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Abstract

The energy production that still moves the world comes in the vast majority from fossil sources. However, according to
renewable energy main institutions reports, the sources from which this renewable energy is being generated are
hydropower with the highest percentage by far, 41.2%, followed by solar 31.2%, wind 26.4%, bioenergy 4.5%,
geothermal 0.4%, and tidal with a minimum percentage of 0.02 %. Therefore, bioenergy is located as another of the
promising renewable energies, but still with a very low percentage.

As biomass is the main source of bioenergy, it is the renewable energy source with the greatest variety of inputs, for
example, biogas from landfill or thermal processes, solid biofuels from wood, municipal waste, and crops or animal
waste, and liquid biofuels from conventional and advanced bio gasoline and biodiesel, among others.

The purpose of this paper is to explore and analyze the uses of biomass in some Latin American countries, offering a
general reflection on this region, and to expand on the various faces of energy injustice suffered by a series of
communities, and also the advances that the bioenergy sources could offer; therefore, the structure of this chapter is as
follows: first, some general information and facts related to one of its inputs -the steadily growing problem of human
waste production- are exposed. Then, a brief description of bioenergy advances in some Latin America countries is
offered, to close with the identification of some challenges to be addressed within the domain of bioenergy and with
some conclusions.
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1. Introduction

The energy production that still moves the world comes in the vast majority from fossil sources, since coal (35.4%),
natural gas (22.7%), nuclear energy (9.5%), other minor fossil sources (0.9%) and hydropower (14.9%), which totals
83.1% versus just 14.4% of renewable energies, produced a total of 29,165.2 TW /hour of electricity in 2022 [1].

Some environmental arguments still do not allow hydropower to be placed indisputably among renewable energies.
"There are several types of hydroelectric facilities, but all are powered by the kinetic energy of flowing water as it moves
downstream. Turbines and generators capture and convert that energy into electricity, which is then fed into the
electrical grid. The water itself is not reduced or used up in the process, and because it is an endless, constantly
recharging system, hydropower is defined as a renewable energy by the Environmental Protection Agency. But it's not
considered renewable by everyone. It comes with some ‘pretty significant environmental baggage’, says John Seebach,
senior director of federal river management with the conservation group American Rivers. ‘The reluctance to call
hydropower a renewable energy is based on the impact of dams on fisheries and water flows.’ Several large dams block
migrating fish from reaching their spawning grounds. Dam reservoirs impact flows, temperatures and silt loads of rivers
and streams. Over the years, these factors have drastically reduced fish populations” (Cournoyer, 2013: 1)].
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But, if even knowing the objections about it, we include it in the calculations as the International Renewable Energy
Agency (IRENA) does, we have that the installed capacity of renewable energies, that is, the maximum net generation
capacity, reached a global total of 3,381,758 MW at the end of 2022, thatis, 291,774 MW more than in 2021. Of this total,
Asia has practically half, 48%, Europe 21%, North America 14%, South America 8%, Eurasia 4 %, Central America and
the Caribbean 2%, Africa 2%, Oceania 2%, and the Middle East 1% (own calculations based on IRENA, 2023 - Mexico
was placing in Central America).

In addition to the objections already mentioned about hydropower, it is important to remember that the data that IRENA
offers differentiates between hydropower that is produced in mixed plants, that is, those in which the production
process requires the consumption of fossil energy and those in which it does not, which adds one more argument against
considering all hydropower production as renewable energy.]. And the sources from which this renewable energy was
generated are hydropower with the highest percentage by far, 41.2%, followed by solar 31.2%, wind 26.4%, bioenergy
4.5%, geothermal 0.4%, and tidal with a minimum percentage of 0.02 % [2]. Whether or not hydropower is included as
renewable energy, bioenergy is located as another of the promising renewable energies, but still with a very low
percentage.

As biomass is the main source of bioenergy, it is the renewable energy source with the greatest variety of inputs, for
example, biogas from landfill or thermal processes, solid biofuels from wood, municipal waste, and crops or animal
waste, and liquid biofuels from conventional and advanced bio gasoline and biodiesel, among others.

Since the purpose of this chapter is to explore and analyze the uses of biomass in some Latin American countries,
offering a general reflection on this region, and to expand on the various faces of energy injustice suffered by a series of
communities, but also the advances that the bioenergy sources could offer, this structure of this chapter is as follows:
first, some general information and facts related to one of its inputs -the steadily growing problem of human waste
production- are exposed. Then, a brief description of bioenergy advances in some Latin America countries is offered, to
close with the identification of some challenges to be addressed within the domain of bioenergy and with some
conclusions.

2. Materials and Methods

2.1. Biomass and Bioenergy

Bioenergy refers to the use of biomass to generate thermal and electrical energy specifically; biomass, its input, unlike
all the renewable energy sources mentioned so far, has a series of characteristics that substantially differentiate it from
the others. For example, unlike water, sun, and wind, which are the main input that nature directly offers for water,
solar and wind energy respectively, bioenergy has among its main inputs not one, but a great variety of elements: which,
in addition, are mostly produced and/or transformed by humans; according to the type of biomass, its main categories
are: forest biomass (e.g. forests, and wood residues and waste), agricultural biomass (e.g. energy crops, and agricultural
residues and waste), livestock biomass (e.g. animal waste), industrial biomass: (liquid biofuel scraps and waste, and
organic scraps and waste) and domestic waste (organic scraps and waste, wood, paper, agricultural, livestock, edible
fats and oils and human waste, among others).

Depending on its use, direct or indirect, bioenergy can be classified into: traditional bioenergy that comes directly from
wood biomass (such as firewood or charcoal) and manure; biofuels from energy crops, such as some food crops (e.g.
wheat, sugar cane, corn and oil palm) and non-food crops such as Jatropha, used mainly for means of transportation;
and bioenergy that comes indirectly from by-products and organic waste and from agricultural and forestry waste (e.g.
stubble and sawdust).

Biomass is also part of the set of renewable energies because the amount of CO2 released into the air during the
combustion process of wood and all inputs of plant origin is equivalent to that absorbed by the plant during its growth.
Hence, bioenergy is the largest source of renewable energy globally, although despite its enormous potential it currently
represents a very low percentage in both installed capacity (4.5% of the global total in 2022), as well as in electricity
production (7.8% of the global total in 2021) in most regions of the world. In terms of geographic regions, the
distribution of bioenergy infrastructure and production at a global level is currently quite unequal (Table 1):

Among the factors that have contributed to its low development is the enormous difficulty of obtaining timely and
complete statistical data, both at the national and local level, due to the high levels of informality of many of its processes,
which in turn makes it difficult to create of public awareness around the problem of waste and garbage, among several
others associated with it [3].
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Table 1 Bioenergy: Installed Capacity and Electricity Production (Regions of the world 2022 and 2021 - % of the global
total)

World Regions Installed capacity (MW) | Electricity production (GWh)
%, 2022 %, 2021

Africa 1 1

Asia 43 38
Eurasia 2 1
Europe 28 35

North America 10 11
Oceania 1 1

Middle East 0,1 0,1
Central America & Caribbean | 2 2

South America 14 12

Source: own calculations based on IRENA, 2023

However, there are reasons to have greater expectations that bioenergy will supply large amounts of CO2 neutral energy
for the future: “i) the use of low carbon intensity fuels for planes, ships, and other forms of transportation; ii) replacing
natural gas in dedicated applications with renewable biomethane to provide heating and electricity; and iii) by offering
clean cooking solutions to 2.6 billion people who, as of 2021, still lacked them” (IEA, 2023a: 18).

3. Results and Discussion

Given that one of the inputs to bioenergy is the garbage we produce, it is important to remember that the world
generates 2.01 billion tons of municipal solid waste annually; to have a better idea of this amount, if all this waste was
put on trucks, they would go around the world 24 times, and these calculations do not count waste that is not managed
by municipalities.

This stunning amount of waste is partly because 99% of the stuff we buy is trashed within 6 months [4]. Worldwide,
waste generated per person per day averages 0.74 kilogram but ranges widely from 0.11 to 4.54 kilograms [5]; for
example, the United States are the largest producers of garbage per capita, producing approximately 12% of global
garbage, although its inhabitants are only the 4% of the world's population; the largest amount of such garbage comes
from household and business waste [6].

The regions with the highest waste growth are sub-Saharan Africa, North Africa, South Asia, and the Middle East, where
more than 50% of waste is dumped; although Latin America is not yet one of the major producers, we produce 541 tons
of garbage daily, that is, on average; each inhabitant produces 1.04 kilos of garbage per day.

In addition to the quantity, the variety of garbage we produce is such that there is no consensus around the types of
garbage that exist; in fact, today a list of 47 different types of garbage is offered, several of them with subcategories.
However, to facilitate the design of policies for its management, as well as the daily separation of waste by people,
various institutions have created systems that group garbage into large categories, one of the best known being the one
that separates electronic, glass, metal, paper, plastic, and organic waste [7].

And this is one of the faces of socio-economic injustice, since it is still terribly paradoxical that almost half of the garbage
produced globally is organic waste, in which fruits and vegetables are the most prevalent items, since currently 10% of
the global population lacks enough food to meet daily nutritional requirements [8]. In Latin America this percentage is
higher, because of the 541 tons produced daily, 145 end up in open-air landfills, 11% being plastic, recycling on average
only 10%, while a huge 50% is organic waste, especially food [9].

2847



International Journal of Science and Research Archive, 2024, 12(01), 2845-2856

m Food and green Glass = Metal = Other Paper and cardboard Plastic

Source: Based on calculations of Kaza et al.,, 2018
Figure 1 Waste types produced globally (2018)

Another paradox, this time in the field of energy injustice, is that Africa, the continent with the Sub-Saharan region,
which is the most vulnerable in terms of multidimensional poverty in the world today, occupies first place in food waste,
with 153 kilograms per person/year; they are followed by North America with 135 kilograms, Oceania 127 kilograms,
Latin America and the Caribbean 116 kilograms, Asia 114 kilograms and Europe 103 kilograms [10]. In the case of
Africa, one of the determining factors is precisely the lack of access to electrical energy or constant electrical energy,
which would allow access to drinking water to clean foodstuffs, the use of clean cooking mechanisms to process them,
as well as the use of refrigerators or refrigerators to preserve them. The data in the following map are revealing evidence

(Fig. 2).

Mo data 0% 10% 20% 30% 40% 50% 60%
e e S
Source: [10]

80% 90% 100%

Figure 2 Global access to electricity (2020 - %)

While the United States is also the country that throws away the most food per capita in the world (139 kilograms per
person/year in 2019), Mexico is the country that wastes the most food in Latin America with a very close figure of 137
kilograms. They are followed by Nicaragua (123 kilograms), and which again responds to the paradox of being the
country that occupies second place of extreme poverty in Latin America, after Guatemala [11]; although Brazil is the
country that wastes the least organic waste per capita, it still throws away 103 kilograms per person/year, while ranking
seventh among the most populated countries in the world [12].
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The humanitarian tragedy of informal waste prickers in garbage landfills is another face of the existing socio-economic
injustice; they generally live there or go there every day looking for food for themselves and their families, for their
animals and pets, and for materials that can be reused in any way. It is very difficult to collect reliable data about them,
precisely due to the level of informality of their living and working conditions. However, Colombia is the Latin American
country that stands out in this sense, since by constitutional mandate in 2012 the first census was carried out in the
country's capital, Bogota, in warehouses or recycling collection centers. Although it is known that there is still an
underestimation of the figures, in 2012, 13,984 waste pickers were registered (69% men and 31% women), and the
annual registration of new recyclers showed 25,163 in 2022 [13]; Brazil also has some progress in this regard [14].

The vast quantities of organic waste constitute one of the largest environmental pollutants, due to the generation of
leachates, odors, the proliferation of insects and the emission of greenhouse gases, mainly methane, contributing greatly
to the global warming. And although organic waste is the largest percentage of the total garbage produced, it is the one
with the fewest adequate management mechanisms.

An additional dilemma in the use of waste and scraps is the fact that, although it is imperative that human societies
reduce the vast quantities already mentioned, at the same time we must improve technology to be able to use it in larger
quantities and more efficiently to produce renewable energy. This means that we must reach a balance point, but it is
currently unknown what that could be. However, one estimate states that “Up to 50% of bioenergy demand in 2050
could be met by biomass residues” (IEA, 2023a: 68). An example of this situation is the initially Norwegian business
known colloquially as “trash to cash”; because its inhabitants do not produce enough waste and garbage for the installed
bioenergy production capacity of this country, they import garbage from other countries and without revealing detailed
information it is stated that profits increase because "As a rule we generate about 50% of our income from the fee we
receive to take the waste and about 50% from the sale of the energy we create" [15].

Another ethical and environmental paradox of a global nature is derived from this market: “As developed countries
couldn't handle their high waste production rate, they sold it to poorer countries as a means for them to improve their
economies. These emerging countries are the ones that [supposedly] will sort, treat, dispose, and recycle the waste
accordingly (...) EU countries’ exported waste increased to 33 million tons in 2021; that is an increase of 74% since
2004. Also, the import of waste from countries outside of the EU countries by EU countries increased by 11%. The 27
member states of the European Union export waste to over ten countries” [16]. For now, none of these ten countries are
in Latin America.

Another balance that is difficult to achieve is present to the extent that the production of bioenergy based on agriculture
and plant material is, simultaneously, a consumer and supplier, not only of energy, but of Greenhouse Gases; although
the release of CO2 resulting from the combustion of plant material is compensated by what the plant absorbed during
its growth, other energy-consuming factors intervene, for example: the crop in question, who grows it, fertilizers and
other inputs, agricultural machinery and the fossil fuels to operate it, among several others. The use of these inputs is
even greater if it is industrialized agriculture and this relationship becomes even more complex, since agriculture is in
turn one of the sectors that suffers the greatest impacts due to global warming.

3.1. Bioenergy in Latin America

In terms of access to electrical energy, Argentina, Chile, Costa Rica, Cuba, Ecuador, Mexico, Paraguay and Uruguay are
the Latin American countries that in 2021 declared having 100% coverage. Nicaragua is the country in the region with
the largest number of inhabitants without access, 13.7%, and it is also the country with the largest amount of population
without access to this service in rural areas (Table 2), which, without a doubt and as in Africa, affects their food waste.

To the extent that people do not have access to electrical energy, the intensive, direct and polluting use, for human and
planetary health, of certain types of biomass (such as firewood, treated wood waste, manure and garbage, including
plastic, among others), becomes inevitable to cover their basic needs for heating and cooking food. Hence the
relationship between the direct use of biomass and poverty is undeniable, because not having access to energy is
undoubtedly a fundamental obstacle to overcoming the state of poverty, generating the vicious circle of remaining
below the poverty lines because they cannot access electric energy service and since they cannot access electric energy,
they remain below the poverty lines.

But another paradox is present, this time with a hopeful side, which is part of the dynamics of bioenergy: as bioenergy
offers the possibility of obtaining biofuels and these come from what are now called 'energy crops’, a series of rural
communities, currently without access to energy, are participating as producers of sustainable bioenergy, breaking the
aforementioned vicious circle. Among the energy crops are sugar cane, beets, corn, and herbaceous energy plants; some
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inputs to produce biofuels are wood, charcoal, agricultural waste and derived products, forest residues and manure,
among others. It is a paradox, because it is also necessary to find a balance point, which for now is not known where it
is, so that these crops do not have negative impacts on water use, land pollution and do not contribute to the
displacement of crops of human and animal foods, among other valid criticisms.

Table 2 Lack of access to electricity in Latin American countries (2021 - %)

Rank | Countries National (%) | Rank | Countries Rural (%)
1 Nicaragua 13.7 1 Nicaragua 33.7
2 Honduras 59 2 Peru 16.4
3 Panama 47 3 Panama 14.4*
4 Peru 4.4 4 Honduras 14.3
5 Guatemala 2.1 5 El Salvador 5.9

6 El Salvador 2.1 6 Dominican Rep. | 5.2

7 Dominican Rep. | 1.9 7 Bolivia 49

8 Bolivia 1.4 8 Brazil 2.7

9 Brazil 0.5 9 Guatemala 1.9
10 Venezuela, RB [ 0.012 10 Venezuela, RB | 0.1
11 Colombia 0.001 11 Colombia 0.005

Source: Own calculations based on World Bank, 2023b & ; (*) 2020 Data

Turning to its own production of primary energy per capita, Venezuela ranked first in 2021 with 82.7T], followed by
Colombia with 79.7T] and Argentina with 69.6T]. When calculating the per capita production of only fossil fuels, for the
same year, these three countries maintained their places, while their own production of renewable energies placed
Paraguay, Uruguay and Brazil in the first three positions respectively (Table 3).

In this table it can also be observed that consistent with the fact that Nicaragua, Honduras and Panama are the countries
with the lowest electricity coverage in the region in 2021, they are also the countries with the lowest production of
primary energy and fossil energy. On the other hand, only six countries have exceeded both the primary energy
production per capita of the region's total (54.3 TJ), the production of fossil energy (39.1 TJ) and the production of
renewable energy (15.2 TJ), which shows important future challenges.

Some contrasts stand out, such as that of Paraguay, which, although ranked first as a producer of renewable energy in
Latin America in 2021, is the only one in the region that only produced hydropower and bioenergy; all the others,
however, also produced energy from solar, wind and/or other renewable sources. Guatemala and Nicaragua also stand
out because, as already said, although they occupy the first places with extreme poverty in Latin America, they also
occupy position 4 and 8 respectively in renewable energy production per capita; in this regard it is important to remind
that accessing the production and consumption of renewable energies implies not only political and citizen will, but also
important financial and technological investments, among other factors.

The analysis of bioenergy production data in Latin America shows that Brazil is by far the largest producer of energy
from biomass and waste, as it produced 63.3% of all production in Latin America in 2021 (Table 4) and in fact it is
among the five countries in the world with the highest production of renewable energy [20].

This table also shows that when the calculation is made per capita, Uruguay, Guatemala and Paraguay occupy the first
three positions and precede Brazil, producing 27.9%, 23.6%, 19.6 and 18.1% respectively, of the total Latin American
bioenergy production. Table 4 also offers the percentage that corresponds to the bioenergy production of each country,
over the total of other renewable energies; Cuba is surprising due to the high concentration of its renewable energies
in the use of biomass and garbage and, in addition to Guatemala, the first places are also occupied by countries not
mentioned until now such as Bolivia and the Dominican Republic.
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Table 3 Total primary, fossil and renewable energy production per capita in Latin American countries (2021 - TJ) *

Countries Primary Countries Fossil Countries Renewable
production production per prod. per
per capita capita capita

1 |VenezuelaRB |87.2 1 |VenezuelaRB |78.4 1 | Paraguay 41.4
2 | Colombia 79.7 2 | Colombia 71.1 2 | Uruguay 39.2
3 | Argentina 69.5 3 | Argentina 62.6 3 | Brazil 25.9
4 | Ecuador 65.8 4 | Ecuador 59.4 4 | Guatemala 25.4
5 | Brazil 61.4 5 | Bolivia PNS 56.2 5 | Chile 24.8
6 | Bolivia PNS 61.2 6 | Mexico 45.2 6 | Costa Rica 21.2
7 | Mexico 50.8 7 | Brazil 355 7 | El Salvador 13.8
8 | Paraguay 41.4 8 | Peru 20.3 8 | Nicaragua 13.8
9 | Uruguay 39.2 9 |Cuba 11.0 9 | Honduras 11.1
10 | Peru 28.1 10 | Chile 3.0 10 | Panama 10.8
11 | Chile 27.9 11 | Guatemala 0.9 11| VenezuelaRB |8.8
12 | Guatemala 26.3 12 | Paraguay 0.0 12 | Colombia 8.6
13 | Costa Rica 21.2 13 | Uruguay 0.0 13 | Peru 7.8
14 | Cuba 16.0 14 | Costa Rica 0.0 14 | Argentina 6.9
15 | El Salvador 13.8 15 | El Salvador 0.0 15 | Ecuador 6.4
16 | Nicaragua 13.8 16 | Nicaragua 0.0 16 | Mexico 5.7
17 | Honduras 11.1 17 | Honduras 0.0 17 | Cuba 5.0
18 | Panama 10.8 18 | Panama 0.0 18 | Bolivia PNS 5.0
19 | Dominican Rep. | 4.7 19 | Dominican Rep. | 0.0 19 | Dominican Rep. | 4.7
Total LATAM 54.3 Total LATAM 39.1 Total LATAM 15.2

Source: Own calculations based on IEA, 2023b; (*) Primary energy is understood to be energy sources in their natural state, that is, they have not

undergone any type of physical or chemical transformation through human intervention. Among them are fossil sources (oil and coal), and

renewable sources (hydraulic, nuclear, wind, solar, geothermal, tidal, and as part of bioenergy, firewood and other vegetable fuels).

Table 4 Bioenergy production over the total of Latin America, per capita and over the total of other renewable energy
sources. (2021 - TJ)

Countries Bioenergy Countries Bioenergy Countries Bioenergy

Prod/Renew Prod. per Prod/Other
LATAM (%) capita (T]) Renew (%)

1 |Brazil 63.3 1 |Uruguay 279 1 |Cuba 97.6

2 | Guatemala 6.6 2 | Guatemala 23.6 2 | Guatemala 92.7

3 | Mexico 5.9 3 | Paraguay 19.6 3 | Bolivia 77.8

4 | Chile 5.4 4 | Brazil 18.1 4 | Dominican Rep. | 75.4

5 | Colombia 3.6 5 | Chile 17.1 5 | Uruguay 71.2

6 |Argentina 31 6 |Nicaragua 9.3 6 | Honduras 71.1
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7 | Peru 2.2 7 |Honduras 7.9 7 | Brazil 70.0
8 |Paraguay 2.1 8 |Cuba 4.9 8 |Chile 68.8
9 | Uruguay 1.6 9 | Colombia 4.3 9 | Nicaragua 67.2
10 | Honduras 1.3 10 | Argentina 4.2 10 | Argentina 60.6
11 | Nicaragua 1.0 11 | Peru 4.1 11 | Peru 523
12 | Cuba 0.9 12 | Bolivia 3.9 12 | Mexico 50.2
13 | Bolivia 0.8 13 | Costa Rica 3.7 13 | Colombia 50.1
14 | Dominican Rep. | 0.6 14 | Dominican Rep. | 3.5 14 | Paraguay 47.4
15 | Ecuador 0.3 15 | El Salvador 3.3 15 | Panama 27.3
16 | El Salvador 0.3 16 | Panama 2.9 16 | El Salvador 23.8
17 | Costa Rica 0.3 17 | Mexico 2.8 17 | Ecuador 18.6
18 | Panama 0.2 18 | Ecuador 1.2 18 | Costa Rica 17.4
19 | VenezuelaRB | 0.2 19 | VenezuelaRB | 0.4 19 | VenezuelaRB |4.9

Total LATAM 100.0 Total LATAM 9.7 Total LATAM 63.8

Source: Own calculations based on [19]

3.2. Some advances in bioenergy in Latin America

Brazil produced 63% of the total bioenergy production in Latin America in 2021 (Table 4), thanks to the fact that, among
other factors, in 2018 it began construction of one of the largest biogas plants for electricity generation in the world,
which opened in 2020. It has the capacity to supply 62 thousand homes and is fed with vinasse that is processed during
the harvest, cachaga and other sugar cane by-products processed on a commercial scale at the Bonfim plant located in
the same place, in the state of Sao Paulo. Vinasse is the liquid residue produced by the fermentation of must in alcohol
distilleries; it is produced in large quantities and has a high organic load and cachaga is the residual organic pollutants
from raw sugar production and is produced all year round,

The two plants belong to Raizen, which is a corporation made up of Shell (U.S.), and the agro-industrial company Cosan,
with Brazilian capital and other minor shareholders, and seeks to produce biogas in the 35 ethanol plants it currently
has in Brazil. The production of bioethanol, which comes from its 860,000 hectares cultivated in sugar cane (an area
almost the size of Puerto Rico), is marketed in more than 7,300 Shell and Oxxo (another partner) service stations and
in airports in Brazil: and Argentina [21].

For its part, seeking to solve the problem of environmental pollution, Cuba achieved a production of 97.6% of bioenergy
of its total renewable energies produced in 2021 (Table 4). To produce biogas, a wide variety of waste from agricultural
and industrial activity was processed, such as excreta associated with the raising of pigs, poultry and cattle, and organic
liquid waste from the food industry, particularly from the meat, dairy, brewing, canning, fishing and sugar industries.
The biogas production potential of both agricultural and industrial activities reached 710,095 MWh/year, and of this
63% of the total corresponds to agricultural activities.

Furthermore, in the production of biodiesel, priority has been given to the cultivation and establishment of living fences
of Jatropha curcas, which produces a non-edible oil, with low requirements in terms of soil and which can be planted
mixed with various food crops. And as for solid fuels, they come especially from agricultural residues of sugar cane, rice,
other minor crops and the forestry sector, among them, firewood for domestic use in cooking food (despite the fact that
electricity coverage is 100%) and timber tree plantations for energy purposes [22].

In Guatemala, of the 65 million gallons of bioethanol produced by the five distilleries that currently exist, 80% is
exported to be mixed with other fuels, while the remaining 20% is traded in the national market [23]. On the other hand,
seeking to promote the use of ethanol in the transportation sector, and to force compliance with the Fuel Alcohol Law,
which dictates that gasoline for the transportation sector must have a 1% bioethanol mixture and that it has not been
fulfilled, it was announced that from January 1, 2025, the mixture of gasoline with ethanol will be mandatory, although
the percentage has yet to be defined [24].
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Colombia, Argentina and Peru are the Latin American countries that stand out for the recycling rates of their municipal
waste, recycling in 2021, 1.9 million tons, 1 million, and 80,250 tons, respectively [12], while the other countries do not
report data. In the case of Colombia, the support from the government to formalize the work of thousands of families
who lived from informal recycling is one of the strategies that has contributed to this achievement.

On the other hand, since 2015 Costa Rica has stood out globally for its renewable electricity generation capacity,
reaching more than 98% in 2022 [25], although the proportion of installed bioenergy capacity still only reaches 2.6%
of the total installed capacity in renewable energies.

In relation to the use of firewood, this is one of the indicators that has usually sought to show one of the faces of the
complex relationship between poverty and lack of access to electrical energy. However, it seems that over time this
indicator has become distorted in Latin America, since, as data in several countries in the region demonstrate, its use
has grown despite broad or complete access to electrical energy; this is the case of Guatemala, Nicaragua, Argentina,
Chile and Paraguay [26], although these last three countries have 100% national access to electrical energy.

This fact seems to show that, although governments and institutions guarantee technical access to electrical energy, this
does not mean that people can use it, since the cost of the monthly bill is an obstacle. Another minor factor compared to

the previous one is cultural, since the benefits of using firewood in traditional cooking or in fireplaces has been revalued.

Table 5 Residential consumption of firewood and charcoal over total bioenergy consumption (1970, 1990 and 2022 -

%)

Rank | Countries 1970 | Rank | Countries 1990 | Rank | Countries 2022
1 Paraguay 96 1 Nicaragua 95 1 Guatemala 90

2 Nicaragua 95 2 Guatemala 94 2 Nicaragua 85

3 El Salvador 95 3 Honduras 92 3 Honduras 78
4 Honduras 95 4 Paraguay 90 4 Paraguay 62

5 Guatemala 94 5 El Salvador 89 5 Peru 55

6 Brazil 88 6 Costa Rica 74 6 Chile 42

7 Ecuador 85 7 Panama 73 7 Dominican Rep. | 35

8 Costa Rica 85 8 Colombia 62 8 Uruguay 34

9 Panama 85 9 Uruguay 58 9 Colombia 34
10 Dominican Rep. | 79 10 Peru 58 10 Mexico 30
11 Peru 71 11 Chile 56 11 Panama 28
12 Colombia 70 12 Dominican Rep. | 56 12 Brazil 27
13 Mexico 62 13 Ecuador 56 13 El Salvador 19
14 Bolivia 58 14 Bolivia 55 14 Costa Rica 13
15 Chile 54 15 Brazil 52 15 Ecuador 0.08
16 Uruguay 51 16 Mexico 41 16 Bolivia 0.07
17 Argentina 13 17 Argentina 0.04 | 17 Venezuela RB 0.05
18 Cuba 0.03 | 18 Cuba 0.02 | 18 Argentina 0.01
19 Venezuela RB 0.01 | 19 Venezuela RB 0.00 | 19 Cuba 0.01

Source: OLADE, 2024

Hence, a challenge is to refine the collection of statistical information to determine if the increasing use of firewood is
required to cover basic needs due to the costs of electrical energy or if there are other factors. The fact that 32.3% of the
United States population states that they are currently sacrificing other basic expenses in order to pay utility bills [27]
and that 20 million families are behind on bill payments of electricity [28] or much worse, that the lives of a record
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number of people in the United Kingdom (the “first world”) are at risk this winter because they cannot pay their energy
costs [29], validates the considerations presented.

On the other hand, thanks to the residential biomass consumption index, defined as “the relationship between the sum
of firewood and charcoal consumption in the residential sector divided by the final consumption of the residential
sector” (OLADE, 2023: 47) and calculated by the same organization, the potential of the varied inputs that make up
bioenergy in Latin America is revealed. In 1970, Paraguay was the country whose homes had the highest consumption
of firewood and charcoal over the final consumption of biomass with 96%, closely followed by four other countries; in
fact, of the 19 countries in the region, the residential sector of 16 countries used more than 50% of firewood and
charcoal, out of their total biomass consumption (Table 5).

It can also be seen that 20 years later, 15 countries (that is, only one less than in 1970) maintained the same trend of
using more than 50% of firewood and charcoal of their total biomass consumption. However, in 2022, the residential
sector in only 5 countries used more than 50% of firewood and charcoal of the total biomass used.

One of the urgent challenges is to collect and systematize timely and reliable statistical information that accounts not
only for the number of bioenergy units in operation, but also for their characteristics, including the working conditions
of the workers who are part of their processes; in this way, their costs, functionality and performance could be evaluated
with a view to correcting the identified errors and advancing appropriate technologies.

4. Conclusions

To close and as conclusions, some reflections on important and urgent challenges are offered. For example, in addition
to the paradoxes and dilemmas already mentioned that are part of the dynamics of bioenergy production, there are
some other great challenges such as the complex relationships between energy security and food security, which the
war in Ukraine has brought to light; among them, Europe's energy dependence on Russian gas, dependence on Russian
and Ukrainian wheat exports from various regions of the world, especially North Africa, and global dependence on the
production of inputs for agricultural fertilizers.

Another challenge derives from the fact that “Green energy is the generation of energy from infinite sources that does
not produce carbon emissions or negatively impact the environment [while] renewable energy is the generation of
energy from infinite sources”. Without the approval of several countries and in the midst of the Russia-Ukraine crisis,
the European Parliament endorsed in July 2022 that gas and nuclear energy be considered green energies, expanding
discussions on what renewable energies are and what they are not.

Another necessary debate, also with broad consequences, is about what can be considered renewable energies versus
sustainable energies, which, as already said, also includes hydropower. In this regard, the EU approved in July 2023 a
new legislation that prohibits the entry of soy and palm oil derivatives associated with deforestation. This decision was
made to diminish carbon emissions and address global warming, because such bio-energy products are renewable, but
not sustainable; they are not, because the agricultural practices of such crops currently include the clearing of large
areas of forests in countries such as Indonesia, Malaysia and Brazil by companies that also have histories of labor abuse
and conflicts with communities. In fact, the WWF in its 2021 report "Stepping Up? the Continuing Impact of Eu
Consumption on Nature Worldwide" stated that eight European economies were responsible for 80% of said
deforestation between 2005 and 2017, with Germany in first place and other growing countries affected by this decision
include Mexico, Argentina and Colombia.

An additional global challenge is the urgency of prioritizing the implementation of the principles of the circular
economy; although this would greatly contribute to reducing the amount of garbage, the solution par excellence would
be achieved more efficiently if we drastically changed our habits of consumption of goods and services. However,
Americans spent a record $222 billion shopping online this holiday season” as was reported by CNN in its newscast on
the past January 12, showing that we are still very far from this goal.

Finally, I consider that the greatest paradox in the global energy matrix is that, although the reduction of global energy
consumption (fossil and renewable) should be the first action against climate change, the campaigns in this regard are
not only timid, but sporadic, to say the least. And they are, because what are considered prosperous economies were
founded on high energy consumption, that is, those that produce many goods and services for daily consumption, which
quickly end up in huge landfills, at an enormous cost to nature. Consequently, and although the advances in renewable
energies and recycling processes are more than welcome, what is inevitably required is a paradigmatic change, a
civilizational change, that moves us away from our addiction to unconscious energy consumption.
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