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Abstract

Today the world has turned its attention to the phenomena of climate change on the planet. Excess
emissions of greenhouse gases (GHG) from human activity are responsible for this change. Gases
such as carbon dioxide (CO2), methane (CH4) and nitrous oxide (N20) are part of GHG and have
a large capacity to store the energy of the sun in the form of heat, increasing the average
temperature in the atmosphere. After the Kyoto treaty, major powers pledged to reduce GHG
emissions into the atmosphere, but this practice implies a slowdown in the industrialization and
profits of these countries. Countries that can not or do not opt to reduce emissions can buy credits
from nations that can generate extra emission reduction values, thus resulting in trade in these
credits. Small properties have the potential for credit production, which can generate extra income
for the small producer. Therefore, this work aimed at evaluating the potential of commercialization
of carbon credits by small properties. The methodology of the work consisted in a systematic
literature review on the current state of the art of the proposed theme.
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1. Introduction

Today the world has turned its attention to the phenomena of climate change on the planet. The
excess emissions of greenhouse gases (GHG) caused by human activity are responsible for this
change (CARVALHO et al., 2010).
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Gases such as carbon dioxide (CO2), methane (CH4) and nitrous oxide (N20) are part of GHG
and have great capacity to store the energy of the sun as heat, increasing the average temperature
in the atmosphere (CONEJERO, 2006) .

The change in temperature dynamics negatively affects life on earth at several points. From the
rainfall regime and food production to the maintenance of species of animals adapted to all types
of climates (CARVALHO et al., 2010).

The accumulation of GHG causes the increase of the average temperature of the atmosphere. The
increase of this temperature accelerates the GHG emission processes, further increasing its
concentration in the atmosphere, thus initiating a destructive and dangerous cycle (MACIEL et al.,
2009). However, there is a way to reverse this cycle. Productive management practices that seek
to accumulate carbon in the plant structure, thus avoiding the emission of excess carbon, such
practice is called carbon sequestration (YU, 2004).

In 1997 in Kyoto, concerned about the increase of GHGs in the atmosphere and the greenhouse
effect, the United Nations (UN) established a series of rules intended to control this emission in
order to mitigate the evils of the effect (Gomes et al., 2009). A series of targets were set for all
participating countries to be achieved, known as the Kyoto Protocol. Nations that may, by chance,
achieve their goals reliably, could transfer the excess to nations that failed or did not want to reach
the goal.

This has led to the practice where nations that can meet their emissions targets generate extra
credits that can be traded with nations that can not reach them.

Any practices that prevent the emission of GHG can generate credits that can be commercialized.
Brazil, with environmental policies such as the use of renewable fuels, conservation planting
systems and organic agriculture has been shown to be a power in the generation of tradable carbon
credits (CARVALHO et al., 2010).

Family farming has great potential in generating carbon credits. By default, it is not extensively
present in agricultural production, mostly using low carbon conservation practices (ROQUE
RODIGHERI; ROBERTO GRACA; APARECIDA DE LIMA, 2005).

Thus, this work aimed to evaluate the potential of commercialization of carbon credits by small
properties.

2. Materials and Methods
The methodology of the work consisted in a systematic literature review on the current state of the

art of the proposed theme. Being developed from a current bibliographical survey of academic
scientific works of Brazil and the world.
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3. Results and Discussions

Greenhouse Effect

In recent years, much has been said about global warming, greenhouse gases, and other phenomena
caused or potentiated by human activities (TOLENTINO & ROCHA-FILHO, 1998).

This phenomenon occurs naturally and is of fundamental importance for the existence of life on
the planet (YU, 2004). According to Carvalho et al. (2010) Carvalho et al., (2010), the natural
greenhouse effect occurs due to concentrations of greenhouse gases (GHG) in the atmosphere
before the appearance of man. These gases are responsible for partially retaining solar energy in
the atmosphere by raising the average air temperature. And without these gases, which act as a
natural blanket around the earth, absorbed solar thermal infrared radiation would dissipate in space
and the surface of our planet would be 33 ° colder than it is today (YU, 2004).

The problem is the increase in GHG concentration in the atmosphere due to human activities such
as the burning of fossil fuels and deforestation, this has caused concern, since these actions can
change the basic conditions for life on the planet (FERNANDES et al. 2007).

The gases responsible for the effect are: Carbon Dioxide, Methane, Nitrous Oxide, Sulfur
Hexafluoride, Ozone, Chlorofluorocarbons (CFCs), Hydrochlorofluorocarbons (HCFCs)
(TOLENTINO; ROCHA-FILHO, 1998).

Among GHGs, carbon dioxide (CO2) is primarily responsible for intensifying the greenhouse
effect and resulting in climate change. Among these changes, it is verified that the average
temperature of the planet is increasing. It presents an increasing frequency of instabilities in the
pluviometric regime in several regions of the planet, including Brazil (FERNANDES et al., 2007).

GHG emissions have increased linearly since the industrial revolution. It is estimated that about
35% of anthropogenic emissions are the responsibility of agriculture (FOLEY et al., 2005). All the
other gases that make up the GHG have also had their concentrations high since the measurements
were started (ALBRECHT; KANDJI, 2003; IPCC, 2014). Thus, the concentration of these GHGs
in the atmosphere is increasing and the need for measures to mitigate these emissions is evident.

Carbon Credit

In 1992, Rio de Janeiro hosted Ec092, the UN convention that initiated the discussion on climate
change that was being verified. At the time 185 nations together with the European Union
committed themselves to adopt policies to reduce GHG emissions with the aim of stabilizing
concentration and control of the greenhouse effect based on two basic principles: precaution and
responsibility. Where the precautionary principle was based on the lack of scientific information
that GHG was in fact responsible for increasing the average temperature of the atmosphere and the
responsibility principle attributed developed nations to the responsibility for most GHG emissions
(CONEJERO, 2006).

After a number of studies and negotiations in Kyoto City in 1997, a concrete proposal to reduce
GHG emissions was put in place. All participating nations would have 10 years to adapt
technologies and policies that would actually reduce GHG emissions. The stipulated limit was the
95% reduction in GHG emissions emitted in the 1990s. Flexibility mechanisms were also
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stipulated, where nations able to achieve their emissions targets could generate credits and trade
with nations that this could not imply in the deceleration of production and the economy
(CONEJERO, 2006; FOLEY et al., 2005)

Countries that develop certified activities with GHG emission reductions can generate CERs -
Certified Emissions Reductions - that are marketable and can be acquired by countries, accounting
as part of their savings in GHG emissions (CONEJERO, 2006).

According to Conejero, (2006), there are three ways for one country to transfer the credits
produced to another:

e Joint implementation: Countries can develop environmental policies of low GHG
emissions together. This opens up an opportunity to invest resources from economically
developed countries in practices developed in industrializing countries. In this situation,
credits produced by the country that received investments to develop low-emission
environmental projects count positively for both countries involved.

e Emissions Trading: The classic case of trading carbon credits, where a country that failed
or failed to meet its emission quotas, paid to another country that was able to meet its quotas
and generate credits. Such credits may be marketed by the private sector.

e Clean Development Mechanisms: Low-GHG environmental state policies without capital
investment from other nations can be converted into credits and marketed to interested
nations.

e Failure to meet the targets set by the Kyoto Protocol results in fines of around € 40 per
tonne of CO2 emitted (MACIEL et al., 2009). Taking into account that developed countries
emitted around 36.3 billion tons of CO2 in 2016 (IPCC, 2014), the value of this fine could
seriously affect the economies of these countries

As of 2005, carbon credit began to be traded on the stock exchange, initially regulated by the
supply and demand of credits. The European Union pioneered the purchase of credits (MACIEL
et al., 2009).

According to the stock market and financial market monitoring website INVESTING.COM
(2017), currently the carbon credit is traded at a price of around 5 U $ S/ TCO2. In 2008, carbon
credit reached its highest market value reaching 28.77 US $ / TCO2. Even though it is not valued
as in previous years, commercialization of credits may represent an interesting complementary
income for institutions, individuals and the state.

Small-Cap Carbon Credits

Any area with up to 30 hectares exploited by family labor (ABDO; VALERI; MARTINS, 2008)
can be considered a small property. Usually income on small farms comes from the production of
vegetables that supply the cities through free markets and consumer markets (CAMPANHOLA,;
VALARINI, 2001).

Small properties have excellent potential for the production and marketing of carbon credits. There
is a lack of technical knowledge and instruction on how to explore this alternative income
possibility (RODIGHERI; ROBERTO GRACA; LIMA, 2005).
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The size of the properties, the amount of credits to be traded and the certification are some of the
limitations that small properties may face in order to enter the carbon credits market satisfactorily,
however, these limitations can be overcome by adopting the cooperative system. A single property
would not be able to afford the certification or even produce sufficient credits to be marketed to
the point of covering deployment costs. But producer cooperatives have the strength to do so
(PINHO, 1982).

Working in cooperatives can bring strength and added value in products and services developed
by the small producer. Cooperatives act by making available to all associates services such as
technical advice, certification, more advantageous commercial contracts, support and renting of
machines and purchases of inputs, which previously would have been much more difficult for the
producer to access (PINHO, 1982; SHNEIDER, 2003)

Carbon credits would come as an alternative source of income to each partner's primary source of
income. Recalling that conservationist productive systems, tend to accumulate more carbon
credits, in this case, a more profitable alternative. In this perspective, organic systems would be
more advantageous, besides having a more aggregated value in their products, they generate higher
values of carbon credits that can be commercialized (CAMPANHOLA; VALARINI, 2001;
GOMES, 2004; VEIGA, 1996).

Some practices adopted by the farmer in the field can also be accounted for as carbon credits
production. In addition to the fact that organic systems generate credits, production in conservation
systems such as no-till, agroforestry (saf) system, sustainable integrated agroecological program
(country) and agrosilvipastoril system (sasp) can generate even more credits (CARVALHO et al.
al., 2010).

Another practice that can generate carbon credit on small property is the conservation of protected
areas. The cerrado has some areas that are protected by law, such as springs and slope areas. These
areas have much carbon incorporated into the soil that can be counted as carbon credits (WINCK
et al., 2014). In this perspective, the environmental tourism exploration can also generate income
with carbon credits, as long as they aim at the conservation of the natural resources.

It is also possible to obtain carbon credits from livestock production, a practice that normally
contributes to the increase of GHG emissions. If pigs and cattle production is handled in a
conventional manner, due to the physiology of these animals, it generates a large quantity of GEE
(Barichello et al., 2015).

Cerrado

The cerrado is the second largest Brazilian biome (after the Amazon) and concentrates no less than
a third of the national biodiversity and 5% of the world's flora and fauna. The Brazilian savannas
correspond to more than 200 million hectares distributed in the central-west, north, northeast and
southeast regions, and have great natural renewable resources adapted to the rigid climatic, edaphic
and water conditions (RATTER, 1997).

The cerrado has a great variation of vegetation physiognomies, ranging from fields with few shrubs
to closed forests. (RATTER, 1997), and according to Walter (2006), there is no consensus among
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the authors regarding the classification of cerrado physiognomies, with more than 700 names used
in the definitions of this biome, which compromises the understanding of vegetation, practices.

In the last decades, thanks to studies for soil management and the proximity of the consumer
centers, the Cerrados now have considerable importance in the country's agricultural production,
and it is currently one of the largest grain producing regions in Brazil. The construction of dams,
roads, mining, agrochemicals and urban expansion also threaten the integrity of the Cerrado's
ecosystems and renewable natural resources (AGUIAR; MONTEIRO, 2005).

According to Lopes (1984), the organic matter of the soil is essential for the conservation of the
natural resources present in this biome (ROSCOE; MERCANTE; SLATON, 2006). fertility of
cerrado soil.

Carbon in Soil

According to Yu, (2004), the four major carbon stocks are the atmosphere, oceans, fossil fuel
deposits and terrestrial biomass and soil, and carbon sequestration is proportional to plant growth.
Thus, the larger its size, the more biomass accumulates, and consequently the more carbon is fixed.
Most of the terrestrial carbon is accumulated in the forest soil by the decomposition of organic
matter.

Organic matter are remains of living beings, animals or plants, decomposed or decomposing,
composed essentially of carbons (YU, 2004).

The accumulated litter equals the difference between the deposition and the decomposition of the
vegetative material, of this material deposited on the soil, which process returns the nutrients to
the soil (CALDEIRA et al., 2008).

Deforestation and the implantation of agrosystems tend to reduce the carbon content (C) in the
soil, mainly due to erosion, and reduced green mass production (CARVALHO et al., 2010).

Agroecological Systems

In conventional systems of production, there is soil revolving, a practice that accelerates the
burning of the carbon stored in the soil releasing as CO2 in the atmosphere (WOHLENBERG et
al., 2004). This type of preparation will cause loss of organic matter (C), especially in the range of
up to 20cm deep (CASTRO FILHO; MUZILLI; PODANOSCHI, 1998).

Sustainability has as its premise the integration of environmental, social and economic aspects that
aim at social justice, quality of life, environmental balance (JACOBI, 2003).

The agro-ecological systems are summarized in the application of concepts and principles of
Ecology, Agronomy, Sociology, Anthropology, Communication Science, Ecological Economics
and other areas in new management methods, aiming sustainability over time, and the substitution
of conventional models for sustainable models (CAPORAL; COSTABEBER, 2002).

Among the agroecological systems with the greatest potential for generating carbon credits, we
can mention:
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SASP - Agro Silvo Pastoril System: It consists of the introduction of trees in the pasture, with the
objective of increasing the quantity and nutrient availability of the intercropped crops by
intercepting the nutrients located in deeper layers of the soil by the roots of the trees, on the surface
for fodder. This occurs with the deposition and decomposition of its vegetative material (GYENGE
et al., 2002).

PAIS - Integrated and Sustainable Agroecological Production (Mandala System): The COUNTRY
consists of a reservoir of water for fish farming or a structure for handling small animals being
circulated by flowerbeds in order to make better use of the space, considering that the system is
used most often on small properties. Usually, in this system, vegetables and greenhouses are
cultivated in general (CAPORAL; COSTABEBER, 2002; SOUZA COSTA et al., 2013).

SAF - Agroforestry System: Consists in the cultivation of fruit trees, native and exotic, of medium
to large size, where it is expected a greater production of vegetative material, and consequently a
greater cycling of nutrients through the decomposition of the litter (ARATO, MARTINS.

Isolation of springs and riparian forests (APPs) consists of isolating the area to be recovered, with
the aim of preventing access of animals to protected areas, and allowing their recovery in a natural
way (SANTANA; LIMA; MAGALHAES, 2004).

Biodigesters in Small Properties

Brazil is one of the largest animal producers with one of the largest herds of pigs and cattle, and
leads the export of the products and by-products of these animals to the whole world
(BARICHELLO et al., 2015). However, this extensive production generates a large GHG
emission, and only now has the attention to the biodigestion and the use of the gases emitted by
these animals as an energy source, and may even have their carbon credits marketed (XAVIER;
JUNIOR, 2010).

GHGs in extensive production systems are derived from the release of digestive tract gases from
these animals. For the use of these gases it is necessary to use a biodigester, which is an equipment
where the organic matter fermentation takes place in a controlled way, providing the reduction of
the environmental impact and the generation of fuel of low cost. With the decomposition of the
wastes through the performance of microorganisms, two by-products are generated, biogas, which
can be used as energy source, and the biofertilizer, which can be commercialized or even used in
the same property in other activities (VIVAN et al. 2010).

Microbial activity, through anaerobic metabolism, generates biogas, composed of a mixture of
various gases, among them methane, carbon dioxide, hydrogen and sulfur dioxide. Biogas is
flammable due to methane, gas lighter than air, without color and odor, and even one of the GHGs
with the highest heat retention capacity. The typical biogas composition is about 60% methane,
35% of carbon dioxide and 5% of a mixture of hydrogen, nitrogen, ammonia, sulfuric acid, carbon
monoxide, volatile amines and oxygen (AMARAL et al., 2006).

For the commercialization of carbon credits this gas can be directed to two purposes. The first is
the burning, eliminating excess methane and turning it into carbon dioxide. Methane because it
has a greater power of retention of heat is more harmful than the carbon dioxide, being a positive
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balance its burning. The second, and more sustainable, purpose would be to use as fuel for electric
power generation. There are generators that work with gases from the biodigestion of organic
waste, such as GE, jenbacher model (TSAI, LIN, 2009). Studies by Embrapa Pigs and Poultry
indicate that, on average, for each 76 liters of liquid swine manure, 1m? of biogas is formed
(AMARAL et al., 2006).

The waste after decomposition leaves the interior of the biodigestor in liquid form, the so-called
biofertilizer. A compound rich in nutrients and organic material, with excellent use for fertilization.
The application of this in the soil improves the biological, chemical and physical qualities of the
same (BARICHELLO et al., 2015, VIVAN et al., 2010).

The biofertilizer can be used as organic fertilizer in organic agriculture, being applied alone or in
mixtures with chemical fertilizers, increasing beyond plant nutrition, soil organic matter levels. In
the present study, the presence of odor and the presence of odor in the soil were not observed
(Sénchez et al., 2005).

In the case of swine manure, the composition of the biofertilizer has the following concentrations:
from 0.5 to 4.0% of nitrogen; from 0.5 to 5.0% phosphorus; 0.5 to 3.0% potassium and about 90
to 95% water (AMARAL et al., 2006).

Thus, the biofertilizer is a byproduct originated in the process of biodigestion, which provides the
maximum use of swine manures, optimizing the process of aggregation of value to the rural

property.
4. Conclusions and Recommendations

There is great potential for commercial exploitation of carbon credits by small farms. Having as
its main limiting factor its small reach, because alone, a single property can not afford the costs
and certification bureaucracy for the sale of carbon credits. However, if organized in the form of
cooperatives, these properties, in addition to having more commercial strength and technical
support, can enter the carbon credit market much more easily and forcefully.

Organic farming systems and conservationists, in addition to generating a product with a higher
added value in the market, also produce more carbon credits that can become an excellent source
of alternative income. Conservation practices can also be certified by generating revenue for the
smallholder.

For this type of practice to be established, it is necessary to intervene by the state, with the
promotion, installation, training and training of cooperatives for this purpose. There is much
potential, labor and will in smallholder areas.
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