca, finding elements
like quartz, albite, magnetite, mullite, and cristobalite in
the composition of the ashes. This result opens a potential
opportunity for the Honduran companies to improve the in-
vestigation in cement production®.

Another alternative for the bagasse is its introduction
as a raw material to produce second-generation bioetha-
nol (2G) in Brazil®®. According to studies at laboratory sca-
le, the lignocellulose biomass has the potential to produce
up to 50% more ethanol compared to the first generation
of bioethanol, which is produced from sugarcane juice and
corn juice fermentation. However, technological difficulties

and scalability problems have been encountered in using
the bagasse biomass to produce bioethanol at the indus-
trial level because of the high energy cost and the use of
hydrolase enzymes to decompose the matrix of the bagas-
se in its fundamental components™7. It has been encoun-
tered that the bagasse can be used as a medium culture
for insects, yeast, and mushrooms and as a substrate for
industrial enzymes, paper pulp, and the production of other
essential commodities™?. As a complement for ruminant
food®' and for the value of lignin that can be used for medi-
cal purposes”™7™. In Honduras, there are no studies for the
development of bagasse for medical purposes, but there is
a study that evaluates the use of bagasse to produce bio-
gas’. According to this study, there is a production poten-
tial of 19.3 Nm3 (standard cubic meter of gas) of biogas to
60% in methane per year for the production in the harvest
of 2009-2010, considering the effluents, the water that is
treated in the production plants and waste of energy that
goes in the bagasse and cachaza in solution. This amount
equals 26.4 MWt (thermal megawatts) as an available po-
tential for thermal energy in six months per year. However,
this study shows a more excellent production of energy if
the molasses is used as a source of biogas, around 75.8%
of methane. The difficulty is that the molasses is used as
a raw material for other transformation processes, and its
sale is more profitable than its production as biogas. Table 8
describes the energy potential of biogas based on the study
described above of the sugar mills in Honduras.

Due to its variety of essential chemical structures, ba-
gasse can be used as a biopolymer substrate for genera-
ting melanins with the help of melanogenic marine bacte-
ria. Studies of the tequila agave bagasse showed that the
bagasse can produce polyhydroxyalkanoates (PHAs) when
consumed as food by microorganisms responsible for the
production of the biopolymer or as a candidate for obtaining
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Physicochemical analysis

Dry: ash-free

Wet: as burned

[“o] [“o]
Humidity - 52.00
Fix carbon 12.94 5.95
Volatile compounds 87.06 40.05
Ashes - 2.00
Total 100.00 100.00
‘Brix - 2.00
Higher caloric power in - 8956
kJ/kg
Inferior caloric power in - 7,130
kJ/kg
Elemental analysis
Humidity - 52.00
Carbon 47.89 22.04
Hydrogen 5.92 2.72
Nitrogen 0.33 0.15
Total sulfur 0.05 0.02
Oxygen 45.81 21.07
Ashes - 2.00
Total 100.00 100.00
Table 7. Adaptation of typical physicochemical and elemental analysis of bagasse.
Parameter Value
Biogas potential in effluents [Nm? gas 60% CHai/harvest] 19,278,174
Biogas potential in molasses [Nm?® gas 60% CHs/harvest] 60,453,706
Biogas total potential in harvest [Nm? gas 60% CH4s/harvest] 79,731,840
Thermal equivalent power in effluents [MWt] 264
Thermal equivalent power in molasses [MW{] 829
Total thermal equivalent power in harvest [MW{] 109.3
Electric equivalent power in effluents [MWe] 10.6
Electric equivalent power in molasses [MWe] 33.1
Total electric equivalent power in harvest [MWe]| 43.7

Table 8. Adaptation of study of biogas in Honduras.
phenolic compounds such as vanillin, 3,4- dihydroxyphen-
ylalanine (L-DOPA), gallic acid and salicylic acid’.

Due to the value-added components within the bagas-
se, various transformation studies have been developed to
extract these components and use them as raw materials
for other industries®. It is remarkable that the transformation
cost is elevated in some processes. However, they open

the window for utilizing the by-product not only for energetic
purposes but also as an alternative material for production.

Shrimp

Shrimp is a seafood rich in protein and is widely con-
sumed around the planet. According to the 2020 Food and
Agriculture Organization (FAO) report, shrimp is among the



four most commercially valued crustaceans. Asia remains
the largest producer of aquatic animals, including shrimp,
with 80% of its world production, followed by America’®. In
Central America, Honduras leads aquaculture production,
followed by Nicaragua™.

Shrimp production in Honduras began in 1969 with the
Armour United Fruit Company on the country's north coast.
In 1972, the company Sea Farms moved the production to
the country's south, specifically to the Gulf of Fonseca. Hon-
duras has a shrimp industry of approximately 420 projects
cultivated in an extension of 24,500 hectares of land®.

Shrimp ranks third among agro-industrial products with
the most significant exports, after coffee and palm oil. In
2021, the Asociacion Nacional de Acuicultores de Hondu-
ras (ANDAH) reported exports of over 59 million pounds of
shrimp, with the European Union and Taiwan as the main
destinations.81 In December of that same year, the Banco
Central de Honduras (BCH) reported that US$267.2 million
was collected from shrimp exports'.

The shrimp species produced in Honduras is Litope-
naeus vannamei, known as pacific white shrimp or whiteleg
shrimp. This species is found along the American coast of
the Pacific Ocean from the Gulf of California to the Equa-
tor®2. The white shrimp life cycle has the following stages: a
larval stage, a postlarvae stage that evolves into a juvenile,
and an adult stage®. Shrimp production in Honduras is ba-
sed on two mechanisms: the collection of wild postlarvae
and the production of postlarvae in laboratories. The latter
provides the highest percentage of shrimp production in
Honduras. Regardless of their source, postlarvae are stoc-
ked directly into a production pond. The culture is classified
as extensive, semi-intensive and intensive depending on
the number of postlarvae per square meter or crop density.
A low density of postlarvae characterizes extensive cultiva-
tion. On the other hand, intensive culture has a high densi-
ty. In Honduras, two types of cultivation are developed: the
extensive one in the artisanal sector, with a contribution of
20% in production, formed mainly by small and medium-si-
zed producers, and the semi-intensive one, with a contri-
bution of 80%, formed by large-scale producers. Shrimp
production extends throughout the year but peaks between
May and October. Each cycle lasts approximately 12 wee-
ks, varying depending on the production type carried out in
the pond®.

The external anatomy of the shrimp can be divided into
three main parts: the head, the thorax, and the abdomen.
The head, together with the thorax, form the cephalothorax,
and the entire body of the shrimp is covered by an exoskele-
ton, as shown in Figure 7%°.

Honduras currently has 13 shrimp packing plants, all
located in the southern part of the country®. In these pro-
cessing plants, it is considered on average that 35% of the
total mass of the shrimp corresponds to the cephalothorax,
known locally as the head, and 15% by mass to the exos-
keleton, known locally as the shell and tail, the rest of the
percentage by mass corresponds to the abdomen.

Shrimp in Honduras is exported in different presen-
tations: whole, headless, peeled, and peeled-precooked.
The choice of product type depends on world demand. The
highest percentage of exports occurs for whole shrimp.
However, headless and peeled shrimp has increased in re-
cent years, as shown in Figure 8%7.

The cephalothorax and the exoskeleton resulting from
the different presentations' production processes are con-
sidered waste. On average, between 2016-2021, there
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was a production of 101 million pounds of shrimp; 35 mi-
lion pounds are considered waste, equivalent to 34% by
mass, as shown in Figure 9%. In general, the composition of
shrimp waste depends on the species and the geographic
region.

Duan et al.® classify Litopenaeus vannamei shrimp's
waste composition in Table 9, showing that proteins, mine-
rals and Chitin are the main components®. This same com-
position on a dry basis corresponds to 49% protein, 23%
minerals, 7% lipids and 20% chitin.

Currently, the shrimp waste generated in the packing
plants of Honduras is received in the Procesadora Hondu-
refia de Alimentos de Camaron (PROHALCA SA). Due to
its high protein content, this waste is used and transformed
into protein for animal consumption. However, its chemical
composition shows that these wastes can also be given
other applications. Next, the potential uses are described
in materials science and energy for the waste components
in Table 9.

Chitin is the second most abundant biopolymer in na-
ture after cellulose. On the other hand, chitosan is a chi-

Compound Contents
Protein [%] 10.8+0.1

Minerals [%] 5.05+0.05
Lipids [%] 1.63+0.05
Chitin [%] 4.42+0.60
Moistness [%o] 78.1+0.4
Carotenoids [mg kg™] 127+10

Table 9. Waste composition of Litopenaeus vannamei
shrimp.

Cephalothorax

thorax

Abdomen

Figure 7. The main
shrimp.

structure of Litopenaeus vannamei
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tin derivative produced upon deacetylation of the com-
pound®®®'. Chitin can be used as the only carbon source
for the production of biofuels, and its derivatives are used in
the biomaterials industry to manufacture bioplastics®2. Chi-
tin has applications in the food industry in packaging that
have antimicrobial properties®, in the textile industry®®, in
the agro-industrial sector, improving crop yields thanks to its
pesticide effect®, in water and wastewater treatment®, and
in biomedical applications for its biocompatibility, biodegra-
dability and non-toxicity. Some investigations report the use
of Chitin as a nanomaterial for drug transport and cancer
diagnosis®®4.

Proteins are the most abundant components of shrimp
waste. For the species Litopenaeus vannamei, Gémez-Es-
taca et al. report the recovery of approximately one-third
of the essential amino acids. The amino acids found with
greater abundance are glycine, glutamate, aspartate, and
alanine®. This combination of amino acids is comparable to
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soy-based meals, making shrimp waste an attractive option
for production for feed additives for aquatic animals, farm
animals, and poultry®.

Calcium is the most abundant element found in the
shrimp waste of the species Litopenaeus vannamei. Howe-
ver, phosphorous, sodium, potassium and magnesium
amounts are also reported. Heavy metals such as zinc, iron,
copper and manganese are found in lower concentrations
without health risk®.

The cephalothorax is the lipid source of the shrimp.
Fatty acid profile analysis shows that the most abundant
polyunsaturated acids present are oleic acid, linoleic acid,
and palmitic acid, and the levels of docosahexaenoic acid
(DHA) and eicosapentaenoic acid (EPA) were also nota-
ble®.

Carotenoids are responsible for the coloration of both
the external and internal surface of the shell of crusta-
ceans®. Astaxanthin is a reddish-pink pigment from the
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Figure 8. Exports in Honduras of shrimp in different presentations in millions of pounds: whole (gray), headless (red),
peeled (blue), and peeled-precooked (black) from 2016 to 2021.
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Figure 9. Shrimp production in millions of pounds in Honduras: cultivated (gray), exported shrimp (red), waste (blue) from

2016 to 2021.



group of xanthophyll carotenoids found in shrimp'2, As-
taxanthin is fat-soluble; it is present in the lipid extract of
shrimp cephalothorax'®. This pigment is a vitamin A pre-
cursor® and a powerful antioxidant'®. The antioxidant pro-
perties cover several aspects of human health, such as
protection against ultraviolet light and anti-inflammatory. In
addition, it has essential applications in the nutraceutical,
cosmetic, food, and animal nutrition industries®".

The waste generated in the commercializing sea pro-
ducts, such as shrimp, has been used in alternative sustai-
nable technologies for energy generation. An example is the
study of Kannan et al., which used microwave hydrothermal
carbonization to convert moisture biomass waste from sea-
food into a carbon-rich product called hydrochar. Microwave
hydrothermal carbonization is a modification of hydrother-
mal carbonization. The latter is characterized by working
under humid conditions, temperatures between 150 °C and
250 °C and high pressures; it has the disadvantage that the
process times are long. On the other hand, microwave hy-
drothermal carbonization takes advantage of the moisture
content to heat the biomass from the inside out with shorter
exposure times under the principle of dielectric heating'®2.

Cashew

The cashew, with the scientific name Anacardium oc-
cidentale, is a native fruit to the Northeast of Brazil; it is
known worldwide for its fruit and seed, which has led to its
broad commercialization, being mainly produced in all tro-
pical areas, of which the countries of India, Brazil, Mozam-
bique, Kenya, Tanzania, Australia, and Vietnam have the
most significant extension of cultivated area in the world'®.
The cashew nut is among the nuts with the highest produc-
tion worldwide; (104), its export is mainly destined to North
America, Europe, and some Asian countries'®. In develo-
ping countries, its production is promoted, representing a
socio-economic benefit'®. It is also a dried fruit in high de-
mand due to various factors, such as its implementation in
healthy habits due to its folic acid, unsaturated fats, fiber,
proteins, potassium, phosphorus, and magnesium con-

False fruit or pseudocarp

Figure 10. Plant morphology of cashew.
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tent'05107.1%8 |t js also considered a multipurpose product
since it presents possible applications in multiple industries
such as medical and pharmaceutical industry, food industry,
and agricultural industry, to name a few'®,

Honduras has a favorable territory for agricultural ex-
ploitation. The departments of Valle and Choluteca, located
in the region of the Gulf of Fonseca, in the southern part of
Honduran territory, are the most important for cashew pro-
duction, with an approximate number of 1,163 producers.
Based on a study in the Gulf of Fonseca in 2013, approxi-
mately 13,000 quintals of cashew seed per harvest are pro-
duced'®. The countries that import the cashew nut produ-
ced in Honduras are Guatemala, Nicaragua, El Salvador,
Germany, and the United States of America'".

Among the varieties of cashew cultivation, red and ye-
llow fruits are known, the latter being less astringent than
the red ones. Similarly, varieties according to size may be
classified'"". Cashew comprises a fruit and a nut; both com-
ponents have been used in different industries, such as
food, pharmaceuticals, and cosmetics'?13,

The cashew fruit, known as the false fruit or pseudo-
carp, is the majority of the cashew; it's pear-shaped and has
a bright yellow to red color when ripe. Ripe cashew fruits
are fleshy and have a sweet to bitter, astringent taste and a
strong aroma. The cashew shell is grayish with the shape
of a kidney when it reaches its maturation, which occurs
before the maturation of the fruit. It contains the cashew nut
inside, as shown in Figure 10", being the most consumed
part and considered the main product of the crop'®.

In the process of obtaining the cashew nut, the nut is
separated from the cashew shell, the latter being genera-
lly discarded as waste, causing an environmental problem.
Some applications that can be given to the cashew she-
Il are the generation of energy and the elaboration of new
products since it is also a rich source of compounds of inte-
rest in the chemical and pharmaceutical industry'®, offering
great medicinal and commercial value.

The raw nut contains acids that could cause burns in
the mouth, so it goes through a roasting process before

ashew Shell
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consumption, causing variation in its antioxidant activity and
phenolic extract content depending on the roasting tempe-
rature'®. In addition to its pleasant flavor, the cashew nut is
widely consumed due to its nutritional properties, properties
that are related to the high content of lipids that have been
shown to contribute to the reduction of LDL (low-density
lipoprotein) cholesterol, presenting relevant health bene-
fits such as reducing the risk of developing cardiovascular
diseases™*, preventing some types of cancer'®, nervous
system protection'®, antioxidant action'®, and source of vi-
tamin C"13117,

Due to its nutritional properties, it has taken protagonism
in the diet of consumers interested in improving the quality
of their diet'® and is considered a source of high-quality
protein. Itis rich in polyunsaturated fatty acids, fats and car-
bohydrates and has a high energy value and high levels of
minerals®. It should be noted that it has been found that the
nutritional value of the cashew nut differs according to its
origin and the roasting process'®. Rico et al.'® determined
the nutritional value of cashew nuts from Brazil, India, Ivory
Coast, and Vietnam, finding that, in general terms, the main
component of the nuts studied were total fats, most of the-
se being unsaturated. The second most abundant compo-
nent was proteins, followed by carbohydrates. Amino acids
were also found, being the one with the greatest presence,
glutamic acid. Among the vitamins, the most abundant was
E, and among the minerals found, potassium was the most
present, followed by phosphorus and magnesium'®. Other
studies coincide with the nutritional composition mentioned
above''®'20 As a result of several studies, it has been found
that the average energy content of the cashew nut is greater
than 2000 kJ/100g?"0e-119.121,

The false fruit represents 90% of the total weight of the
cashew. It is mainly consumed as a direct fruit or as a fresh
drink due to its high vitamin C''3. It is processed for desserts
such as dehydrated fruits, jelly, gelatin, sweets, honey or
vinegar and wine production™-""3, In many developed coun-
tries, it is also used to produce ice cream, vegan meat or the
base of soups and creams"?. The composition of the false
fruit is very complex and is characterized by containing a
high percentage of ascorbic acid (vitamin C); it is even esti-
mated that it is five times richer in vitamin C than citrus fruits
and four times richer than sweet orange. In addition, it con-
tains considerable levels of minerals, mainly calcium and
phosphorus'®. It also contains tannins, organic acids, car-
bohydrates, and polyphenolic compounds known for their
antioxidant health benefits'®, both for human consumption
and for the production of meals for animal feed'®. Due to
its content of proteins, fatty acids, crude fiber, pectins, and
flavonoids, it has been reported that by-products resulting
from the processing of cashew nuts and their juice, such
as bagasse (20% of the fruit), have been used in the pro-
duction of bioethanol, biodiesel, dyes, pesticides, larvicides,
repellents, and adhesive resins'®.

When the cashew nut is extracted, the shell that re-
mains as residue has an extractable liquid that contains
many components that can be used due to their high-value
chemical structures. The cashew nut shell liquid (CNSL)
represents approximately 25% of the total weight of the
cashew nut'?. It is considered one of the few primary and
economic sources of natural phenols that constitute a pro-
mising alternative to petroleum-derived phenols. CNSL
comprises anacardic acid, small amounts of cardanol, and
methylcardol'??2. These compounds have three reactive si-
tes: a phenolic hydroxyl group, an aromatic ring and a long

aliphatic chain in the meta position, which can be satura-
ted, monounsaturated, unsaturated, or tri-unsaturated. The
structural characteristics of these compounds are of great
interest since they can replace phenol in many applications
with similar or better results',

Anacardic acid has aroused the interest of researchers
due to its nature as a phenolic compound presenting an-
tioxidant activity' it also has high pharmacological values
such as antitumor activity'®, antifungal activity''® and an-
ti-inflammatory'®. Its structure can be considered a structu-
re derived from salicylic acid substituted by a long chain of
hydrocarbon, providing a more excellent lipophilic character
conferring interesting properties, presenting a high antibac-
terial, antimicrobial'?*, gastro-protective, anticancer, larvi-
cidal'®, anti-inflammatory'%®'2, inhibition of histone acetyl-
transferase activity'®. Studies have shown that the mixture
of carotenoids and anacardic acids can be beneficial as
an anti-inflammatory and antiulcerogenic'?®. On the other
hand, studies have been carried out on the potential use of
anacardic acids for the treatment of dental caries and acne,
as well as in anti-cancer treatments and control of tiny pests
in crops'. Given the benefits it has been shown to have,
anacardic acid can be a starting point for developing local
drugs in Honduras, promoting the country's pharmaceutical
industry using and taking advantage of the cashew shell,
which is now considered a residual waste.

Cardanol represents a lower percentage by weight of
CNSL compared to anacardic acid and cardols'??>. However,
a decarboxylation reaction can transform anacardic acid
into cardanol. The latter is the component that presents the
most extraordinary versatility for its subsequent transfor-
mation, cataloged as a "building block," which, with various
chemical transformations, can be converted into a large
number of compounds that have several applications, such
as surfactants, antioxidants, fuel additives, liquid crystals for
optical materials, fibers, among others'122128 |n addition,
the transformation of cardanol to essential intermediates in
the processes of resin synthesis, polyurethane synthesis,
latex synthesis, as a drug precursor, co-surfactants and
surfactants, as a plasticizer for the synthesis of soft poly-
vinyl chloride (PVC), as an additive for cellulose diacetate,
flexibilities, fuel additives, among others, have been repor-
ted109,128.

It is possible to notice the versatility of cardanol and its
derivatives through its ability to participate in a wide number
of chemical processes and transformations, strengthening
interest in the industrial sector by presenting the advantage
of being a natural and renewable compound, specifically in
a country like Honduras without explored oil reserves, ta-
king advantage of these natural phenolic compounds. On
the other hand, cardol, present in small quantities in the
CNSL, has presented applications in the plastics, insectici-
des, and inks industry'?,

Biodiesel obtained from the CNSL in the cashew nut
does not require transesterification or further processing.
In addition, studies have been carried out on implementing
biodiesel from the CNSL mixed with ethanol, resulting in a
significant reduction in gas emissions: 27% CO,, 57% NO
and 8% hydrocarbon conferring this characteristic to the
cooling effect of ethanol'®.

The renewable energy research field has boomed in re-
cent years, intending to increase energy requirements and
environmental regulations. The cashew shell has a calorific
value greater than 23.43 kJ/g before extracting the CNSL.
Once the CNSL has been extracted, the calorific value



adopts ranges higher than 4.10 kJ/g, which is still usable for
energy production'?',

On the other hand, the cashew's tree trunk can also be
used since it has a high content of lignin (25%) and hemice-
llulose (35%), which is reflected in an approximate calorific
value of 20.42 kJ/g'°, allowing its potential use as firewood
in many Honduran homes, as well as a possible power
source for industrial equipment.

Another alternative for implementing the cashew as an
energy source is using the false fruit and the cashew shell
in gasification processes. After a qualitative evaluation of
several implemented residual wastes, a study by Chavez et
al. reports that the cashew shell represents the most exce-
llent viability for the gasification process because it exists in
large quantities and is not currently used in other industrial
processes. In turn, it is of simple harvest and previous treat-
ments'?!,

|
Conclusions

Using biomasses derived from agro-industrial residues
for producing energy and chemical products is presented
as a possibility to promote the development of the economy
and improve the environmental conditions of Honduras. The
biomasses explored in this document offer an alternative in
areas such as energy production as an alternative to the
energies of fossil sources; direct use as material for the
production of food and separation processes; extraction or
synthesis of chemical substances that can be applied in the
chemical industry, medicine, and biotechnology. Currently,
the eldest use of these residues in Honduras is in energy
production, mainly by direct burning and, to a lesser extent,
by a chemical transformation process.
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