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Introduction 

 

The Workshop on Biosystems Engineering (WEB) is an academic event that stated tacking our internal 

research and students, focused in to present and discuss the research results of the Biosystems 

Engineering Master Program (PGEB).  

 

Over the years, the event have grown, expanding far over the boundaries of the Federal Fluminense 

University, bringing close many people and researcher interested in the area of Environmental Sciences. 

For this 6th edition, bringing invited speakers and lectures from other states. Due to the Worldwide 

COVID-19 pandemic situation, the event was held on-line been broadcasted on the YouTube platform. 

 

This year’s edition main theme was: “Environment and Agriculture: Governance, Research and 

Practice”, being held from the 04th and 05th November 2020. In total there were 470 enrolled students 

(graduated and undergraduate), been held: 8 lectures, 5 short courses, 2 round tables (“The challenges 

of research in the world and in Brazil in the face of current policies” and “Sustainable intensification in 

agriculture”), all accepted papers were invited to submit an online presentation, available as a playlist as 

a virtual discussion Forum (60 abstracts accepted). 

 

As a reflect of its efforts towards its internationalization we count not only with important researchers 

brought to discuss within our round tables and lectures but had the opportunity to have a closure speaker 

Prof. Leonardo Boff, with the lecture: Environment and Dignity. 

 

The WEB, as known, had consolidated itself as one of the main scientific events of UFF, even in time 

of COVID-19 pandemic, integrating students, from graduated, undergraduate or even alumni; as well as 

Professors from several different academic areas, from UFF and from other institutions worldwide. 

 

 

The Organizing Committee  
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Scientific Committee Evaluation 

 

The Scientific Committee took the role to evaluate the presented abstracts and here we bring forward 

the best evaluated papers of the event, as follows: 

 

• Agricultural Systems: 

1st Place – Effects of steel slag-based fertilizers on the endurance to hydric stress of the 

Brachiaria brizantha. Main author: Germana de Oliveira Carvalho; 

2nd Place – Spatial variability of mechanical resistance of soil to penetration in cultivation 

of Tifton 85 (Cynodon SPP.). Main author: Stephany da Costa Soares; and 

3rd Place – Water requirement satisfaction index of the maize estimate by the 

Thornthwaite and Mather and Kc Dual models. Main author: Anderson Neto da Silva. 

 

• Natural Systems: 

1st Place – Analysis of the impacts generated in the terrestrial system arising from the 

COVID-19 pandemic. Main author: Larissa Haringer Martins da Silveira;  

2nd Place – An approach to quality analysis, filling gap and homogeneity of rainfall series. 

Main author: Janaina Cassiano dos Santos; and 

3rd Place – Assessment of water availability for the next 100 years at the São Francisco 

river basin in Brazil, based on Climate Change scenarios. Main author: Priscila Esposte 

Coutinho. 

 

• Environmental Management: 

1st Place – Climatological water balance and climatic classification of Thornthwaite and 

Mather for the six meteorological stations of Benin in the period of 1970-2015. Main 

author: Vidéhouénou Ariane Lucrèce Todote;  

2nd Place – Interface between remote sensing and fire in savanic regions: a bibliometric 

analysis. Main author: Diego Ramos Inácio; and  

3rd Place – Fire foci via environmental satellites in the legal Amazon. Main author: Felipe 

Machado Freire. 

 

Congratulations to all researchers. 
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AGRICULTURAL RECYCLING OF THE BIOSOLID SEWAGE TREATMENT PLANT: 

A LITERATURE REVIEW 
 

Letícia Englete de Mello1, Dirlane de Fátima do Carmo1, Mariana Vezzone Tosta Rabello1 
 

1 Federal Fluminense University 

 

Abstract 

 

Brazil produces more than 220,000 tons of sewage sludge annually. From this data, it is understood that a rich 

source of organic matter for agricultural use has been disposed of without use in landfills in Brazil. However, it 

is also important to consider possible negative impacts such as increased soil acidity. Thus, the objective of this 

work is to address the use of sewage sludge as a biofertilizer, contemplating legal aspects, effects of land use and 

main limitations and trends. For this, a bibliographic review was carried out based on the consultation of seven 

legal documents and 22 scientific articles published between 2015 and 2020. The research showed that the first 

standards of sewage sludge use follow parameters of countries with different climate sand soils in Brazil. In 

addition, the Legal Framework for Basic Sanitation (Law 14.026/2020) implies an increase in sewage sludge in 

the coming years. But in order for this sode to receive an environmentally appropriate destination, it is necessary 

that there is its characterization. In the soil, the biosolid is able to improve the physical, chemical and biological 

characteristics, being the most found nutrients N, organic carbon (CO) P and K. Phytoremediation is one of the 

techniques used to mitigate the effects of heavy metals. Therefore, it is observed that sewage sludge has great 

potential for use in agriculture. However, it is necessary to review the parameters present in Brazilian legislation. 

In addition, it is important to consider soil impacts in the medium and long term. 

 

Keywords: Agriculture; Organic; Reuse 

 

Presentation: https://youtu.be/XosYNwND0qk  

 

 

INTRODUCTION 

 

Organic waste represents the highest percentage of municipal solid waste collected in Brazil, with values around 

50% (IBGE, 2017). The disposal of these wastes in landfills implies a high cost and does not meet the 

predisposition of the Política Nacional de Resíduos Sólidos (PNRS), which indicates composting as an 

environmentally appropriate destination. 

 

From this scenario, it can be conjectured that a considerable part of organic matter in the states of Brazil has the 

potential to receive use for agricultural use, particularly in response to the demand of Urban and Periurban 

Agriculture, thus used near the places where they are generated, as in the case of sewage treatment plants. 

 

Soares Júnior et al. (2018) state that Brazil produces more than 220,000 tons of dry sloth from sewage treatment 

plants annually. This residue has great potential for use as a biofertilizer, improving soil physical parameters and 

providing nutrients that are not always available to the plant. 

 

However, the addition of organic compounds can also promote adverse effects on the soil, making it more 

susceptible or resistant to disease-causing agents and other damage, making the need for knowledge generation 

latent (AQUINO & ASSIS, 2017). 

 

Therefore, this work aims to address the use of sewage sludge of treatment plants as a biofertilizer, contemplating 

https://youtu.be/XosYNwND0qk
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legal aspects, effects of land use, as well as the main limitations and trends of the use of this residue. 

 

 

MATERIALS AND METHODS 

 

For the construction of this bibliographic review work, the main national legislation regarding the agricultural 

reuse of sewage sludge is considered. Thirteen articles were found in the Web of Science, SciELO and 

Engineering Village databases published from 2013 to 2020 and six legal documents. The keywords for searching 

the articles were: sludge; sewage sludge; biosolid; recycling sludge; reusing sludge; sludge cultivation; sludge 

culture; and sludge plantation. 

 

The articles and legislations selected for consultation had the following characteristics: (i) use of biofertilizer from 

organic waste; (ii) use of sewage sludge in agriculture; and (iii) impacts of its application on the soil. 

 

RESULTS AND DISCUSSION 

 

Chapter I - Legal aspects of reuse of sewage sludge 

 

The Figure 1 presents a compile of the main legislation stemming from the use of organic waste as a 

biofertilizer. 

 

 
Figure 1: Main Brazilian legislation stemming from the use of organic waste with biofertilizer. 

 

It is emphasized here that the first regulatory standards for agricultural recycling of stake in Brazil follow 

parameters of temperate countries. This factor alone already implies the need for broader studies that condition 

the experiments with biosolid to the various types of Brazilian soil. Abreu (2019) also recalls that the levels of 

metals in Brazilian legislation have as references American standards, achieved in different environmental 

conditions. 

 

Furthermore, it would be pertinent to have in the revision of CONAMA Resolution 375/2006 considerations about 

the implications that successive doses of sewage sludge can promote in the variation of soil capacity with regard 

to nutrient supply. This could be investigated through experiments that simulate successive doses and through 

constant soil monitoring. 

 

In fact, according to the Brazilian Association of Environmental and Sanitary Engineering (2020), a revision of 

CONAMA Resolution 375/2006 has already been approved on July 22, 2020, after a need was identified by the 

Association's Thematic Sewage Treatment Camera. In addition, CONAMA Resolution 375/2006 itself provided 

in Article 28 for the obligation to revise this Law. 

 

 

Chapter II – The effects of the use of biosolids from sewage treatment plants in soil: limiting factors and trends 

 

The Legal Framework for Basic Sanitation, according to Law 14.026 of July 15, 2020, facilitates the participation 

of private companies in the sector and, among other goals, aims to collect and treat sewage for 90% of the Brazilian 

population by 2033. This implies increasing the formation of sludge in sewage treatment plants in the coming 
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years, constituting a strong environmental liability. However, this residue produced daily has high potential for 

utilization, as has already been exposed by the literature on biofertilization (BRASIL, 2020; LOPES et al., 2020). 

 

As Abreu et al. recalls. (2019), before the effective application of sewage sludge in the soil, it is necessary to 

characterize it according to CONAMA Resolution No. 375/2006, in order to verify whether residue use under 

analysis is considered feasible technically, chemically and biologically for agronomic use, taking into account the 

parameters of the legislation. 

 

The sludge generated in sewage treatment plants, when treated and stabilized, becomes a source of organic matter 

and nutrients (biosolid), suitable for both agricultural and forest cultivation, a practice consecrated in many 

developed countries, minimizing the exploitation of natural resources while promoting the local economy. In the 

soil, the biosolid is able to improve its density, porosity, water retention capacity, cation exchange capacity, 

increased microbiological activity and nutrient supply (LIMA FILHO et al., 2019; SIQUEIRA et al., 2019). 

 

The components found with the greatest significance in sewage sludge were nitrogen (N), organic carbon (CO), 

phosphorus in inorganic form (P) and potassium (K); the latter being of low availability for plants in natural 

environments. On the other hand, there is evidence of the almost constant presence of heavy metals Zn, Cu and 

Pb (MBANGI et al., 2018; ABREU et al., 2019; YADA et al., 2020). 

 

And to promote attenuating the toxicity potential of metals in slat when applied to the soil, the phytoremediation 

technique is the one that seems to have the most flow (GONZAGA et al., 2018; OLIVEIRA et al., 2018). 

According to the authors, this method aims to remove pollutants from the environment or turn them into less 

dangerous substances through the use of plants. 

 

 

CONSIDERATIONS 

 

Therefore, it is observed that the ETE biosolid has great potential for use in agriculture, providing remarkable 

benefits to the soil. However, it is essential to consider the medium and long-term impacts resulting from 

successive doses of slable in the soil, as well as the current legislations that originally based their parameters and 

limiting the climate and soil of temperate countries. Thus, it is essential that the technically viable and 

environmentally appropriate forms for the final disposal of sewage sludge be studied and disseminated, so that 

protection of the environment and the health of the population is guaranteed. 
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Abstract 

 

Brazil has a large territorial extension with a diversified climate, contemplated by a high temperature and 

associated with a high relative humidity. The rate of animal heat dissipation is represented by the heat resulting 

from the processes: metabolic, body heat storage and environmental thermal conditions. Animal heat dissipation 

mechanisms are divided into: sensitive forms of animal-environmental heat transfer, called non-vaporist; and 

latent forms of animal-environment heat transfer called evaporatives. In cases where the animal cannot dissipate 

excess heat through the mechanisms mentioned above, caloric stress develops, partly responsible for low animal 

productivity, among other factors. Thus, animal installation and adequate ambience are of great importance in 

large-scale production. For this reason, research in the field of animal behavior and welfare is promoted, in order 

to provide environments that provide thermal comfort to animals and offer conditions so that they can express the 

maximum of their productive potential. 

 

Keywords: Heat dissipation; Heat stress; Thermal comfort 

 

Presentation: https://youtu.be/yQvANo7C0uo  

 

 

INTRODUCTION 

 

Brazil has a large territorial extension with a diversified climate, contemplated by a high temperature and 

associated with a high relative humidity. The animals, when submitted to high sources of heat, present different 

reactions such as: the increase in respiratory rhythm and the variation of the internal temperature, which are 

responsible for the need for the dissipation of animal heat to the environment. The rate of animal heat dissipation 

is represented by the heat resulting from the processes: metabolic, body heat storage and environmental thermal 

conditions (BAÊTA; SOUZA, 2010) 

 

Homeothermic animals are the main food-producing animals such as meat, milk and eggs. They are also the major 

natural producers of wool and fur. These animals are able to are keeping their body temperature within certain 

limits, even if the ambient temperature varies. For body temperature to remain relatively constant, they need to 

produce or lose heat for the medium (MEDEIROS E VIEIRA, 1997) 

 

The adaptation mechanisms offer the body the best conditions for adaptation in relation to energy consumption 

and protection, avoiding or reducing the effects of stress by thermal effect on the animal. However, a state of 

stress too long can be considered a risk factor, and may lead the animal to death (INCARNAÇÃO, 1986). In this 

context, sensitive (non-evaporated) mechanisms will be presented by the conduction, convection and radiation 

process; and the latent (evaporative) mechanisms by the evaporation and condensation process, all of which are 

related to the dissipation of animal heat. 

https://youtu.be/yQvANo7C0uo
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MATERIALS AND METHODS 

 

Sensitive (non-evaporated) mechanisms 

 

According to Souza and Batista (2012), at warmer temperatures, animals dissipate sensitive heat to the 

environment through the skin, by conduction, by convection and radiation. In the process of heat transfer by 

conduction, contact between surfaces or substances whose temperatures differ is required, i.e. there must be a 

thermal gradient between the parts considered (BAÊTA; SOUZA, 2010). That's why many animals lie on cold 

surfaces in an attempt to cool off (MACHADO; SILVA, 2018). In the process of heat transfer by convection there 

is the displacement of a fluid, resulting in the reduction of its density, which causes the movement of this air close 

to the surface (BAÊTA; SOUZA, 2010). In the process of heat transfer by radiation, there is the exchange of heat 

through electromagnetic waves not seen, through two points or more, which are at different temperatures. 

 

Latent (evaporative) mechanisms 

 

In latent (evaporative) heat exchange mechanisms, sensitive mechanisms are no longer effective, starting the 

movement of water inside the animal body until it reaches the epidermis; With this, there is the diffusion of water 

vapor into the environment from the skin and lungs. This means that heat loss occurs in the conversion to steam, 

both from the sweat secreted by the skin glands and from the moisture from the respiratory tract (BAÊTA; 

SOUZA, 2010). Evaporation is the main process of eliminating excess body heat, and its action is compromised 

by high air humidity and favored by the action of winds. Evaporation occurs through the body surface of the 

animal and the inside of its respiratory system. According to Souza and Batista (2012), when a surface is moist, 

the thermal energy in it is used for evaporation that will result in a temperature fall, having the phenomenon called 

latent heat. If the temperature of the animal surface is lower than the air temperature and this same air near the 

saturation mechanism, there will be condensation and the formation of a kind of dew on the surface of the animal. 

As a result, it has been that the animal will gain heat from the environment. (BAÊTA; SOUZA, 2010). 

 

RESULTS AND DISCUSSION 

 

In, the heat produced inside the animal organism propagates to the surface of the body. This surface of the body, 

having temperature higher than that of the environment, transfers this heat to the environment by the radiation 

processes. In cases of direct contact with a surface less hot than the body, the conduction mechanism occurs. 

When there is the influence of winds, the convection mechanism occurs (MEDEIROS; VIEIRA, 1997). 

 

If the aforementioned animal fails to dissipate excess heat through conduction, convection and radiation 

mechanisms, the rectal temperature of the animal will increase above normal physiological values. For this reason, 

caloric stress develops in the animal, with consequences for impaired immune function, weight gain and its 

development (SOUZA; BATISTA, 2012). 

 

Caloric stress occurs when animals are exposed to temperatures above the higher critical. The critical temperature 

besides being influenced by climate agents (humidity, radiation and wind), also differs according to domestic 

species, even in races and even in individuals. Table 01 describes the different mean normal values of temperature, 

respiratory rhythm and pulsation in the main domestic species (MEDEIROS; VIEIRA, 1997). 

 

Table 01. Mean normal values of rectal temperature, respiratory rate and pulsation. 

 
Source: Medeiros e Vieira (1997). 
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Animals that are at a temperature above the thermal comfort zone need to increase body heat loss. However, when 

the ambient temperature approaches 30°C, the sensitive (non-evaporative) heat exchange is reduced and latent 

heat exchange begins to prevail, in this case with evaporation by the respiratory tract, accounting for up to 60% 

of the animal's heat loss. As an example, pigs are considered to increase their respiratory rate by up to 100% to 

acquire the necessary heat dissipation (BRIDI, 2010). 

 

Animals are also exposed to stress situations such as abrupt changes in the rearing system, thermal comfort, among 

other factors, directly affect the immune system of the animal and with this the mechanisms of defense of the 

respiratory tract. Another important factor related to the respiratory tract is pneumonia, being the main disease 

correlated to the respiratory tract and one of the main causes of economic damage within calf rearing (FERRARI, 

2019). 

 

 

CONSIDERATIONS 

 

This study is considered a way to know and evaluate the different mechanisms of animal heat dissipation. It was 

observed that caloric stress is one of the main limiting factors in animal production. The case studies addressed 

allow a better understanding of the animal need in relation to the different mechanisms addressed. Finally, every 

study covers the ideal comfort and animal welfare so that they can express the maximum of their productive 

potential. 
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Abstract 

 

Livestock farming is currently one of the most important sectors for Brazilian agribusiness, being responsible for 

high annual revenues. To reach the current levels of production, much was invested in genetics, nutrition, 

management, and animal health. However, it is worth noting that the thermal environment and animal-

environment relations have direct implications on animal production, especially for Brazilian climatic conditions. 

In this context, the objective of this work is to perform a survey of the main aspects that concern these animal-

environment relationships, addressing the classification of animals regarding the variation of the temperature of 

their body nucleus, homeothermy, thermal microenvironment, thermal comfort and main mechanisms used to 

regulate body temperature. In relation to maintaining the temperature of their body core, the animals are classified 

as endothermic or homeothermic, and ectothermic or pecilothermic. Endothermic or homeothermic animals are 

those that can keep the temperature of their body core stable, regardless of the occurrence of external variations. 

On the other hand, ectothermic or pecilothermic animals are those that do not have the ability to regulate the 

temperature of their body nucleus, and their body temperature has changed according to the conditions of the 

environment. Most production animals (poultry and mammals) are homeothermic and use mechanisms such as 

vasoconstriction and piloerection to conserve body heat (cold condition), or general vasodilation, sweating and 

panting, for heat loss to the environment (heat condition). 

 

Keywords: production animals; thermal environment; homeothermy 

 

Presentation: https://youtu.be/8HyZXtgcKMM  

 

 

INTRODUCTION 

 

Consecrated as one of the most important activities for Brazilian agribusiness, livestock production is responsible 

for generating high annual revenues. In 2019, for example, the sum of goods and services generated by the sector 

totaled R$ 494,8 million (CEPEA/CNA, 2020). All this is due to the significant advances in genetics, nutrition, 

management and sanity that have occurred in recent decades, enabling the country to achieve high productivity 

(Mayo et al., 2019). 

 

On the other hand, the intensification of animal production systems, through confinement, as well as the 

introduction of animals with high genetic potential, reinforce the importance that the thermal environment has for 

animal production (PERISSINOTTO et al., 2009). It should be noted that, despite the high potential that Brazil 

has for animal production, one should always consider the climatic factor, given that the thermal environment has 

direct implications on the performance of the housed animals (MAYO et al., 2019). 

 

According to Baêta & Souza (2010), the external environment covers all the physical, chemical, biological, social 

https://youtu.be/8HyZXtgcKMM
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and climatic variables that interact with the animal, causing reactions in its behavior. The thermal 

microenvironment in which the animal is inserted refers to the environment immediately adjacent to the animal, 

and is composed of variables such as temperature, humidity, air speed, and radiant and superficial temperatures. 

 

For animals to express their maximum productive potential, it is necessary that the environment is in an 

appropriate temperature range, also known as thermoneutrality or thermal comfort zone - ZCT or TCZ (NÄÄS, 

1989). Within this temperature range, there is no energy expenditure through changes in metabolic activity, either 

to heat up or to cool the body. It is important to guarantee this condition to the housed animals, since, within this 

range of comfort, the nutrients ingested will be used only for their growth, development and production (BAÊTA 

& SOUZA, 2010). 

 

Since the various relationships between animal and environment have direct implications on animal production, 

the objective of this work is to perform a survey of the main aspects that concern these relationships. 

 

 

MATERIALS AND METHODS 

 

This literature review was developed based on books, articles and other scientific productions that deal with 

animal-environment relations, and their implications on animal production. 

 

 

RESULTS AND DISCUSSION 

 

Classification of animals in relation to the variation of body core temperature 

 

Animals can be classified in relation to the heat source or in relation to the mechanisms used to maintain the 

temperature of their body core. Regarding the heat source used to maintain homeostasis, the animals are classified 

as endothermic or ectothermic (SOUZA & BATISTA, 2012). 

 

Endothermic animals 

 

According to Baker (1989), endothermic animals are those that have the ability to regulate the temperature of 

their body core, sustaining their vital functions, even with the occurrence of variations in the thermal environment. 

This type of animal seeks to maintain the temperature of its body core within a certain temperature range, called 

the thermoneutrality zone or thermal comfort zone – ZCT or TCZ (NÄÄS, 1989). However, in order to maintain 

this temperature within the ZCT, these animals expend energy, which needs to be relocated from other functions 

and, therefore, can cause production reduction, or even impair the maintenance of the offspring. 

 

In mammals and poultry, which correspond to most endothermic species, the body core temperature changes little 

in the face of temperature changes in the environment, since these animals have well-developed thermoregulatory 

mechanisms (SCARPELLINI & BÍCEGO, 2010). 

 

Ectothermic animals 

 

Ectothermic animals, also known as exothermic, are those that regulate the temperature of their body nucleus 

through loss or heat gain for the environment, either by convection or irradiation. As examples of ectothermic 

animals, fish, amphibians, reptiles and some invertebrates can be cited, which for cooling or heating their body 

nucleus use external factors, such as solar radiation, for example (SOUZA & BATISTA, 2012). 

 

Since these animals have low metabolic rate and reduced thermal isolation, they are not able to maintain the 

temperature of their body nucleus without alterations with the occurrence of changes in the environment, 

performing rapid exchanges with the environment in which they are located (BICEGO et al., 2007). In this type 

of animal, behavior is the most important thermoregulatory mechanism (SCARPELLINI & BÍCEGO, 2010). 

 

As for the mechanisms used to maintain the temperature of their body core, the animals can also be classified as 

pecilothermic and homeothermic. 

 



 

22 
 

Pecilothermic animals 

 

Pecilothermic animals are those that do not have the ability to regulate the temperature of their body core, and 

their temperature is altered according to environmental conditions, since they do not have an internal regulatory 

system (SOUZA & BATISTA, 2012). Pecilothermic animals are also known as “cold-blooded” animals. 

 

Homeothermic animals 

 

According to Souza & Batista (2012), animals that have the ability to keep their core temperature stable, regardless 

of the occurrence of external variations, are classified as homeothermic. Homeothermic animals are also called 

homeothermic animals or “warm blood” animals. 

 

Thermodynamically, the organism of homeothermic animals is more inefficient than that of pecilothermic, a 

characteristic that allows homeothermic to maintain their stable body temperature. For this reason, homeothermic 

have better enzymatic functioning, faster and longer movements, and greater ability to adapt to the variations of 

the environment in which they are located (BIANCO, 2000). 

 

Homeothermy 

 

Homeothermy or homeostasis is the process that allows animals to keep their body core temperature 

approximately constant in relation to external variations, allowing their cellular activity to remain normal. In 

homeothermic animals, the body core temperature is kept approximately constant through processes of increasing 

or reducing the heat resulting by metabolism, as well as the conservation or dissipation of this heat to the external 

environment Baêta & Souza (2010). 

 

The homeothermy process is only efficient if the temperature of the environment is maintained within the 

thermoneutrality or thermal comfort zone (ZCT) for the species in question, that is, within the temperature range 

in which the animals find ideal conditions to express their maximum productive potential. In many cases, 

homeothermic animals can be considered a “thermal pump with low efficiency”. An example of this is poultry, 

which use 80% of the energy ingested to maintain body core temperature, and only 20% for production (BAÊTA 

& SOUZA, 2010; COSTA et al., 2012). 

 

Thermal microenvironment 

 

According to Baêta & Souza (2010), the thermal microenvironment in which the animal is inserted concerns the 

environment immediately adjacent to the animal. It is composed of air temperature, relative air humidity, air 

speed, radiant temperature, and surface temperature. The thermal microenvironment in animal production 

facilities can be modified through secondary modifications, which include artificial ventilation, heating, and 

cooling processes, used alone or together (DAMASCENO et al., 2010). 

 

Thermal comfort 

 

According to American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE, 1997), 

thermal comfort can be defined as the mental state that expresses the satisfaction of man or animal with the thermal 

environment to which it is exposed. 

 

Within the thermal comfort zone (ZCT), the temperature of the body core of the animal is kept practically constant, 

with minimal efforts of thermoregulatory mechanisms, with no feeling of cold or heat, and providing the animal 

with its maximum potential. However, if the thermal environment varies, the internal temperature of the animal 

will also suffer, causing variations in the amount of heat and metabolic processes of the animal (BAÊTA & 

SOUZA, 2010). 

 

To characterize the thermal environment, it is necessary to consider the combined effect of elements such as 

temperature, humidity, radiation, and air speed. This characterization can be performed by means of thermal 

comfort indexes, which add in a single variable the combined effect of different climatic elements (LEITE et al., 

2012). One of these indexes is the effective temperature, parameter that encompasses the combined effect of the 

above-mentioned elements (BAÊTA & SOUZA, 2010). 
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Figure 1 illustrates a simplified representation of the areas to which the animal will be exposed, according to the 

temperature of the environment in which it is located. In the representation, the effective temperature conditions 

are separated by zones, which are: AA' – thermal comfort; BB' – moderate thermal comfort; CC' – homeothermy; 

and DD' – survival. 

 

 
Figure 1 – Simplified scheme for the representation of critical environmental effective temperatures. Source: 

Bianca (1968) – cited by Baêta & Souza (2010). 

 

Given the importance that the thermal microenvironment presents for animal production, several studies aim to 

study and characterize the microenvironment in animal production facilities. Campos et al. (2004) characterized 

the microenvironment in stalls of a free-stall shed oriented in the north-south direction and used for confinement 

of lactating cows, reaching the conclusion that the microenvironment of the west face of the shed was not adequate 

to the requirements of the animals. Castro et al. (2013) evaluated the thermal environment and noise in maternity 

cells for pigs built using slate and concluded that the thermal conditions in the afternoon were not so suitable for 

piglets. Aranha et al. (2019) evaluated the thermal comfort of Nellore cattle in the finishing phase in integrated 

agricultural production systems and concluded that ILPF systems improve thermal comfort. Among others. 

 

Body temperature adjustment mechanisms 

 

In homeothermic animals the process of regulating the temperature of the body nucleus takes place through 

thermoreceptors located in the central and surrounding regions, which function as sensors. Through an afferent 

conductive system, the signals captured by these thermoreceptors are sent to a central thermal impulse control 

system, responsible for taking compensatory measures to control the body core temperature. 

 

According to Baêta & Souza (2010), the centers of perception, association and thought (exclusive to humans), as 

well as specific areas related to vision, hearing and body movement, are all in the brain. Notably ly regarding the 

animal's responses to the thermal environment, it is worth highlighting the importance that the hypothalamus and 

pituitary have for the regulation of body temperature. The hypothalamus is responsible for the central control of 

temperature, through the integration of thermal impulses from the most diverse tissues of the body. The pituitary 

gland is a gland responsible to produce hormones, used to control internal temperature, responding according to 

the signals sent by the hypothalamus. 

 

Among the autonomous mechanisms of regulation of body core temperature are the production, conservation and 

loss of energy in the form of heat (BRANCO et al., 2005). In homeothermic animals, the conservation of energy 

in the form of heat occurs mainly through vasoconstriction and piloerection. When temperatures are high and the 

animal needs to lose heat to the environment, general vasodilation mechanisms, sweating and panting are triggered 

(BAÊTA & SOUZA, 2010). 
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CONSIDERATIONS 

 

The thermal environment has direct implications on animal production, and its maintenance within the 

thermoneutrality zone is a primary factor for achieving satisfactory results in production activity. 

 

Most production animals (poultry and mammals) are homeothermic and use mechanisms such as vasoconstriction 

and piloerection to conserve body heat (cold condition), or general vasodilation, sweating and panting, for heat 

loss to the environment (heat condition). 
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Abstract 

 

The high cost of using geosynthetic materials based on polymers and the extraction of too much wood for civil 

construction have alerted science to aspects of the lack of sustainability in this way of building. Nevertheless, 

pertinent parameters are arising from climate change and refuted residual treatments. This study aims to carry out 

a literature review about the use of bamboo as a source of clean and renewable energy in civil construction. 

Society has an essential role in the use of construction materials considering the Chinese, Indian, and part of the 

Latin American population that use bamboo under the relevance of the species in their respective cultures. 

Therefore, the scientific base can generate research that develops results in contributing to the use of bamboo in 

the building. It can become a motivation tool for other pillars of sustainability, such as social, economic, and 

environmental. 

 

Keywords: sustainability; edification; family farming 

 

Presentation: https://youtu.be/FWkFpJCEIMo  

 

 

INTRODUCTION 

 

The construction industry generates flows for economic development, with increasing participation in the 

Brazilian GDP (CBIC, 2019). However, when we consider the participation of this sector in an environmentally 

sustainable way, the results are opposite. According to JOHN (2000), this industry is responsible for about 50% 

of the CO2 released into the atmosphere, and for almost half of the solid amount of waste generated in the world. 

With this, the use of alternative materials can be considered as an option to replace or reduce the exacerbated 

consumption of natural resources, promoting their preservation. 

 

There are some options for alternative materials that can be used in civil construction, such as bamboo, soil-

cement blocks, adobe blocks, Ferro-cement, and tiles manufactured with the addition of waste (paper, plastics, 

and fibers), among other materials. In this study, the ancient use of bamboo will be discussed, whose records in 

civil construction date from 7,550 to 5,500 years ago in Ecuador (HIDALGO, 1978). Bamboo stands out for being 

a clean and alternative energy source for wood. 

 

According to INBAR - International Network for Bamboo and Rattan (2018), the Ministry of Science, 

Technology, and Innovation of Brazil invested the US $ 3.5 million in activities under the economic scope, acting 

in partnership with Embrapa. Thus, Brazilian science contributes effectively so that this source is seen as a tool 

in the ecological transition of national civil construction. That said, this study aimed to conduct a literature review 

about the use of bamboo as a source of clean and renewable energy in civil construction. 

 

 

RESULTS AND DISCUSSION 

 

The use of bamboo in civil construction 

https://youtu.be/FWkFpJCEIMo
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There are several buildings consecrated by the world for using bamboo, for example, the extensive lining on the 

internal and external facade of the international airport in Madrid (Italy), adapted in 1991, with the purpose of 

ambience and energy saving (VAN UFFELEN, 2012). Another example is the Alterna Nuestra Señora de La 

Pobreza Cathedral, by Simón Vélez, in Pedreira (Colombia), besides the structuring, bamboo was used in 

ornamentation (VILLEGAS, 2005). 

 

According to VILLARES (1953), one of the principal historical highlights of the bamboo’s participation was 

under the devices of Santos Dumont, in the Demoiselle structure in 1997. In Bali (Indonesia), an organic chocolate 

factory was built, where bamboo was used from roofs to walls, built in 2012 (STAMM, 2008). 

 

In 2007, in the city of Wuhan (China), there is a bridge made of bamboo with a capacity to support up to nine 

tons, with a durability of 20 to 30 years, it was the first to be used for car traffic in the world (XIAO and PAUDEL, 

2008). 

 

In Brazil, there are examples in the construction of the Max Feffer Culture and Sustainability Center in the city 

of Pardinho (São Paulo) (FEFFER, 2011). There is also the relevant role of Bamboo in the country's 

socioeconomic aspect, where a prototype of Social Housing was developed in Aracaju (Sergipe) (NUNES, 2005). 

 

Bamboo quickly absorbs large amounts of carbon, having high agricultural and industrial potential (VIEIRA et 

al., 2016). With that, much research has been carried out to reduce the environmental impacts under use in the 

building. ESCAMILLA et al. (2018) under the life cycle assessment of conventional construction, found that 

transportation and reinforcement materials contribute significantly to the environmental impact, while the bamboo 

construction system promotes the least environmental impact. To elucidate traditional Chinese villages, 

STAMATIS AND GANGYI (2019) examined bamboo and steel for their comparative environmental impacts 

and showed that steel scaffolding has a negative impact on the emission of 6,410.25 kg of CO2, regardless of its 

quick assembly and reuse, while the bamboo version would have had a positive impact, storing 14,384.13 kg of 

CO2 during the life of the building. 

 

In the social field, DAS et al. (2012) found that bamboo has been an integral part of the cultural and economic 

context, mainly in the construction of houses where it is used in the base of floors. When it comes to public health, 

VON SEIDLEIN et al. (2017) realize that the prototypes of accessible houses in Africa built with bamboo showed 

better results in terms of ambience, lower temperature, and less occurrence of mosquitoes. With that, the project 

supports the control of malaria in the country. Under the aspect of security, ELIZABETH and DATTA (2013) 

revealed that bamboo structures perform better in earthquakes than the commonly constructed residential building, 

making it feasible and highlighting its use as construction material in areas of the seismic zone. Regarding the 

animal ambience, ESGOTI et al. (2016) found that the use of bamboo as a covering reduces temperatures when 

compared to conventional coverings. 

 

Under the technical context, KORDE et al. (2014) noted that in the manufacturing of an arch based on bamboo 

and concrete, the results were so efficient that they indicate bamboo as a sustainable structural element. Under the 

flexural behavior of iron-cement bamboo slab panels with flyash, CHITHAMBARAM and KUMAR (2017) 

observed that the contribution of bamboo strips concerning mortar and wire mesh has a load capacity three times 

higher when compared without its use. Regarding the perspective of low-cost construction for rural communities 

in Ghana (Africa), ASARE AND DANYUO (2020) noted that the hardness of cement block composites increased 

with bamboo fibers in the general characterization of the cement-based matrix laterite. 

 

 

CONSIDERATIONS 

 

Bamboo is an alternative of a biological nature that meets several aspects of civil construction, such as support in 

the environmental regulation, in socioeconomic strengthening, in the viability of technological innovation, in the 

clean and renewable energy supply, in social security, and public health. 

 

However, in Brazil, research that offers scientific and technological support in the development of projects 

applicable to civil construction is still needed. Therefore, bamboo can become one of the sustainable source 

elements in the ecological transition of this area. 
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Abstract 

 

The sustainable development growth and conscious consumption have encourage several types of research related 

to the civil construction sector. This study aimed to analyze literature from the Web of Science base concerning 

the use of natural fibers in construction materials through bibliometric methodology using the VOSVIEWER 

software. Through bibliometric analysis and using the words “natural fibers” and “building materials” and 

restricting the period between 2010-2020 it was possible to obtain 101 publications. The bibliometric analysis 

allowed us to verify the growth of publications throughout the period: 28 keywords were found related to the 

theme, among them words related to material properties and fiber types. By analyzing the references found in the 

publications it was possible to highlight the 7 most cited studies, which have between 12 and 15 citations each. 

Analyzing the origin of the articles, we identified the four most significant countries, China (16), United States 

(14), Brazil (9) and India (9). It was noticed that the need of the studies changed a long time, as new researches 

in the area appeared, besides understanding better the relation of the countries with the theme. The bibliometric 

analysis allow us to follow the scientific expansion of the theme and guide future studies. 

 

Keywords: Research, Civil Construction, Sustainability, Co-occurrence Analysis 

 

Presentation: https://youtu.be/sl7KboauDvs  

 

 

INTRODUCTION 

 

With the growth of environmental awareness and the search for sustainable production, there was a consequent 

increase in the use of natural materials in the industry (ERKMEN et al., 2020). According to Asim et al. (2020), 

the construction sector started to study the use of recycled materials and reinforcement of organic/inorganic fibers 

in its products. 

 

Bibliometric analysis corresponds to a quantitative study of the characteristics of publications made by 

researchers, allowing the incorporation of new knowledge into scientific literature (AZIZ; MUSTAPHA; 

JAMILA, 2020). 

 

The Web of Science (WOS) database uses established and detectable selection processes for inclusion of 

publication and impact algorithms, becoming widely recognized as one of the principal academic databases used 

for faculty research metrics and impact measures (POWELL; PETERSON, 2017). 

 

Bibliometric data are generally derived from databases, including the Web of Science database, an important 

source for obtaining global academic information (XIE; ZHANG; DUAN, 2020). 

 

The aim of this study was to carry out a study referring to the characteristics of the publications made with the 

https://youtu.be/sl7KboauDvs
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research metric “Natural fibers” and “Building materials” through the use of the WOS core collection database 

between 2010- 2020, using the scientific analysis tool VOSVIEWER (VOS). 

 

 

MATERIALS AND METHODS 

 

A literature search was carried out on the WOS database between September 18 and 19, 2020. The keywords 

“Natural Fiber” and “Building Materials” were adopted as a search parameter and the period between 2010-2020. 

The search in WOS was carried out in its principal collection, through the search field, “all fields,” which covers 

the following fields as a research topic: Title, Abstract, Keywords, Keywords Plus, Author, Editor, Shared 

authorship, Group author, Author identifier, Publication name, DOI, Publication year, Address, Organization-

enhanced, Conference, Language, Type of document, ISSN, Funding agency, Text on funding, Subsidy number, 

Access number, and PubMedID. The publications found were exported in a text file (TXT) in tab format 

(Windows), with the contents of the complete record and cited references. 

 

The data from the WOS database were separated by publication year using the software EXCEL, and the analysis 

of the co-occurrence parameters and countries that research on the topic was accomplished through the VOS. The 

VOS tool is an open access software that allows the construction and visualization of bibliometric networks, 

besides the functionality of prospecting data in the text. For country analysis, at least one citation per country was 

considered, which generated the name of the countries related to the authors of the articles. 

 

The analysis of keyword co-occurrences initially analyzed the number of occurrences equivalent to 1, which 

allowed us to display all the keywords found. The analysis result was exported in a TXT file, opened using the 

EXCEL, and analyzed for possible repeated words or synonyms. After analysis, another TXT file was created and 

the repeated words were unified on it, which was later added to the VOS. With the reading of the new information, 

the number of occurrences was defined as 5, where the keyword graph generation was then allowed. For the 

analysis of citations, the number of occurrences equivalent to 10 was analyzed, where the citations found were 

exported to the EXCEL and analyzed. 

 

 

RESULTS AND DISCUSSION 

 

After searching the WOS database, 101 publications were found, exported in text files. The reading of the data 

resulted in the number of publications for the years surveyed, shown in Figure 1. 

 

 
Figure 1 – Publications by Year. Source: Authors 

 

When analyzing the different countries in the VOS, a total of 40 results were obtained, shown in Figure 2, among 

them the principal ones were China (16), United States (14), Brazil (9), and India (9). 
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Figure 2 - Author by country. Source: Authors 

 

Regarding the keywords, a total of 28 words were obtained through VOS analysis, shown in Figure 3. The 

principal ones are natural fiber (57), mechanical properties (40), and composites (27). 

 

 
Figure 3 – Keywords. Source: VOSVIEWER 

 

The seven studies most cited by the publications found in the result of the research at WOS were classified through 

analysis in VOS. Wei and Meyer (2015), the most cited article (15), studied sisal fiber applied to cement matrix 

materials. The sisal applied in construction materials was also the object of research by Silva et al. (2010) and 

Tolêdo Romildo D. et al. (2003), with 12 citations each. The study by Ramakrishna and Sundararajan (2005) was 

the second most cited (13), and it approaches the impact resistance of mortar plates when reinforced with coconut, 

sisal, jute or hibiscus cannebinus fibers. Other studies have analyzed more than one fiber, such as Savastano, 

Warden and Coutts (2000) who researched the application of sisal and banana fibers in cement composites and 

Tolêdo Filho et al. (2000) who analyzed the properties of cement based mortar with the addition of sisal and 

coconut fibers, both with 12 citations. Li, Tabil and Panigrahi (2007) made a literature review on fiber reinforced 

composites such as flax, hemp, jute and others, and obtained 12 citations. 

 

The growth over the years has shown the interest of researchers in studies involving the use of natural fibers in 

building materials. The four countries with more research, China, USA, Brazil and India, represent 35% of 

publications. The results of the analysis indicate great interest from Asian countries for works involving the theme, 

30% of the publications being justified by the continent being a large agricultural producer and most of the fibers 

being from residues from the sector. Brazil is the main country in South America in research in the area, with 9 

publications, followed by Colombia (2), Argentina (1), Chile (1) and Peru (1). 

 

The research showed that, among the key words referring to residues, sisal is the most frequent, with 18 co-
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occurrences, followed by coconut fiber with 7 co-occurrences. Other residues found were kenaf, bagasse, jute, 

hemp and fly-ash. 

 

The key words also showed the occurrence of words related to material properties, such as mechanical properties 

(40) and thermal properties (7). The result showed the occurrence of strength (26), durability (16), tensile (6) and 

flexural strength (5), which analyze the material properties. 

 

Considering the results found by Karade (2010), it was noticed the need for more research to better understand 

the durability property, a key word with 16 occurrences in the publications from 2010 to 2020 analyzed in this 

article. 

 

The literature review of Pacheco-Torgal e Jalali (2011) reinforced the fact that mechanical properties, one of the 

key words, are the focus of much of the available literature. 

 

For Slebi-Acevedo et al. (2019) there is a lack of information about porous blends with fiber addition, besides the 

study of the blending of different fibers in order to improve the mechanical characteristics. 

 

Along time it is perceived that the necessity of the studies is changing, as new researches in the area appear. With 

this, it was possible to verify in this work that the bibliometric analysis allow us to follow the scientific expansion 

of the theme and guide future studies. 

 

 

CONSIDERATIONS 

 

Through bibliometric analysis, there has been a considerable increase in the number of publications referring to 

the use of natural fibers in construction materials over the past ten years. It was identified as the four most 

significant countries in publications referring to the search term China (16), United States (14), Brazil (9), and 

India (9). It was observed that the most relevant words were natural fiber (57), mechanical properties (40), and 

composites (27). Among the most cited studies, we can see their relevance to the topic, with twelve or more 

citations per article. 
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Abstract 

 

Studies have been conducted about biochar use in agriculture in order to evaluate the effects of its application on 

soil and crop. This article sought to evaluate the farming ecosystem responses to biochar, by reviewing articles 

published in the five years (2015-2020). The results suggest that biochar is capable of promoting important 

changes, which positively impact on soil health and quality and crop productivity. 
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INTRODUCTION 

 

The superficial layer is the most fertile layer of the soil, as it presents higher levels of organic matter (OM) and 

nutrients. Organic matter has fundamental importance for the physical and chemical properties of the soil, being 

responsible for much cation exchange capacity (CEC), especially in more weathered soils. Biochar is a source of 

organic matter. When incorporated into the soil, it helps to maintain the levels of organic matter in the surface 

layer (PACHECO & PETTER, 2011). 

 

Biochar is an input generated from the biomass pyrolysis. In the pyrolysis process, the raw material is transformed 

into biochar, at relatively low temperatures (<700o C), in total or partial absence of oxygen. The chemical and 

structural properties of biochar are quite heterogeneous. These depend mainly on the raw material and the 

temperature of thermal degradation (TRAZZI et al., 2018). 

 

Biochar, when incorporated into the soil, induces beneficial changes in the physical, chemical and biological 

characteristics of the soil. These changes promote improvements in the quality and productivity of cultivation. 

Studies on the use of biochar in agriculture have been conducted in order to assess the effects of its application 

on improving the health and quality of soil and cultivation. In this sense, the objective of this paper was to evaluate 

the responses of the ecosystem to the application of biochar, through the review of articles published in the last 

five years. 

 

 

MATERIALS AND METHODS 

 

This paper sought to carry out a review of articles produced by national and international authors above the 

feasibility of using biochar for agricultural purposes. Data collection was carried out through searches in the 

Google Scholar (scholar.google.com), PubMed (pubmed.gov) and Periódicos Capes (periodicos.capes.gov.br) 

databases. The keywords used for the search terms were: “biochar”, “biochar + soil”, “biochar + agriculture” and 

“biochar + plant’. The searches were limited to the period of publication between 2015 and 2020. The articles 

were compared to elaborate a critical analysis of the benefits and restrictions of the farming use of carbonized 

biomass as a soil conditioner. 

 

https://youtu.be/_hvmzWs6tH0
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RESULTS AND DISCUSSION 

 

Biochar can promote beneficial changes in the physical, chemical and biological characteristics of the soil, such 

as increased porosity, aeration and water retention capacity, reduced nutrient leaching, control of the hydrogen 

potential (pH), increased carbon mineralization native organic soil and increased microbial activity. 

 

According to literature review, the incorporation of biochar into the soil caused an increase in soil microporosity, 

with a consequent reduction in apparent density (LIMA, 2016). There was an improvement on soil hydraulic 

conductivity, with an increase in the surface layer water content and reduction of cumulative water infiltration 

through the soil (CHOUDHURY et al., 2017). The presence of biochar provided the control of the Hydrogenionic 

potential (pH), in addition to increasing cation exchange capacity and soil electrical conductivity (EL-NAGGAR 

et al., 2015; ZHAO et al., 2015; HANSEN et al., 2016; JIANG et al., 2016; LIMA, 2016). 

 

Biochar significantly affected retention and cycling nutrient on soil, with increased availability of phosphorus (P), 

calcium (Ca), potassium (K) and magnesium (Mn) (EL-NAGGAR et al., 2015; LIMA, 2016; OLMO et al., 2016; 

CHOUDHURY et al., 2017; GONZAGA et al., 2018). 

 

Carbonized biomass showed potential to increase the fixation of biological nitrogen on soil (MALGHANI et al., 

2015; WANG et al., 2015; JIANG et al., 2016; CUI et al., 2017; GONZAGA et al., 2018). The biochar 

incorporated in the soil increases total carbon content, the mineralization of soil's native carbon (SOC), organic 

matter (OM) and the humic component (EL-NAGGAR et al., 2015; MALGHANI et al., 2015; RITTL et al., 2015; 

WANG et al., 2015; ZHAO et al., 2015; JIANG et al., 2016; CUI et al., 2017; JOSEPH et al., 2020). 

 

The presence of biochar was able to alter the soil fauna, with an increase in the population of mycorrhizal fungi, 

especially by changing in soil physical-chemical properties (MALGHANI et al., 2015; ZHAO et al., 2015; JIANG 

et al., 2016). Greater availability of water and nutrients influenced the change in soil biota, the increase in 

respiration rate (HANSEN et al., 2016) and enzyme activity (WANG et al., 2015). 

 

The recalcitrant nature of biochar suggests that it may be a viable carbon sequestration technique (RITTL et al., 

2015; HANSEN et al., 2016). The increase in soil carbon sequestration, in turn, implies a potential reduction in 

carbon dioxide emission (CO2), greenhouse gases (GHG) and nitrous oxide (N2O) gby soil (EL-NAGGAR et al., 

2015; RITTL et al., 2015; ZHAO et al., 2015; CUI et al., 2017). 

 

In soils contaminated with heavy metals, biochar proved to be effective in reducing aluminum levels (Al) (LIMA, 

2016; CHOUDHURY et al., 2017) and copper (Cu) (CHOUDHURY et al., 2017). In soils contaminated by 

pesticides, the incorporation of biochar proved to be effective in organochlorines Polychlorinated Biphenyls 

(PCBs) degradation (HUANG et al., 2018). 

 

Regarding the effect for crops, the application of biochar resulted in an increase in dry mass (GONZAGA et al., 

2018), crop yield and productivity (CHOUDHURY et al., 2017). Greater root growth was observed (OLMO et 

al., 2016) and the aerial part (JOSEPH et al., 2020) due to a greater availability of nutrients for plants. The 

cultivation also showed an increase in the production of flowers and fruits (JOSEPH et al., 2020). 

 

 

CONSIDERATIONS 

 

The results suggest that biochar, when incorporated into the soil, is capable of promoting changes in the physical, 

chemical and biological characteristics of the soil, positively impacting the soil quality, and, consequently, in crop 

productivity. However, variables such as the influence of the type of biomass, ideal pyrolysis temperature, 

application rate, soil characteristics can impact the effectiveness of biochar as a conditioner. Besides, the 

understanding of consequences of applying biochar into the soil over longer time cycles remains very limited and 

needs to be further investigated. 
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Abstract 

 

In recent decades, there has been a high growth in Brazilian livestock production, resulting from advances in 

genetics, nutrition, management and animal health. Thus, the thermal environment in which these animals are 

found began to receive increasing importance and, therefore, their evaluation and monitoring are extremely 

important for success in animal production activities. The evaluation of the thermal environment can be performed 

by means of bioclimatic indexes or thermal comfort indexes, which include, in a single value, the combined effect 

of different climatic elements. As each index has advantages and limitations of use, the objective of this work is 

to perform a survey of the main indexes applied to the evaluation of animal thermal comfort. For Brazilian 

conditions, the main indexes used to evaluate animal thermal comfort are the temperature and humidity index 

(ITU or THI), the radiant thermal charge (CTR or RTC) and the black globe-humidity index (ITGU or BGHI). 

Despite the simplicity of obtaining the ITU, this index does not consider the effects of solar radiation and air 

speed, which are significant for intertropical climate sites. CTR and ITGU consider the effect of the 

aforementioned variables but are more difficult indexes to obtain. For each site, the choice of the bioclimatic 

index to be used should be made considering the specificities of the local climate. 

 

Keywords: animal welfare; thermal environment; thermal comfort indexes 

 

Presentation: https://youtu.be/Dv2Rb7oO56A  

 

 

INTRODUCTION 

 

Brazil is currently one of the most important food producers, standing out in the international scenario because it 

has high availability of natural resources, high productive potential, and areas available for expansion of 

agricultural production (Saath & Fachinello, 2018). 

 

About animal production, in recent decades significant advances have been observed in relation to genetics, 

nutrition, management and health, which consequently increased the Brazilian productive potential in the most 

varied animal categories. On the other hand, the introduction of animals with high genetic potential further 

evidences the importance that the thermal environment has for animal production, since variations in this 

environment have direct implications on the performance of the housed animals (Tinôco, 2001). 

 

It is worth mentioning that much of the Brazilian territory is located in the intertropical range, which receives the 

highest incidence of solar radiation, being considered the hottest on the planet (Gurgel et al., 2012). It is also 

noteworthy that the responses of animals to thermal stress can be physiological or behavioral, as well as vary 

https://youtu.be/Dv2Rb7oO56A
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between different species (Baêta & Souza, 2010). In this sense, using appropriate cooling technologies, as well as 

monitoring and evaluating the thermal environment, become even more important, as they will have a direct 

relationship with the success of animal production activity (De Mori et al., 2020). 

 

According to Leite et al. (2012), the characterization, evaluation or quantization of thermoneutrality zones for 

different animal categories can be performed by means of thermal comfort indexes, which add in a single variable 

the combined effect of different climatic elements. In this sense, several indices can be used, such as the 

temperature and humidity index – ITU or THI (Thom, 1959), the radiant thermal load – CTR or RTC (Esmay, 

1969), the globe temperature and humidity index – ITGU or BGHI (Buffington et al., 1983), the temperature–

humidity–velocity index – ITUV or THVI (Tao & Xin, 2003), among others. 

 

Each index has advantages and limitations of use and, in this context, the objective of this work is to perform a 

survey of the main indexes used to evaluate animal thermal comfort, highlighting advantages and limitations of 

use. 

 

 

MATERIALS AND METHODS 

 

This literature review was developed based on books, articles and other scientific productions that deal with 

bioclimatic indexes applied to the evaluation of animal thermal comfort. 

 

 

RESULTS AND DISCUSSION 

 

Concepts and definitions 

 

According to Curtis (1983), bioclimatic indices are variables that seek to encompass, in a single parameter, the 

combined effect of different climatic elements and the built environment. The main idea of an index is to relate 

factors and conditions that provide equal answers on the part of the individuals studied. The main objective of its 

use is to assess the environmental conditions. 

 

In general, the indexes use environmental parameters such as air temperature, reactive air humidity, air speed and 

solar radiation. Each of these variables receives a certain weight in the composition of the index in question, 

according to its importance in relation to the animal (Sampaio et al., 2004). 

 

Main indexes 

 

Temperature and Humidity Index 

 

The temperature and humidity index (ITU or THI) is one of the main used to evaluate the environment in which 

the animals are. The ITU was developed by Thom (1959), originally for humans, but, given the simplicity of 

obtaining the parameters used, this index has received wide use for evaluation of animal production environments. 

The model proposed by Thom (1959), which correlates the temperatures of dry air bulb (tbs, in °C) and wet air 

bulb (tbu, in °C), is presented in Equation 1. 

 

ITU = 0,72 ∙ (tbs + tbu) + 40,6 (1) 

 

An alternative model for calculating ITU, using as input variables dry air bulb temperature (tbs, in °C) and relative 

air humidity (UR, in %), was proposed by Buffington et al. (1983). 

 

ITU = 0,8 ∙ tbs + UR ∙ ((tbs - 14,3) / 100) + 46,3 (2) 

 

Despite being an index of easy determination, the limits of ITU that characterize situation of comfort or discomfort 

are not fully agreed among the scientific community. But even though there is no total consensus among all 

researchers, the ITU intervals were defined for birds, cattle and swine from studies conducted by Thom (1959) 

and Hubbard et al. (1999) are widely used. According to the authors, it is considered as a condition of adequate 

thermal comfort the occurrence of UTI values below 74; as an alert condition the interval between 74 and 79; as 
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a condition of danger the range of 79 to 84; and as emergency values above 84. 

 

Indexes such as the ITU can be used to perform bioclimatic zoning of certain places, delimiting the areas that are 

propitious and not conducive to receiving certain livestock activities. An example of this is the Bioclimatic Zoning 

for dairy cattle from the State of Bahia, carried out by Turco et al. (2006). 

 

The main advantage of using the ITU is the ease of obtaining the input variables used in this index. On the other 

hand, the effects of variables such as incident solar radiation and on-site wind velocity are not considered, which 

can be considerably significant, especially in tropical and subtropical climate locations. 

 

Effective Temperature Index 

 

The effective temperature index for cattle (TE or ET) was adapted by Bianca (1968), from the effective 

temperature used for humans. This index includes the combined effects of the temperatures of dry air bulb (tbs, in 

°C) and wet air bulb (tbu, in °C), according to Equation 3. 

 

TE = 0,35 ∙ tbs + 0,65 ∙ tbu (3) 

 

Despite being a simple index to obtain, as only tbs and tbu are used as input variables, the TE for cattle has received 

little use over the years, mainly due to the development of other indexes that also showed good correlation. Its 

main disadvantage concerns the non-consideration of the combined effects of variables such as solar radiation 

and on-site air speed. 

 

Radiant Thermal Charge 

 

Proposed by Esmay (1969), the radiant thermal charge (CTR or RTC) is another index applied to the evaluation 

of thermal conditions. Under conditions of permanent regime, this index expresses the total radiation received by 

the black globe, coming from the surrounding environment (Akamine & Passini, 2017), as shown in Equation 4. 

 

CTR = σ ∙ TMR4 (4) 

 

In which: σ is the Stefan-Boltzmann Constant (5,67 ∙ 10-8 W / (m2 ∙ K4)), and TMR is the average radiant 

temperature, in K. 

 

A limitation to the use of CTR, compared to ITU, is the relative difficulty in determining the average radiant 

temperature (TMR, in K), which is the temperature of the vicinity considered uniformly black. For its 

determination, it is necessary to use a black globe to eliminate the effect of reflection. The model for calculating 

the TMR was proposed by Bond & Kelly (1955), as expressed in Equation 5. 

 

TMR = 100 ∙ [2,51 ∙ v1/2 ∙ (tgn - tbs) + (tgn / 100)4]1/4 (5) 

 

In which: v is the air speed, in m ∙ s-1; and tgn is the black globe temperature, in K. 

 

Since, under tropical climate conditions, the animal may be exposed to high thermal radiation loads, the use of 

CTR becomes more advantageous for countries such as Brazil, since this index includes the radiation incident on 

the animal, which was not considered in the ITU (Kawabata et al., 2005). 

 

Black Globe-Humidity Index 

 

Another index with wide use for evaluation of animal thermal comfort is the globe temperature and humidity 

index (ITGU or BGHI). This index was developed by Buffington et al. (1981), and its main advantage is to 

consider, in a single value, the effects of dry bulb temperature, relative humidity, incident solar radiation and air 

speed (Sampaio et al., 2004). 

 

ITGU = tgn + 0,36 ∙ tpo + 41,5 (6) 

 

In which: tgn is the black globe temperature, in °C; e tpo is the dew point temperature, in °C. 
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For locations with high incident radiation loads and/or air movement speeds, the ITGU is a more accurate indicator 

of thermal comfort when compared to the ITU (Buffington et al., 1981). In the case of Brazil, as most production 

systems have open or semi-open facilities, the use of ITGU is recommended, because it returns more reliable 

thermal comfort assessment results. For this reason, this index has been more used in national surveys (Sampaio 

et al., 2004; Leite et al., 2012; Akamine & Passini, 2017). 

 

Temperature-Humidity-Velocity Index 

 

The temperature-humidity-velocity index (ITUV or THVI) was developed by Tao & Xin (2003), originally to 

evaluate the thermal comfort of broilers. This index considers, in a single value, the effects of temperatures of dry 

bulb (tbs, in °C) and wet air bulb (tbu, in °C), as well the air speed (v, in m ∙ s-1). 

 

ITUV = (0,85 ∙ tbs  + 0,15 ∙ tbu)  V-0,058 (0,2 < v < 1,2 m ∙ s-1)       (7) 

 

A limiting factor to the use of ITUV, especially in tropical and subtropical climate regions, such as Brazil, is the 

air speed range in which it can be used, which is between 0,2 and 1,2 m ∙ s-1, which is lower than the air speed 

values commonly observed in these locations. 

 

 

CONSIDERATIONS 

 

The use of bioclimatic indices is fundamental for the evaluation of the thermal environment in which the animals 

are located, since these indices can be used for decision-making in relation to the thermal stress mitigating 

measures to be adopted. 

 

The choice of the appropriate index to be used should consider the specificities of the local climate, being 

preferable, for Brazilian climatic conditions, the use of indices that consider variables such as incident solar 

radiation and air speed. 
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Abstract 

Diversifying the energy matrix, minimizing the use of oil sources, combating extreme weather events, are 

important strategies to mitigate environmental impacts. In this way, elephant grass (Pennisetum purpureum 

Schum. - BRS Capiaçu) is considered a prominent source of renewable energy containing high biomass 

productivity. Thus, the study was conducted to characterize the potential of the cultivar BRS Capiaçu, a recent 

genotype of elephant grass from Embrapa Gado de leite, in the production of energy biomass in the rainy season, 

grown in the city of Cachoeiras de Macacu. The treatments consist of four different experimental units, treatments 

1, 2, 3 and 4, with four repetitions and cut performed at 180 days, in the month of November. The experiment 

was designed in a completely randomized design (DIC) with four samples and four replications, thus totaling 16 

experimental units. The variables analyzed were dry matter (DM), mineral material or ash (MM), average plant 

height (AP), average number of leaves (EN), stem diameter (DC), number of tillers (NP), leaf production (PF), 

calorific value (PC), acid detergent insoluble fiber (FDA), nitrogen and lignin. Statistical procedures were 

performed with the R program and the means were compared using the Tukey test (p <0.05). In Productivity, the 

grass reached 21,713 kg / MS / ha in 180 days of harvest. The calorific value reached (17.91 MJ kg -1). The cut-

off period in the rainy season accumulated a higher proportion of ash in the constitution of the plant, making heat 

transfer difficult. 

 

Keywords: Biomass, forage, clean energy. 

 

Presentation: https://youtu.be/3xKzOZwyIHA  

 

 

INTRODUCTION 

 

Rapidly combating climate change, extreme climatic events worldwide, such as fires, floods, are directly related 

to global warming, caused by human activities, a challenge of this century, according to the Parties to the United 

Nations Framework Convention on Climate Change. Climate (COP-25, 2019). 

 

The use of plant biomass as an alternative to fossil fuel provides less greenhouse gas emissions. In this sense, the 

use of elephant grass (Pennisetum purpureum Schum. - BRS Capiaçu), in the production of biomass as an energy 

source is justified by its high productivity, excellent adaptation to edaphoclimatic conditions, still providing less 

demand for inputs in relation to the crops destined for this purpose, such as corn and sugar cane. The BRS Capiaçu 

elephant grass, launched by Embrapa Gado de Leite, is currently being cultivated in Brazil and in the semi-arid 

region (Embrapa Gado de Leite. 2016. 6 p.). However, as it is a new forage on the market, there are gaps as to the 

knowledge of the correct cutting frequency or height (MONÇÃO et al., 2019 ab). Therefore, as it is an extremely 

important topic, the study was conducted with the objective of using elephant grass BRS Capiaçu in the 

characterization and production of this grass during the rainy season as biomass for an alternative source of 

energy, grown in the city of Cachoeiras de Macacu RJ. 

 

https://youtu.be/3xKzOZwyIHA
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MATERIALS AND METHODS 

 

The experiment was conducted at Fazenda Escola de Cachoeiras de Macacu, belonging to the Universidade 

Federal Fluminense, located in the city of Cachoeiras de Macacu, State of Rio de Janeiro. The geographical 

coordinates of the place are: latitude 22º 27 '45” S, longitude 42º 39' 11" W and altitude of 57m (IBGE, 2019). 

The climate of the region, according to the Köppen classification, was identified as the Af, tropical type with rainy 

summers and dry winters (AZEVEDO et al., 2018). A high Precipitation rate was observed in the month of 

November (graph 1), during the experiment period. 

 

 
 

BRS Capiaçu seedlings were planted in May 2018, with spacing between furrows of 0.9 m and depth of 30 cm. 

The experimental area was demarcated in plots of 20 m 2 each (5 m x 4 m), randomly distributed in treatments 1, 

2, 3 and 4, in a completely randomized design, with four samples and four replications, thus totaling 16 

experimental units. The grass was cut at 180 days, in the month of November. The variables analyzed were dry 

matter (DM), mineral material or ash (MM), average plant height (AP), average number of leaves (EN), stem 

diameter (DC), number of tillers (NP) , leaf production (PF), heating power (PC), acid detergent insoluble fiber 

(FDA), nitrogen and lignin. In each sample, the production of leaves was analyzed, using a digital hand scale. The 

assessment of inter-nodes (EN) was performed manually, identifying the number of inter-nodes existing in the 

length of the stalk. The stem diameter (DC) was measured using a digital caliper. The plant height measurement 

(AP) was performed with the aid of a measuring tape. The number of tillers (NP) measured by manual counting 

of each plant. Then, the samples went through the drying process separately and crushed individually and were 

subjected to analysis in the animal nutrition laboratory of the UFF veterinary faculty, to measure ash, dry matter 

and calorific value. The results presented refer to the 180-day cut of the plant. 

 

 

RESULTS AND DISCUSSION 

 

The morphological and productive characteristics of the cultivar BRS Capiaçu in the four treatments were 

modified according to the age of the plant. In the cut performed at 180 days, between the four treatments, the 

plant height (AP) averaged 3.2 cm, while the average number of plants (EN) reached 16 per plant. The stem 

diameter (DC) reached an average of 16 mm per plant, the number of tillers (NP) reached a total of 27 units per 

m 2, and the leaf production (PF) reached an average of 2,700 Kg / ha-1. The increase in dry matter production 

was increasing, reaching 21,713 kg / DM / ha at 180 days of harvest (table 1). These high values in the variables 

are similar to those found by Pereira et al (2016), for BRS Capiaçu, which confirms high photosynthetic rates 

found in C4 metabolism plants, as they are more efficient in the use of atmospheric CO2, according to Na et al 

(2016). The number of tillers greater than 12 plants per square meter confirms the adequate formation and 
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maintenance of the weeding, as well as the adequate soil cover. According to a study carried out by researcher 

Paulino Andrade (Embrapa dairy cattle, 2020), the MS production of BRS Capiaçu is 57% cheaper than that of 

corn. Estimated value of the average dry matter cost of BRS Capiaçu silage is R $ 130, 85 / ton, corn, R $ 304.46 

/ ton and sugar cane, R $ 226.91 / ton. 

 

 
 

The DM contents at 180 days were similar to those observed at 90 days of cutting by MONÇÃO et al. (2019 ab). 

In the Monção study the purpose was to evaluate the nutritional part of the grass. However, the values found in 

the grass evaluated in the period of rains grown in Cachoeiras de Macacu, for the 180-day cut, were similar to 

those found by Monção at 90 days, that is, high concentrations of minerals and nitrogen were found which is not 

desired for the plant to be used as an input energetic. At this point, it is important to highlight that the chemical 

composition of elephant grass for energy purposes has different objectives from those used in animal feed. These 

differences are striking, since in their use as forage, low levels of FDA and lignin are recommended, as well as 

high concentrations of minerals and nitrogen to meet the nutritional demand of the animals. For this reason, 

elephant grass managed as a forage plant requires shorter cutting intervals, approximately 70 to 90 days 

(PEREIRA et al., 2016). On the other hand, when this grass is directed to energy biomass, greater cutting intervals 

are necessary to optimize combustion efficiency (RENGSIRIKUL et al., 2011). Thus, the same BRS Capiaçu 

elephant grass can meet specific usage objectives, as long as the cutting interval is different for each situation. 

However, the climatic conditions of precipitation raise the humidity of the plants, even with advanced maturities. 

The concentration of DM is affected not only by the age of the plant, but is influenced by the rate of new leaf 

emission that is related to the rainy season environment (Pereira et al., 2000). The excessive humidity of the 

biomass makes it difficult to transport and store the material, in addition to impairing the combustion efficiency 

(LEWANDOWSKI & KICHERER, 1997). 
 

Plants with greater maturity reduce mineral concentrations, especially potassium, due to increased senescence, 

translocation of nutrients and removal of soluble compounds by leaching (BAKKER et al., 2005). In addition, 

plants with a larger cut interval have a higher proportion of stalk, a structure that contains less mineral 

concentration than leaves and, consequently, dilutes the ash concentration in the grass as a whole (NA et al., 

2016). However, in the present study, this trend did not occur, in the 180-day cut, where a high ash content was 

found (6.94%). At this cutting age, the precipitation that occurred in November stimulated the process of 

mineralization in the soil and mineral absorption by plants, as well as the renewal of tissues that have a higher 

concentration of minerals. The contents of acid detergent insoluble fiber (FDA), varied in different treatments, 

with an average of (46.21% FDA). In the period evaluated, the concentration of lignin obtained low concentration 

(14.75%), similar to those found by Monção 2019 for 90 days of cut. The low presence of lignin decreases the 

calorific value because of the concentration of oxygen in its composition (OBERNBERGER et al., 2006). The 

nitrogen content fluctuated between the cutting age variables with an average of 0.58%. However, the nitrogen 

increase at 180 days is associated with the beginning of the precipitation verified from October, which triggered 

the aerial and basal regrowth of the tillers favoring the nitrogen concentration in the cells. 
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CONSIDERATIONS 

 

Due to the tissue renewal of grass that occurred in November, there was an increase in the percentage of ash in 

the biomass, affecting the heat transfer of the plant and decreasing the calorific value. Therefore, the rainy season 

is not suitable for harvesting BRS Capiaçu to be used as an energy alternative in the region of Cachoeiras de 

Macacu-RJ. 
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Abstract 

Climatic factors are causatous agents that condition climatic elements. These climatic factors are astronomical, 

meteorological and geographical. Studies addressed by astronomical factors have shown that the thermal comfort 

of animals is affected by seasonal and climatic variations and that the indicators developed can be a useful tool to 

prevent thermal stress. The studies addressed on meteorological factors showed proposals for future housing 

projects based on a combination of beneficial characteristics in climate control, greenhouse gas emissions, among 

other new construction techniques. Finally, the studies addressed of geographic factors foresee the insertion of 

trees in livestock systems as improvement of microclimatic and environmental conditions opening an opportunity 

to common environmental marketing elements for pastoral activity. This literature review is considered a way to 

know and evaluate climatic factors and their effects on living beings. 

 

Keywords: Climatic factors; Astronomical factors; Meteorological factors; Geographic Factors 

 

Presentation: https://youtu.be/gMlnYNsYl3s  

 

 

INTRODUCTION 

 

Different from climatic elements that are defined by meteorological quantities that vary in time and space, such 

as temperature, humidity, rain, wind, cloudiness, atmospheric pressure, among others; Climatic factors can be 

defined as the influencers of climatic elements, thus modifying the climate of a place/region (BAÊTA; SOUZA, 

2010). Climatic factors are defined as the causatous agents that condition the elements themselves, such as: 

latitude, altitude, continentality and/or oceanality, among others. To exemplify, the atmospheric pressure that 

decreases with altitude is cited. Solar irradiance depends on latitude, altitude and time of year. If there was only 

the latitude factor, the climate of all places with the same latitude would be the same (ALMEIDA, 2016). Asa 

result of these specific events, climatic factors will be described as: astronomical factors, meteorological factors 

and geographic factors, which are presented respectively in this order. The present study aims to describe such 

climatic factors and their effects on the life of living beings through studies carried out in the planning and 

ambience for animal production. 

 

 

MATERIALS AND METHODS 

 

Astronomical factors 

 

The Movements of Rotation and Translation of the Earth are one of the most important factors to condition the 

meteorological elements, causing them to vary in time, daily scale and annual scale. Due to the earth's rotational 

movement, sunlight is distributed on the planet's surface, resulting in the succession of days and nights. Earth 

https://youtu.be/gMlnYNsYl3s
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Translation is called as the movement that The Earth and other planets perform orbiting the Sun. The time required 

to travel this orbit is 365 days, 5 hours and 48 minutes (SENTELHAS; ANGELOCCI, 2012). Due to this dynamic, 

the planet has a total of four seasons in the year: spring, summer, autumn and winter. (VAREJÃO-SILVA, 2006). 

 

Weather factors 

 

The air masses can be classified, as for the region of origin, in: Antarctica or Arctic (A), Polar (P), Tropical (T) 

and Equatorial (E) and subclassified, as to the origin surface, in: maritime (m) and continental (c). In general, 

continental air masses are relatively drier when compared to those of maritime origin, formed at the same latitude 

and time of year. The air masses are further discriminated against, from the thermodynamic point of view. Thus, 

the masses are broken down according to temperature (in cold and hot) and humidity (in dry and humid). The 

concept of cold or hot air mass is relative. Therefore, the distinction is made by comparing the temperature of the 

mass with that of the surface, on which it moves, or with that of a surrounding mass. Thus, an air mass is said to 

be cold (lower temperature) when moving on a more heated (hot) surface than it and vice versa (MASTER, 2020). 

 

Geographic factors 

 

Thommaselli (2018) describes relief performance as an important role in the detailed distribution of climates. The 

directions of the relief lines effectively contribute to determining the course of winds that tend to follow along 

such lines without crossing them. Deep valleys and lowlands often show temperature inversions that can lead to 

heavy frosts, which in turn are free on slopes drained of cold air. In places with a higher number of mountains, 

the tendency is to have less air dispersion, which delays the arrival of this air to nearby regions and makes the 

climate warmer or less cool. 

 

 

RESULTS AND DISCUSSION 

 

Astronomical factors and ambience in animal production 

 

The study conducted by Tripon et al. (2014) aimed to mediate seasonal and climatic variations in thermal comfort 

and the behavior of 6-month-old dairy calves housed in a semi-open shelter. The study promoted their 

measurements in different seasons, I have their measurements taken during the winter and summer. The results 

showed that the season significantly influenced the behavior of calves, according to table 01. 

 

Table 01: Seasonal and climatic variations in thermal comfort and behavior of 6-month dairy calves. 

 
Source: Tripon et al. (2014) 

 

In this study, it is concluded that the thermal comfort of calves is directly affected by seasonal and climatic 

variations and that this can be evaluated by measuring behavior with indicators of animal origin, such as lying 

down, resting, lifting, eating, ruminating, drinking and taking care of one another. The indicators developed can 

be a useful tool to prevent thermal stress of animals, providing adequate housing and management for calves 

under seasonal and climatic challenges. 

 

Meteorological factors and the ambience in animal production 

 

In the study proposed by Galama et al. (2020) aims at the future of housing for dairy cattle in order to evaluate 

and ensure the natural behavior of cows, climate control, greenhouse gas emissions, waste reuse, manure quality, 

aesthetics of buildings in the landscape and capital efficiency. The proposed housing projects can be based on a 

combination of the beneficial features of Freewalk and CowToilet and the new constructive techniques. High-

yield dairy cows can be kept in well-designed cubicles with animal-friendly beds and low-emission passable 

floors. Sensors can be used to guide cows to specific housing areas. The separation of manure and urine 
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complements the future housing system, while tools and techniques such as CowToilet and gas capture can be 

part of the system. Therefore, building sand techniques can be part of land-based or, less commonly, city-based 

agricultural systems such as floating farms. 

 

Geographical factors and ambience in animal production 

 

Alves et al. (2019) provides for the insertion of trees in livestock systems as improvement of microclimatic and 

environmental conditions. The purpose of the vegetation exemption is to protect against high temperatures, frosts, 

cold winds, hail, storms. Of all the benefits provided by forest and agrossilvipastoris systems to animals, the 

improvement of the ambience and their well-being, both strongly correlated, are a market trend, directed to 

environmentally appropriate products, opening an opportunity to make up environmental marketing elements for 

pastoral activity. Thus, they can be considered a tool for the optimization of the differential already existing in 

Brazilian cattle. 

 

 

CONSIDERATIONS 

 

This bibliographic study is considered a way to know and evaluate climatic factors and their effects on living 

beings. The case studies approached allowed a better understanding of astronomical, meteorological and 

geographical climatic factors related to the needs of adequacy of rural buildings, in order to promote an ideal 

planning or preliminary study of constructions and ambience in animal production. 
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Abstract 

The thermal environment has a great influence on animal production. The cooling of the environment is a basic 

necessity for the thermal comfort of humans and animals. In cases where natural cooling becomes insufficient for 

the cooling of the environment, artificial or mechanized cooling systems are used. Currently, the most used 

methods to minimize productive losses associated with animal thermal stress are evaporative cooling systems by 

perperation, nebulization and pad cooling. In this context, water allows to cool the ambient air reducing the 

temperature and promoting the comfort of animals. This review aims to describe the different types of cooling 

systems adopted for the production of cattle, pigs and poultry. 

 

Keywords: Cooling; Evaporative; Sprinkling; Nebulization; Ped Cooling 

 

Presentation: https://youtu.be/RrkZhluwjPI  

 

INTRODUCTION 

 

Cooling systems or environment controls in rural buildings can be classified by natural or artificial. Natural 

cooling systems correspond the side openings, the type of roof employed, the management of curtains, as well as 

the coating of surrounding areas and shading. In the case of artificial cooling systems, called mechanized, 

evaporative cooling equipment is used, such as: nebulizers, fans coupled to sprinklers, cooling of drinking water, 

thermal insulation of pipes, water boxes, among others that will become an additional source of heat in the 

facilities (SILVA, 2001. BAETA, BAETA, SOUZA, 2010). 

 

Evaporative cooling equipment can be direct evaporative cooling (RED) or indirect evaporative cooling (REI). 

RED equipment cools air by direct contact with a liquid surface or with a wet solid surface or through sprays 

(CAMARGO, 2003). REI equipment, the air that will be used to condition the environment (primary air) transfers 

heat to a secondary air stream or to a liquid, which has been cooled evaporateatively. Dry air enthalpy is thus 

reduced, in contrast to the adiabatic temperature reduction of a direct evaporative cooler (CHEN et al., 1991 aput 

Camargo, 2003). 

 

In the current market, there are several direct and indirect cooling mechanisms, which can be used in different 

types of sheds. The most common are: Mechanical fans with water scum; Haze by perpperation; and pad cooling, 

which may be associated with mechanical ventilation. The fans are the most found equipment and seek to increase 

the air circulation as a way to reduce the thermal sensation of animals. They can be used at all stages of production 

and have coupled a water wpersor. Spray misting is considered a droplet mist system, used with care to avoid 

excess moisture in the bays. And finally, the pad cooling system associated with mechanical ventilation with 

minimum rate, making the external ambient air in contact with the cooling system pad cooling circulation the 

cooler air mass to the internal part of the premises, providing thermal comfort to the animals (SOUZA; et al., 

2016). This review aims to describe the different types of cooling systems adopted for the production of cattle, 

pigs and poultry. 

https://youtu.be/RrkZhluwjPI
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MATERIALS AND METHODS 

 

Cattle production systems are basically divided into: extensive, semi-intensive and intensive. (BARBOSA et al., 

2015). In the extensive system, cattle seek to take refuge from the incidence of solar radiation in places with 

available shade and can reduce up to 50% of the negative effects caused by thermal stress. Shading in turn can be 

considered natural (produced by trees) or artificial (by means of sombrites), installed in the pastures and pickets 

of animals. (COLLIER et al., 2006 apud MÁS et al., 2020). There is also the possibility of the association of 

water spray with the use of fans and sprinklers, proposing the renewal of air more quickly, with the eliminating 

of the heat produced by the animas. 

 

The most widely used evaporative cooling system in pig sheds is nebulization associated with forced ventilation, 

especially in gestation facilities. Such a system is not able to significantly lower the ambient temperature, but 

provides better thermal sensation. The use of nebulizers may be appropriate in times of higher thermal stress 

usually accompanied by lower relative humidity. The water slide is another alternative of heat dissipation by 

evaporation and can be used in the recreate and finishing phases (DIAS et al., 2011). 

 

In Brazil, the evaporative cooling systems commonly used inside aviaries are: pad cooling, with increased 

mechanical ventilation to force air through evaporative panels; and low- and high-pressure nebulization systems, 

with the use of natural or mechanical ventilation. There is also the use of sprinkler systems on the aviary cover to 

minimize the effect of radiant thermal load on birds (ABREU; ABREU, 2005). 

 

 

RESULTS AND DISCUSSION 

 

Nääs and Arcaro Júnior (2001) promoted the study in Nova Odessa - SP, with the objective of evaluating three 

different physical methods of cooling, aimed at promoting the reduction of thermal stress in lactating cows. The 

treatments tested were: artificial shadows produced by propylene mesh 80%; shadows identical to the previous 

ones, plus ventilation, and shadows combining ventilation and perpperation. 18 randomly distributed bovine 

females were used within the treatments. The experiment lasted 180 days, being carried out during the autumn 

period. The parameters evaluated were: milk production and composition, rectal temperature, respiratory rate, 

heart rate and meteorological parameters of the environment. Milk production values showed significant 

differences, and the treatment shade + ventilation + perforation presented the best mean (20.53 kg), followed by 

shade + ventilation (19.19 kg) and shade (18.20 kg). The evaluation of the data was evident the benefits of the 

use of artificial shadows and ventilation and sperse systems. 

 

Aiming at the difficulty of obtaining the production of European dairy cows in Brazil, due to the unfavorable 

climatic conditions to the breed, the authors Souza et al. (2004) evaluated the influence of air conditioning on the 

dairy cattle production process and carried out an economic analysis of the necessary investment. Thus, the 

economic analysis of the investment in the air conditioning of the free stall facilities became necessary to estimate 

the aspects related to profitability, payment capacity and time required to recover the invested capital. In this 

study, 470 cows with high production and homogeneous genetic characteristics were used, analyzed in two similar 

periods. The warehouses were fully open, with metal tiles, with dimensions of 85.0 m. in length by 29.4 m. wide 

and ceiling height of 3.6 m. The fans were placed at a height of 3.0 m. and alternated in the internal pillars of the 

sheds so that they were closer to the animals. The total number of fans was 32 in each house, with a 40 cm 

propeller and 4 blades and a flow rate of 150 mL min -1. The ventilation system was activated when the internal 

temperature reached 25 ° C. The nebulization consisted of four nebulizer nozzles coupled to the fans with a flow 

rate of 600 mL min -1. The nebulizers were activated by a wet bulb thermostat, when the internal temperature 

reached 27 ° C, turning on and off every 60 seconds, as well as when the relative humidity reached 85%. In that 

same study, a significant increase in the production of average daily milk per cow was concluded with the use of 

air conditioning, increasing approximately 4.2 kg of milk / day / cow, which represents a return on capital invested 

in the short term (57 days). 

 

The study proposed by Lima et al. (2011), evaluated the effect of maternity cage floor cooling on the productive 

performance of lactating sows in the summer period. Forty-two sows were used between the 1st and 5th deliveries. 

The cooling system of the floor was carried out by means of the circulation of cooled water in precast plates 

arranged on the floor of the maternity cage. For the cooling of circulating water in the plates, a joint motor-

compressor cooling system adapted to a thermal box was used. The treatments consisted of: floor without cooling 
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and consumption at will; floor with cooling and consumption of 5.5 kg/day; floor with cooling and consumption 

at will. The results showed that the animals kept in cagewith cooled floor and feed at will presented higher feed 

intake, metabolizable energy and digestible lysine. The piglets of the sows maintained on the floor with cooling 

also had greater weight at weaning and daily weight gain. The lactating sows kept on the floor with cooling 

presented lower respiratory rate, rectal temperature and surface temperatures of the nape, ham and breast. It was 

concluded that the cooling of the maternity cage floor favors the dissipation of body heat, improving the thermal 

condition, consumption capacity and productive performance of lactating sows during the summer. 

 

Sartor et al. (2003), evaluated the effect of an evaporative cooling system on the thermal comfort of installations 

for finishing pigs. The experiment was carried out during the summer period in the municipality of Patos de 

Minas, MINAS State, Minas Gerais. Two facilities divided into 36 bays were used. In each stall, 15 animals were 

housed for a period of 40 days, with an initial mean age of 110 days. On the side of an installation, four cooling 

equipment was installed composed of ventilation and nebulization system, and the treatment with evaporative 

cooling (TRE) was treated; in the other facility, no cooling equipment was used, and the control treatment (TES) 

was used. The TRE provided improvement of environmental thermal conditions, reducing the globe temperature 

and humidity index, in the critical period of the day (14h00), from 83.5 to 82.4, inside the installation. The ERT 

also provided improvement in feed conversion of animals, from 3.27 to 2.88, and a trend of greater weight gain 

of the animals, from 0.97 to 1.02 kg per day. 

 

Given the importance of the thermal environment in the production of laying hens, the authors Botelho et al. 

(2016) proposed to evaluate the conditions of the internal environment in two commercial sheds of laying birds 

equipped with different air conditioning: a) evaporative adiabatic cooling system - GCL and b) natural ventilation 

system - GNA. In this study, variables related to the thermal environment and poultry production were evaluated. 

It was concluded that for the environmental thermal conditions presented, based on thermal comfort indexes, the 

laying birds were in heat stress conditions in the GNA shed, in the hottest hours of the day (9:00 to 17:00 h). 

Moderate thermal stress was observed in the GCL shed at the hottest hours of the day. There was no significant 

difference in relation to egg production between sheds, statistically differing only egg length. Due to the worst 

thermal conditions presented by the GNA, there was higher mortality of birds causing greater injury to the 

producer. 

 

 

CONSIDERATIONS 

 

Considering the different types of cooling in rural buildings, it is concluded that all intensive or semi-intensive 

production systems of cattle, pigs and poultry adopt evaporative cooling systems by nebulization or spray 

associated with forced ventilation. Pad cooling systems are also used as cooling systems in poultry and pig sheds. 

It is notable that the choice of the ideal cooling system will depend on several factors such as: the school of the 

species to be produced, the age of the animal, the production system adopted, the region of the installation, the 

cost in relation to the investment in the cooling system, among others. 
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Abstract 

The necessity to increase the production of food, fibers, agroenergy and other farming products to serve the 

growing world population stimulates the efficient use of corrective treatments and fertilizers and the search for 

alternative solutions, as, for instance, the use of steel slag. The use of slag-based products in soil becomes an 

important resource for the decreasing of environmental impacts caused by storage and the final disposition of its 

raw material, which also converts into a viable source of income for the steel industry. Another factor of important 

vegetal production is the use of water, which has a fundamental role in the development of plants, that comes 

from being the main carrier of soil nutrients, aside from participating in a myriad of physiological functions. Thus, 

a scenario of hydric restriction causes plant stress and turns into one of the prime reducers of agricultural 

productivity. In light of the above, this paper had as its purpose evaluating the influence of the application of 

calcium silicate and magnesium, derived from steel industry residue, over the resistance to the hydric stress of the 

Brachiaria brizantha cv. Marandu forage, in accordance with the hydric provision available for this culture. The 

experiment was conducted in a greenhouse following a split plot design, with each plot carrying silicate and the 

subplots the water blades assessed (100%, 80%, 60%, 40% and 20% of the Field Capacity – FC), in an entire 

randomized design with four repetitions. 

 

Keywords: soil corrective treatment; silicate; forage. 

 

Presentation: https://youtu.be/p1FRAJUxVI8  

 

 

INTRODUCTION 

 

Pastures are the basis in livestock in Brazil and so, management techniques that envision the increase of its 

productivity, always aiming towards sustainable solutions, must be applied. With that in mind, it’s necessary to 

known the type of soil and weather of the region, in addition to checking the behavior of the culture in a condition 

of hydric stress, for, according to Gaur et al. (2020), this affects negatively the photosynthesis, the transport, the 

storage of nutrients and, consequently, the productivity of the culture. 

 

As per said by Costa et al. (2006), the species of the Brachiaria genus are the most utilized in Brazil due to its 

high production of dry matter, resilience, good nutrition value and its ability to endure the diverse edapho-

environmental Brazilian conditions. 

 

In order to optimize the productivity of this important forage, we must also consider the correction of acidity of 

the soil, for in Brazil a majority of the soil is highly weathered and, consequently, acidic. Therefore, liming 

becomes fundamental for establishing and increasing the performance of the culture. In the country, the most 

utilized material for correcting soil acidity is limestone, however, products that come from steel slag are gaining 

more space nowadays, because, according to Prezotti and Martins (2012), they are rich in calcium silicate 

(CaSiO3) and magnesium silicate (MgSiO3), emerging also as an alternative for the correction of the pH in national 

soil. 

https://youtu.be/p1FRAJUxVI8
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Recent works offer signs of the benefits of Silicon (Si) to the plants, with emphasis to its action in the reduction 

of vegetal stress in hydric stress conditions. In light of the above, this paper has the purpose of examining the 

effect of Agrosilício Plus in the endurance of the Brachiaria brizantha cv. Marandu forage to hydric stress. 

 

 

MATERIALS AND METHODS 

 

The experiment was carried out in a greenhouse in the Gragoatá Campus of the Fluminense Federal University 

(Universidade Federal Fluminense – UFF), in the municipality of Niterói/RJ (22º54’00’S; 43º08’00’’W and alt.: 

8m), over the time period of July 16th 2019 up to February 10th 2020. 

 

The experiment was conducted in plastic vessels of 4 dm³. The soil was classified as dystrophic Red-Yellow 

Latosol of clayey texture, according to the Brazilian System of Soil Classification (EMBRAPA, 2018). 

 

The experimental design displayed a factorial arrangement constituted by 8 treatments (5 X 3): 5 levels of 

irrigation (100%, 80%, 60%, 40% and 20% of Field Capacity – FC); and 3 sources of corrective treatment – 

Control (C), Dolomitic Limestone incorporated (DL) and Agrosilício Plus incorporated (AP) – with 4 repetitions, 

totalizing 60 experimental units. 

 

In the initial stage of the experiment, irrigations were conducted considering 70% of the FC in all of the treatments, 

as a way of ensuring uniformity of germination and complete setting of forage plants in the vessels. By the end 

of the first cycle (45 days), the plants were cut in a 10 cm height, and so, the varied irrigation plates were applied 

through the system of vessel weighting, which lasted until the end of the experiment. All of the treatments were 

subjected to 4 cycles of 45 days, the first being disregarded, with cuts of vegetal material and analysis of the 

macro and micronutrients. 

 

In the end of each cycle, data regarding the Leaf Height, the Aerial Dry Matter and the Root Dry Matter was 

collected. All of the green mass harvested in the samples was packaged in paper bags, properly identified, and 

immediately weighted. Next, the samples were set to dry at 65 ºC, in forced-air circulation, over a period of 72 

hours or until they reached constant weights. After drying, the samples were weighted and milled, and then sent 

over for chemical analysis of the dry matter. The data was subjected to variance analysis (ANOVA) and, due to 

being qualitative variables, they were subjected to the Tukey test, with a level of significance of 5% probability. 

 

RESULTS AND DISCUSSION 

 

Figure 1 presents the results of Leaf Height in each of the irrigation blades and treatments. In the blades with 

100% and 20% of FC none of the treatments diverged statistically, except C. With 80% and 60% of FC, all 

remained the same. And with 40% of FC there was a differentiation between AP and C. We stress that DL and 

AP presented a behavior of decrease as the hydric availability declined, with 100% of FC presenting the best, and 

20%, the worst. 

 

Such result was also ascertained by Oliveira et al. (2016), who observed that the decrease of water concentration 

in the soil brought smaller heights to the plants subjected to the highest tensions of water in the soil. 
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Figure 1: Leaf height. 

 

Figure 2 shows the results of Aerial Dry Matter and Root Dry Matter in each of the irrigation blades and 

treatments. For the Aerial Dry Matter, there was no statistical difference between DL and AP, but there was among 

them and C in all of the levels of water reposition. 

 

For Root Dry Matter, with 80%, 60% and 20% of FC there was no difference between treatments. With 100% of 

FC, there was difference between AP and C. And, finally, with 40% of FC, the C and DL treatments didn’t diverge 

among themselves, but AP presented the best result. This is related to the positive effect of Silicon, derived from 

the AP. Besharat et al. (2020) observed that the absorption of Silicon by the plants has a positive effect on the 

development of roots and its outcome goes beyond the mitigation of hydric stress. 

 

 
Figure 2: Aerial and Root Dry Matter. 

 

Such responses corroborate with Liang et al. (2007), who verified that the Silicon acts as a physical or mechanical 

barrier in plants, for it takes part in its metabolic and physiologic activities, which provides greater resistance to 

stress, specifically the hydric kind. Gaur et al. (2020) state that the Si increases plant’s resistance to the biotic 

effects, such as insects and plagues, as well as to the abiotic effects, like hydric and saline stress. Possibly, this 

explains why the treatment with Silicon was the one that displayed the best performance in the smaller blades. 

 

 

CONSIDERATIONS 

 

Both treatments, Agrosilício Plus and Dolomitic Limestone, proved to be efficient in fostering endurance to the 

hydric stress of the Brachiaria forage. This, under the effect of AP, had the best growth outcome in the parameter 

of roots subjected to hydric stress, which might lead to greater benefits in the long run for the aerial and dry matter 

part. 
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Abstract 

 

The objective of the present study was to evaluate growth parameters and sensory of the lettuce Guarujá® when 

cultivated in different heights with shading of 70%. The lettuce was transplanted to countertops in ambient with 

70% shading with different ceiling heights of 1,20; 1,50; 1,80 m. It was analyzed the dry mass of aerial parts and 

root, leaf area and sensory analysis (flavor and texture). There was no difference between the treatments in the 

dry mass, however the leaf area had an increase in the treatment with higher ceiling height (1,80 m). Regarding 

the lettuce’s texture and flavor, it was observed that the heights did not interfere with the parameters (texture and 

flavor) however it was identified a bitter taste in comparison with the commercial lettuce. Thus, more studies are 

necessary with different ceiling heights and shading, in order to verify the maximum interference in the production 

of lettuce, aiming towards cultivation in urban areas with small areas and lower costs. 

 

Keywords: Lactuca sativa; Flavor; Texture; shade cloth; Small spaces. 

 

Presentation: https://youtu.be/gWCDibZCHlg  

 

 

INTRODUCTION 

 

The lettuce stands out among vegetables, being one of the most consumed and the third more sold among the leaf 

subgroup, flower and stem in the state of Rio de Janeiro (CEASA RJ, 2016). However, to its production different 

managements are necessary, depending of the cultivation site, as the exposure to abiotic limitation promote 

physiological, biochemical, molecular and genetic changes in its metabolism, which can interfere in its adequate 

growth and development, as in the sensory part (MOHANTA and BASHIR et al., 2017). 

 

Thus, one of the measures that can be taken in the use of shading in the production, which can enable an increase 

in the foliar area and productivity, besides permitting a reduction of soil temperature (HIRATA et al. 2015). 

Besides that, there is an increase in the use of small spaces, in urban areas, to the cultivation of vegetables, being 

a way to obtain healthy food, having in mind the increased interest in using previously unused spaces 

(CLEMENTE; HABER, 2012). That being so, the objective of the present study was to evaluate growth 

parameters and sensory of the lettuce Guarujá® when cultivated in different heights and shading of 70%. 

 

MATERIALS AND METHODS 

 

The experiment was accomplished in the campus Gragoatá of the Universidade Federal Fluminense, in the city 

of Niterói/RJ. The region has an Aw climate, according to Köppen classification. Seeds of lettuce (Lactuca sativa 

L.) from the Guarujá® variety, from the ISLA PAK® group, 61 days after sowing, were transplanted to the 

cultivation site. 

 

For the cultivation site it was constructed three greenhouses with 70% shading (black shade cloth), with different 

ceiling heights 1,20; 1,50; 1,80 m and with distancing of the shade cloth to the soil of 25; 53; 87 cm, respectively. 

https://youtu.be/gWCDibZCHlg
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The seedlings were cultivated in countertops made wooden boxes with soil, being with reused materials. 

 

Each cultivation box contained 5 sampling units, a total of 10. The analysis of dry mass of aerial part and root (g), 

leaf area (cm²) and sensory analysis were mad with 82 days after transplantation (DAT). Five repetitions to the 

dry mass, four for the leaf area and three for the sensory evaluation (being each repetition made by a different 

evaluator). 

 

The dry mass of aerial part and roots of plants were obtained with precision scale, after drying in a forced 

ventilation oven with temperature of 65±2ºC, until they reached constant weight. The determination of total leaf 

area of plants was made with measurer LI-3100C Area Meter, Li-Cor Inc. 

 

The sensory analysis was based in analysis made by Dutcosky (2019) and Chaves and Sproesser (2013), using 

the multiple comparison test. Thus, two different tests were made, the first compared the samplings of each 

treatments with a commercial lettuce and the second confronted the different treatments with the treatment with 

1,80 m ceiling height, used as control. Both analyses used a comparative scale, according to Figure 1. 

 

Figure 1: Comparative scale used in sensory analysis. 

 
Source: Adaptation CHAVES; SPROESSER (2013). 

 

All data were submitted to analysis of variance with the aid of the SISVAR ® program, and the means were 

compared using the Tukey test at 5% probability. 

 

 

RESULTS AND DISCUSSION 

 

The dry mass generated by the different heights showed that the treatments presented similar responses, with no 

differentiation from the control, that was used in this experiment as shading with a ceiling height of 1,80 m 

(distance from the soil to shade cloth of 87 cm), having difference only in the leaf area parameter, being bigger 

in the control treatment (Table 1). 

 

Table 1: Growth parameters analyzed in the different treatments. 

 
*The average followed by the same letter in the column do not differentiate statistically between each other by the Tukey test (p ≤ 0.05) 

* Distances in centimeters refers to the height in relation to the soil, contained in the box, to the ceiling in each treatment 

 

 

Thus, the difference in ceiling height used as support for the shade cloth did not differentiate statistically, in the 

dry mass produced in the different treatments, however the leaf area indicated an increase in area proportional to 

the ceiling height, being something that influences in its market value, having in mind that the leaf area is directly 

involved in a higher acceptance by the consumer, seeing that its leaves are the consumed part (EMBRAPA; 

SEBRAE, 2010). 

 

Other important aspects in relation to the acceptance of this culture by the consumer are the flavor and texture, 

which can be evaluated by the sensory analysis. The texture of the lettuce treatments was close to the commercial 
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lettuce, without presenting statistical difference between the treatments. However, as for the flavor, they presented 

variation, in relation to a bitter taste, having interference in perception, according to the reference sample 

(commercial lettuce) (Table 2). 

 

Table 2: Parameters of sensory analysis for the different treatments and commercial lettuce. 

 
*The average followed by the same letter in the column do not differentiate statistically between each other by the Tukey 

test (p ≤ 0.05) * Distances in centimeters refers to the height in relation to the soil, contained in the box, to the ceiling in 

each treatment 

 

From the results of the sensory analysis, it was observed that the difference in ceiling height did not significatively 

interfere in the texture and as for the flavor, there was a difference between the treatments of 53 and 87 cm of 

distance, however they showed a higher bitterness than the commercial lettuce. It’s important to note that for the 

flavor parameter the sampling reference interfered with the perception of the evaluators, highlighting the 

difference in perception for the treatment with 53 cm distance. 

 

 

CONSIDERATIONS 

 

The lettuce Guarujá® showed higher leaf area according to the increase of the ceiling height used for the shading. 

For the texture analysis there was no interference from the treatments, but they had a higher bitterness than the 

commercial, however, there was interference from the reference sample for the flavor analysis. 

 

Thus, it is expected that higher differences in ceiling height provide significant variation between the sampling in 

relation to the dry mass, being favorable to its commercialization. Therefore, more studies are necessary with 

different variations in height and shading, with the intention of verifying the max efficiency in the production of 

lettuce in relation to the dry mass and leaf area, aiming at maximizing production and reducing costs in urban 

spaces with small areas. 
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Abstract 

Hydroponics is a cultivation technique without soil. There are several modalities for the system and among them 

is the Nutrient Film Technique (NFT), which consists of using channels to circulate a nutrient solution 

intermittently. Due to the existence of risks of soil and water contamination in metropolitan areas, hydroponics is 

a potential alternative to conventional production. Therefore, the present work sought to verify the current study 

of knowledge of the NFT hydroponic system, in the international literature. For this, a bibliographic survey was 

carried out from 2010 to 2019 on the international research base Science Direct, using the search terms 

“Hydroponics” and “Nutrient Film Technique Hydroponics”. An increase in the number of studies was observed 

in the last three years of the analyzed period, that is, from 2017 to 2019, thus representing an increase in interest 

in hydroponics, especially the NFT type. This increase may be related to the efficiency and ease of handling this 

model, gains in productivity and the potential that this technique has for reducing the carbon footprint. Thus, 

Nutrient Film Technique is of great value in urban agriculture, with the potential to grow a lot in the future, due 

to its numerous benefits. 

 

Keywords: Urban agriculture, Alternative production, Studies analyses 

 

 

INTRODUCTION 

Hydroponics is an agricultural technique that aims to produce plants using a nutrient solution instead of the soil 

(CHEN et al., 2020). This technique emerged as a way of optimizing the use of water, space, time, nutrients and 

labor (CHEN et al., 2020; VILLELA JUNIOR et al., 2003). Hydroponics can be used for many crops, including 

leafy vegetables, fruits and tubers (ANDRIOLO et al., 2004; LEE & LEE, 2015). There are many formulas of 

nutrient solutions used in the system, but the most common have the high concentration of salt, reaching electrical 

conductivity levels greater than 2.0 dS.m-1 (COMETTI et al., 2008). 

 

Hydroponics in metropolitan areas shows itself as a potential alternative to conventional production, since there 

is no use of the soil and there is the possibility of using water from the local supply center, in addition to which 

these areas may present risks of soil and water contamination (HUNDLEY & NAVARRO, 2013). 

 

There are several types of hydroponics, which includes the wick, the deep water, the drip, the ebb and flow, the 

aeroponics, the window farming and the nutrient film technique (NFT) (LEE & LEE, 2015). In the NFT, the roots 

of the plants are suspended in a nutrient solution that flows through a channel intermittently for aeration of the 

roots (JONES, 1983). Although NFT has a high implementation cost and requires permanent monitoring, this 

system is characterized by the practicality of implementing and cleaning the vegetables, in addition to increasing 

productivity, defining itself as the type of hydroponics prevalent in Brazil (ANDRIOLO et al., 2004; 

GEISENHOFF et al., 2009).  

 

The evolution of the use of hydroponics, especially the NFT system, has been great, however, the survey of this 

evolution has not been done very often. This can be done by checking the current study of knowledge, that is, the 



 

63 
 

state-of-the-art. Thus, due to the importance of the NFT system in the country of the present work – Brazil –, the 

present work sought to verify the state-of-the-art of studies published with hydroponics of the NFT type in the 

international literature. 

 

 

MATERIALS AND METHODS 

The bibliographic survey was carried out on the international research base, Science Direct. For that, the search 

terms “Hydroponics” and later “Nutrient Film Technique Hydroponics” were used, and for both terms, only 

scientific research articles entered in the evaluation, within the period from 2010 to 2019. 

 

For the first and second terms, the articles were checked in general, however, for the second term, some relevance 

criteria were also adopted, such as the application of the NFT technique in the study. For this, the screening was 

performed by reading the "Abstract" and "Materials and Methods" in order to select the articles that used the 

hydroponics of the NFT type. The selected articles were recorded in an Excel spreadsheet for later data analysis. 

 

 

RESULTS AND DISCUSSION 

Worldwide, hydroponics research has been growing over the past ten years (Figure 1A). In 2019, 226 research 

articles were published. Between 2010 and 2019, there was a growth of 159.8% in the number of published studies 

referring to this type of agricultural production. The average annual growth was 11.6% with a variance of 1.2% 

and, through the analysis of the trend line, it is possible to observe that this growth rate may be even higher. 

 

A B  

Figure 1: Number of international studies (N.S.) related to the search terms (A) “Hydroponics” and (B) 

“Nutrient Film Technique Hydroponics” in the evaluated period. 

 

For the search term Nutrient Film Technique Hydroponics, there was a variation in the number of studies 

published over the analyzed period (Figure 1B). However, through data analysis, there was an average annual 

increase in the number of studies of 43.4% over the adopted period. This growth is superior to that of hydroponics 

studies, however it occurs less uniformly with a variance of 107.4%. The year with the largest number of published 

research articles was also 2019. 

 

When analyzing scientific articles with relevance criteria, the published studies that used NFT hydroponics 

experimentally were much lower than those that appeared as a result of the search term “Nutrient Film Technique 

Hydroponics” (Figure 2). This was due to the fact that many articles only mention the type of hydroponics. As a 

result, there is a change in the response of the growth rate, although the last three-year period continues to 

represent its peak with 67,27% of the total of publications in the evaluated period. 
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Figure 2: Number of studies selected and measured in the screening with the term “Nutrient Film Technique 

Hydroponics” in the evaluated period. 

 

This increase in the number of works published on Nutrient Film Technique corroborates with what is presented 

by LU & GRUNDY (2017). According to the authors, in recent years, interest in urban agriculture, especially 

vertical agriculture, has increased. This may have occurred because hydroponics is an alternative for reducing a 

city's carbon footprint, being more sustainable, and, simultaneously, increasing productivity. 

 

The NFT hydroponic system has been studied for recycling organic waste, for example using biochar in the 

nutrient solution, and indeed organic waste represents about 53% of urban solid waste according to RICCI-

JÜRGENSEN et al. (2020). It means that the NFT system can be a way to achieve sustainability.  

 

Another object of study that has used the NFT technique is aquaponics. This technique is the integration between 

hydroponics and fish farming in order to recycle the waste produced by fish that are sent to hydroponics and, 

through the process of biofiltration, serve as a source of nitrogen for plants, which when feeding, purify water 

who returns to the fish tank (LU & GRUNDY, 2017). Thus, there is an economy of inputs and costs and a greater 

diversity of products to be consumed and/or traded. 

 

 

CONSIDERATIONS 

An increase in the number of international studies was observed in the last three years of the analyzed period, that 

is, from 2017 to 2019, thus representing an increase in interest in hydroponics, especially the NFT type. The NFT 

hydroponic system proves to be of great value in urban agriculture, due to its benefits, such as recycling water 

and nutrients, increasing productivity and reducing the carbon footprint. 
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Abstract 

Aquaculture is the productive activity that includes several aquatic organisms. Such organisms can be treated by 

veterinary homeopathy; because the bacteria are resistant to antibiotics. Adding that homeopathy has no chemical 

substance, chemical molecule, or chemical element; being an option that does not pollute water; nor does it leave 

residue on aquatic organisms. In view of this, the methodology was applied research was carried out on the 

Scopus, Science Direct and Web of Science databases; besides bibliographic consultation in library. Due to the 

scarcity of articles for homeopathic treatment with aquatic organisms; it is essential to encourage research and 

homeopathic therapy in veterinary medicine. 

 

Keywords: Aquaculture; Aquatic organisms; Veterinary homeopathy 

 

Presentation: https://youtu.be/j2fOdu_leFY  

 

 

INTRODUCTION 

 

In 2014, Brazil reached 13th world position in fish production and with full conditions to become a world leader 

in the aquaculture sector, since it has 12% of the planet's fresh water, 7,652 km of coastline; in addition to lakes 

and ponds in the 12 hydrographic basins distributed in the different biomes (SIQUEIRA, 2018; SCHULTER et 

al., 2017). 

 

Aquaculture can be carried out by small, medium and large producers, representing approximately 5,073,324 

agricultural establishments, of which 77% are family farming. This versatility in the creation of aquatic organisms 

for commercial creation occurs because this enterprise needs a small area extension. However, the adoption of 

aquaculture in Brazil represents only 0.38% of rural establishments (SIQUEIRA, 2018; MINISTRY OF 

ECONOMY, 2019). 

 

Regarding one of the bottlenecks in the fishing industry, it can be said that there is a reduced amount of research 

on drugs for aquatic organisms. In the case of Brazil, there are reports of bacteria of the species Streptococcus 

agalactiae, causing disease outbreaks; with clinical signs of lethargy, darkening of the skin, bleeding from the 

skin, exophthalmos, erratic swimming and high mortality rates in tilapia farms located in the northeast region 

(CHIDEROLI et al, 2017; SÁENZ et al., 2019). The big question is that the spread of these diseases occurs in a 

generalized way, however there is no efficacy in the control, because for part of these endemic organisms they 

are resistant to the 11 antibiotics, belonging to the groups of Fluoroquinolones; Aminoglycosides; Sulfonamides 

and Tetracyclines. In this scenario, homeopathic medicines appear as a treatment option, which has an advantage 

over conventional or herbal medicines, as they act on resistant bacteria, in addition to being treatments allowed 

in organic production, as they do not leave chemical residues in the individual or in the environment. 

 

 

MATERIALS AND METHODS 

 

The methodology used was the consultation on the state of the art about homeopathy in aquatic organisms in 

https://youtu.be/j2fOdu_leFY
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Brazil, for that purpose databases were used in the period from 2013 to 2020. The exploratory research was carried 

out in the Scopus, Science Direct and Web of databases Science; in addition to searches in journals in the 

aquaculture area, on the website of the Hahnemannian Institute of Brazil and in the library of the Faculty of 

Veterinary Medicine at UFF. The words used to conduct the search for review purposes were fish and 

homeopathy. 

 

 

RESULTS AND DISCUSSION 

 

Homeopathic medicine was created in the Holy Roman German Empire by Christian Friedrich Samuel 

Hahnemann (1755-1843) in 1799 and was implanted in the Second Kingdom of Brazil Empire by the French 

doctor Dr. Benoît Jules Müre (1809-1858) in 1840. Where in the city of Rio de Janeiro, founded in 1843 the 

Instituto Homeopático do Brasil. (PINHEIRO, 2017). In 1942, Dr. Nilo Cairo published the “Practical Guide to 

Homeopathic Veterinary Medicine”. In the 50s (1950-1959), veterinarian Cláudio Real was the first Homeopathic 

Veterinary Physician in Brazil. In 1995 veterinary homeopathy was recognized in Brazil and in 1996 the specialty 

was recognized by the Federal Council of Veterinary Medicine. Based on CFMV Resolution No. 662 of July 14, 

2000, the Brazilian Homeopathic Veterinary Medical Association (AMVHB) was qualified to grant the title of 

specialist in Veterinary Homeopathy to veterinarians. (PINHEIRO, 2017; BRACCINI et al., 2019), which enabled 

professionals to work in the organic systems of animal and plant production. 

 

In this review, articles on aquatic organisms treated with homeopathic medicines (Table 1) were analyzed, which 

include the species Nile Tilapia (Oreochromis niloticus), Amazonian manatees (Trichechus inunguis), Tambaqui 

(Colossoma macropomum), Shrimp (Litopenaeus vannamei) and Zebrafish (Danio rerio), in order to expand the 

assessments for food, ornamental and wild animals. 

 

Studies carried out with Nile Tilapia (Oreochromis niloticus) submitted to the treatment of homeopathic 

compounds Iodum 12CH, Sulfur 30CH, Natrum muriaticum 200C and Streptococinum 30CH from Real 

Homeopathy; found that the animals had a significantly higher survival rate than the control group. In addition, 

the same animals that received the homeopathic medicine Homeopatila 100® in the dose of 40 mL / kg of feed, 

had a hepatosomatic index significantly lower than the control group, because it possibly allowed a lower lipid 

inclusion and leukocyte infiltration in the fry liver. treated, providing a lower hepatosomatic index. These results 

demonstrate better hepatic and immunological performance in fish, by reducing liver fat through homeopathy. 

(BRACCINI et al., 2019). 

 

At the Aquatic Mammals Preservation and Research Center, yeasts and parasites were identified on Amazonian 

manatees (Trichechus inunguis), which cause ringworm lesions and gas-colic symptoms. The animals were 

treated with the pluralist homeopathic medicines, Echinacea angustifolia 6 CH, Tellurium 6 CH. and Magnesia 

carbonica 6CH, which fight dermatophytosis, low immunity and symptomatic affinity. Homeopathic clinical 

treatment was effective; with the disappearance of symptoms and signs of illness, resulting in the cure of manatees 

(SOUZA, 2013). 

 

In the research with Tambaqui (Colossoma macropomum) the compound Homeopatila 100® was used, which is 

a complexist homeopathic medicine, containing Iodum 12CH, Sulfur 30CH, Natrum muriaticum 200CH and 

Streptococinum 30CH. In this case, homeopathy did not reduce parasite infections in the gills, but showed a 

relative improvement in the immunity of fish fed with the use of 40 mL of this complex (PINHEIRO, 2014). 

 

In the work with shrimp (Litopenaeus vannamei) a control group received the Vibrio parahaemolyticus bacteria 

and in another population this agent that caused the disease was not inoculated. Controls were compared with 

dynamized dilution of Vibrio parahaemolyticus 12 CH, with or without the introduction of the allopathic 

medication the antibiotic Florfenicol. The results showed that the prawns treated with homeopathic medicine had 

a behavior similar to the control without Vibrio parahaemolyticus; demonstrating the use of dilution to cure 

disease; in order to improve zootechnical production (MEDEIROS, 2016). 

 

With regard to ornamental fish, the zebra fish (Danio rerio) submitted to the treatment of the homeopathic complex 

Homeopatila 100® (Iodum 12CH, Sulfur 30CH, Natrum muriaticum 200CH, Streptococinum 30CH), where the 

animals that received homeopathy showed an increase in the number of hepatocytes, a high percentage of 

glycogen, favoring reproduction and high number of eggs per female at the dose of (60 mL kg-1). Showing the 
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efficacy and benefit of homeopathy in the physiology of the liver organ and the fish reproducer 

(LEWANDOWSKI, 2019). 

 

Table 1: Effects of homeopathic medicine on aquatic organisms in Brazil 

Species Homeopathic treatment Author 

Nile tilapia  

(Oreochromis niloticus)  
improvement in liver and immune performance in fish 

(BRACCINI et al., 

2019) 

Amazonian manatees  

(Trichechus inunguis) 
effective in dermatophytosis, immunity and gas colic (SOUZA, 2013) 

Tambaqui  

(Colossoma 

macropomum) 

improved immunity, but did not reduce parasite 

infections in the gills 
(PINHEIRO, 2014) 

Shrimp  

(Litopenaeus vannamei)  
action on the bacteria Vibrio parahaemolyticus  (MEDEIROS, 2016) 

Zebra fish  

(Danio rerio)  
improvement in survival rate and hepatosomatic index 

(BRACCINI et al., 

2019) 

 

 

CONSIDERATIONS 

 

In the literature there is a scarcity of scientific studies on homeopathy in aquatic organisms, therefore, it is a 

research gap to carry out investigations about the populations of aquatic organisms of food, ornamental and wild 

importance. The use of homeopathy on farms tends to be amplified in the treatment of pathologies as a result of 

the expressive increase in the demand for products of organic origin. However, the use of homeopathy on a large 

scale depends on studies in this area to generate efficient and accessible medicines for producers. 
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Abstract 

It is noticed in recent years the emergence of a new consumer pattern, the one that is more concerned with their 

food and has the curiosity to know where their food comes from. This study aims to carry out an investigative 

review of the literature, seeking to understand and discuss the degree of knowledge about the farm animals’ 

welfare and the willingness to pay a higher price when purchasing a product that guarantees the animals’ welfare. 

during breeding and slaughter. Research carried out in different Brazilian states was analyzed and consumers' lack 

of knowledge about how farm animals are raised, the consumer's desire to better understand the production 

process, as well as the willingness to invest a higher amount, since that the welfare conditions are guaranteed. 

 

Keywords: animal welfare, consumers perception, economic benefit 

 

Presentation: - https://youtu.be/gCCEdZF5g1o  

 

 

INTRODUCTION 

 

The definition of animal welfare (AW) is related to the animal's attempts to adapt to the environment it lives in, 

varying for each individual. An animal of the same species that belong to the same group may have a different 

degree of welfare than the others, and this may vary throughout its life (BROOM, 1986). 

 

According to the World Organization for Animal Health (OIE), the state of BEA is related to levels of comfort, 

nutrition, safety, the animal's ability to express its natural behaviors, and levels of suffering such as fear and 

anguish. 

 

Consumers constantly generate demands that, if perceived on a large scale, generate the need for the market to 

update itself, generating new market niches. Currently, we see growth for example in the segment of organic, 

vegan, and vegetarian products, which are highlighted in the current market. Likewise, the beginning of this 

process can be seen in relation to farm animals, mainly related to AW. 

 

Similar to this, Lensink et al. (2001) comment on the lack of information from the population in relation to the 

procedures that cover the farm animals sphere, noting that the understanding could change the form of 

consumption, creating a new market segment in addition to raising the quality of products. 

 

Although the Brazilian reality is not comparable to the 1st world countries one, there is a growing change in 

habits, albeit embryonic, regarding the topic of ethical consumption and AW. That can be seen, for example, with 

the increase in the organic products segment (FRANCHI et al., 2012). 

 

Thus, this study aimed to carry out an investigative review of the literature, seeking to understand and discuss the 

degree of knowledge about farm animals' welfare and the willingness to pay a higher price when purchasing a 

product that guarantees animals during breeding and slaughter. 

https://youtu.be/gCCEdZF5g1o
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RESULTS AND DISCUSSION 

 

Knowledge degree 

 

A study carried out by Andrade et al. (2019) in Niterói (RJ), on the consumers’ perception concerning the way of 

raising animals and production, showed that 46.8% of respondents were unaware of the raising farm animals’ way 

and 40.3% knew little, besides having observed that there were misunderstandings between BEA of farm animals 

and the treatment with pets such as dogs and cats. In Piracicaba (SP), a study conducted by Donofre et al. (2013) 

reported that 50% of the interviewees stated that they had already heard the term AW, although in the beginning 

there was a mistake about pets (dogs and cats). 

 

Similarly, Schaly et al. (2010), in a survey conducted in the city of Rio Verde (GO), found that 50.9% of 

respondents never had contact with farm animals and about the knowledge of how farm animals are raised, 37.20% 

are unaware and 49, 01% know partially. 

 

The company Ipsos Public Affairs, through World Animal Protection (2016), interviewed 1000 people online and 

over 1,200 personal interviews in 72 Brazilian cities. From this study, it was found that 66% of respondents are 

unaware of the way animals are raised, a rate that becomes higher among those interviewed personally, when the 

value jumps to 76% of respondents. And this is even more evident in terms of the consumer's perception of animal 

suffering and sentience. Andrade et al. (2019) found that 83.6% of respondents considered some type of suffering 

in farm animals and that a large part of this related slaughter to suffering. According to the survey by Ipsos and 

World Animal protection (2016), 56% of Brazilian respondents declared to be concerned about the slaughter 

method, against 34% who are not concerned and 11% who were unable to answer. 

 

A study by Franco et al. (2018) covering the Brazilian national territory, via online questionnaires, demonstrated 

that when respondents were asked if they thought, in general, that the farm animals’ welfare in Brazil needed to 

be improved, 84.6% answered yes. There was also a predominance (82.3%) of those who believe that the current 

agricultural policy in Brazil concerning the AW receives little importance. When asked about AW produced in 

Brazil in relation to other countries, 48% believe it is worse than in other countries and only 11.5% believe it is 

better than in other countries. 

 

The vast majority of Brazilian respondents (91%) believe there has been a relationship between BEA and the 

product quality when they answered that animals produced in a welfare system produce better quality meat 

(IPSOS; WORLD ANIMAL PROTECTION, 2016). 

 

Concerning to having access to more knowledge about how animals are raised, Franco et al. (2018) found that 

79.1% of respondents would like to be more informed about the situation in which animals are raised and 63.4% 

demonstrated that they were unable to find information on welfare conditions used in animal treatment through 

the product packaging. For McInerney (2004), it is the government's role to represent society's preference, thus 

determining certain AW standards. 

 

Willingness to pay a higher price for a product that guarantees AW 

 

For Molento (2005), because the farm animals welfare is not a marketable asset and does not demonstrate a visible 

economic benefit, improvements in the AW will only be defined through economic signals acquired from the 

market. 

 

However, the consumer is willing to pay more for products that guarantee the animals’ welfare. A study carried 

out in Piracicaba (SP) showed that 88% of the interviewees would be willing to pay a higher amount for protein 

from an animal that was raised under appropriate conditions (DONOFRE et al., 2013). From the same point of 

view, in Niterói (RJ) a considerable number of interviewees (62.3%) responded that they were willing to purchase 

a product with a higher value, as long as the welfare of these animals was ensured, and it was also evident that 

people with family income of up to 2 minimum wages also showed a predisposition (51.7%) (ANDRADE et al., 

2019). 

 

The same trend was observed in the study by Schaly et al. (2010) with consumers in Rio Verde (GO), in which 

more than 2/3 (66.9%) of the interviewees were willing to pay more for products that respected the farm animals’ 
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welfare. Thus, as Velho et al. (2009) who realized, through the application of questionnaires, that a considerable 

part of the interviewees (68%) would be willing to pay up to 10% more for a protein certifying the AW. 

 

Franco et al. (2018) identified in their research that, at the time when the interviewees were asked about the 

availability of exchanging the current place of purchase for a place where it offered a higher variety of products 

produced with a better degree of welfare, 47 % replied that, “certainly yes” and 40.8% “, probably yes". According 

to Velho et al. (2009), there is a requirement for quality food, with certificates that confirm and endorse the food 

quality. Evidencing the importance of this certification, the consumer is willing to invest a higher amount in this 

product. 

 

Through information, knowledge, and awareness, it tends to increase the demand for certified products that 

guarantee AW, happening as an evolutionary process of perception and values of a new generation (MOLENTO, 

2005). According to Andrade et al. (2019), there is a great willingness to pay more for a product that ensures 

animal welfare in raising and slaughtering by people who know about how livestock are raised and by people who 

have heard of AW. 

 

 

CONSIDERATIONS 

 

It appears from this review that in most of the studies, a considerable percentage of interviewees indicated that 

they lack knowledge on this issue and recognize as a determining factor the lack of information on the suppliers' 

part. Consumers want to receive more information about how farm animals are treated from handling to slaughter 

and how it interferes with the animal's sentience. Besides, it was observed that most consumers are willing to pay 

a higher price to ensure that animals receive adequate treatment during the period of raising until slaughter. 
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Abstract 

The land use change characterized by the conversion of native vegetation and forests to pastures and agricultural 

crops is one of the biggest drivers of deforestation in tropical regions. At the expense of expanding livestock 

production and soybeans cultivation, the Amazon and Cerrado biomes in Brazil suffer from accelerated 

deforestation and losses of biodiversity. The state of Mato Grosso is one of the largest agricultural frontiers in the 

world and is one of the largest producers of commodities in the country. For understand this land use dynamics, 

the objective of this work was to evaluate the historic of land use in the state of Mato Grosso (1985 to 2019), 

using data from Mapbiomas. Thus, it was produced maps representing use in the years 1985 and 2019, which 

provide information on the expansion of agricultural crops and pastures on native vegetation. It was observed that 

native vegetation reduced area, with a conversion of 22.1 Mha or 28% loss between 1985 and 2019, while the 

pasture grew 165% with an area of 12.8 Mha. The agriculture class expanded by 349% (9 Mha) in relation to 

1985. Therefore, the analyzed data set provides relevant information to understand the impact of land use in the 

state of Mato Grosso due to the expansion of agribusiness in Brazil. 

 

Keywords: agriculture; deforestation; time series; MapBiomas 

 

Presentation: https://youtu.be/7k311ZwsEbA  

 

 

INTRODUCTION 

 

The use and the land use change is a force of global importance, since global use changes in native forests and 

vegetation are being driven by the need to provide food, fibers and water for the growing world population, 

consequently this change is followed by the inadequate use of natural resources and considerable losses of 

biodiversity (FOLEY et al., 2005). The production of agricultural commodities for domestic and foreign markets 

is increasingly driving deforestation in tropical regions (HENDERS; PERSSON; KASTNER, 2015). 

 

Over 30 years (1984-2014) in a study carried out by Marques et al. (2020), the transition between the Amazon 

and Cerrado biomes suffered more deforestation than the forests and savannas in each biome, with great losses of 

biodiversity due to the expansion of soybeans and cattle. Thus, an area of particular interest to understand this 

dynamic in Brazil is the state of Mato Grosso, where one of the most extensive agricultural frontiers in the world 

occurs (SIMOES et al., 2020). 

 

The state of Mato Grosso produces 26% of soybeans, 35% of corn and 71% of cotton grown in Brazil (IMEA, 

2020). In addition, it contains 15% of the country's cattle herd, being the state with the highest number of effective 

herd (13%), considering cattle, buffaloes, sheep and goats (INPE, 2020). The high productivity is associated with 

considerable environmental impacts, in particular deforestation, due to the agriculture production, so the processes 

of land use change in the state are of great importance for understanding the management of land use. from the 

earth (MILHORANCE; BURSZTYN; SABOURIN, 2020). Besides that, Mato Grosso has one of the highest 

deforestation rates in the Amazon region, 1,702 km2 of forest were deforested just in 2019, with an increase in 

https://youtu.be/7k311ZwsEbA
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deforestation rates by 14% from 2018 to 2019 (INPE, 2020). 

 

Based on the above motivation, this paper describes a set of annual land use and land cover data for Mato Grosso 

from 1985 to 2019. Land use maps have been developed, which are temporally consistent and provide information 

on changes in native vegetation and expansion of agricultural crops, pastures and planted forest. 

 

 

MATERIALS AND METHODS 

 

The selected study area was the state of Mato Grosso, which comprehend the Cerrado, Amazon and Pantanal 

biomes and is the largest soybeans and cattle producing state in Brazil, with high levels of deforestation to the 

detriment of global agricultural expansion (GARRETT et al., 2018). 

 

It was used the platform from the Project of the Annual Mapping of Coverage and Land Use (MapBiomas), 

covering the Cerrado biome in an annual historical series from 1985 to 2019 (MAPBIOMAS, 2020). In a first 

level, the MapBioma classifies the land use into six classes: forest, natural non-forest formation, agriculture, non-

vegetated area, water bodies and unobserved and; in the second level it classifies in 12 classes (MAPBIOMA, 

2020). These classes together, regardless of level, represent all land use coverage.  

 

The classes of land use relevant to the analysis are verified at the second level and include areas of agricultural 

(agriculture) with annual and perennial crops and livestock farming, such as areas occupied with of pasture, 

referring to areas of natural or planted pastures. The different covers of natural forest and areas with natural non-

forest formation, such as the rural formation observed with a predominance of herbaceous strata (dirty field, clean 

field and rupestrian field, existing in the Cerrado and the flooded areas, which can be observed in the Pantanal) 

were considered as a single class of native vegetation. 

 

While areas with tree species planted for commercial purposes were designated as planted forest. Thus, the four 

analyzed classes were: agriculture, pasture, planted forest and native vegetation. The other classes observed in 

Mapbiomas were mining, not observed, bodies of water, urban infrastructure, other non-vegetated areas and 

mosaic of pasture and agriculture, that were aggregated in a class named in this work as others. 

 

Thus, the classification procedure aiming an analysis of the history of land use was carried out from the survey of 

land use and cover statistics for the state of Mato Grosso. The land use maps were made according to the bases 

made available by MapBiomas (MAPBIOMAS, 2020) whose information was clipped for the state considering 

the Amazon, Cerrado and Pantanal biomes, representing data for the years 1985 and 2019. 

Using ArcGis software, classes of land use, native vegetation, planted forest, agriculture, pasture and others 

were highlighted. 

 

 

RESULTS AND DISCUSSION 

 

In the state of Mato Grosso, in 1985, agriculture, pasture, planted forest and native vegetation together accounted 

for 99% of land use, while 1% were destined for the other classes defined by MapBioma (Figure 1). During a 34-

year historical series, from 1985 to 2019, the landscape was changed and land uses were modified. Thus, in 1985 

the class of native vegetation that includes natural forest and non-forest natural formations covered 88% of the 

territory of Mato Grosso, with approximately 79 million hectares (Mha). The total extension of the grazing class 

reached more than 7 Mha that year, with the largest expansion of land cover (8% of the territory). The minority 

classes of land cover evaluated in terms of extension were planted forest (110 ha, 0.0001%), other classes (7 Mha, 

1%) and agriculture with 2 Mha (3%) (Figure 1). 

 

Analyzing the rate of annual change of area in the different classes of land use and its trends between 1985 and 

2019 (Figure 1), it is observed that the class referring to native vegetation was the only one that presented an area 

reduction, with a conversion of 22.1 Mha or 28% loss of natural forests and natural non-forest formations (native 

vegetation) between 1985 and 2019, while pasture grew 165% with an area of 12.8 Mha. The agriculture and 

forest plantation classes had the most areas expanded by 349% (9 Mha) and 42533% (46,968.64 ha), respectively, 

in relation to 1985. 
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The highest rate of annual land use change occurred between 1985 and 2007, with loss of natural forest and 

expansion of pasture and agriculture. Pasture had its greatest expansion in 1994 with gains of approximately 1 

Mha (10%) that year and agriculture had its greatest expansion in 2004 with expansion also of approximately 1 

Mha (21%). Annual land use changes for forest planting purposes occurred more rapidly between 1991 and 1995, 

but there were also high expansions until 2014. 

 

The native vegetation class showed a large reduction in area between 1985 to 2019, with an average loss of -1% 

per year corresponding to -651,181 ha per year. This observation was more representative between the years 1994 

to 2005, when there was an area loss of more than 13 Mha (average of -2% per year), the largest area loss observed 

for native vegetation was during 2003 with a loss of approximately 1.5 Mha (2%). These declines in the reduction 

of native vegetation in the late 2000s coincided with fluctuations in commodity markets and the implementation 

of several policy initiatives aimed at restricting credit for deforesters (MACEDO et al., 2012). Losses were lower 

from 2006 to 2019, on average, -0.5% per year or -3.8 Mha in that period. 

 

The planted forestry class had the smallest extent, but showed rapid growth between 1991 and 1995, at an average 

rate of 164% per year in that period, with the highest annual growth in 1991 (652.5 ha, 473%). The agriculture 

class increased by an average of 5% per year in the period from 1985 to 2019. Excluding outliers in 1986 and 

1987 (-1% reduction compared to the previous years), this class showed gradual growth in an area with higher 

rates in the period from 1988 to 2007, especially in 2004, which increased by 21% or expanded by 1.2 Mha in 

area. These periods corresponded to a boom in cropland because of the soy expansion, with the area planted in 

soy doubling from 3 to 6 Mha and production increasing by 85% (MACEDO et al., 2012). 

 

Regarding the pasture class, there was an expansion between 1985 to 2019 with an average rate of 3% per year. 

The highest annual rate of pasture expansion was observed in 1994 (1.2 Mha, 10%), with a lower rate for other 

years (-3% to 8%). Accelerated area expansion for pasture took place from 1985 to 2007, an average of 5% per 

year, with an increase of 14 Mha in that period. The large-scale clearings of forest for pasture decreased rapidly 

after 2005, dropping over 70% from 2005 to 2006 alone because of market signals and policy measures aimed at 

reducing illegal deforestation (MACEDO et al., 2012). The year of 2019 was represented by keeping the area 

relatively equal to the previous year. 

 

 
Figure 1: Map of land use and cover in 1985 and 2019 in the state of Mato Grosso 

 

 

CONSIDERATIONS 

 

From MapBiomas data presented in this work, there was a continuous reduction of native vegetation in the state 

of Mato Grosso and a greater expansion of agriculture and livestock areas. Thus, the intensification of production 

systems, especially those based on agriculture and livestock is essential to improve current land use management 

and to reduce pressure on deforestation. The state of Mato Grosso is located in one of the most extensive 

agricultural frontiers in the world, in addition, this state is the largest producer of cattle and soybeans from Brazil. 
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Consequently, assess which is the best productive strategy, aiming the preservation of forests and native 

vegetation, is extremely important for better land use management in the state. 
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Abstract 

Plants from shaded environments may experience variations in the levels of luminosity in their habitat and that, 

together with other environmental conditions, can disturb the transfer of energy in the photosystems. Thus, the 

aim was to evaluate the photochemical activity of the species Carapichea ipecacuanha subjected to light stress. 

For this, the plants were grown in different levels of shading (50, 70 and 90%) and in full sun. Subsequently, half 

of the plants in the shaded environments were directly exposed to solar radiation for one day. In full sun treatment, 

the plants were grown for fifty days under this condition. After one day of light stress exposure, the chlorophyll 

a transient fluorescence analysis was performed. The results showed that, regardless of the type of cultivation 

condition previously applied to these plants, direct sun exposure causes damage to the electron transport chain of 

photosynthesis, promoting greater energy dissipation in the form of heat and not used for photochemical activity. 

In addition, lower energy conservation along the photosynthetic machinery was showed mainly by plants that 

were grown under full sunlight. However, the changes were less intense for plants that were previously in an 

environment with 50% shading, thus demonstrating a possible pre-acclimation for direct exposure to short-time 

of full sunlight. 

 

Keywords: ipecac; light stress; chlorophyll a fluorescence; shading. 

 

Presentation: https://youtu.be/Ym6C-fCbvkE  

 

 

INTRODUCTION 

 

Plants that produce active compounds, such as medicinal ones, can be found in various environments. However, 

Brazil is recognized worldwide for its vast biodiversity in its biomes, where different medicinal species can be 

found (TEIXEIRA et al., 2019). The medicinal plant Carapichea ipecacuanha (Brot) L. Andersson (Rubiaceae), 

also known as ipeca-do-brasil, poaia, ipecacuanha or ipeca, produces in its rhizome and in its roots, emetina and 

cephaelin, which are among the main isoquinolinic alkaloids (DEWICK, 2002) and presents better growth and 

development when cultivated in environments with low light and high relative humidity, in understory in forests 

(LAMEIRA, 2002; ZAPPI et al., 2013). 

 

However, in recent decades, extreme climatic conditions have directly affected plant metabolism, mainly 

photosynthesis and respiration (REBEIZ, 2014; CHEN et al., 2017; SZYMAŃSKA et al., 2017; DALL'OSTO et 

al., 2020), affecting growth and development and consequently influencing secondary metabolism 

(SZYMAŃSKA et al., 2017; ALBERGARIA et al., 2020). 

 

In the last decades, extreme climatic conditions have directly affected plant metabolism, mainly photosynthesis 

and respiration (REBEIZ, 2014; CHEN et al., 2017; SZYMAŃSKA et al., 2017; DALL'OSTO et al., 2020), 

https://youtu.be/Ym6C-fCbvkE
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affecting growth and development and consequently influencing secondary metabolism (SZYMAŃSKA et al., 

2017; ALBERGARIA et al., 2020). 

 

Light is one of the essential resources and changes in its intensity, reach and duration can lead to different 

physiological responses (GURURANI et al., 2015; SZYMAŃSKA et al., 2017; DALL'OSTO et al., 2020; DONG 

et al., 2020). However, variations in light levels, together with other environmental conditions, can easily disturb 

the transfer of energy in photosystems (OU et al., 2012) and interfere with photosynthetic efficiency (REBEIZ, 

2014). Thus, the present work aimed to evaluate the photochemical activity of Carapichea ipecacuanha subjected 

to light stress. 

 

 

MATERIALS AND METHODS 

 

The experiment was carried out at Gragoatá campus of Universidade Federal Fluminense, whose region has an 

Aw climate, according to the Köppen classification and latitude 22 ° 54’00 ’S, longitude 43 ° 08’00’ ’W and 

altitude of 8 m. The Carapichea ipecacuanha plants were placed in 8 L pots, containing sandy soil (areola) as 

substrate, distributed in three greenhouses with different shading of sombrites® (90, 70 and 50%) for 4 years 

before the beginning of the experiment and another block cultivated for 50 days in full sunlight. The treatments 

consisted of: (i). 50, 70 and 90% shading (controls); (ii). shadows of 50, 70 and 90 + direct sunlight for a day; 

(iii). full sun (50 days of direct sun exposure), 10 sample units per treatment and the time of exposure to full 

sunlight was 1 day for treatments that were shaded and for treatment that was already in full sun before, was 51 

days. 

 

Plants with shading of 70% were considered the control treatment for plants that had already been in full sun for 

50 days, considering its indication as an adequate condition for the cultivation of ipecacs in artificial 

environments, in a general context, as it is the that comes closest to its natural habitat (understory) (LAMEIRA, 

2002; RIBEIRO et al., 2019) and the control treatment for the other treatments were the plants that remained 

without direct sun exposure, within each level of shading. Ten plants were used per treatment and each pot 

contained a plant, considered a sampling unit, always maintained with field capacity irrigation and the application 

of light stress occurred in the summer season. 

 

The chlorophyll a fluorescence analysis was measured on the first fully expanded leaves not detached, previously 

adapted to the dark for 30 min using a portable fluorometer (Model Handy PEA, Hansatech Instruments, King’s 

Lynn, Norfolk, UK); after the dark period, 

 

a flash of 3.400 µmol m-2 s-1 was applied to induce transient OJIP fluorescence. The intensities of transient 

fluorescence were measured between 50 µs (initial fluorescence - F0) and 1 s; After obtaining the values of 

transient fluorescence, the parameters of the JIP-test were calculated (STRASSER and STRASSER, 1995; 

TSIMILLI-MICHAEL and STRASSER, 2008). 

 

 

RESULTS AND DISCUSSION 

 

The biophysical parameters derived from the chlorophyll a fluorescence transients (Figure 1 A) were normalized 

from the light stress for the controls of each shading and analyzed over time 50 μs to 1s with identification of the 

O50µs points (initial level; F0), intermediate steps (J2ms and I30ms) and at the maximum level, P1s (Fm) (Figure 1 B) 

that allowed distinguishing changes along the electron transport chain (ETC), such as the polyphasic increase in 

fluorescence for plants subjected to full sunlight . 
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Figure 1: Chlorophyll a transient fluorescence of C. ipecacuanha leaves adapted to the dark, submitted to full 

sunlight and shading in relation to one day of exposure to light stress (A) Photosynthetic parameters deduced by 

the analysis of the standardized transient fluorescence JIP test using as a reference the controls and (B) relative 

variable fluorescence between steps O and P (Wt) in logarithmic time scale. ms = milliseconds. 

 

The relative variable fluorescence for the time of 2 ms (Vj) and 30 ms (Vi) remained high for all plants exposed 

to the sun, when compared to their respective controls, located in shaded environments (Figure 1B). The luminous 

saturation in the photosystems of non-shaded plants caused a disorder in the photosynthetic ETC, as can be 

evidenced by the alteration of the parameters extracted from the chlorophyll fluorescence analysis. In addition, it 

describes the activities of the complexes involved in the flow of these electrons (MAKONYA et al., 2019), 

proving the decrease in the energy and the loss of maximum photochemical efficiency attributed to photosystem 

II (Fv/Fm). 

 

Regarding the parameters that correspond to the specific activity flows expressed by reaction center (RC), there 

was increase in ABS/RC, which measures the apparent size of the antenna system, being total absorption or 

amount of total chlorophyll per active RC. Additionally, the parameter DI0/RC increased as well, demonstrating 

high energy dissipated as heat, not captured by the RC (Figure 1A). Therefore, there was continuously energy 

absorption, however, it was not used for the photochemical process, being dissipated and consequently dissipated. 

 

Shaded plants when exposed to high light need to improve deoxidation by the xanthophyll cycle to dissipate 

energy, as heat (BERNAL et al., 2015) and may also show a decline in the production of monomeric light-

harvesting complexes (LHCII), in light stress (BERNAL et al., 2015; CHEN et al., 2017; SZYMAŃSKA et al., 

2017). 

 

The excess of light induced a decline in the performance indexes, PIabs and PItotal, demonstrating a decrease in the 

energy conservation capacity in different locations of the photosynthetic machinery, as it reflects the energy 

conservation of the captured exciton until the reduction of the electron acceptors in the intersystem (PIabs) and the 

energy conservation of exciton for the reduction of the final PSI acceptors (PItotal), for all treatments exposed to 

the stressor, indicating a reduction in the functionality of the ETC. The least damage was manifested in the 

treatment in which the plants were exposed to 50% shading + direct sunlight, but even so, they showed inefficient 

photochemical performance at high levels of radiation, but with lower photodamage. 

 

CONSIDERATIONS 

 

Damage to photosynthetic machinery is evident in all plants exposed from shading to full sunlight stress. 

Regardless of the level of shading of plant growth, there is a change in the way of inducing chlorophyll a 

fluorescence, including for plants that are grown under full sunlight for a long period. 
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Abstract 

The present study deals with the performance of the Thornthwaite and Mather water balance method (ThM) 

adapted to estimate the daily actual evapotranspiration (ETa) of a pasture in relation to the Bowen ratio - energy 

balance method (BREB). The experiment was carried out in February and August 2019 in Cachoeiras de Macacu, 

RJ (22º 27 'S; 42º 45' W and 30 m altitude). Micrometeorological and meteorological was conducted in an 

automatic weather station installed in the pasture. The results of the ThM method were measured by a simple 

linear regression and compared with ETa BREB (standard) and the estimates by ThM, also it was used the 

determination coefficient (r²) and the index of agreement Willmott (d). For both months, the ThM method 

underestimated the ETa estimates. February presented more precise and accurate estimates indicated, respectively, 

by the highest r² (0.62) and d (0.90), in relation to the observed for August (r² = 0.48 and d = 0.81). The ThM 

model proved to be accurate, especially in the summer months. However, a high dispersion was verified due to 

the intrinsic characteristic of the model for the ETa penalty. 

 

Keywords: Bowen ratio, sustainable agriculture, agrometeorological studies 

 

Presentation: https://youtu.be/pOPJiCkSEyg  

 

 

INTRODUCTION 

 

According to the prognostic made by the United Nations Food and Agriculture Organization, in the year 2050 the 

world population must be approximately 9.7 billion (FAO, 2018). Thus, is essential to increase agricultural 

productivity in association with the rational and optimized the use of natural resources to meet demand for 

sustainably food. 

 

Against this, irrigation practice has shown great results in crop management but it must be optimize to allows the 

reduction of losses due to water deficit and, as a consequence, increased crop yield (ANTONIEL et al., 2016). 

However, to get the maximum potential of this practice it is necessary to know the real water demand of the crops. 

 

Evapotranspiration (ET) represents the transfer of water from the surface to the atmosphere by the simultaneous 

occurrence of evaporation and transpiration processes (TAIZ et al., 2017). In this way, ET have an essential role 

in estimating water demand for crops. Several approaches have been proposed to obtain it, among them, direct 

methods (lysimeters), empirical, micrometeorological and through the soil water balance (PEREIRA; 

SEDIYAMA; NOVA, 2013). 

 

The Bowen ratio - energy balance (BREB) is a micrometeorological method that has been widely used as a 

standard in determining the latent heat and sensible heat fluxes of several crops (SILVA et al., 2016; WALLS et 

al, 2020). However, the method requires some meteorological parameters, what limited it, especially for small 

and medium farmers. As an alternative, the soil water balance (BH) allows estimating ET by quantifying the 

inflow and outflow of water in the soil, as says the principle of mass conservation (O'REILLY et al., 2020). As it 

https://youtu.be/pOPJiCkSEyg
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requires only the physical soil hydraulic parameters, BH’s methods is characterized by being a more accessible 

approach. 

 

Thus, the present study aimed to assess the BH method Thornthwaite and Mather adapted to estimate the actual 

ET of a pasture area in summer and winter months in a relation to BREB method estimates. 

 

 

MATERIALS AND METHODS 

 

The experiment was carried out in a pasture area located in the municipality of Cachoeiras de Macacu, RJ (22º 27 

'S; 42º 45' W and 30 m altitude). The area had 30 hectares cultivated by Brachiaria and was occupied fortnightly 

on average by 160 Nellore animals. 

 

Micrometeorological measurements were performed on a 4 m high mast installed in the area. The 

micrometeorological station was composed of several sensors, described in Table 1. Rainfall data was also used, 

coming from an automatic weather station, installed 1 km from the experimental area. In this study, the months 

of February and August 2019 were evaluated. 

 

Table 1.: Description of the sensors installed in the experimental area. 

 
 

Analyses soil physical-hydric properties were made to obtain the field capacity and permanent wilting point, used 

in BH. The actual evapotranspiration (ETa-ThM) was obtained through the modified BH (LYRA et al., 2010): 

 

 
 

where: ALT is the change in water storage in the soil (mm); SW the storage of water in the soil (mm); P 

precipitation (mm); ETa the actual evapotranspiration (mm); and EXC the water surplus (mm). 

 

Reference evapotranspiration (ETo) was calculated using the Penman-Monteith FAO 56 method and for ETc, 

used the crop coefficient (Kc = 1.05) (ETc = Kc ETo) (ALLEN et al., 1998), obtained on the basis of experimental 

data. 

 

The energy balance can be expressed in a simplified way: 

 

 
 

where: Rn is the net radiation (W m-2); H and LE are the sensible and latent heat fluxes, respectively (W m-2); and 

G is the soil heat flux (W m-2). 
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Replacing the eq. 3 in 2, and reorganizing it, ETa BREB (ETaβ) was obtained: 

 

 
 

where: ETaβ is the actual evapotranspiration (mm d-1); λ is the latent heat of evaporation (2.45 MJ kg-1); and 1800 

the average time in seconds, from which the data was obtained. 

 

The accuracy of the ETa-ThM and ETaβ estimates were assessed based on the Willmott’s agreement index (d) 

(WILLMOTT, 1981). The simple linear regression analysis forced to pass at the origin between ETaβ (standard) 

and ETa-ThM and the determination coefficient (r²) was also applied. 

 

 

RESULTS AND DISCUSSION 

 

February (summer) presented total rainfall of 197.9 mm with 20 days of rainfall, which corresponded to a 

magnitude of 9.9 mm per event (Figure 1). The ETo accumulated in February was 111.5 mm and an average of 

7.69 mm d-1. In winter (August) there was less rainfall, with 105 mm distributed over 15 days, which represented 

a magnitude of 5.83 mm per event. The monthly ETo was 80 mm, with an average of 4.81 mm d-1. 

 

    
Figure 1: Analysis of precipitation and reference evapotranspiration (ETo), for the month of February (a) and 

August 2019 (b). 

 

ETa estimated by the ThM method for both months analyzed was underestimated in relation to ETa determined 

by BREB (Figure 2). 

 

For February, an underestimation of 13% was observed, whereas in August the underestimation was 25%. 

 

In general, there was less dispersion of the ETa estimates in February, which presented r² of 0.62, while for August 

there was a lower r² (0.48), which indicated a greater dispersion. This is done directly, by adding the value of 

storage and the positive balance between precipitation and ET (PEREIRA; SEDIYAMA; NOVA, 2013). 

 

Another possible factor responsible for underestimating the values from the ETa estimated by BH is due to the 

type of soil in the study site. According to the methodology proposed by SANTOS et al. (2018) the soil was 

classified as Gleissolo Melânico which occurs in flat reliefs of floodplains and has a high level of water table. 

This characteristic can contribute to the occurrence of capillary rise, a phenomenon not quantified by the BH 

proposed by Thornthwaite and Mather. 

 

The accuracy of the ETa ThM estimates for February showed a Willmott’s index of 0.9, while for August, this 

value was 0.81. 
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Figure 2: Analysis of the linear regression between the daily values of ETa observed by the method of Bowen's 

ratio in relation to the ETa estimated by the method of water balance in the soil for the month of February (a) 

and August 2019 (b). 

 

 

CONSIDERATIONS 

 

The soil water balance model of Thornthwaite and Mather adapted for pasture showed high dispersion, 

conditioned by the function with which the model penalizes ETa and, or by not considering some components of 

the soil water balance (e.g. capillary rise). However, the model is accurate, especially in the summer months, with 

higher rainfall totals. 
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Abstract 

Based on the increasing trend in the consumption of granulated organic mineral fertilizers (OMF) in Brazil, it’s 

concluded which the insertion of the product in the domestic market depends mainly on technological advances. 

Investment in technologies it’s makes necessary to meet the market demand with products of proven quality, 

which will provide differentials attractive, such as: the supply of essential nutrients or micronutrients for 

agricultural production and adequation of mechanized application. These fertilizers have an excellent 

environmental and economic appeal, since they are an alternative for the use, as raw material, of agro-industrial 

residues that can be enriched with mineral fertilizers containing phosphorus (P), micronutrients and/or other 

nutrients of agricultural interest. This work aimed to evaluate the diffusion of phosphorus present in OMF by the 

Petri dish bench methodology, fast and non-destructive, in samples of sandy soil, collected in Seropédica, RJ. 

Two OMF were used, produced at Embrapa Solos from different carbon sources, containing MAP in its 

formulation, in relation to mineral fertilizer (MAP). The effect of doses of P on the OMF and MAP granulate and 

the effect of the incubation time on the diffusion of P were evaluated. The results indicated that at least 4 mg of 

P per fertilizer sample is required for greater efficiency of the detection methodology used. The source of raw 

material used in the production of the OMF did not interfere in the diffusion of P having a diffusive behavior 

similar to MAP. 

 

Keywords: alternative sources of nutrients, diffusive flow, phosphate fertilization. 

 

 

INTRODUCTION 

 

The organomineral fertilizers (OMF’s) is presented as a technological, environmental and commercially viable 

alternative for the rational disposal of agro-industrial waste and their use allows the use of nutrients contained in 

this waste. The Brazilian OMF’s market, in 2019, grew 19.5% in relation to the previous year, totaling 

approximately 1.09 billion reais (ABISOLO, 2020). 

 

The diffusion process is primarily responsible for the transport of P to the roots and is affected by factors such as: 

the phosphorus-colloid interaction in the soil, the content of the element, texture, volumetric water content in the 

soil and the distance to be covered down to the roots, beyond the temperature (Novais & Smyth, 1999; Costa et 

al., 2006; 2009). 

 

The methodology developed by Degryse and McLaughlin (2014) allows to evaluate the diffusion in the soil of 

phosphorus present in fertilizers, in a simple and non-destructive way, using a filter paper containing iron oxide 

to capture the diffused P on the surface of a Petri dish filled with soil. This method has been used to evaluate the 

diffusion in the soil of mineral fertilizers because it is fast, economical and with low generation of residues during 

the process of analysis, and can be a tool for the development of studies that contain granulated OMF’s with P. 

 

This work aimed to evaluate the diffusion of phosphorus in OMF's by the Petri dish method, in samples of sandy 

soil, collected in Seropédica, RJ. Two OMF's were used, produced at EMBRAPA Solos from different carbon 
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sources, containing MAP in its formulation, in relation to mineral fertilizer (MAP). The effect of doses of P on 

the granules of OMF's and MAP and the effect of the incubation time on the diffusion of P in the sandy soil 

samples contained in the Petri dishes were evaluated. 

 

 

MATERIALS AND METHODS 

 

The experiment was conducted at the Fertilizer Technology Laboratory of EMBRAPA Solos, Rio de Janeiro, in 

the randomized block design, in a 3 x 2 x 5 factorial scheme, with three replications, three fertilizers (two OMF's 

and MAP), two doses of P (2 and 4 mg plate-1 of P) and five incubation periods (8, 24, 48, 72 and 144 h). 

 

The agro-industrial residues used to produce the OMF's were: chicken litter (CL), a compound produced with 

swine waste (CS). All OMF’s were produced from the mixture of different milled and passing agro-industrial 

residues in the same sieve (<0.850 mm) and mixed with MAP, aluminum silicate and additives. All fertilizers 

were analyzed chemically according to Brazil (2017) and the results, in % P2O5 total, were: OMF_CL (25.0); 

OMF_CS (26.5) and MAP (45.4). 

 

The soil sample was collected in Seropédica-RJ, in the 0-20 cm layer, dried in the air and subjected to manual 

fragmentation and sieving in 18 mesh. After sieving, the samples were characterized chemically and physically, 

according to Teixeira et al. (2017), and the results obtained were: pH (water): 6.0; Corg - 11.2 g kg-1; P available: 

18 mg kg-1; Available K: 0.27 mg kg-1; Ca: 2.0 cmolc kg-1; Al: 0 cmolc kg-1; T: 5.6 cmolc kg-1; Clay: 120 g kg-1; 

Silt: 98 g kg-1 and Sand: 782 g kg-1. 

 

After analyzing the P content in the OMF’s, the granules were weighed individually and granules were 

separated with 2 and 4 mg of P. 

 

To visualize the diffusion of phosphorus, the non-destructive method proposed by Degryse and McLaughlin 

(2014) was used. Selected fertilizer granules were deposited in the center of Petri dishes filled with moist soil and 

the deposition holes were covered with soil. Petri dishes were incubated and filters deposited to monitor the 

diffusion of P after 8, 24, 48, 72 and 144 hours of incubation After the incubation periods, the available P captured 

in the filter paper impregnated with iron oxide was developed, being revealed by the addition of the malachite 

green dye. The quantification of the diffusion halos was performed by counting pixels in the digitalized images 

using the GIMP program (version 2.8), where the phosphorus diffusion radius was calculated. 

 

The data obtained were subjected to analysis of statistical methods, and the Variance and the Means were 

compared using the Tukey test at 5%, using the Sisvar software (version 5.6). 

 

 

RESULTS AND DISCUSSION 

 

The results of P diffusion due to the application of different doses and sources of fertilizers, at different incubation 

times, are shown in Table 1. For the 144 hours incubation time, it was not possible to visualize the halo due to the 

diffuse impregnation of the filter paper, making it impossible to read through the pixel counting program, for this 

reason the evaluation at this time was discarded from the results. This was possibly due to the radial dilution of P 

in the soil as it moves away from the granule, making it difficult for P to react with the solution present in the 

filter paper. 
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Table 1. Phosphorus diffusion radii in the soil as a function of the application of different doses and sources of 

granular fertilizers after four incubation times. 

 
1 / OMF: organomineral fertilizer; CL: chicken litter, CS: compound produced from swine waste and MAP: commercial 

monoammonium phosphate. 2 / For each incubation time, equal letters, uppercase on the line and lowercase on the column, 

do not differ statistically from each other by the Tukey Test at 5%. 

 

 

There was an effect of P doses applied to the soil during the last three incubation times (24, 48 and 72 h). In 

general, the diffusion rays were greater for the highest doses applied. When the phosphorus dose applied to the 

soil is increased, the diffusion coefficient increases, due to the progressive saturation of the adsorption surface, 

which results in an increase in the concentration of phosphorus in the soil solution (Costa et al., 2006; Santos et 

al., 2005). 

 

The discrimination between fertilizers regarding the diffusion of P was not observed in any of the two doses, since 

the diffusion rays did not differ statistically between the OMF’s and the mineral fertilizer, that is, the phosphorus 

applied in the form of OMF, for all the matrices, had the same behavior in the soil as applied in the form of mineral 

fertilizer. Souza et al. (2015), however, observed less diffusive flow in the soil by the super triple mineral fertilizer 

in relation to the organomineral, a fact that the authors attribute to a possible protective effect of the organic 

complexes to the fertilizer. 

 

Analyzing the results of the diffusion radius of P at different incubation times, it was observed that the diffusion 

halo has an increasing of kinetics up to 72 h. Andrade (2005) also found that the incubation period influenced the 

diffusive flow of P, with an initial increase in the diffusive flow of P, followed by its decrease. Machado et al. 

(2011) observed a decreasing trend in the availability of P as the nutrient remained in contact with the soil, in less 

significant values in sandy soils and especially in soils with a higher clay content. 

 

 

 

CONSIDERATIONS 

 

The addition of organic residues to the fertilizer formulations did not interfere in the diffusion radius of P, 

indicating the diffusion kinetics of OMF in a sample of sandy soil similar to the commercial mineral product of 

high solubility (MAP). 

 

The period of up to 72 h of incubation, in a sample of sandy soil, proved to be adequate for evaluating the diffusion 

kinetics of P in OMF and MAP. 

 

Higher doses of P in the OMF and MAP granules resulted in a higher diffusion rate of P in a sandy soil sample. 

 

The Petri dish method was efficient for evaluating the diffusion of P in the soil using organomineral fertilizers. 
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Abstract 

 

The present work aimed to identify Soil Quality Indicators in a vegetable production system in the Rio Grande 

Hydrographic Basin, in Nova Friburgo-RJ. The Soil Structure Rapid Diagnosis - DRES - was adopted as an 

instrument to assess soil quality, followed by the collection, identification and measurement of soil fauna using 

Pitfall traps. Different types of management were evaluated in three rural properties: A - modified conventional 

planting; B - no-tillage and conventional tillage and C - minimum cultivation. The largest record of group of 

epigeal fauna occurred in the management with CM, followed by the PD. The lowest activity records were verified 

in the PC area. The greatest stability of soil aggregates occurred in the PD and CM, and the lowest in PCM and 

PC. It is concluded that the indicators of Soil Quality adopted allow a technical analysis in the decision making 

for adoption of vegetable production systems. It is interpreted that the absence of mechanization associated with 

the planting of Direct Planting and Minimum Cultivation tend to promote an adequate environment for soil 

conservation and the presence of fauna. A relationship should be established by adopting more indicators of soil 

sustainability and productivity, to identify the ideal management that promotes production, preservation and 

profitability to the producer. 

 

Keywords: Minimum cultivation, no-tillage, Rapid Soil Structure Diagnosis, soil fauna 

 

Presentation: https://youtu.be/l_j25BcJopc  

 

 

INTRODUCTION 

 

The loss of soil quality, understood as degradation, in practice represents a carbon deficit - structural component 

of organic matter linked to fertility and soil structure and biological activity. Agricultural activity has a great 

potential for environmental degradation (LAL, 1999; OLDEMAN, 1994; SHARPLEY, 2002). However, 

agricultural production conservation practices represent a sustainable strategy. But, their acceptance by farmers 

also depends on knowledge about their financial gains. 

 

These practices encourage the removal of CO2 from the atmosphere (carbon dioxide that promotes global 

warming) and immobilization (sequestration) in the soil, that is, they promote an increase in the content of organic 

matter and fertility (BARRETO et al., 2009; BONATO and HENKES, 2013), favoring carbon sequestration and 

water regulation services. To understand the behavior of the soil according to each management to which it is 

submitted, the Rapid Diagnosis of Soil Structure - DRES (RALISH, et al., 2017) was adopted. The adoption of 

Pitfall traps allowed the capture of edaphic fauna. As a hypothesis, it was adopted that the systems with 

conservationist practices, promote the greater presence of edaphic fauna and the improvement of the soil structure, 

contributing to the improvement of ecosystem services and the economic viability of production. 

https://youtu.be/l_j25BcJopc
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MATERIALS AND METHODS 

 

Study Area - The work took place in 3 rural properties, in the Rio Grande Hydrographic Basin, in the municipality 

of Nova Friburgo, RJ. In this basin there is a predominance of family farming and intensive use of labor, the 

center of economic activity is Horticulture. The present study named the properties as A, B and C, with 

management systems, as follows: modified conventional planting – PCM where it maintains the reduced use of 

rotary hoe in soil preparation, however it already adopts black oats as soil cover; no-tillage - PD and conventional 

planting PC (B) adopt, respectively, the absence of mechanization associated with the use of intercropped legumes 

and mechanization without vegetation cover, and minimum cultivation - CM (C) where black oats are the 

vegetation cover and the coving is done by hoe, in the same type of soil (Cambissolo), relief and position in the 

landscape. 

 

Sampling - For sampling the epigeal edaphic fauna, the Pitfall traps method was adopted, which according to 

Moldenke (1994), consists of the placement and permanence of cylindrical plastic containers about 15cm high 

and 10cm in diameter, at ground level. 200ml of formaldehyde solution (1%), to capture fauna. In each type of 

management, a total of 10 traps were allocated, randomly distributed over the beds, respecting a minimum 

distance of 5m between them. After 7 days, the traps were collected in the field and sent to EMBRAPA Solos, 

where the material was screened and the organisms stored in 70% alcohol. The fauna was quantified and 

identified, at the level of large taxonomic groups, at EMBRAPA Agrobiologia, using a stereoscope microscope. 

The structural quality of the soil was evaluated through the use of the Rapid Diagnosis of Soil Structure - DRES, 

a field method that allowed to classify the degree of this quality through the characteristics visually identified, in 

the soil samples, collected from 0 to 25 cm, with 3 repetitions, by type of management. The grades range from 1, 

low structural quality soil, to 6 soil with good structural formation. 

 

Data Analysis - The data analysis of the edaphic fauna was based on the quantification of the total number of 

individuals per trap per day (in the ind. Arm. Dia-1) and the numbers of individuals per taxonomic group. The 

attribution of notes to the collected soil samples was based on the quality of the sample structure, by type of 

management, with three repetitions. 

 

 

RESULTS AND DISCUSSION 

 

A total of 28 groups of epigeal fauna were recorded in the studied areas, with the highest activity values recorded 

in the CM area, followed by the PD. The lowest activity records were observed in the conventional planting area. 

Thus, it can be said that areas with more conservationist management favored the presence of epigeal fauna. The 

edaphic fauna in general is sensitive to stress conditions or other disturbances (EATON et al., 2004) that can be 

represented by conventional soil management. 

 

The most representative fauna group was that of Entomobryomorpha colembolas in all areas, however in the areas 

of CM and PD, which had covered soil, this group was more expressive. Poduromorpha colemboli, on the other 

hand, were verified only in conventional planting areas (PC and PCM). Collembola (Arthropoda, Hexapoda), is 

a typically edaphic taxon, with a large number of representatives in the soil fauna samples (PONGE et al., 2006). 

These microarthropods feed on a wide range of resources, including fungi, bacteria, lichens and debris (HOPKIN, 

1997). As they feed directly on decomposing organisms, regulating microflora populations, they play an important 

role in the decomposition of organic matter (LAVELLE & SPAIN, 2001), aspects of extreme relevance in the 

management of agrosystems. 

 

According to the evaluation carried out in the field, using the DRES method, the samples collected from soils 

obtained punctuation, as shown in Figure 1. Thus, it is observed that the management of PCM and PC establish a 

similarity between each other, in the use of mechanization, by rotary hoe. Even with the reduction of 2 hoe passes 

during the preparation of the soil in the "modified" management, its aggregates are still exposed to a spraying 

action of its structure, making the score low. 
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Figure 1. Relationship of the DRES score, with Total Wealth (number of groups found per assessed area) and 

Average Wealth (which corresponds to the average number of orders or groups found per trap). 

 

 

When PCM presents a diversity of individuals of edaphic fauna higher than PC and the same DRES score, it is 

observed that this action of destabilization of soil aggregates has such a negative interference on them, to the point 

of soil cover, adopted in the management “modified”, not having had enough time to guarantee a better soil 

structure. However, the diverse presence of edaphic fauna suggests a process of improvement. Observing the 

results of CM and PD, there is a satisfactory relationship of soil health indicators, which can represent 

managements that meet the issues of productivity, economy and profitability to the producer, associated with the 

preservation of the modified environment. 

 

 

CONSIDERATIONS 

 

The absence of mechanization associated with vegetation cover promotes an adequate environment for soil 

conservation and the presence of fauna. Direct management and minimum cultivation are the most recommended 

for the cultivation of vegetables in the region, according to this work. Thus, the proposed hypothesis was proven, 

pointing to a complementary relationship between these soil sustainability indicators, which contributes to the 

improvement of ecosystem services and the economic viability of production. 

 

It is appropriate to establish other relationships, adopting more indicators of soil sustainability and productivity, 

to identify the ideal management that promotes production with preservation, and with profitability for the rural 

producer. 
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Abstract 

 

The Program of Sustainable Rural Development in Hydrographic Microbasins of the State of Rio de Janeiro - 

RIO RURAL, had as main objective the improvement of the quality of life in the field, conciliating the increase 

of the income of the rural producer with the conservation of the natural resources. To this end, we used the action 

strategy that had the watershed as a planning and intervention unit, directly involving the resident communities. 

In this work, we evaluated the activities conducted in three municipalities in the mountainous region of the state 

of Rio de Janeiro, namely, Santa Maria Madalena, São Sebastião do Alto and Trajano de Morais. In these 

municipalities, 11 microbasins, 63 communities and 301 properties or families were involved. The number of 

families served, the size of the properties, the percentage of properties used for agricultural purposes and the types 

of land use were evaluated. It was possible to verify that there is a predominance of small properties, with 

predominance of family farming, indicating that the program has positively impacted small agriculture, which has 

great importance in the generation of jobs and food production, such as vegetables. Livestock activities were also 

frequent in most properties. Thus, it was observed a high number of communities, in which only one family was 

served, a high number of small properties, more than 50% of the properties presented a percentage of agricultural 

use of up to 15% only, and that the dominant agricultural activities were dairy farming, beef cattle and vegetables. 

 

Keywords: Rural development. Family farming. Quality of rural life. 

 

Presentation: https://youtu.be/iPKV80vDZJs  

 

 

INTRODUCTION 

 

Agricultural practices, due to infrequent technical assistance, can lead to damages and losses in environmental 

quality, causing loss of essential resources, such as soil and water. The government of Rio de Janeiro has 

implemented a program of great value, aimed at improving the conservation of natural resources. With funding 

from the World Bank, the state of Rio de Janeiro made the Rio Rural program viable, which encouraged the 

adoption of sustainable practices and more efficient and environmentally appropriate production techniques 

(RANGEL et al., 2016). Rio Rural, with rural people, especially those linked to family farming, as protagonists 

in the process of development and conservation of natural resources, was of great importance for the improvement 

of environmental awareness. In this sense, this program promoted community participation in public policies and 

in the management of natural resources, fostering the awareness and adhesion of producers to sustainable 

agricultural practices. The Rio Rural program also advocates that family farmers have a compensatory payment 

for limiting the use of natural resources imposed by conservation policies (RIO RURAL, 2009). The program 

covered populations residing in urban centers and in the Metropolitan Region of Rio de Janeiro, due to the 

increased supply of food and water, reduced pressure for jobs, health and housing, as well as environmental 

education actions. The Rio Rural program was structured comprising three distinct phases, namely awareness, 

planning and execution. The program was carried out throughout the state, that is, the North Region, the Northwest 

Region, the Mountain Region, the Central Region and the South Region. Food production in the State of Rio de 

https://youtu.be/iPKV80vDZJs
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Janeiro is 80% coming from family farming (RIO RURAL, 2009) and due to its socioeconomic and geographical 

characteristics, agriculture has a small portion of state income. However, taking into account the aggregated values 

in four segments - inputs, agriculture, agribusiness and distribution - the analysis of the state's Gross Domestic 

Product reveals that 3.3% come from activities involving agriculture (GALLIEZ, 2014). Our work analyzed three 

municipalities in the Serrana Region, that is, Santa Maria Madalena, São Sebastião do Alto and Trajano de Morais, 

for their characteristics of small agriculture. 

 

 

MATERIALS AND METHODS 

 

This work was done with data from the Rio Rural Program, generated in the mountainous region of the state of 

Rio de Janeiro, more precisely in the municipalities of Santa Maria Madalena (21º 57' 40” S, 42º 00' 40” O and 

615 meters of altitude), São Sebastião do Alto (21º 57' 15” S, 42º 07' 52” O and 575 meters of altitude) and 

Trajano de Morais (22º 03' 47” S, 42º 03' 40” O and 675 meters of altitude). In these municipalities, a total of 11 

micro-basins were studied, Alto Imbé, Alto Macabu, Baixo Macabu, Caixa D'água, Córrego dos Índios, Ibipeba, 

Médio Imbé, São Manoel, Terras Frias Headquarters, Triunfo and Visconde de Imbé. In these microbasins 63 

communities were analyzed, namely Agulha do Imbé, Alto do Imbé, Amorosa, Babilônia, Barra Alegre, Barra do 

Peixe, Barra Mansa, Barro Alto, Barro Branco, Boa Vista, Bonança, Botafogo, Headwaters, Coffee, Caixa D 

'water, Camper, White House, Supper, Concordia, Córrego dos Índios, Córrego Vermelho, Desengano, Fazenda 

das Neves, Fazenda Paciência, Fazenda Santa Lúcia, Tie, Ibipeba, Ipituna, Km 17, Km 18, Leitão da Cunha, 

Macabu, Macuco do Imbé, Maria Mendonça, Monte Verde, Muribeca, Muribeca_Monte Verde, Osorio Bersot, 

Paraiso, Piedade, Zinc Bridge, Ponte Nova, Portico, I Want to See, Retreat, Santo Antônio do Imbé, São Francisco, 

São Manoel, São Marcos, Terras Frias Headquarters, Sítio Boa Esperança Mucuri, Sítio Boa Vista Cabeceiras, 

Sítio Potosi, Sítio Saudade, Sodrelândia, Tapera, Tirol, Tocaia, Trajano de Morais, Triunfo, Valão do Azeite, 

Vargem Alta, Visconde de Imbé. In the communities, the properties participating in the Program were counted, 

which totaled 301, which were considered to be one property per family. These properties were ordered by area 

size, in hectares, to verify the size distribution. The percentages of each property destined to agricultural practices 

were also listed, also obtaining the distribution of these values. All agricultural activities practiced in the study 

area were surveyed and the frequency of occurrence of each of them in the properties under analysis was analyzed. 

In all analyzes, the frequency accumulated in percentage was performed, for a better evaluation of these 

parameters. Thus, the number of municipalities, watersheds, communities, families served (properties involved), 

the sizes of properties, the percentage of areas of properties occupied with agricultural activities and the 

agricultural activities developed in the study area were counted. The data were analyzed in Excel, with descriptive 

analysis of the data, generating frequency distribution graphs. 

 

 

RESULTS AND DISCUSSION 

 

In the municipalities of Santa Maria Madalena, São Sebastião do Alto and Trajano de Morais, in the mountainous 

region of the state of Rio de Janeiro, 301 properties were evaluated, belonging to 301 different families, 

comprising 63 communities (Figure 1). This area was also included in 11 watersheds. 
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The distribution, as well as the accumulated frequency, allows to verify the number of families or properties 

served by community. It was observed that the majority of communities, 43%, or 27 communities, counted with 

the participation of only one property or family and that in two communities, there was the participation of 31 

families or properties served by Rio Rural (Figure 2). 

 

 
 

Regarding the size distribution of the properties, the majority, 208 properties, were between 0.4 and 15 hectares. 

This range housed more than 69% of the properties studied (Figures 3A and 3B). Only 2% had values of area 

greater than 125 hectares. These data demonstrate the predominance of family farming in the study area. 
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As for the percentage of use of the property in relation to the total size, more than 50% presented, according to 

the data analyzed, a value below 15%, that is, 159 properties (Figures 4A and 4B). Although this high value, 65 

properties or 22%, showed use between 75 and 100% of the property. These results can be explained by the rugged 

topography of the region, which is mountainous. 
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The agricultural activities carried out in the region under study (type of land use) with a diversity of 15 activities, 

among them were two livestock (dairy and beef), two poultry (laying and beef), beekeeping, psiculture, pig 

farming, goat farming, rabbit farming, equine farming. In the soil cultivation activity, the activities of olericulture, 

fruit, forestry and floriculture were verified. Agribusiness activity was also found in the region. The frequencies 

of occurrences of these activities in the properties can be seen in Figures 5A and 5B, where it can be seen that 

most of the properties have livestock (dairy and beef), olive and fruit farming activities. 
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Based on these data and the region's environmental potential, there is room for growth in the other activities listed. 

The most frequent approach to the Rio Rural program addresses specific social and environmental aspects. This 

analysis, taking into account general aspects as indicators of future actions, is innovative. 

 

 

CONSIDERATIONS 

 

In view of the analysis made in this study, we can consider that the Mountain Region has the potential for growth 

in several activities. The number of properties served could have been greater. It can also be seen that the potential 

for job creation is high, due to the predominance of small properties with sizes below 25 hectares. By diversifying 

the activities, the percentage of use of the properties can be increased. In addition to the activities of cattle raising, 

olive growing and fruit growing, which are dominant activities in most properties, there is room for growth and 

implementation of other activities in the studied region. This approach allowed to perceive the potential of the 

Mountain Region to expand agricultural activities with no damage for the environment, thus being able to increase 

the quality of life of the small rural producer plus increased income. 
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Abstract 

 

The objective of this work was to evaluate the residual effect of the Oxyfluorfen and S-Metolachlor herbicides 

using watermelon (Fairfax® variety) as a bioindicator plant in succession to the tomato culture. The delimitation 

of the study used was entirely random, with five repetitions, being the treatments: control (sowing of the 

watermelon in soil with no herbicide) and the sowing of the watermelon in soil containing the Oxyfluorfen and 

S-Metolachlor herbicides applied 125 days before, in pre-emergence to the tomato culture. An evaluation of the 

transient fluorescence of chlorophyll a and dry mass of organs (leaves, stem and root) were made. The plants in 

the S-Metolachlor treatment did not germinate and, the transient fluorescence of chlorophyll a analysis in the 

plants in the Oxyfluorfen treatment showed that, even without statistic differences in the dry mass of organs 

parameter, these plants showed negative alterations in the electron transport chain of photosynthesis. 

 

Keywords: carryover, bioassays, herbicides 

 

Presentation: https://youtu.be/9R3SpAqTCvs  

 

 

INTRODUCTION 

 

Independent of the herbicide application period, being pre or post-emergency and in the direct or indirect form, 

most of them have the soil as its last destiny (LAW, 2001). Some herbicides can remain in the soil for a longer 

period of time, which can provide a longer time without the interference of weed and necessity of new 

applications, however, they can cause a residual effect, harming succession cultures (OLIVEIRA et al., 2018). 

 

The herbicides used in this work were Oxyfluorfen, that has the enzymatic inhibition of protoporphyrinogen 

oxidase (PROTOX) as its action mechanism, involved in the biosynthesis of chlorophyll, and the S-Metolachlor 

that has the inhibition of the biosynthesis of long chains fatty acids, interfering in the synthesis of lipids 

(MONQUERO, 2014). 

 

One way of evaluation the residual effects of the herbicides in the soil is making use of bioindicator plants, that 

are plant species which have a high sensibility to molecules of interest (BRAGA et al., 2016). Thus, the objective 

of this work was to evaluate the residual 

 

effects of the Oxyfluorfen and S-Metolachlor herbicides using the watermelon (Fairfax® variety) as a bioindicator 

plant in succession to the tomato culture. 

 

 

MATERIALS AND METHODS 

 

The experiment was conducted in the vegetation house, located in the 22º 54’ 00” S latitude, longitude of 43º 

https://youtu.be/9R3SpAqTCvs
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08’ 00” W. Firstly, the herbicides were applied on the soil in which the tomatoes of Débora Pto® variety were 

cultivated. Secondly, 125 days after the herbicide application and finalization of the tomato cycle, watermelon 

seeds were sowed in vases. Each vase was considered a sampling unity. 

 

The delimitation of the study used was entirely random, with five repetitions, being the treatments: control 

(sowing of the watermelon in soil with no herbicide) and the sowing of the watermelon in soil containing the 

Oxyfluorfen and S-Metolachlor herbicides applied 125 days before, in the 480 and 1200 g.i.a ha-1 dosage, 

respectively. 

 

The fluorescence of chlorophyll a was made with 7, 14 and 28 days after emergency (DAE), making 3 analysis 

in each sampling unity and for that, it was used a portable fluorometer Handy-PEA model (Hansatech Instruments, 

King’s Lynn, Norfolk, UK). The analysis were done in the morning, after a dark period of 30 minutes, and after 

that, a pulse of light with 3.000 μmol photons m-2 s-1 was given to the plants. The intensities of transient 

fluorescence measured were between 50 µs (initial fluorescence – F0) and 1 s and calculated according to Strasses 

and Strasses (1995). 

 

For the dry mass, the harvest of the watermelon seedlings was made with 30 DAE. The vegetal material was 

separated in root, stem and leaves. To obtain a constant mass, it was performed a drying in a forced ventilation 

oven with the temperature of ±65º, after that, the mass was measured with a precision scale. 

 

The data was submitted the analysis of variance (ANOVA, p ≤ 0,05) and, when significative, the averages were 

compared with the Tukey test (p ≤ 0,05), with the use of the statistic program SISVAR 5.0. 

 

 

RESULTS AND DISCUSSION 

 

The watermelon seeds (Fairfax® variety) sowed in soil with 125 days after application (DAA) of the S-

Metolachlor did not germinate, which demonstrated the carryover effect of this herbicide, however the seeds in 

the treatment with the Oxyfluorfen herbicide germinated, in all repetitions. 

 

With 14 DAE, the watermelon seeds, in the treatment containing the Oxyfluorfen herbicide, presented a lager 

period of disorder in the electron transport chain of photosynthesis when compared with the control, due to, 

mainly, the larger dissipation of energy in the form of heat (DI0/RC) and without the amplification of absorption 

flux by reaction center (ABS/RC), which promoted a decay in the 

 

electrons transportation (ET0/RC) and consequently the efficiency (φRo) and reduction of terminal electron 

acceptors (RE0/RC) (Figure 1). 

 

 
Figure 1 – Parameters of transient fluorescence of chlorophyll a with 7 DAE, 14 DAE and 28 DAE for the 

plants of watermelon in soil 125 DAA of the per-emerging herbicide Oxyfluorfen 
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The analysis of the performance index PIabs and PItotal showed that the watermelon plants were more negatively 

affected in the photosystem II (PIabs), in which when you analyze the electron transport chain of photosynthesis 

in an ample form (PItotal), demonstrate that a disconnect between the units of the FSII had occurred. 

 

The chlorophyll a fluorescence can be altered by various factors that are not directly linked to the photosynthesis 

(SOUZA et al., 2020), which is the case of the Oxyfluoren herbicide, inhibitor of the protoporphyrinogen oxidase 

enzyme (PROTOX), that, by its way of action, will interact in a negative form in the biosynthesis of the 

chlorophylls and of hemes compounds, which can cause problems in the photosynthesis with oscillation on the 

disposition of chlorophylls to the system (MONQUERO, 2014). 

 

Other cultures studied in succession to the tomato culture, as is the case of garlic, onion and beans show that they 

can suffer with residual effects, visually or not, as it was verified for Metribuzin, corroborating with the data found 

in the present study (WALPERES et al., 2015). 

 

For the analysis of dry mass in the watermelon, it was observed that the treatment with the Oxyfluorfen herbicide 

did not differentiate from control (Table 1). 

 

Table 1 – Dry mass of leaves, stem and root of the watermelon plants sowed in soil, 125 DAA of the 

Oxyfluorfen 

 
*The average followed by the same letters in the column do not differentiate statistically among themselves by 

the Tukey Test (p ≤ 0.05). DAA: Days after the application. CV: coefficient of variation. 

 

Knowing that, it was possible to observe, that, even without showing difference in the dry mass, there was an 

interaction between the residual effect of the herbicide in the plants of watermelon, when the transient 

fluorescence of chlorophyll a was analyzed, demonstrating that it could affect, in long term, the growth, 

development and productivity of this culture, as it had not yet shown visual symptoms, however, the data was 

already noticeable by the chlorophyll photosynthesis analysis (MELO et al., 2016). 

 

 

CONSIDERATIONS 

 

The residual effect of the S-Metolachlor herbicide did not permit the germination of seeds of watermelon. For the 

Oxyfluorfen herbicide, the plants germinated, but presented residual effects that promoted negative alterations in 

the photosynthetic parameters, however it was not enough to change the biomass of the plants in comparison with 

the control treatment. 
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Abstract 

 

Comfrey (Symphytum officinale L.) is a medicinal plant with economic importance of its subterranean portions. 

An adequate initial development of the seedlings is essential and serves as a basis for better growth and maturation, 

mainly, of the root and rhizome. The aim this study was to evaluate the growth of shoot and initial development 

of comfrey seedlings (Symphytum officinale L.) under 70% shading. For this, 30 sample units of plants were 

grown in a greenhouse under 70% shading, followed by analysis of: number of shoots, sprouting speed index 

(SSI) and growth parameters. The results demonstrate that the plants have an excellent sprouting rate in a short 

period of time, as well as adequate growth. However, 42 days after sprouting (DAS) there was a need of nitrogen 

supply, as the plants showed symptoms characteristic nitrogen deficiency which includes the needs for the 

biosynthesis of substance that gives economic value to this species, such as allantoin. 

 

Keywords: Symphytum officinale L., root, rhizome, allantoin. 

 

Presentation: https://youtu.be/5IowBwsEMC8  

 

 

INTRODUCTION 

 

The plant species Symphytum officinale L. (Boraginaceae), popularly known as comfrey, is an herbaceous plant 

with a temperate climate, originating in the European and Asian continents, and inserted in Latin America as a 

forage species (TOLEDO et al., 2004). It has allantoin in its chemical composition, a marker substance of the 

Boraginaceae family (FERRARI et al., 2012) and responsible for stimulating cell proliferation in slow healing 

wounds (ASSONUMA, 2009). The healing properties of this plant species have recurrent use in the treatment of 

wounds, burns and fractures. Thus, a raw material with great pharmacological potential, available in Brazilian 

territory is needed. Native and foreign species, such as Symphytum officinale L., make up our biomes and are 

distributed throughout this country with continental dimensions. Brazil holds about 1/3 of the planet's plant 

diversity. This condition highlights us in relation to other regions of the world, due to the plurality of plant material 

availability, with properties and potentialities for use that are still unknown, as long as further studies on the 

subject are necessary (SANTOS et al., 2011). 

 

For the comfrey, many investigations have investigated the pharmacological potential of allantoin. However, 

studies that address the initial growth and development of this species are poorly reported. According to Santos 

and Torres (2012), this pharmacological approach results from the growing interest of the scientific community 

in discovering new substances derived from plant raw material used for medicinal purposes by the population. 

Data about sprouting and growth pattern, help to understand its physiological processes and how they interfere 

https://youtu.be/5IowBwsEMC8
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with its morphology, contributing to enrich the literature referring to this plant. This work evaluated the growth 

and initial development of comfrey seedlings (Symphytum officinale L.) grown under 70% shading. 

MATERIALS AND METHODS 

 

The propagation occurred through 10 cm long rhizome fragments obtained from three-year-old plants. The 

material was packed in 1 kg polyethylene bags, using commercial substrate Terra Vegetal®, totaling 30 samples 

arranged in a greenhouse under 70% shading, at the Gragoatá campus of the Universidade Federal Fluminense, 

in Niterói-RJ, latitude 22º 54 '00” S, longitude 43º 08' 00” W and altitude of 8 m. The irrigation was carried out 

to maintain the field capacity and the period of conduction of the experiment was from January to February 2020, 

with an average temperature of the January - March quarter of 26.23ºC. 

 

Sprouting number, sprouting speed index (SSI) and growth parameters were evaluated. The SSI was calculated 

according to the 

Maguire formula (1962), adapted for sprouting rhizomes, as follows: 

 

IVB = (B1/B1) + (B2/N2) + (B3/N3) + ... + (Bn/Nn) 

 

Where: 

SSI = sprouting speed index; 

B1, B2, ..., Bn = number of shoots computed in the first, second and n count; 

N1, N2, ..., Nn = number of days from planting to the first, second and n count. 

 

The height (cm), number of leaves and leaf area evaluations were performed weekly with five repetitions each. 

The height was measured from the neck to the highest point reached by the limbus of one of the leaves, with a 

graduated ruler. The number of leaves was obtained by direct counting. The leaf area was estimated by the formula 

AF = {[((length x width) x 0.667] x 2}), according to Barros et al. (1973) and measured in two leaves per sample. 

 

The data were submitted to analysis of variance (ANOVA, p ≤ 0.05) and, when significant, the means were 

compared using the Tukey test (p ≤ 0.05), with the aid of the statistical program SISVAR 5.0 (FERREIRA, 2014). 

 

 

RESULTS AND DISCUSSION 

 

The evaluation of the percentage of shoots over the days (Figure 1 – green dots), after planting the rhizome 

fragments, indicates that seedlings develop in 3 of the 5 days of analysis. The asexual reproduction method used 

to spread comfrey has, as one of its advantages, rapid sprouting. Which explains the time interval of two days for 

the first sprouts to occur. 

 

The third day stands out with a 50% share of sprouting from the 30 sample units. Reaching a total of 90% at the 

end of 5 days. The exact number of seedlings that sprouted each day (Figure 1 - columns in green) allowed to 

obtain the sprouting speed index of the species (9.25), calculated according to the adapted formula of Maguire 

(1962). 

 

 
Figure 1. Percentage of rhizome sprouting per day and total comfrey seedlings (Symphytum officinale L.) in 

January 2020 - Niterói, RJ. 
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Regarding the parameters of seedling growth (Table 1), analyzed from the sixth day after sprouting, the averages 

of the growth parameters show similar behaviors. Regarding the height and the leaf area, it follows a growing line 

that reaches its peak, shortly after it declines slightly and then presents stability. Meanwhile, the variable number 

of leaves follows an upward growth line. 

 

Table 1: Growth parameters of Comfrey seedlings (Symphytum officinale L.) for the period from January to 

March 2020 - Niterói, RJ 

 
The means followed by the same letter in the column do not differ statistically from each other by the Tukey test 

at the level of 5%probability. 

 

For the leaf area, the increase was time-dependent in relation to the days after seedling sprouting, however, from 

the 34 DAS onwards, nutritional deficiency symptoms were seen in relation to nitrogen, according to the 

remobilization of the older leaves to the newest ones. Therefore, it is necessary that the seedlings be transported 

to pots with the capacity to hold a larger volume of soil after this period of sprouting or receiving adequate 

fertilization. 

 

 

CONSIDERATIONS 

 

The species Symphytum officinale L. (Boraginaceae) has an excellent percentage of sprouting and sprouting 

speed index, when grown in 70% shading. In addition, it presents normal growth, under such conditions, until the 

34th day after sprouting. 
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Abstract 

 

Soil compaction is commonly evaluated by soil mechanical resistance to penetration (RMSP), due to its good 

correlation with root growth and plant productivity. The present study aimed to analyze the spatial variability of 

RMSP in a Tifton 85 area with 3.95 ha, located at UFRRJ. A total of 50 georeferenced points were distributed in 

the area under an irregular mesh to perform RMSP tests at depths of 0-10 cm, 10-20 cm, 20-30 cm and 30-40 cm. 

The RMSP tests were performed with the IAA/Planalsucar impact penetrometer. The data processing and the 

spatialization of the points by Ordinary Kriging and the map layout was generated in the ArcGIS 10.5 software. 

For the 0-10 cm layer, moderate values of RMSP were observed in most of the area, varying between 1.0 and 2.0 

MPa. For the other depths, the values presented are in the upper class, ranging from 2.0 Mpa to 4.0 Mpa. The area 

presents the need for soil decompression, considering the variability of the physical attribute analyzed at depths 

above 30 cm. 

 

Keywords: Precision Agriculture, Ordinary Kriging, Soil Compaction 

 

Presentation: https://youtu.be/akiCyqPGUK8  

 

 

INTRODUCTION 

 

In order for agricultural products to be economically viable, the aim is to optimize crop productivity, increasing 

the efficiency of the resources used and intensifying the use of agricultural machines and implements. However, 

the exacerbated and poorly managed use of this equipment ends up modifying the physical structure of the soil, 

leading to the compaction process. 

 

Among the main consequences of the compaction process are the decrease in productivity, the increase in the 

mechanical resistance of the soil to the penetration of the roots, and the consequent reduction in the development 

of crops (CHEN and WEIL, 2010). 

 

Soil attributes are constituted by a complex interaction of pedogenetic factors, giving rise to a naturally variable 

and heterogeneous system (CAMARGO et al., 2010). To determine this spatial variability of soil attributes, 

geostatistics is an important tool in the context of Precision Agriculture (PA), which has been widely used. In this 

way, it is possible to collect soil samples by means of georeferenced sample meshes, which allow the elaboration 

of maps and enable localized agricultural management. 

 

In view of the importance of assessing the variability of soil compaction over a production area, the objective of 

the present work was to generate maps of spatial variability of the RMSP, through the use of PA techniques, in 

order to identify the places where the level of compaction can be an impediment to the root growth of Tifton 85. 

 

MATERIALS AND METHODS 

 

https://youtu.be/akiCyqPGUK8
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The study was carried out on a 3.95 ha property, at Fazenda Feno Rio, where Tifton grass (Cynodon spp.) Is 

produced. It is located on the Seropédica campus of the Federal Rural University of Rio de Janeiro, in Baixada 

Fluminense, with an average altitude of 26 m, between the parallels of 22 °49 'and 22°45'S and the meridians 43 

° 38' and 43°42 'O. 

 

For the characterization of the RMSP, measured by the cone index (CI), 50 georeferenced points were sampled, 

from which 4 sub-samples per point were removed. Samples were also collected at 7 points distributed in a 

representative manner, at depths of 0-20 cm and 20-40 cm, in order to determine soil moisture. The allocation of 

these points in the field was performed using a Leica Total Station, Series TPS300 Basic. 

 

The determination of the CI was performed up to a depth of 0.40 m, using an impact penetrometer, model IAA / 

Planalsucar (STOLF, 1991). The transformation of the CI (cm / impact) into RMSP was obtained according to 

the equation proposed by Stolf (1991). 

 

For the geostatistical analysis, a mathematical model was adjusted to the calculated values, and the semivariogram 

coefficients called the nugget effect, C0; threshold, C0 + C1; and reach, as described by Vieira et al. (1983). 

 

The RMSP maps were generated using the ordinary Kriging (KO) spatialization method, in the ArcGIS 10.5 

software, with the final result being the graphical representation of the variability of this attribute, for each depth 

analyzed. Then, they were divided into classes and defined according to Chart 1, in which the RMSP indexes are 

presented for Beutler et al. (2001): 

 

Chart 1. Indexes of soil mechanical resistance to penetration. 

 
Source: Beutler et al. (2001) 

 

RESULTS AND DISCUSSION 

 

The parameters of the semivariograms generated for each depth are shown in Table 1. The RMSP data showed 

spatial dependence at all depths studied, which is expressed through adjustments to the semivariogram models. 

These adjustments were made based on the values of R² and RSS. 

 

Table 1. Parameters of the semivariograms from the geostatistical analysis of the mechanical resistance of the 

soil to penetration, up to a depth of 40 cm. 

 
¹R² = Coefficient of determination of the model; ²RSS = Residual sum of squares; 3C0 = Nugget effect; 4Co+C = 

Sill. 

 

The RMSP maps are represented below, divided into four different class intervals: blue, green, yellow and red, 

representing the variation of the RMSP from the lowest to the highest, respectively. The variability of the RMSP 

at the different depths can be seen in Figures 1 and 2, in which Figure 1a represents the RMSP in the 0-10 cm 

layer, with values ranging between 1.00 and 3.00 Mpa, Figure 1b , referring to the 10-20 cm layer, with values 

between 2.00 and 3.40 Mpa, Figure 2a, referring to the 20-30 cm layer, with values between 2.20 and 3.80 MPa, 
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and Figure 2b , representing the 30-40 cm layer, with values between 2.40 and 3.65 Mpa. 

 

 
Figure 1. Maps of the spatial variability of the mechanical resistance of the soil to penetration, in layers 0-10 cm 

(a) and 10-20 cm (b). 

 

It can be seen that, in the 0-10 cm layer, the vast majority of the area is classified with moderate SPMA, presenting 

SPMP values between 1.00 and 2.00 Mpa. However, there is a small portion that has low RMSP (> 1.00) and, 

still, high compaction, between 2.00 and 3.00 Mpa. 

 

In the 10-20 cm layer, it can be seen that most of the area can be classified as having high RMSP, with values 

between 2.00 and 3.40 Mpa. There are some spots at the ends of the map that fall into the blue class, in which the 

RMSP can be classified as moderate (<2.00). 

 

For the 20-30 cm and 30-40 cm layers, which can be seen in Figures 2a and 2b, respectively, the RMSP can be 

classified as high throughout the area, since the values are between 2.20 and 2.80 Mpa and 2.40 and 3.65 Mpa, 

respectively. 

 

   
Figure 2. Maps of the spatial variability of the mechanical resistance of the soil to penetration, in the layers of 

20-30 cm (a) and 30-40 cm (b). 
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In view of the above, an interesting management to be recommended is the use of a scarifier or subsoiler to unpack 

the area at a depth of 20-40 cm, since the RMSP was high, in order to eliminate the problems related to soil 

compaction. 

 

 

CONSIDERATIONS 

 

The adjusted models were exponential at the depths of 0-10 cm, spherical at the depths of 10-20 cm and 30-40 

cm, and the Gaussian for the 20-30 cm layer. 

 

The indices presented in the RMSP maps behaved in an increasing manner, following the increase in depth, with 

a lower index in the most superficial layer (0-10 cm) and higher in the greatest depth (30-40 cm). 

 

With the RMSP indexes classified as high, in the 20-40 cm layer, management with the use of a scarifier or 

subsoiler is recommended. 

 

 

REFERENCES 

 

BEUTLER, A. N.; SILVA, M. L. N.; CURI, N.; FERREIRA, M. M.; CRUZ, J. C.; PEREIRA FILHO, I. A. 

Resistência à penetração e permeabilidade de Latossolo Vermelho distrófico típico sob sistemas de manejo na 

região dos cerrados. Revista Brasileira de Ciência do Solo, v. 25, n. 1, p. 167-177, 2001. 

 

CAMARGO, L. A.; MARQUES JÚNIOR, J.; PEREIRA, G. T. Spatial variability of physical attributes of an 

Alfisol under diferente hillslope curvatures. Revista Brasileira de Ciência do Solo, v.34, p. 617-630, 2010. 

 

CHEN, G.; WEIL, R. R. Penetration of cover crop roots thorugh compacted soils. Plant and Soil, v. 331, p. 31-

43, 2010. 

 

STOLF, R. Teoria e teste experimental de formulas de transformação dos dados de penetrômetro de impacto em 

resistência do solo. Revista Brasileira de Ciência do Solo, v.15, n.2, p.229-235, 1991. 

 

VIEIRA, S. R.; HATFIELD, J. L.; NIELSEN, D. R.; BIGGAR, J. W. Geostatistical theory and application to 

variability of some agronomical properties. Hilgardia, Berkeley, v. 31, n. 3, p. 01-75, 1983. 
  



 

114 
 

 

URBAN AGRICULTURE IN THE CITY OF RIO DE JANEIRO: A CASE STUDY OF 

THE HORTAS CARIOCAS PROGRAM 
 

Raphaela Soares da Silva Camelo 1, Thelma de Barros Machado 1, Elton de Oliveira 1 

 
1Universidade Federal Fluminense, Brasil 

 

Abstract 

The high growth of the urban population in the city of Rio de Janeiro, coupled with the increased demand for 

food, made it necessary to search for production alternatives, among which urban agriculture stands out. In this 

context, the present study aimed to analyze the impacts and performance of the Hortas Cariocas Program (HCP), 

in order to understand urban agriculture in the city of Rio de Janeiro. The descriptive exploratory method and 

Data Envelopment Analysis (DEA) were used as tools to understand how the program works. In this way, it was 

identified that, although the program has deficiencies related to the productivity of the vegetables and opening 

and closing gardens, the socio-economic benefits brought to the communities in which they are located are 

superior. 

 

Keywords: Data Envelopment Analysis (DEA); Food Security; Performance evaluation; Sustainable Urban 

Development. 

 

Presentation: https://youtu.be/NtlvxjfDnO4  

 

 

INTRODUCTION 

 

Urban agriculture has been widely discussed in recent years, mainly due to the growing need for food production. 

Disorganized growth and urbanization have led to several environmental and social impacts, such as 

unemployment, lack of basic services, hunger, violence, food insecurity, pollution of water resources and the 

atmosphere. Archaeological evidence points out that urban agriculture in the western world emerged in ancient 

Egypt (CORRÊA et al., 2020). The great world wars were also driving the development of food production, 

including using urban environments (GLASSER, 2018). 

 

Many studies are carried out in order to develop production methods that are efficient and environmentally 

friendly. Urban agriculture contributes to making cities more sustainable, adding quality of life and healthy food 

at a low cost (YAMAMOTO & MOREIRA, 2019). Giacchè & Porto (2015) explain that urban agriculture 

contributes to social development through income generation and consequent financial autonomy and increased 

quality of life, especially for the low-income population, in addition to promoting the improvement of food, 

psychological health and community life. 

 

Mok et al. (2014) defend the need for more advanced studies, especially on the positive and negative impacts 

caused by urban agriculture. Also, according to the authors, only from this information it will be possible to 

manage the limited resources of the world, including urban agriculture initiatives. In this sense, it is essential to 

study the programs and projects already developed in the world, such as the Hortas Cariocas Program (HCP). 

HCP is a multifunctional program of vegetable urban gardens in the city of Rio de Janeiro, using an organic 

production system, without the use of agrochemicals, in which farmers are trained to use agroecological practices 

for the management of soil, pests and diseases, promoting sustainability in different dimensions. HCP is present 

in eighteen communities and in twenty-two schools in the city of Rio de Janeiro. The present study aimed to 

understand urban agriculture in the city of Rio de Janeiro and to favor discussions about vegetable urban gardens 

and their environmental and socioeconomic impacts. 

https://youtu.be/NtlvxjfDnO4
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MATERIALS AND METHODS 

 

The present study was developed in two stages, using the descriptive exploratory method. The first stage 

comprises the characterization of the program and qualitative analysis carried out through technical visits, in 

which the economic, environmental and social impacts were observed. The second stage consisted of performance 

evaluation, using Data Envelopment Analysis. 

 

The impact assessment was carried out according to the descriptive research methodology, based on extensive 

direct observation, with collection of photographic data. As described by Fonseca (2012), this method aims to 

describe the reality as it presents itself and, in this way, knowing and interpreting the environment through the 

observation, registration and analysis of variables (facts or phenomena presented). 

 

The performance of the program was assessed by Data Envelopment Analysis (DEA). The data acquired through 

monthly reports made available by the program management in the city of Rio de Janeiro were analyzed by the 

SIAD software - Integrated Decision Support System, version 3.0 (MEZA et al., 2005) to calculate the efficiencies 

of the DEA model. Among the variables available in the reports for the application of the model were: production 

units in operation, emancipated production units, paralyzed production units, estimate of the production area, 

estimate of the number of beds, estimate of the planting area, number of vegetable gardens, monthly investment, 

monthly harvest, harvest destination, special support work fronts and seedling production. 

 

RESULTS AND DISCUSSION 

 

The urban agriculture is constantly expanding. It is estimated that this segment will have a development 

proportional to the growth of cities and the urban population (PISCOPO, 2016), mainly due to the issue of food 

security and the environmental appeal. This fact is corroborated with the study by Poulsen et al. (2015) who, when 

carrying out a bibliographic review, observed that one of the main motivations of urban agriculture is subsistence, 

followed by financial and environmental benefits. 

 

The urban agriculture provides food to the vulnerable population, in addition of being a potential source of income, 

improving the urban environment and reducing pressure on agricultural land (STEWART et al., 2013). In this 

sense, initiatives such as the HCP that implant vegetable gardens in idle lands of communities and schools are 

important. In cities like Rio de Janeiro, for example, these spaces are often occupied for selling of illicit products. 

In addition, filling the land with vegetable gardens drives to the valorization of the neighboring areas. This mode 

of production provides green spaces and adds sustainability to urban spaces. 

 

For many years agricultural production has been concentrated in countries classified as underdeveloped. However, 

with increasing demand for food production, urban agriculture has become an alternative in all countries. Many 

developed countries in the same period strengthened the practice of urban agriculture, even on a small scale. In 

urban agriculture, production is in the same space as the final consumer, allowing access to fresh, seasonal 

products with less need for post-harvest processing. Urban agriculture in places of socioeconomic vulnerability, 

in the same way as in HCP, allows the community to reduce food expenses. This is because part of what is 

produced in the vegetable gardens is donated to the community or schools, the other part is sold at local fairs. In 

this way, they guarantee the subsistence of the community, in addition to the income generation for the farmers. 

 

The intervention in a space by the action of the members of the community refreshes it and revitalizes it, 

generating a change not only in the location, but also in the group of farmers (YAMAMOTO & MOREIRA, 

2019). Audate et al. (2018) highlight urban agriculture as an important strategy for health promotion, urban 

planning and policies for the development of sustainable urban food systems, in addition to its role in green 

infrastructure and biodiversity in urban centers. 

 

In a study carried out in New York, in which the impact of community gardens and vegetable gardens was 

evaluated, it was estimated that about 45 million liters of rainwater would be drained (GITTLEMAN et al., 2017). 

Scott et al. (2018) explain that with the agricultural practice in the urban land there is a generation of multiple 

ecosystem services and social benefits in addition to the cultivation of food itself. The decrease in soil exposure, 

in addition to the increase in species diversification, as occurs in agroecological initiatives such as HCP, positively 

affect the locations in which they operate. 
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These characteristics are also reflected in the performance of urban gardening programs such as HCP. Urban 

agriculture is composed of several factors that help to understand its performance. For this reason, studies 

addressing different methodologies on different urban agriculture initiatives are important, since different aspects, 

not only social, environmental and economic, reflect on the improvement of urban agriculture, but also of the 

communities in which they are located. Data envelopment analysis (DEA) is a methodology that makes it possible 

to understand the performance of these programs through practical data, such as production, number of 

participants and investment. Emrouznejad & Yang (2018) highlight that agriculture is one of the five main fields 

of application of the DEA, according to the number of articles published. 

 

In the Hortas Cariocas Program, the financial assistance given to the farmers, the de-marginalization of idle land, 

linked to the diversity of production of organic foodstuffs, are agents that positively increased the efficiency of 

the program. Factors such as instability in the closing and opening of work fronts, choice of cultivars and the low 

productivity of farmers represented the main negative impacts on the performance of the program. As in the HCP, 

a study that examined the inputs used as well as the final production over the years in 34 urban vegetable gardens 

in Australia, pointed out the importance of choosing species in the identification of less productive natural cycles 

(CSORTAN et al., 2020). 

 

The theme of vegetable urban gardens is addressed mainly in developed countries (CORRÊA et al., 2020), 

especially linked to socio-environmental initiatives. However, several studies point out the importance of urban 

agriculture as a sponsor of food security in countries with greater socioeconomic vulnerability (CORRÊA et al., 

2020). In this sense, in order to disseminate vegetable gardens in needy communities in the city of Rio de Janeiro, 

the Hortas Cariocas Program (HCP) applies resources that stimulate and popularize food-producing activities, 

contributing to food security. 

 

 

CONSIDERATIONS 

 

The urban agriculture in the city of Rio de Janeiro analyzed in the present work through the Hortas Cariocas 

Program has shown significant benefits, especially for the community in which it operates. Impacts are perceived 

mainly of social and economic nature. However, factors related to the climatic aspects, as well as the productivity 

of the farmers and the opening and closing of vegetable gardens negatively affect the performance of the program. 
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Abstract 

Flooding in plantations is a factor that can cause large losses and impacts in the agricultural productivity. Thus, 

the objective of this study was to verify the Normalized Difference Vegetation Index (NDVI), stem diameter and 

height of the Agroceres® (Hybrid AG 8780) and Pioneer® (Hybrid 30F53VYHR) hybrids when submitted to 

stress by flooding in the vegetative phase. For the Agroceres® (Hybrid AG8780) variety, it was possible to verify 

that, in general, the control treatment presented a better growth, with bigger diameter, height and bigger 

production of biomass with statist difference on the NDVI parameter. However, the Pioneer® (Hybrid 

30F53VYHR) variety did not show statistic difference to the flooded treatment. Thus, it is possible to suggest that 

the Pioneer® (Hybrid 30F53VYHR) variety has a higher tolerance regarding this stress, when compared with the 

Agroceres® (Hybrid AG8780) variety, with the experimental conditions on this study. 

 

Keywords: Zea mays, abiotic stress, growth 

 

Presentation: https://youtu.be/wUB6d9aOMuo  

 

 

INTRODUCTION 

 

Corn has its origins on the central region of America, being a big indicator of primitive agriculture. After many 

years of selection and genetic modification, the corn we know today was obtained. According to García-Lara and 

Serna-Saldivar (2019), besides its high economical value, the corn is the cereal with the highest relevance in the 

planet with a population of, approximately, 1 billion tons. 

 

The flood in plantations in general, not only on the corn culture, is a factor with high losses and impacts, which 

generates countless studies in the field of food safety (KAKANI et al., 2018; MADUREIRA et al., 2019; KUMAR 

et al., 2020) being necessary a better planning, not only by the farmer, but to the entire chain of production that 

involves the food production. 

 

A lot of studies are performed to verify the responses to the lack of water in plants (hydric deficit) (LEITE et al., 

2019; MARINHO et al., 2019; LOBATO et al., 2020), as, in Brazil, it is more common to have drought periods 

than raining periods (AWANGE et al., 2016), however some studies point out the importance to analyze the 

flooding and the lack of attention this subject has (SHRESTHA et al., 2016; ZHOU et al., 2020). 

 

Due to climatic changes, the flood has become a more recurrent event, especially in regions that lack planning of 

soil usage (LÖSCHNER and NORDBECK, 2019). The excess of water in the soil tends to fill the pores it has, 

which can induce the plant to a hypoxic and anoxic situation, causing a metabolic disorder with, for example, a 

lower production of adenosine triphosphate (ATP), which can drastically harm its growth and development (LI X 

et al., 2018). 

 

Thus, the present study sought to verify the Normalized Difference Vegetation Index (NDVI), stem diameter and 

height of the Agroceres® (Hybrid AG 8780) and Pioneer® (Hybrid 30F53VYHR) hybrids when submitted to 

stress by flooding in the vegetative phase. 

https://youtu.be/wUB6d9aOMuo
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MATERIALS AND METHODS 

 

The present study was made in the Campus Gragoatá of Universidade Federal Fluminense, in which the region 

has an Aw climate, according to the Köppen classification and 22°54’00’ S latitude, 43°08’00’’ W longitude. 

 

Two hybrid seeds were used: Agroceres® (Hybrid AG 8780) and Pioneer® (Hybrid 30F53VYHR). The seed 

were sowed in an 8 liters vase containing soil with clayey texture, which received correction according to 

indications for the corn culture. The plants were cultivated for 12 days in the 8 liters vase, until they were 

submitted to the flood, for 17 days. For the implementation of the flood, the 8 liters vases were added to 18 liters 

vases, to maintain a 2,5 cm water column above the soil, the plants in control treatment stayed only in the 8 liters 

vases and received irrigation until its field capacity. Each treatment (control plants and flooded plants, for both 

varieties) contained 11 repetitions each (sampling unity of 1 plant per vase), totalizing 44 vases. 

 

To determinate the Normalized Difference Vegetation Index (NDVI), pictures of the plants were taken, in the 

same day in which the other measurements were made, with 3, 5, 8, 13 and 17 days after the flood (DAF), to 

verify the effects in each treatment. For that, it was used the concept of NDVI with the help of the software 

ENVI® 4.5 as described by Cho (2019). The pictures were taken by a cellphone camera and, after the imagens 

were loaded on ENVI® 4.5, it was used the NDVI tool choosing the red and green bands, as it was not possible 

to obtain the infrared band, the green band was used on its place (PRASANNAKUMAR et al., 2014). 

 

Throughout the experiment, the monitoring of height and stem diameter was also caried out, with 3, 5, 8, 13 and 

17 DAF. For the height, it was used a graduated ruler, measuring the plant from the base of the stem to the apical 

apex, using a digital caliper. 

 

The experimental delimitation used was entirely random, where the data was submitted to an analysis of variance 

(ANOVA, p ≤ 0,05) and the average compared with the Tukey test (p ≤ 0,05) when there was significance by the 

F test, with the help of the SISVAR® software. 

 

 

RESULTS AND DISCUSSION 

 

It was possible to observe that initially the flooded plants of the Agroceres® (Hybrid AG8780) variety had a 

bigger growth in comparation with the control, with higher averages of stem diameter, height and NDVI, however 

from the 15 DAF forward the plants from the control treatment had a better development on all parameters. 

 

It was observed by Shrestha (2017) that the NDVI tool is capable of identifying the impacts on corn plantation, 

being able to show significative differences in production in cases of flooding, as seen with the Agroceres® 

(Hybrid AG8780) variety which, in the NDVI analysis, showed statistical difference with 8 and 15 DAF, with a 

better performance in the control treatment (Figure 1). 

 

 
Figure 1: Variation on diameter, height and NDVI for the plants of Agroceres® (Hybrid AG8780) variety in the 

treatment control and flooded. 
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For the Pioneer® (Hybrid 30F53VYHR) variety none of the parameters analyzed showed statistical difference 

when compared to control (Figure 2). 

 

 
Figure 2: Variation on diameter, height and NDVI for the plants of Pioneer® (Hybrid 30F53VYHR) variety in 

the treatment control and flooded. 

 

Thus, for the Agroceres® (Hybrid AG8780) variety is possible to see that, generally, the control treatment 

presented better development, with higher stem diameter, height and NDVI and, the Pioneer® (Hybrid 

30F53VYHR) variety did not present any statistical difference compared to the control treatment. Thereby, it is 

possible to suggest that the Pioneer® (Hybrid 30F53VYHR) variety showed a higher tolerance to the flooding 

stress, when compared to the Agroceres® (Hybrid AG8780) variety. 

 

 

CONSIDERATIONS 

 

It was possible to conclude that the Pioneer® (Hybrid 30F53VYHR) variety showed a higher tolerance to the 

flooding stress, when compared to the Agroceres® (Hybrid AG8780) variety, seeing that it showed a higher 

stability in growth when flooded. 
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Abstract 

Given the importance that ventilation has for animal production, the objective of this work is to conduct a survey 

of the general aspects related to ventilation systems used in animal installations in Brazil, highlighting their 

characteristics, potentialities and limitations. Ventilation systems are classified as natural and mechanical, 

depending on the type of driving force used to air movement. The use of natural ventilation should always be 

prioritized by exploring aspects such as constructive characteristics, orientation, and location of the facility. 

However, when the installation site does not provide adequate conditions for natural ventilation, mechanical 

ventilation systems should be used to ensure adequate conditions of comfort to the animals. These systems can 

be of the type positive pressure and negative pressure, and their use in animal production facilities is widespread, 

especially under tropical climate conditions. In Brazil, positive pressure mechanical ventilation systems are 

commonly found in open facilities, such as stables for dairy cattle and swine facilities, as well as in some facilities 

for laying poultry. On the other hand, systems that use negative pressure are found in installations for cutting 

poultry, facilities with vertical accommodation for laying poultry, and in some facilities for dairy cattle. 

 

Keywords: animal production; thermal environment; ventilation systems 

 

Presentation: https://youtu.be/WWXPnyS4hJQ  

 

 

INTRODUCTION 

 

According to data from the Center for Advanced Studies in Applied Economics, in partnership with the 

Confederation of Agriculture and Livestock of Brazil (CEPEA/CNA, 2020), in 2019 the sum of goods and 

services generated by the livestock sector was approximately half a billion reais. These data show that the sector 

has established itself as an important activity for agribusiness and the Brazilian trade balance, being responsible 

for generating high amounts. 

 

In order for the country to achieve such remarkable levels of production and productivity, high advances in 

genetics, nutrition, management and animal health were necessary, obtained from the efforts of research centers 

and companies in the sector (Mayo et al., 2019). As a counterpoint, in countries with warm and temperate climate 

conditions, such as Brazil, the challenges to animal production are even greater, and the climatic factor should 

also be considered (Nascimento et al., 2014). Therefore, with the intensification of production systems, 

introduction of animals with high productive potential and adoption of containment systems, greater importance 

should be given to the thermal environment, since it has direct implications for the performance of the housed 

animals (Perissinotto et al., 2009). 

 

In animal production facilities located in hot and temperate regions, measures to improve shelters and 

management are important to overcome the effects of environmental factors adverse to production, such as high 

https://youtu.be/WWXPnyS4hJQ
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temperature and relative humidity (Nascimento et al., 2014). One of these measures is ventilation, which will 

cause the displacement of hot air masses and their renewal inside the facility, softening the feeling of discomfort 

(Baêta & Souza, 2010). It is worth noting that the type of ventilation used will have an influence on the air quality 

inside the installation, the thermal comfort of the housed animals, as well as the energy efficiency of the 

installation (Norton et al., 2007). 

 

In view of the above, the objective of this work is to conduct a survey of the general aspects related to ventilation 

systems used in facilities applied to animal production in Brazil, highlighting their characteristics, potentialities, 

and limitations. 

 

 

MATERIALS AND METHODS 

 

The present literature review was based on books, articles and other scientific productions dealing with ventilation 

systems in Brazil, notably applied to animal facilities. 

 

 

RESULTS AND DISCUSSION 

 

Ventilation systems can be classified as natural or mechanical, depending on the type of driving force employed 

(Norton et al., 2007). 

 

Natural ventilation 

 

According to Baêta & Souza (2010), natural ventilation systems are those that use the natural movement of air, 

caused by the differences in pressure or temperature between two points. When this air movement occurs at the 

time of the pressure difference between two points, there is dynamic natural ventilation, or ventilation caused by 

the dynamic action of the winds. When the air movement occurs as a result of the temperature difference between 

two points, there is natural thermal ventilation (Lukiantchuki et al., 2016). In some cases, the effects of 

temperature and pressure differences can act together (Baêta & Souza, 2010). Whenever possible, the use of 

natural ventilation should be prioritized, obtained through the exploration of aspects such as constructive 

characteristics, orientation and location of the facility (Baêta & Souza, 2010). 

 

Dynamic natural ventilation 

 

Dynamic natural ventilation results from the pressure difference between two points considered, which will tend 

to cause air movement inside buildings or facilities. Pressure differences of 0,05 mmH2O are already sufficient 

to cause the formation and movement of air currents, provided that there are no obstacles or impediments inside 

the facility (Baêta & Souza, 2010). 

 

Dynamic natural ventilation can be intensified or reduced depending on the openings present in the installation. 

In cases where these openings are properly arranged, in opposite walls and in the direction of the dominant winds, 

dynamic ventilation is maximized. However, several factors will influence dynamic natural ventilation, such as 

the speed and direction of the wind around the facility, the presence and distance of obstacles, the location of the 

construction, among others, making it not always effective in improving thermal comfort in the facilities (Baêta 

& Souza, 2010). 

 

Thermal natural ventilation 

 

On the other hand, thermal natural ventilation is the result of the difference in temperature between two means 

considered (Baêta & Souza, 2010). This form of natural ventilation is due to the "thermosiphon effect", a 

phenomenon that occurs when the air inside the installation is more heated than the outside air. Because it is more 

heated, the indoor air will tend to move to the top of the building, causing the formation of pressure gradients 

inside (Vilela et al., 2020). 

 

In cases where the internal temperature is higher than the external temperature, and the installation has openings 

near the floor and ceiling, the hot air (less dense), will tend to escape through the upper openings. From its 
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movement, the external air, colder and denser, will tend to enter through the lower openings, causing the 

renovation inside the installation. As already reported for dynamic natural ventilation, the quantity, location and 

dimensions of air inlet and outlet vents will have a direct influence on the ventilation rate achieved (Nääs, 1989; 

Baêta & Souza, 2010). 

 

Artificial or mechanical ventilation 

 

As in many places the air temperature is higher than the thermal need of animals, it is inevitable the use of 

mechanical ventilation, used as a way to improve the thermal environment (Tinôco et al., 2014). Mechanical 

ventilation systems, artificial or forced, are those that use electrically driven equipment to conduct air throughout 

the installation of interest (Norton et al., 2007). 

 

These ventilation systems are used whenever the installation site does not allow adequate conditions of natural 

ventilation, or when the design phase has not prioritized the use of natural ventilation efficiently. They can be 

positive pressure (pressurization) or negative pressure (exhaustion) and have as main advantage the greater control 

of the ventilation rate (Baêta & Souza, 2010; Damasceno et al., 2010; Nascimento et al., 2014; Vilela et al., 2020). 

 

Positive pressure mechanical ventilation 

 

The positive pressure ventilation system consists of insufflation of the outside air into the interior of the 

installation, causing the internal air to move and causing it to exit. In this system, the main components are the 

insufflation fans, which are usually installed in the longitudinal or transverse of the installation (Baêta & Souza, 

2010; Damasceno et al., 2010; Vilela et al., 2020). In Brazil, these systems are commonly found in open facilities, 

such as stables for dairy cattle and swine facilities, as well as in some facilities for laying poultry. Figures 1a and 

1b illustrate the schematic representation of installations with positive ventilation in the transverse and 

longitudinal. 

 

Negative pressure mechanical ventilation 

 

In the negative pressure system, the air inside the installation is pulled or sucled by hoods out of the installation, 

causing the formation of a partial vacuum, which forces the inlet of external air. Systems that receive negative 

pressure and remain fully closed are commonly referred to as "tunnel type" and, in these cases, ventilation 

efficiency is directly connected to the installation seal. In "tunnel-like" installations, in order for the interior 

pressure to be maintained negative, it is necessary to fully seal the construction, in order to ensure the entry of air 

towards and speed appropriate (Baêta & Souza, 2010; Damasceno et al., 2010; Vilela et al., 2020). 

 

In Brazil, the use of negative pressure mechanical ventilation occurs mainly in installations for cutting poultry, 

facilities with vertical accommodation for laying poultry, as well as a small use in facilities for dairy cattle (Silva 

et al., 2013; Vilela et al., 2020). Generally, the tunnel-mode negative pressure ventilation system is used associated 

with evaporative adiabatic cooling (Damasceno et al., 2010). Figure 1c illustrates the schematic representation of 

an installation with the presence of negative tunnel ventilation associated with evaporative adiabatic cooling. 
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Figure 1 - Schematic representations of installations with positive pressure ventilation in the transverse (a), 

longitudinal (b) and by negative pressure type tunnel associated with evaporative adiabatic cooling (c). 

 

Ventilation evaluation studies in animal production facilities 

 

Given the importance that ventilation presents for animal production, several studies have aimed to evaluate its 

effects on livestock facilities, used for housing animals of various categories. Silva et al. (2013) studied the spatial 

variability of environmental characteristics and weight of broilers reared in sheds with negative ventilation. The 

authors observed that the disuniformity of environmental characteristics causes the same effect on the live weight 

of the animals and, from this observation, delimited specific areas inside the facility that compromise the 

performance of the animals. Nascimento et al. (2014) used infrared thermography to estimate the thermal comfort 

of broilers in conventional aviaries (natural ventilation associated with fan forced ventilation) and air-conditioned 

ventilation (negative ventilation associated with evaporative cooling). The authors concluded that tunnel 

ventilation provides greater transfer of sensitive heat by birds, causing a better thermal comfort condition. Botelho 

et al. (2016) studied the conditions of the indoor environment in commercial laying bird sheds equipped with 

different ventilation and air conditioning systems (natural and evaporative adiabatic cooling). The authors 

observed higher mortality of birds in the shed with natural ventilation, due to the adverse thermal conditions to 

the production. Oliveira et al. (2019) applied geostatistical techniques to evaluate the thermal and variable 

conditions of the bed in compost barn installations with different types of ventilation (natural, low volume and 

high speed (LVHS) and high volume and low speed (HVLS). The authors observed that the best thermal 

conditions were in the installation with HVLS mechanical ventilation, which presented the lowest levels of 

temperature and humidity index (THI). 

 

 

CONSIDERATIONS 

 

Ventilation is one of the measures used to soften the feeling of discomfort in animal installations, through the 

displacement of hot air masses, and has high importance in animal production systems. 

 

Ventilation systems are classified as natural and mechanical, depending on the type of driving force used to cause 

air movement. Preferably, natural ventilation is explored, obtained through aspects such as constructive 

characteristics, orientation, and location of the facility. In cases where the installation site does not allow adequate 

conditions of natural ventilation, or when the design phase has not prioritized the use of natural ventilation, 

mechanical ventilation systems are used. These systems can be of the type positive pressure and negative pressure, 

and their use in animal production facilities is widespread, especially under tropical climate conditions. 
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Abstract 

One of the indices used to assess the influence of water availability on agricultural yield is the ratio between actual 

evapotranspiration (ETa), which is the amount of water consumed by the plant under field conditions, and crop 

evapotranspiration (ETc) - quantity of water that the plant could consume in non-stress conditions. The WRSI can 

be used to improve irrigation scheduling and, it allows to optimize the process and reduce costs. To analyze WRSI 

in maize on a daily scale, the Thornthwaite and Mather (ThM) models, adapted for agricultural crops, and the Kc 

Dual model were implemented in the Scilab computational modeling environment. The meteorological and soil 

data required for the simulations were obtained in a field experiment in the region of Arapiraca, AL (09° 38’ S, 

36° 40' W and 260 m). The Kc-Dual model estimated that the 30% of de crop cycle presented high (0.25 < WRSI 

< 0.45) or extreme risk (WRSI < 0.25), and the ThM model estimated 41%. Analyzing the WRSI by crop 

development stages, it is observed that the greatest risk occurred in the late stages with 77% of days in both 

models. The WRSI determined with the simulations of the ThM and Kc Dual models allows the diagnosis of 

water availability and, thus, can be used to support decision making. 

 

Keywords: Evapotranspiration, WRSI and Soil water balance 

 

Presentation: https://youtu.be/2jzCsPSJrSg  

 

 

INTRODUCTION 

 

The productivity of agricultural crops is related to the total rainfall and evapotranspiration. These factors are 

fundamental to determine the planting time, since at each stage of the development of agricultural crop the demand 

for water to be satisfied through rainfall and or irrigation is varied (BRENDA, 2011). 

 

Water stress, due to excess or deficit of water during the crop cycle, negatively impacts its growth and 

development and, consequently, leads to decreased yield. One of the ways to determine if the crop is in water 

deficit conditions is the crop's water requirement satisfaction index (WRSI). 

 

This index is determinate by the ratio between the actual evapotranspiration (ETR) and the culture 

evapotranspiration (ETa). The WRSI, or penalty index, varies between zero and one, and in percentage terms 

represents the amount of water consumed by the crop (SOARES, 2018). 

 

Evapotranspiration, characterized by the simultaneous occurrence of water evaporation and transpiration, is an 

important agrometeorological element widely used in studies on soil water balance, in order to carry out irrigation 

project and scheduling (COSTA, 2020). 

 

https://youtu.be/2jzCsPSJrSg
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Thornthwaite in 1948, adapted by Mather in 1955, presented a method for determining the climatological water 

balance, which is still widely used today. This method allows the evaluation of water storage by means of 

climatological variables and physical-hydric characteristics of the soil, and provides estimates of 

evapotranspiration, water deficiency and water surplus (FURTADO, 2017). 

 

Another method for determining soil moisture was presented by Allen et al. (1998) in the FAO-56 bulletin, the 

Kc Dual. In it the effects of soil evaporation and crop transpiration are estimated separately, which makes it more 

sensitive to agrometeorological variations. This model is indicated for the study of water consumption by the crop 

and daily water storage in the soil (FURTADO, 2017). 

 

The aim of this study is to assess the WRSI determined in function of the simulations by the Thornthwaite and 

Mather (ThM) models, adapted for agricultural crops, and the Kc Dual model, both allow to determine the soil 

water balance in agricultural systems. 

 

 

 

MATERIALS AND METHODS 

 

The data used in the simulations of the models were obtained in an experiment carried out in Arapiraca, state of 

Alagoas (09°38'S, 36°40'W and 260 m above sea level). The experiment was carried out with the culture of maize 

(cv. BR 106), with planting date on 06/04/05 and its harvest on 08/10/05, which totaled 126 days of cycle. 

Meteorological data (air temperature and humidity, wind speed, global solar radiation and precipitation) were 

obtained by an automatic weather station installed in the crop area. 

 

Water balance models quantify the difference between water input and output in the vegetation area. Furtado 

(2017) validated these models for the maize crop, through the use of efficiency coefficients, which compare the 

data measured in the field with the simulated data. 

 

Actual evapotranspiration (ETa) is sensitive to total of rainfall or irrigation. While ETc (E + Tp) considers the 

evapotranspiration of a culture under non-stress conditions. In the ThM model, ETc was estimated using the single 

Kc method (ETc = Kc x ETo), while in Kc Dual, evaporation (E = Ke x ETo) and transpiration (Tp = Kcb x ETo) 

were determined separately, where ETo is the reference evapotranspiration, Ke evaporation coefficient and Kcb 

basal culture coefficient. 

 

The water balance model proposed by Thornthwaite and Mather (1955), adapted by LYRA et al. (2010), as well 

as the Kc-Dual model whose equations are presented in ALLEN et al. (1998). 

 

The Water Requirement Satisfaction Index (WRSI) is an indicator of the crop yield that is related to water 

resources during the crop development stages. According to Obenmaier (2016) this index measures the loss related 

to yield due to the occurrence of water stress. 

 

ETa and ETc daily estimated by these models were used to calculate WRSI, in each crop development stage, as 

expressed in the equation 

 

 
 

where, WRSI is the satisfaction index of the crop's water requirement, which varies from zero to one. For the 

maize crop, the parameter indicated by the literature as the limit for the occurrence of water deficit is 0.55, being 

below 0.45 the crop is exposed to yield risk (BRASIL, 2020). 

 

The numerical solution of the models was performed using the Scilab software, which is a programming dedicated 

to solving scientific and engineering problems. 
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RESULTS AND DISCUSSION 

 

Figure 1 present the WRSI estimate for yield risk classes, according to the a) Kc Dual and b) Thornthwaite and 

Mather adapted models. In both models, the highest percentage corresponds to estimates between 0.90 to 1.00, 

which is an indicator of low yield risk. As previously mentioned, for maize, values below 0.45 indicate high yield 

risk. It was observed that estimates lower than 0.50 were found in approximately 30% of the cultivation days, 

both in the Kc Dual model and in the adapted Thornthwaite and Mather model. This result indicated that during 

the crop development stages there were few occurrences of high-water requirements. 

 

 
Figure 1. Percentage of WRSI occurrences, distributed over periods of production risk analysis, over the days of 

crop, estimated according to the Kc Dual model (a) and according to the adapted Thornthwaite and Mather 

model (b). 

 

The operation of WRSI over the maize crop cycle, with indexes ranging from 0 to 1, are shown in Figure 2. It can 

be seen that in most of the development period the values presented are concentrated above 0.55 , a fact considered 

ideal for maize crop. The Kc Dual model is the only one that presents estimates equal to zero, which indicated a 

strong penalty trend. 

 

In most of the period, the models showed close results, with significant disagreement during the growth phase, 

with the adapted ThM model. At this stage, ThM presented results lower than those presented by Kc Dual and 

below the parameter considered safe. And at the end of the middle crop development stages, when the same model 

presents values above 0.55, as opposed to the Kc Dual model, which presents values lower than this. 
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Figure 2. WRSI behavior, over the planting days, estimated according to the Kc Dual model and according to 

the adapted Thornthwaite and Mather model. 

 

 

CONSIDERATIONS 

 

Through this work, it was possible to observe the operation of WRSI during the development cycle of maize crop, 

through two different models, Kc Dual and Thornthwaite and Mather adapted, with the aid of the Scilab software. 

 

During the analyzed period, the models Kc Dual and Thornthwaite and Mather adapted showed similar behavior 

from the initial until the late growth stage. 

 

The Thornthwaite and Mather model presents a stricter penalty compared to the Kc Dual model, being more 

evident during the crop growth stage, requiring greater water demand. Otherwise, only the Kc Dual model presents 

results equal to zero, demonstrating its sensitivity to the model parameters. 
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Abstract 

 

The aim was to propose an approach for the consistency analysis of monthly rainfall series from the period 

between 1961 to 2010 of weather or rain gauge stations distributed in the state of Rio de Janeiro and regions of 

the state of São Paulo, Minas Gerais, and Espírito Santo. The monthly rainfall time series were obtained from the 

Meteorological Database for Teaching and Research - BDMEP, maintained by the National Institute of 

Meteorology - INMET; the Hidroweb system, by the National Water Agency - ANA and the Airspace Control 

Institute - ICEA. The rainfall series quality analysis and gap-filling were based on the simple linear regression 

method and the prediction band (p <0.05). The homogeneity analysis was applied to the continuous series, using 

the cumulative residues method. All selected stations present a coefficient of determination of the linear regression 

between the rainfall series of the station in analysis and the reference series greater than 0.70 after gap filling. 

Nine of the thirteen stations showed homogeneity for a significance level of p < 0.10. This methodology was 

effective to be used as a basis and makes it possible to use these rainfall series in climate studies. 

 

Keywords: Historic Serie, Precipitation, Data 

 

Presentation: https://youtu.be/7GT2WzIos9U  

 

 

INTRODUCTION 

 

Climate studies require long-term weather data series continuous and quality to better understand the 

characteristics of the study region. These series are often from surface weather or climatological stations, 

automatic or conventional (SANTOS et al., 2018). Despite the importance of these observations, in Brazil, 

climatic series are often restricted, discontinuous, of low quality, and inhomogeneous in space-time (TOSTES et 

al., 2017). However, for the results based on these series do not express contradictory and erroneous conclusions, 

it is necessary to carry out quality analysis, filling gaps and homogeneity of the series. For the climatic data, the 

series is considered homogeneous when the variation of the data is given only in function of the atmospheric 

conditions (SANTOS et al., 2012), that is, belonging to the same population without alteration in the parameters. 

Homogeneity tests allow identifying breaks in the series trend and abrupt changes in the mean and variance of the 

distribution (SANTOS; SANSIGOLO; SANTOS, 2016). Among the methods of gap filling and homogeneity 

analysis, linear regression and cumulative residues stand out, respectively. This work aims to assess the historical 

rainfall series, in the period from 1961 to 2010 for the state of Rio de Janeiro and regions around the state, based 

on data quality, gap filling, and homogeneity and propose an approach for data quality analysis. 

 

 

MATERIALS AND METHODS 

 

The state of Rio de Janeiro is located in southeastern Brazil (between 20°45’54″S and 23°21′57″S; 40°57′59″W 

and 44°53′18″ W). The monthly rainfall series were obtained from the Meteorological Database for Teaching and 

Research (BDMEP) - National Institute of Meteorology (INMET); Hidroweb system - National Water Agency 

https://youtu.be/7GT2WzIos9U
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(ANA) and in the Airspace Control Institute (ICEA), for the period from 1961 to 2010. 

 

The stations were separated into two groups: i) main stations - selected due to their location, series higher thirty-

five years, and less than five consecutive years with gaps; ii) secondary stations - that assisting in gap-filling, were 

selected by the distance between stations less than 100 km, series greater than twenty years and no gaps in the 

same period as the main station. 

 

Thirteen main stations with long-time series (>35) were selected. For these series, negative values, or greater than 

1000 mm were considered physically inconsistent and removed from the series (BRITO et al., 2017). The climatic 

consistency was evaluated, based on the INMET climatological normals, to identify low (high) monthly rainfall 

for the dry (rainy) season. 

 

The gap-filling was based on the simple linear regression method (SLR) - Y = β0 + β1 X, where, Y (mm) is the 

series of monthly rainfall of the analyzed station, X (mm) is the reference series, β0 (mm) is the intercept and β1 

is the slope (SANTOS et al., 2018). The gaps of the original series or imputed by the data quality analysis were 

filled by the SLR (OLIVEIRA-JÚNOR et al., 2012). 

 

The reference series was built from the arithmetic mean of the rainfall of at least three and five other stations close 

(< 50 km) of the main station in analysis, and with coefficient determination (r²) greater than 0.50. For the 

application of the SLR and the prediction band, only stations with linear regression between observed and 

reference rainfall series with 0.7 > β1 > 1.3 and Pearson's coefficient above 0.70 were used. 

 

The cumulative residues method was applied to the homogeneity analysis (KITE, 1988). The residues between 

the observed and estimated rainfall by SLR is plotted within an ellipse. The ellipse is defined by the axes: 

 

 
 

Where n is the number of data, p is the level of significance (90%) and Sy is the standard deviation. When the 

residues are outside of the ellipse, the series is characterized as inhomogeneous.  

 

 

RESULTS AND DISCUSSION 

 

The rainfall time series of all the stations used showed gaps, with twenty-one main stations initially selected, of 

which sixteen from INMET and five from ICEA, which had data for the analyzed period. The stations initially 

rejected was due to the low determination coefficient, distance greater than 100 km or high percentage of gaps, 

being: Caparaó - MG (43.67% of gaps), Avelar - RJ (50.5% of gaps), Guarulhos - SP (46.83% of gaps), Santos 

Dumont - RJ (r² = 0.49), Santa Cruz - RJ (r² = 0.14), Afonso - RJ (r² = 0.02), Vitória - ES and Mirante de Santana 

- SP were discarded due to their location. 

 

The remaining thirteen stations met the criteria for an r² greater than 0.50 and a slope between 0.7 and 1.3 - 

Barbacena (r² = 0.87) (Figure 1b), Campos do Jordão (r² = 0.62), Campos dos Goytacazes (r² = 0.67), Cordeiro 

(r² = 0.81), Colonel Pacheco ( r² = 0.86), Galeão (r² = 0.95), Itaperuna (r² = 0.81), Juiz de Fora (r² = 0.85), Resende 

(r² = 0.75), Rio de Janeiro (r² = 0.56), São Lourenço (r² = 0.73) (Figure 1a), Taubaté (r² = 0.71), Viçosa (r² = 0.78). 

Regarding the slope, all thirteen stations had values within the determined range before and after the analysis. 

Before the quality analysis, Taubaté had the lowest slope (β1 = 0.74) and Coronel Pacheco (β1 = 1.22) the highest. 

 

The values in percentage of the data that were identified as suspicious and removed from the series did not exceed 

the limit of 6 %, the stations that had the highest removed data were: Rio de Janeiro (5.3 %), Campos dos 

Goytacazes (2.3 %), São Lourenço (1.9 %) and Viçosa (1.7%), but other stations did not exceed 1.5%. 
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Figure 1. Percentage of gaps and suspicious data at a) São Lourenço and b) Barbacena stations, respectively. 

 

In the analysis of Pearson's coefficient, the closer the r² value is to 1, the more accurate the data will be, that is, 

the smaller the series dispersion will be. For this work after removing suspicious data, the r² for the stations 

increased, with the greatest variation for the Rio de Janeiro station (r² = 0.73), followed by Campos do Jordão (r² 

= 0.69) and São Lourenço (r² = 0.80). These values express the satisfactory accuracy of the data. The station that 

showed the greatest discrepancy between before and after was the Rio de Janeiro station (Figure 2). Values outside 

the prediction band were individually evaluated and represent months with rainfall above (below) the monthly 

climatological normal, but were not removed from the series due to their climatic importance and in order not to 

increase the number of existing failures of the stations. 

 

 
Figure 2 - Dispersion of data from the Rio de Janeiro station from 1961 to 2010 a) before and b) after the quality 

analysis. 
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The homogeneity analysis by the cumulative residues method is shown in Figure 3. Of the thirteen selected 

meteorological stations, only four (Campos do Jordão, Galeão, Resende and Rio de Janeiro) showed a break in 

the series trend, which represented non-homogeneous data. The others were homogeneous at a 90% significance 

level. 

 

 
Figure 3 - Accumulated residue method for data homogeneity analysis for Resende (a) and Barbacena (b) 

stations. 

 

It was possible to observe through the graphs the breakpoint of each of the four station, February 1981 for 

Resende, June 1968 for Campos do Jordão, April 1971 for Galeão, and March 1983 for Rio de Janeiro. It is 

necessary to reevaluate each of these stations and to apply the RLS method again at the breakpoints to achieve 

the homogeneity of these stations. 

 

 

CONSIDERATIONS 

 

Based on the statistical indices, the method of quality analysis and gap filling in the assess monthly rainfall series 

has satisfactory precision. Most stations are statistically homogeneous after the application of the methods. The 

homogeneous series can be used for climate studies and the method is effective to gap filling observed in the 

climate series. In future works, the non-homogeneous series will be subjected to homogenization methods. 
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Abstract 

 

The COVID-19 pandemic has caused several impacts on the routine of populations worldwide, with immediate 

consequences on various components of the terrestrial system. The decrease in the circulation of people, industrial 

production, air, sea and land traffic, among others, were noticed in several places around the globe, causing 

significant changes in the physical-chemical composition, mass balances, energy and dynamics of the terrestrial 

system. These changes are related to the chemical changes in the atmosphere and, with changes in the behavior 

and habits of a specific component of this system, the Biosphere. It is in this aspect that this work seeks to deepen 

scientific knowledge in understanding the dynamics of the terrestrial system in this unprecedented pandemic 

period, based on data extracted from surface air quality monitoring stations and environmental satellites. The data 

from the stations allowed to observe the most immediate impact, and the data obtained from sensors in satellites 

allowed a complementary approach, since it was possible to identify the average concentrations in the vertical 

column of the Troposphere. In addition, descriptive statistics and Wavelet Transformed Waves techniques were 

applied in order to identify the variability of the data obtained from the stations, after being treated, and the main 

frequencies that they occur were extracted. 

 

Keywords: Air quality, Biosphere, Troposphere, Satellite estimation, Descriptive statistics, Wavelets, 

Environment. 
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INTRODUCTION 

 

The COVID-19 epidemic caused by the SARS Cov-2 virus began in late 2019 in Wuhan, Hubei province, China. 

Since then, the disease has spread to other countries, being declared a pandemic by the World Health Organization 

(WHO) on March 11, 2020. Vaccines are still under development and, therefore, the most effective measures 

have been the social withdrawal of people isolation of cases and extensive testing of patients with symptoms. In 

addition to individual losses, due to the damage to the health of many people, which can lead to death, measures 

to mitigate the epidemic have a major impact on society as a whole. 

 

Due to the social withdrawal to avoid the progression of the number of cases and the consequent overload of the 

health system, there was an immense interruption of several modes of public transport, and work, student and 

academic activities were encouraged to follow "on line". With varying rates of social distance in different places 

and in different time units, the world has experienced a reality with less traffic by land, sea and air vehicles and 

with some reduction in industrial activity. 

Many factors are responsible for the variability of the concentration of gases in the atmosphere, in addition to the 

emission source itself (vehicular or industrial, for example), with atmospheric stability being one of the most 

relevant, with regard to its thermodynamic characteristics causing well-defined daytime cycles (Pimentel et al., 

2014). Another important point to be considered in the concentration of pollutants is the day of the week and the 

https://youtu.be/XYh2wpS0i3E
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presence of holidays, especially prolonged ones. This is due to the greater vehicular and industrial emission that 

occurs during the days considered useful, or days of the week, with a strong reduction on weekends and holidays, 

characterizing another cycle, with a frequency of 7 to 8 days (Pimentel et al., 2003). This study seeks to understand 

what were the main aspects that occurred during the COVID-19 Pandemic that changed the air quality, so that 

future actions can be carried out, seeking to continue improving these environmental parameters observed during 

the pandemic. 

 

 

MATERIALS AND METHODS 

 

The study has two approaches for obtaining, processing and analyzing data. The first consists of the extraction 

and processing of satellite data and the second refers to data obtained from surface air quality monitoring stations. 

The first consists of calculating the average concentration of greenhouse gases (GHG), such as CO2 and CH4, 

and trace gases, such as NO, NO2 and SO2, in the atmospheric column. These concentrations can be derived from 

various instruments on board satellites, among which stand out radiometers, which perform measurements in 

specific spectral bands, and spectrometers, which perform measurements with high spectral resolution. The 

absorption spectrum of each gas allows to identify it and to infer its concentration in the atmospheric column, 

using radioactive transfer models that combine different channels of the electromagnetic spectrum. Thus, for each 

gas there may be one or more instruments suitable for its identification, according to the technique applied for its 

recognition. 

 

In this work, data from the TROPOMI satellites (Tropospheric Monitoring Instrument (VEEFKIND et al., 2012), 

on board the satellite Sentinel-5P (2017-current) and SCIAMACHY, GOME-2, IASI, were used. 

 

The other approach concerns the analysis of air pollutant concentrations measured at surface stations. These data 

were previously extracted from the platform of the Companhia Ambiental do Estado de São Paulo (CETESB, 

2020). The concentrations obtained refer to the month of January 2019 to June 10, 2020, at seven surface stations 

in the metropolitan region of São Paulo. 

 

In order to complement the graphic analysis, the Wavelets or Ondeletas technique was applied, functions capable 

of representing series or other functions, in different scales or resolutions, constituting tools frequently used in 

signal processing. In a more specific definition, Graps, A. (1995) establishes that Wavelets are mathematical 

functions that allow the analysis of data through its different frequency components. 

 

A script in the R statistics software was made to generate the waveform graphs from the previously treated data. 

The graphs contain the Power Spectrum and the frequencies of the variability of the concentrations, allowing to 

identify the intervals of greater energy and to associate the frequencies in which they occur. 

 

 

RESULTS AND DISCUSSION 

 

Graph 1 allows us to observe the behavior of the curve referring to the average isolation index in the period from 

March 2020 to June of the same year in the city of São Paulo. The average isolation index in the month of March 

was the highest when compared to those of other months and its progression was oscillating with a decrease 

evident throughout the time series, especially in June, the last month of the analysis, which can be noted a 

significant decay. 
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Graph 1: Average isolation index from March to June 2020 in the city of São Paulo. (Adapted from SIMI) 

 
 

Figure 1 shows the variation in NOx concentration (ppb) during the months of March, April, May and June 2019 

and 2020 measured at the surface station called Marginal Tietê-Ponte Remédios. Analyzing each month 

separately, we can verify through the projected polynomial trend lines, the behavior of the NOx concentration in 

the two years analyzed. 

 

 
Figure 1: Variation of NOx concentration (ppb) during the months of March to June 2019 and 2020 measured at 

the Marginal Tietê-Ponte Remédios surface station. Source of data: CETESB. 

 

At the beginning of March there was a great disparity in the concentration of gas in the years 2019 and 2020. The 

concentration in 2019 was much higher than that of the following year, however this difference was decreasing 

over the time series, since the concentration in 2019 had a significant downward trend and that of 2020 a 

significant growth in the middle of the month and a more gentle decrease, causing the great approximation of the 

trend lines later this month. 

 

In the following month, April, the trend line made it possible to see a decrease in gas concentration in 2019, as 

opposed to what happened in 2020. Therefore, at the end of this month, the two trend lines also got very close at 

the end of the month, with a small final difference, but greater than that perceived in March. 

 

In May there was a growth behavior of both trend lines, however the concentration of gas in the year 2020 was 

below that corresponding to the year 2019 throughout the month, increasing the difference between them at the 

end of the month. Finally, in the month of June, it was possible to perceive very different behaviors from the 

data series analyzed. 

 

It is observed, in general, that at the beginning of the pandemic, when social isolation measures were adopted, the 

answer still takes a long time to be verified in the NOx concentration, when comparing 2020 to 2019. However, 

in the two months following the beginning of these measures, April and May observed a considerable decrease in 
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concentrations in 2020, when compared to the previous year, illustrating the effect that the decrease in vehicular 

circulation and industrial activities had on air quality. In June, with the beginning of the loosening of these 

measures, the concentrations of 2020 exceed those of 2019. These results, even if preliminary, already indicate 

that the concentration of gases in the atmosphere can be a good indicator of the actions of social isolation. 

 

Figure 2 was generated from the difference between the tropospheric NO2 concentration (mol / m2) in the period 

from March to June of the year 2020 and the concentration of the same period in the year 2019. 

 

The data were obtained from the TROPOMI sensor of the Sentinel-5P satellite, which are available from January 

2019, and treated later. Blue-colored locations indicate that the concentration of the gas in question decreased in 

2020, compared to 2019, and the locations on the globe that appear reddish, with emphasis on the Northern 

Hemisphere, show an increase in the concentration of 2020 compared to the previous year. 

 

 
Figure 2: Average NO2 concentration (mol / m2) in the vertical column of the troposphere on the globe. 

 

In figures 3, 4 and 5, referring, respectively, to the wavelet transformation applied to NO2 concentrations, at the 

Congonhas station; CO at Guarulhos - Pimentas station; and NOx at the Marginal Tietê - Ponte Remédios station 

it can be observed the biggest energy peaks (orange and red spots) concentrated in the frequencies of 24 hours 

and also in the frequencies that go from 180 to 256 hours. In the case of CO at Guarulhos station (figure 4) and 

NOx at Marginal Tietê station (figure 5), for example, large concentrations of energy are also observed at lower 

frequencies, reaching almost 1024 hours, greater than 1 month. 

 

 
Figure 3: Wavelet of the Nitrogen dioxide gas from the Congonhas surface station. 
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Figure 4: Wavelet of the Carbon Oxide gas at the Guarulhos surface station. 

 

 
Figure 5: Wavelet of Nitrogen Oxide gas from the Tietê Marginal surface station. 

 

Subsequently, the frequency corresponding to eight days of the Power Spectrum of the generated Waveletes was 

extracted, figure 6, which allowed to observe the variability of the pollutants analyzed in each surface station. 

This frequency chosen was defined by weekly variability, since industrial and vehicular emissions are known to 

be higher on weekdays and lower on weekends. However, during the period of the pandemic studied, there was 

less variability during these days, mainly when analyzing the surface station Marginal Tietê, which is located on 

the edge of the main expressway in the City of São Paulo, showing less vehicle traffic in this period and, 

consequently less emissions from burning fossil fuels. Therefore, the variability of those polluting gases analyzed 

during weekdays and weekends was very close, unlike what was measured in the previous year, 2019. 

 

 
Figure 6: Power Spectrum at a frequency of approximately 8 days for NO2 measured at stations: Congonhas, 

Guarulhos - Pimentas and Marg. Tietê-Ponte Remédios. 

 

 

CONSIDERATIONS 

 

This study showed the relationship between human activities and quality of the environment in which we live, 

relating the decrease in productive activities and urban transport with the improvement in air quality in the city of 

São Paulo. It also showed how isolation rates were related to the concentration of pollutants in the atmosphere in 

different locations around the globe, from satellite estimates of NO2 concentrations during the period of the 
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beginning of the COVID-19 pandemic, as well as illustrating the importance of frequency and wavelet analyzes, 

in the characterization of periodic patterns related to air quality. 
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Abstract 

 

In the last century, changes in climate trends have been observed around the planet, which have led to alterations 

in the hydrological cycle. Studies that account the impact of climate change on water availability, therefore, are 

of great importance, especially in Brazil’s case, where water from rivers, in addition to being destined for human 

consumption, animal watering and economic activities, has a great participation in electricity generation, which 

makes its energy matrix vulnerable to variations in the climate system. In this work, a flow analysis for the São 

Francisco river basin is carried out up to the year 2100, considering the precipitation data of the CCSM4 climate 

model presented in the Intergovernmental Panel on Climate Change (IPCC) Fifth’s Assessment Report (AR5). 

Projections of future flow were made for the scenarios RCP4.5 and RCP8.5, based on the rain-flow model SMAP, 

followed by a comparative analysis with the present climate. In general, it was observed that the decades of 2010 

to 2100 will be marked by the high levels of precipitation, interspersed by long droughts, in which the recorded 

flow will be lower than the Long Term Average (LTA) calculated for the basin. 

 

Keywords: Rainfall-runoff modeling, SMAP, IPCC, CCSM4 

 

Presentation: https://youtu.be/l5JpkgvSIkU  

 

 

INTRODUCTION 

 

Water availability in Brazilian basins is subject not only to the management of its multiple uses, but also to future 

climate change. As discussed by Steffen et al. (2005), there are currently a series of changes in the climate trend, 

which have caused, among other impacts, changes in the hydrological cycle, bringing consequences for several 

sectors, including the electric sector. 

 

Hydraulic energy transformed into electricity is one of the most frequent uses of water resources in Brazil 

(TUCCI, 2009). According to da Silva, et al. (2018), the use of water for power generation is encouraged by the 

government as it consists of a renewable source and has a low associated cost. However, the negative side is the 

dependence of the hydroelectric matrix on regional climatic conditions, as well as on the way in which local water 

resources are managed. 

 

In this context, we highlight the Fifth Assessment Report (AR5) made available by the Intergovernmental Panel 

on Climate Change (IPCC), which, based on an extensive bibliography, brings a series of historical and future 

climate projections. Regarding precipitation, AR5 points to a 22% reduction in northeastern Brazil and an increase 

of 25% in southeastern South America. The IPCC (2013) also suggests a reduction in the drinking water supply 

of dry subtropical territories, which would enhance disputes over the use of hydrographic basins – something 

similar to what happens with the São Francisco river, whose transposition aims to integrate its basin with those 

of the Northeast. 

 

It is noteworthy that the frequent water deficit, characterized by low levels of precipitation and irregular 

distribution, represents a major problem for the states of the Brazil’s Northeast region, due to its consequences 

https://youtu.be/l5JpkgvSIkU
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for public supply, agricultural, industrial and energy production. 

 

Considering this fact, it is reasonable to establish a connection between alterations in the water regime and climate 

changes. Therefore, the objective of this work is to evaluate the water availability scenarios for the São Francisco 

river basin using the SMAP rain-flow model and the IPCC AR5 precipitation data. 

 

 

MATERIALS AND METHODS 

 

In this study, we analyze the São Francisco river basin, due to its strategic importance for human consumption, 

animal watering, and economic production. It is also noteworthy that in the basin’s main water course it is installed 

the Três Marias Hydroelectric Plant reservoir, which is part of the National Interconnected System (SIN). 

Therefore, in order to obtain robust data, the analysis was focused on the area encompassed by Plant. 

 

For the calibration of the SMAP rain-flow model (Lopes et al., 1982), in its monthly version, observed natural 

flow and evapotranspiration data were obtained from the National Electric System Operator (ONS). The 

precipitation data were made available by the National Water Agency (ANA) through the HidroWeb database. 

The CCSM4 precipitation data were obtained from the World Data Center for Climate (WDCC) platform, hosted 

by the German Center for Climate Computing (DKRZ). In this platform, historical data and data for future 

projections from 2010 to 2100 of the RCP8.5 and RCP4.5 scenarios were downloaded. 

 

After the treatment of rainfall data provided by ANA, the data were inserted in the rainfall-runoff SMAP model, 

so that 60% of the data were destined for calibration and 40% for validation. Then, the monthly data of natural 

flow and evapotranspiration provided by ONS were inserted. Subsequently, the initialization parameters and the 

upper and lower limits for the spatial and temporal weights of the stations were established. The calibration stage 

was completed with the optimization of the model, using the SOLVER tool. For validation, a procedure similar 

to that of calibration was adopted, but without the optimization. 

 

Subsequently, the CCSM4 rainfall data (from January 1931 to December 2005) were inserted in the SMAP. The 

objective of this stage was to verify if the flow for the present climate simulated by the model is similar to the 

observed natural flow data. This comparison was made through the analysis of the period in common between the 

data, being calculated the Mean Absolute Percentage Error (MAPE) and the Mean Absolute Error (MAE). 

 

Then, the bias removal was carried out to eliminate systematic errors, establishing a relationship between the 

observed and projected rainfall averages. The formulas referring to the model performance metrics, as well as the 

bias removal, can be found in the work of Fernandez Bou et al (2015). After the bias correction, the SMAP model 

was run for the period from 2010 to 2100 for both RCP4.5 and RCP8.5 scenarios. 

 

 

RESULTS AND DISCUSSION 

 

From the detection of the systematic average errors of the model in the present climate simulation, the adjustment 

coefficient was used in the simulations of the IPCC model from 2010 to 2100. The averages of these differences 

can be observed in Figure 1. It can be noted for the present climate (1931-2005) that the curves referring to the 

observed average flow and the simulated average flow present similar behavior, with peaks and valleys in phase. 

It can also be highlighted that in the RCP 4.5 scenario, the projected flow for the period from 2041 to 2070 

increases considerably in the first months of the year, moving away from the observed flow. 
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Fig. 1 Comparison between the average monthly flows simulated by the SMAP model for the São Francisco 

River basin. The black dotted curve refers to the average observed flow for the present climate (1931-2005), 

while the red dotted curve represents the average flow projected by the model for the current climate. The green, 

blue and lilac curves represent, respectively, the future flow projections for the periods 2010-2040, 2041-2070 

and 2071-2100 referring to RCP4.5 of CCSM4. 

 

In terms of the average monthly flow (figure 2), at the beginning of the century a single extreme event is expected, 

within the year 2024, in which the flow exceeds 3500 m³/s. It is also worth mentioning several periods of scarcity, 

with emphasis on the years 2013 to 2015 and 2024 to 2028, where the projected flow is below the 95% of the 

distribution. For the second third of the century, the main expected flow events are within the years 2036 and 

2057, where the flow exceeds 4000 m³/s. There are also years with incidence of water deficit, such as 2070 and 

2071, where the projected flow is below 100 m³/s. Still according to the model, several extreme events will occur 

at the end of the century, mainly in the years 2079 and 2080, in which the flow will reach a value of more than 

3000 m³/s. For the period between 2073 to 2076, 2086 to 2090 and 2099 to 2100, the expected flow will remain 

below average. 

 

 
Fig. 2 Results of simulated future monthly flow for the period from 2010 to 2100 of RCP4.5 for the São 
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Francisco River basin, represented by the dark blue curve. The observed natural average flow for the present 

climate (1931-2005), represented by the red curve, is based on the comparison, and this flow plus two standard 

deviations (95% of the distribution), represented by the gray curve. 

 

Regarding the RCP8.5 scenario, it can be observed in Figure 3 that the projected average future flows for the 

period 2010 to 2040 are always lower than the average flows observed and projected for the present climate (1931-

2005), reaching values below 500 m³/s in the dry months. It is also noted that the projected future flows for the 

years 2041 to 2070 and 2071 to 2100 are noticeably higher than the average in almost every month, increasing 

significantly in the wet period and, in some cases, exceeding 2000 m³/s. 

 

 
Fig. 3 Comparison between the average monthly flows simulated by the SMAP model for the São Francisco 

River basin. The black dotted curve refers to the average observed flow for the present climate (1931-2005), 

while the red dotted curve represents the average flow projected by the model for the current climate.  

 

The green, blue and lilac curves represent, respectively, the future flow projections for the periods 2010-2040, 

2041-2070 and 2071-2100 referring to RCP8.5 of CCSM4 

 

As for the values of monthly average flow, several extreme events are predicted at the beginning of the century 

(figure 4), in which the projected flow is higher than 95% of the distribution, with emphasis on 2024 and 2036 

years, in which the flow reaches values above 4000 m³/s. There are also periods marked by drought, such as 2014 

to 2015 and 2033 to 2034 years, where the flow rate is below the observed average, reaching values close to 100 

m³/s. For the second third of the century, few relevant extreme events are also projected, the main ones referring 

to the years 2059, 2066 and 2068, where the flow exceeds 4900 m³/s. There are also periods of water scarcity, 

with emphasis on the years 2041 to 2042, 2051 to 2055 and 2063 to 2064, in which flow rates are below the 

observed average. The end of the century is characterized by several extreme events, with 2093 being the most 

significant, in which the projected flow reaches 5000 m³/s. The years 2071 and 2087 also stand out, where the 

flow is below 200 m³/s. 
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Fig.4 Results of simulated future monthly flow for the period 2010 to 2100 of RCP8.5 for the São Francisco 

River basin, represented by the dark blue curve. The observed natural average flow for the present climate 

(1931-2005), represented by the red curve, is based on the comparison, and this flow plus two standard 

deviations (95% of the distribution), represented by the gray curve 

 

 

CONSIDERATIONS 

 

mainly in the last two thirds of the century, where flows greater than 4000 m³/s occur. These are followed by long 

periods of drought, in which the flow reaches values below 100 m³/s. These events are quite extreme when 

compared to 690 m³/s, which is the Long Term Average (LTA) of the basin, obtained from 1931 to 2005. Such 

perceptions are consistent with the predictions of the last Assessment Report (IPCC, 2013), which affirms the 

reduction of precipitation in northeastern Brazil and the extension of drought periods in South America. 

 

In general, it is necessary to emphasize that, as demonstrated by future projections, the biggest problem is the 

poor distribution of flows over the next century. In this way, the observed trends reflect the need for a more robust 

management of the São Francisco river basin, in order to maintain its many uses. To this end, new control 

strategies should be considered, such as the construction of accumulation reservoirs during the years when drought 

is expected and the creation of new technologies that reduce production and supply losses. 
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Abstract 

 

The municipality of Niterói is characterized by two distinct segments in terms of exposure to coastal dynamics, 

represented by the Guanabara Bay macro-region, with sheltered and semi-sheltered areas, and the Oceanic macro-

region, exposed to the S, SE, and SW waves. This project aims to analyze the municipality’s vulnerabilities in 

physical, biological, and socioeconomic conditions and the probable impacts of the possible variation in the mean 

sea level (MSL) as result of climate change. It was carried out: i) survey of the main environmental aspects and 

classification of coastal vulnerabilities, in nine sectors of analysis, through a matrix adapted from the Macro 

Diagnosis of the Brazilian Coastal and Marine Zone; ii) simulations of flood scenarios, based on the optimistic, 

intermediate and pessimistic projections, of the National Oceanic and Atmospheric Administration, for 2100, of 

MSL elevations of 0.50 m, 1.20 m and 2.50 m, in three situations: in highest astronomical tides; at highest 

meteorological tides; and highest wave range. The scenarios were processed in SIG ArcGis 10.5, using DEM 

obtained by LIDAR technology, and the wave range, obtained through the SisBaHiA Computational Models 

System; and iii) elaboration of adaptation/mitigation proposals for each sector analyzed. The results indicated the 

Guanabara Bay macro-region as the most socioeconomically vulnerable, due to population density and per capita 

income, and the Oceanic macro-region as the most vulnerable in physical aspects, related to floods and maritime 

dynamics, which tend to cause erosion in adverse conditions. 

 

Keywords: coastal zones; vulnerabilities; coastal impacts; adaptation. 

 

Presentation: https://youtu.be/YBtUYNDEQ9Y  

 

 

INTRODUCTION 

 

It is estimated that 10% of the world population are residents of low-lying coastal regions, defined as lands up to 

10 meters high, considered vulnerable in view of possible rising sea levels (MCGRANAHAN; BALK; 

ANDERSON, 2007). In Brazil, the coastal zone comprises 280 municipalities (MMA, 2018), where more than 

10.4% of the population live - approximately 22 million inhabitants (IBGE, 2019), and where different natural 

environments occur, which may suffer, in different ways, the effects of climate change (MMA, 2008). 

 

In the Metropolitan Region of the State of Rio de Janeiro, the municipality of Niterói is a good example of these 

conditions in terms of vulnerabilities to coastal dynamics related to land use/land cover – LU/LC. Two distinct 

macro-regions characterize the city: Guanabara Bay, with sheltered and semi-sheltered areas, where the 

occupation occurred in a complex and disordered way; and Oceanic, which is exposed to the action of the S, SE, 

and SW waves and that went through a recent urban expansion process (PREFEITURA MUNICIPAL DE 

NITERÓI - PMN, 2011). 

 

In this context, given the uncertainties surrounding “climate change” and the existence of several forecasts for 

raising the MSL, as projected by the National Oceanic and Atmospheric Administration - NOAA (2017), this 

research aimed to clarify some questions related to the theme in the city of Niterói: What are the vulnerabilities, 

natural and socioeconomic, along the shore of the municipality, facing a possible rise in the MSL? What possible 

https://youtu.be/YBtUYNDEQ9Y
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impacts, natural and socioeconomic, can occur in each elevation scenario? What can be done to minimize or avoid 

such impacts? 

 

 

MATERIALS AND METHODS 

 

The analyzes of this project were conducted in three stages: 

 

Classification of coastal environmental vulnerabilities in Niterói: preliminary analysis of LU/LC was carried out 

by overlapping of the shapefile of land area contiguous with the coastline up a 10-metre rise elevation, on LU/LC 

shapefiles (PMN, 2020) and census tracts - 2010 demographic census (IBGE, 2018). It was used the Digital 

Elevation Model (DEM), obtained by LIDAR (Light Detection and Ranging) technology (PMN, 2020), for coastal 

area up to 10 meters vectoring, through the Geographic Information System (GIS) ArcGis 10.5. 

 

The classification of the vulnerabilities, given the possible increase in the MSL, was carried out through a coastal 

vulnerability matrix, adapted from the Macro Diagnosis of the Brazilian Coastal and Marine Zone (MMA, 2008), 

in nine sectors of analysis (S1 to S9), considering the quota of 10 meters. The matrix consisted of assigning values 

from 1 to 4 (4 for the most critical condition) to four variables: physical, biological, and (two) socioeconomic. 

The vulnerability index corresponded to the simple average of the assigned values (I = V1 + V2 + V3 + V4 / 4), 

represented by five classification ranges: very low, low, intermediate, high, and very high. The results were 

obtained overlapping the shapefiles of the altimetric range 10 meters, Conservation/Preservation Units (PMN, 

2020) and census tract (IBGE, 2018) using the SIG ArcGis 10.5. 

 

Scenario simulations: possible flood areas were simulated based on the NOAA (2017) projections, for 2100, of 

MSL elevations, 0.50m (optimistic), 1.20m (intermediate), and 2.50m (pessimistic), in three situations: i) at 

highest astronomical tides - approximately 0.70m (MARINHA DO BRASIL, 2020); ii) at highest meteorological 

tides - approximately 0.60m (GLOSS BRASIL, 2017); and iii) highest wave range, at highest meteorological 

conditions. Shapefiles corresponding to each elevation scenario (1.20m, 1.80m, 1.90m, 2.50m, 3.20m, and 3.80) 

were generated through ArcGis and DEM. These shapefiles were overlapped on shapefiles of land use and census 

tracts to obtain values related to use and occupation, households, and affected population. Household losses were 

estimated through real states market websites. The waves range will be obtained in the last stage through the 

SisBaHiA Computational Model System (Environmental Hydrodynamic Base System) - COPPE / UFRJ. 

 

Proposals for adaptation/mitigation to possible impacts were made based on bibliographic research, suggesting 

solutions (basically, engineering works) for each segment analyzed. 

 

 

RESULTS AND DISCUSSION 

 

Coastal environmental vulnerabilities 

 

The analysis of LU/LC revealed that: in the municipality of Niterói, the class “vegetal cover” occupies about 

48.18% of the territory, followed by “urban”, with 35.74%, and “disorderly occupation/shanty town”, with 7.48%; 

the North Administrative Regions, Bay Beaches and Oceanic (regions bathed by the sea) comprise 87.92% of 

households and 82.25% of the population; and, on the coastal area up to 10 meters altitude, the classes “urban” 

and “disorderly occupation/shanty town” cover approximately 55.65% of the area. According to Ribeiro, Ferrão 

and Seixas (2018), in urban centers located in low-lying flatlands, with very dense urban structures, it is expected 

to deal with very high costs due to the possible impacts caused by floods resulting from an increase in MSL, if 

proposals of adaptation are not considered. 

 

In the application of the coastal vulnerability matrix, the following results were obtained: in the North region, 

sector S1 is configured with “low vulnerability”; in the Bay Beaches Region, sectors S2, S4 and, S5, with 

“intermediate vulnerability”, and S3 (the lowest index: 1.75) with “low vulnerability”; and, in the Oceanic Region, 

S7 and S8 with “intermediate vulnerability”, and sectors S6 (the highest index: 3.25) and S9 with “high 

vulnerability”. 

 

The North and Bay Beaches, facing Guanabara Bay, were more vulnerable socioeconomically due to the 
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population density and, in certain areas, the low income per capita. Families with better purchasing power tend to 

adapt better to adversities (RIBEIRO; FERRÃO; SEIXAS, 2018; TONMOY; EL-ZEIN, 2018). The Oceanic 

Region, facing the Atlantic Ocean, subject to the waves’ action, is more vulnerable in physical aspects and 

presents considerable biological vulnerability due to the possible loss of parcels of conservation units (mangrove 

and restinga). According to Passos et al (2018), the MSL elevation effects may be critical in the fluvial plains, 

areas of sandy strands, dunes and restingas. 

 

In this way, the importance of vulnerability analysis becomes evident, which allows observing possible impacts 

that cities tend to face, depending on the way they were designed (RIBEIRO; FERRÃO; SEIXAS, 2018). 

 

Sea-level rise scenarios simulations 

 

In all scenarios for the MSL elevation, “vegetation cover” should be the most impacted class, especially the 

mangroves surrounding the Itaipu-Piratininga lagoon complex in the Oceanic Region. The variations between 

astronomical (daily) and meteorological (occasional) tides, in an optimistic scenario of elevation of 0.50 meters, 

are estimated approximately between 2.88% and 4.19% of flooded vegetated areas in the municipality. In the 

intermediate scenario with a 1.20 meter rise, between 4.19% and 13.75%. On a pessimistic scenario with an 

elevation of 2.50 meters, variations between 13.75% and 13.90% of flooded vegetated areas. According to 

Arkema et al (2013), the reduction of habitats can increase social impacts since coastal vegetation plays the role 

of natural protection of communities and infrastructure against storms and an increase in MSL. 

 

For residential areas, represented by the classes “urban” and “disorderly occupation/shanty town”, considering 

the variations between astronomical and meteorological tides, local sensitivity in socioeconomic issues can be 

verified by material damage and the number of people affected (TONMOY, EL-ZEIN, 2018). There may be 

approximately 500 to 4,870 households affected in an optimistic scenario, where between 1,565 and 14,500 people 

live. In the intermediate scenario, between 4,870 and 8,360 households, and between 14,500 and 24,250 people 

affected by the waters (in all scenarios, the surroundings of the lagoon complex of the Oceanic Region will be the 

most impacted area). In the pessimistic scenario, the floods will reach approximately 12,500 to 15,700 households, 

varying between 35,200 44,300 people. 

 

About losses to residential properties possibly hit by the tides, if no adaptation measures are adopted and 

considering current values in the real estate market, in an optimistic scenario, losses may vary between 

approximately R$ 617 million and approximately R$ 4.80 billion (between R$ 611 million and R$ 3.67 billion 

only in the Oceanic Region). In the intermediate scenario, between R$ 4.80 and R$ 8.31 billion (between 3.67 

billion and R$ 5.17 billion in the Oceanic Region). For the pessimistic scenario, it is estimated between R$ 11.20 

and R$ 14.00 billion (between R$ 10.20 and R$ 12.6 billion in the Bay and Ocean Beach Regions). 

 

Adaptation/mitigation proposals 

 

Among several measures, the enterprise effectiveness must always be compared and evaluated, case by case, 

especially concerning costs, which may include: planning and engineering, material, labor, implementation, 

management, and maintenance (JONKMAN et al, 2013). Therefore, adaptation to rising sea levels must follow 

the best versions of projects, integrated with coastal zone management (MURALI; KUMAR, 2015). 

 

In the sheltered or semi-sheltered areas of Niterói, represented by the shore of Guanabara Bay and the Itaipu-

Piratininga lagoon complex, containment works will be necessary for stretches that do not exist yet, in addition 

to adaptation measures for the urban environment due to flooding, such as the implementation of large-scale 

pumping systems for rainwater removal, such as those used in New Orleans - USA (JONKMAN et al, 2013), 

especially during heavy rain events, which tend to reduce urban drainage gradients, due to the increase in the 

groundwater level (MURALI; KUMAR, 2015). 

 

In the case of the Oceanic Region, where wave energy tends to increase with the increase of MSL, a combination 

of methods, preceded by careful assessments, can be suggested as a form of mitigation/adaptation, such as the 

construction of detached breakwaters, concomitant with “beach nourishment” - proposals that are similar to those 

offered at Hac-Sá beach, on Coloane Island, in Macau (FORTUNATO et al, 2008). 
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CONSIDERATIONS 

 

The analyzes carried out along the coast of Niterói City allowed to describe the environmental vulnerabilities and 

possible impacts in the face of an increase in the MSL, pertinent to the three Administrative Planning Regions 

subject to coastal dynamics, regarding the physical, biological and socioeconomic conditions. 

 

In general, the shore of North Planning Regions, Bay Beaches and Oceanic Region lagoon system, are tide-

influenced environments, so the adjacent areas will be more susceptible to flooding, which may cause disruption, 

property loss, and other adversities. In the Oceanic Region, where waves and currents predominate, the greatest 

impacts are more focused on erosion and require more specific research to measure potential damage. 

 

The studies developed in this work present themselves as pioneers in the city of Niterói and, accompanied by 

continuous monitoring of water levels, can function as a planning and decision-making tool by the Government, 

regarding the best adaptation measures to be adopted, through engineering works, in addition to serving as a basis 

for future studies. 

 

 

REFERENCES 

 

ARKEMA, K.K; GUANNEL, G.; VERUTES, G.; WOOD, S.A.; GUERRY, A.; RUCKELSHAUS, M.; 

DAREIVA, P.; LACAYO, M.; SILVER, J.M. Coastal habitats shield people and property from sea-level rise and 

storms. Nature Climate Change, vol.3, 2013. DOI: 10.1038/NCLIMATE1944. 

 

FORTUNATO, A.B.; CLÍMACO, M.; OLIVEIRA, F.; OLIVEIRA, A.; SANCHO, F.; FREIRE, P. Dinâmica 

Fisiográfica da Orla Costeira: Estudos de Reabilitação e Proteção. Coastal Dynamics: Rehabilitation and 

Protection Studies. Journal of Integrated Coastal Zone Management: Lisboa, Portugal, maio.2008. DOI: 

10.5894/rgci28. 

 

GLOSS BRASIL. 13 Marégrafos no Brasil do Global Sea Level Observing System – GLOSS. 

 

INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATÍSTICA - IBGE. Censo 2010. Rio de Janeiro, 2018. 

 

INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATÍSTICA - IBGE. cidades@. Rio de Janeiro, 2019. 

 

JONKMAN, S.N.; HILLEN, M.M.; NICHOLLS, R.J.; KANNING, W.; VAN LEDDEN, M. Costs of adapting 

coastal defences to sea-level rise - new estimates and their implication. Journal of Coastal Research, 29(5), 

1212-1226. Coconut Creek (Florida), ISSN 0749-0208, set.2013. DOI: http://dx.doi.org/10.2112/JCOASTRES-

D-12-00239.1. 

 

MCGRANAHAN, G.; BALK, D.; ANDERSON, B. The rising tide: assessing the risks of climate change and 

human settlements in low elevation coastal zones. Environment and Urbanization, vol.19(1): 17-37. DOI: 

10.1177/0956247807076960. Avaliable at: 

https://www. researchgate.net/publication/237555988_The_Rising_Tide_Assessing_the_Risks_of_Climate 

_Change_and_Human_Settlements_in_Low_Elevation_Coastal_Zones. Assessed at: jun.2019. 

 

MINISTÉRIO DO MEIO AMBIENTE - MMA. Macro Diagnóstico da Zona Costeira e Marinha do Brasil. 

Brasília, DF: MMA, 2008. Avaliable at:  https://s3.amazonaws. com/ tapajos/Macro/01_ introducao.pdf. 

Assessed at: dez.2018. 

 

MINISTÉRIO DO MEIO AMBIENTE – MMA. MMA divulga municípios da zona costeira. Brasília, DF: 

MMA, 2018. Avaliable at: https://www.mma.gov.br/informma/item/15352-definidos-munic%C3%A Dpios-da-

zona-costeira.html. Assessed at: mar.2020. 

 

MURALI, R.M.; KUMAR, P.K.D. Scenarios on land use/land cover classes of the coastal zones of zones of 

Cochin, India, 2015. Journal of Environmental Manage, vol.148, 2015; 124-133. 

 

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION - NOAA. Global and Regional Sea 



 

155 
 

Level Rise Scenarios for the United States. NOAA: Technical Report NOS CO-OPS 083, Maryland, 2017. 

 

PASSOS, A.S.; DIAS, F.F.; BARROS, S.R.S.; SANTOS, P.R.A.; SOUZA, C.R.G.; VARGAS, R. Sea level rise 

and its likely impacts: a case study in the coast of Mangaratiba-RJ. Pan-American Journal of Aquatic Sciences, 

13(4):260-272, 2018. 

 

PREFEITURA MUNICIPAL DE NITERÓI. Projeto ORLA Niterói. Secretaria Municipal de Urbanismo. 

Departamento de Urbanismo. Niterói, jan.2011. 

 

PREFEITURA MUNICIPAL DE NITERÓI – PMN. Sistema de Gestão da Geoinformação da Prefeitura de 

Niterói - SIGeo. Plataforma de geoinformação da Prefeitura de Niterói. Prefeitura Municipal de Niterói: Niterói, 

2020.  : http://sigeo.niteroi.rj.gov.br/ . Assessed at: abr.2020. 

 

RIBEIRO, P.; FERRÃO, J.; SEIXAS, J. Mainstreaming climate adaptation in spatial planning. The case of 

Baixa Pombalina in Lisbon. Revista Finisterra: Lisboa, Portugal, LIII, 108, 2018, pp.15-38. DOI: 

10.18055/Finis14723. Avaliable at: 

https://repositorio.ul.pt/bitstream/10451/34454/1/ICS_JFerrao_Baixa_Pombalina_ART.pdf. Assessed at: 

abr.2020. 

 

TONMOY, F.N.; EL-ZEIN, A. Vulnerability to sea level rise: A novel local-scale indicator-based assessment 

methodology and application to eight beaches in Shoalhaven, Austrália. Ecological Indicators 85 (2018) 295-

307. http://dx.doi.org/10.1916/j.ecolind.2017.10.010. 

 

  



 

156 
 

 

ESTIMATION OF THE AMOUNT OF CARBON IN THE AERIAL PART OF A YOUNG 

REFORESTATION IN NITERÓI, RJ 
 

Maria Carolina Fernandes De Campos 1, Joice Azeredo Silva 1, Jessica Raposa Rocha 1, Nathan Pereira da Costa 
1, Carlos Rodrigues Pereira 1 

 

1Universidade Federal Fluminense, Brasil 

 

Abstract 

 

The Atlantic Forest has suffered drastic reduction over the years, currently presenting about 8% of its original 

size. In this sense, reforestation projects are becoming more and more necessary for the conservation of this biome. 

The objective of this work was to quantify the carbon stock in four plots of 10 x 10 meters in a planted forest with 

age of 10 years, located in the city of Niterói (RJ). The equation used was the one proposed by Lacerda (2009), 

by which the carbon values are obtained in the woody aerial part. We counted 56 arboreal individuals, belonging 

to 9 botanical families and 34 distinct species. The average quantification of carbon sequestration per tree resulted 

in 19.55 kg, corresponding to 19,550 kg ha-1. The results obtained should subsidize the incentive to projects and 

public policies aimed at the restoration and reforestation of the Atlantic Forest, in order to reduce the 

fragmentation of this biome. 

 

Keywords: Atlantic forest. Degraded area recovery. Carbon sequestration 

 

Presentation: https://youtu.be/B0yRtZAcBGE  

 

 

INTRODUCTION 

 

The Atlantic Forest is the third largest biome in Brazil, extending over 15 states from Rio Grande do Norte to Rio 

Grande do Sul. Composed by different phytophysiognomies such as ombrophilous forests, semideciduous forests, 

restingas and mangroves, it comprises a great diversity of endemic species. Such wealth, associated with threat 

levels, has made the Atlantic Forest a hotspot, that is, one of the priority areas for biodiversity conservation in the 

world (Myers et al., 2000). 

 

As a consequence of colonization and urbanization processes, the biome has suffered a great reduction in its area, 

currently presenting only 8% of its original coverage (SOS Mata Atlântica, 2007). Associated with deforestation 

and loss of biodiversity, fragmentation is considered the main challenge to be overcome for the conservation of 

the biome. In this sense, the recovery of degraded areas through reforestation and restoration projects has become 

fundamental for the well-being of the forests. Such initiatives promote a series of benefits such as the protection 

of water courses, maintenance of biodiversity, soil conservation, creation of ecological corridors, and mitigation 

of the effects of climate change (BENAYS et al., 2009). 

 

The objective of this work is to quantify the volume of carbon stored in 4 plots of a 10-year-old planted forest in 

Morro da Boa Vista, located in the municipality of Niterói/RJ. 

 

 

MATERIALS AND METHODS 

 

The study was conducted in the city of Niterói (22° 53' 00" S and 43° 06' 13" W), located in the metropolitan 

region of the state of Rio de Janeiro. The plot is located in Morro Boa Vista, which integrates the Environmental 

https://youtu.be/B0yRtZAcBGE
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Protection Area (APA) of Água Escondida (Municipal Law No. 2,621/2008). In this area a reforestation project 

is conducted by the Environmental Education Division of Companhia de Limpeza de Niterói - CLIN. The region's 

climate is Aw type according to the Köppen and Geiger classification, that is, tropical climate with dry winter. 

The average annual temperature is 23.4 °C and the average annual rainfall is 1204 mm. Its relief is quite rugged 

with predominance of soils of the cambissolo class (PENHA, 2004). Shallow and acid soils predominate on the 

hilltops, while neutral and deeper soils occur in the lower parts. 

 

Before the beginning of the actions, the area presented characteristics of degradation, such as compacted soil, low 

diversity, presence of grazing animals, cutting ants, frequent burning, the presence of some isolated arboreal 

individuals and predominance of grasses, such as the colony grass (Panicum maximum). 

 

The data collection was carried out in one of the sectors of the reforested area, in which four 10 x 10 meter plots 

were marked. The circumference to breast height was collected in the field, estimated at 1.3 meters from ground 

level, to later obtain the diameter to breast height (DAP). 

 

The data collected were applied to the Lacerda et. al. equation (2009), where the carbon values in the woody 

aerial part were obtained. 

 

From the calculation of the average carbon for each arboreal individual, the average carbon per hectare was 

estimated. 

 

 

RESULTS AND DISCUSSION 

 

56 trees were inventoried, contemplating 9 botanical families and 15 distinct species. Still, 22 trees did not have 

their species identified, according to table 01. 

 

Table 1: List of inventoried species. 

 
 

The frequency of the DAP of the inventoried individuals can be seen in graph 1. The highest occurrence of 

individuals with DAP between 2 and 10 centimeters was observed. This observation is due to field conditions that 

hinder the growth of trees, mainly the soil composition and depth. 
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Figure 1: Number of trees as a function of diameter ranges and accumulated frequency. 

 

After data collection, the values were applied in the Lacerda (2009) model, where the amount of carbon per 

individual tree was determined. Then, the average value of carbon per tree was estimated, whose result was 19.55 

kg of carbon, according to table 2. 

 

Later, the average amount of carbon per hectare was estimated multiplying the previous result by 1000, where the 

value of 19,550 kg ha-1 was found. For comparison purposes, the value obtained is equivalent to 19.5 Mg of 

carbon per hectare. The standard error obtained is the result of the large value referring to the sampling number. 

The higher the sampling number, the lower the standard error. 

 

In a similar study, Stucchi (2013) found values between 4.4 and 23.1 Mg of carbon per hectare in reforestations 

with ages between 4 and 15 years. The results obtained indicate that the amount of carbon obtained is similar to 

the values found in the literature. 

 

It is worth considering that in the reforestation in question, silvicultural techniques such as soil preparation, 

chemical fertilization and liming are applied, factors that contribute to the increase of carbon stock. 

 

Thus, it was observed that the studied area has been fulfilling its role in the offer of ecosystem services, mainly 

in the scope of the carbon stock. 

 

Table 2: Analysis values of carbon stock data for a unit of tree.

 
 

 

CONSIDERATIONS 

 

The studied area presented a medium carbon stock per tree of 19,55 kg, which exposed the development of the 

planted forest. The 

 

average carbon stock equal to 19,550.00 kg ha-1 proved the potential of reforestation projects in carbon 

sequestration, as well as in the promotion of other ecosystem services. 

 

It is suggested the enrichment of the area with a greater diversity of native species of the Atlantic Forest, as well 

as epiphytes, lianas and vegetation of different strata, with the objective of potentiating the dynamics of a native 

forest, the accumulation of biomass, and consequently, the levels of carbon stocked. 
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The carbon stock estimate can be used as an incentive to new restoration and reforestation projects in order to 

promote the recovery of degraded areas and increase connectivity between the fragments of the said biome. 
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Abstract 

 

A large part of farm properties have low levels of productivity, therefore estimate the herbage mass is essential 

for the proper planning, moreover, properly quantify the forage mass will provide appropriate information on the 

fertilization of forage produced or loss levels, which are important factors in determining the production system. 

This literature review covered the most used evaluation methods. 

 

Keywords: herbage, forage, method 

 

Presentation: https://youtu.be/kgkdDFqRv94  

 

 

INTRODUCTION 

 

In Brazil, pasture areas correspond to approximately 159 million hectares, that is, they represent the second largest 

land use modality in the national scenario, surpassed only by native forest areas. However, when we consider only 

anthropized systems, planted pasture areas are the most abundant ecosystems (Censo Agropecuário, 2019). The 

vast extent of pasture areas reflects its relevance as a food base in the ruminant production systems in the country 

(SANTANA et al., 2010). 

 

However, despite the importance of pastures to make animal production sustainable, the problem of degradation 

in these areas is a chronic adversity that affects about 50% of planted pastures (Dias – Filho, 2011), with an 

environmental burden, economic and social in the milk and meat production chain. The degradation of pastures 

involves different causes, the overgrazing caused by the excess of animals, one of the most determinant in this 

aspect. This imbalance between the supply and demand of pasture occurs due to the lack of food planning for the 

herd, mainly because it is not a recurrent management technique to measure the amount of forage throughout the 

year. 

Therefore, the search for quick, accurate and low-cost methodological solutions to estimate the forage mass in 

pasture areas will guide the appropriate management of the forage plants that are used in livestock production 

systems, therefore the adjustment of the pasture support capacity depends monitoring the supply of bulky food. 

 

 

MATERIALS AND METHODS 

 

The articles used in the compilation of data as a reference for this review were acquired from the Google Scholar 

platform. In this search, the keywords “estimating forage mass” were used in the specific period from 2000 to 

2020 classified by relevance to compose the database. In addition, articles involving the methodologies used to 

estimate pasture biomass based on ruler, disk meter and remote sensing were used as research criteria, as they are 

the most used techniques in the scope of research and extension. 

 

 

https://youtu.be/kgkdDFqRv94
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RESULTS AND DISCUSSION 

 

The methods used to estimate the forage mass are divided into "Direct Techniques" and "Indirect Techniques". 

Another classification of the methods used to estimate the forage mass are: "Destructive" and "Non-Destructive". 

(Hodgson et al., 2000). According to Barnett (1974) and Mannetje (1987), the direct method is based on cutting 

and removing forage from a sample area (wooden frame, metal or other materials of known area and of square, 

rectangular or circular shape) or area total being evaluated, followed by weighing the fresh sample and drying at 

65ºC, weighing the dry sample, and estimating the forage mass. This methodology is considered standard because 

it is more accurate and precise when compared to indirect methods. However, it is not recommended for large 

areas because it requires a considerable number of samples to represent the forage mass of the entire area, in 

addition to a reasonable amount of labor and equipment, making the operation laborious, in addition to destroying 

part of the area. pasture collected for sampling. 

 

The indirect methods used to estimate the forage mass are based on indirect sampling that adopt techniques that 

must be calibrated according to real values of forage mass evaluated by direct (destructive) sampling. Indirect 

methods allow a better spatial representation of the sampled area, as it is viable that many values of forage mass 

are estimated in the evaluated area. This is only possible if each "reading" of forage mass can be done quickly 

and non-destructively. Thus, it becomes important to identify vegetation characteristics that are highly correlated 

with forage mass, and that can be measured quickly and easily (CUNHA, 2002). 

 

Indirect method to estimate pasture biomass 

 

Remote sensing method 

 

The remote sensing method refers to the joint use of sensors and equipment for acquisition (satellites, aircraft and 

drones), processing and analysis of the electromagnetic energy reflected or emitted by the targets (Janssen, 2001). 

One of the indexes most used in studies on vegetation is the Normalized Difference Vegetation Index (NDVI), 

proposed by Rouse et al. (1973), which relates the reflectance of vegetation to the red and near infrared 

wavelengths. The use of images to estimate pasture biomass is promising due to the spatial and temporal scope 

of the data, but it requires specialized labor and involves a higher cost than other techniques. 

 

Uncompressed height method (ruler) 

 

The uncompressed height method is based on the height of the canopy, which is assessed as the distance between 

the highest leaf curvature at the sampling point and the soil, or also on the extended height of individual tillers 

(FRAME, 1981). Like the other indirect methods, the uncompressed height of the canopy is calibrated as an 

indicator of forage mass by measuring the height of the forage canopy with a ruler or specialized equipment in 

various points of the pasture in isolation and/or with acetate sheet. The average height is used in the calibration 

equation to estimate the area's forage mass, as there is a high correlation between canopy biomass and plant height 

(PEDREIRA, 2002; FRAME, 1981). This technique is the most used in research evaluations and field practices 

because it is low cost and easy to operate, but it can be of low precision and not feasible in large areas or difficult 

to access. 

 

Compressed height method (disk meter) 

 

This methodology is based on the principle that the density of plants is correlated with their height (PEDREIRA, 

2002). It is worth mentioning that both the forage mass, as well as the responses of forage plants and animals 

under grazing, have a high correlation with the population of tillers or the height of leaf strata in the forage canopy 

(FRAME, 1981). Measurements are taken with the disk meter ("disk meter") or rising plate ("rising plate meter"). 

The disk is an acrylic or aluminum plate that moves freely through a graduated column. The measurement is made 

with compression of the forage, and the area of the disk usually ranges from 0.2 to 1.0 m² (FRAME, 1981). As 

for the weight, the extreme values can be harmful, since excessively light disks will respond only in height, 

whereas very heavy discs will respond very little to density and height, promoting the crushing of forage plants 

(PEDREIRA, 2002). This methodology has low cost and operational ease, however it is limited to areas of flat 

relief or of little declivity, because the inclination of the stick compromises the evaluations. 

 

The data compiled in the review showed variable precision (determination coefficient - R²: 0.38 to 0.93) in the 
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estimation of pasture biomass in an indirect way (Table 1). The higher values of R² show better adjustment of the 

equations for the estimates, as observed by MITCHELL & LARGE (1983) and GONZALES et al. (1990), which 

obtained values of 0.91 and 0.90, respectively. 

 

The different methods used have particular mathematical models for estimating biomass, which may reflect the 

plant species and the methodology. Furthermore, the inconsistency in R2 values demonstrates that the techniques 

are equivalent in terms of precision, so the criterion for choosing the indirect method must be based on other 

aspects such as operational ease, area size and costs. 

 

Table 1: Forage species and their calibration equations of the different method for the determination of herbage 

mass 

 
 

 

CONSIDERATIONS 

 

The choice of a particular method must take into account the forage species, pasture variability, labor, training, in 

addition to the availability of resources for the acquisition of equipment necessary for execution. Therefore, the 

best sampling method will be one that represents the real conditions of the pasture well. The quantification of the 

variations that occur in the pasture is an arduous task, however if conducted according to the established scientific 

criteria, as well as analyzed and interpreted from the biological patterns of the plant, and using statistical models, 

the results will be acceptable. However, these methods must generate accurate and exact information to be used 

by producers and researchers in their decision-making regarding pasture management. 
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Abstract 

 

To monitor fires, Brazil uses data from environmental satellites that assist in mapping fire foci. With technological 

advances, it was possible to see how human actions shape the environment around them. There are few studies 

on fire foci in the municipality of Rio de Janeiro (MRJ) using a statistical approach, geospatialization and socio-

environmental impacts. The objective of the present study was to analyze the MRJ foci, using data provided by 

environmental satellites for the municipality. Through the analysis of the Burning Database of the Instituto 

Nacional de Pesquisas Espaciais (INPE), heat maps were elaborated using the QGIS software, to determine the 

locations with the highest incidence of outbreaks. Data from meteorological stations at the National Institute of 

Meteorology were also used to verify the existence of a correlation between precipitation and fire foci. It was 

observed that there was an increase in outbreaks in the years 2014, 2016 and 2019. Studies show that between the 

years 2014 and 2016, the phenomenon known as El Niño Forte occurred in Brazil, which favored even more 

intense climatic events, which could lead to incalculable economic losses. Thus, it is necessary to evaluate the 

importance of implementing public policies aimed at preventing and combating hot spots more effectively. 

 

Keywords: Keyword: Fire foci, Rio de Janeiro, climate change. 

 

Presentation: https://youtu.be/BEqUunetFSE  

 

 

INTRODUCTION 

 

Brazil, in order to mitigate forest fires and fires, uses data from environmental satellites to fire foci and to map 

burned areas (Roy et al., 2002; Cochrane 2003; Cochrane and Barber, 2009; Caúla et al., 2016). In 1997, the 

country implemented the Burn Database (BDQueimadas), developed by the Weather Forecast and Climate Studies 

Center (CPTEC) of the National Institute for Space Research (INPE), whose objective is to monitor heat sources 

via environmental satellites, followed by the calculation and forecast of fire risk in vegetation (Setzer and 

Sismanoglu 2020; CPTEC, 2020). These data have been effective in monitoring, preventing and combating forest 

fires and fires (Balling Júnior et al., 1992; Roy et al., 2008). Based on these data, information and estimates on 

the location, period and frequency of the fires are generated, which allows to evidence their spatio-temporal 

variability in the area of occurrence (Antunes and Ribeiro, 2000). 

 

The detection of fire outbreaks using Remote Sensing (SR) products are used as tools for understanding the 

response patterns of ecosystems to fire events (Keeley and Zedler, 2009). Several studies show that there are 

direct relationships between climate, forest fires and forest fires, so their trends and distribution must be observed 

and considered in the development of management policies (Balling-Júnior et al., 1992; Nunes et al., 2015; Caúla 

et al., 2015). 

Understanding the variability of hot spots in the State of Rio de Janeiro (ERJ) constitutes a fundamental and 

strategic subsidy in the definition of public policies, especially in the areas of risk of occurrences of fires and fires 

(COURA et al. 2010; FERNANDES et al 2011; CAÚLA et al., 2016; CLEMENTE et al., 2017). However, there 

https://youtu.be/BEqUunetFSE
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have been few studies on fire foci in the municipality of Rio de Janeiro (MRJ) with a statistical approach, 

geospatialization and socio-environmental impacts. Therefore, the objective of this study is to analyze the hot 

spots in the city of Rio de Janeiro, based on data provided by environmental satellites for the MRJ, based on the 

applied statistics. 

 

 

MATERIALS AND METHODS 

 

The Municipality of Rio de Janeiro (MRJ), capital of the state of Rio de Janeiro, located in the Southeast region 

(Figure 1). It is located entirely in the Atlantic Forest biome and has a climate considered tropical (hot and humid), 

with local variations related to differences in altitude, proximity to the ocean and vegetation. The annual average 

temperature is 22 ° C, with daily averages from 30 ° to 32 ° and annual average rainfall from 1,200 to 1,800 

(PPREFEITURA DO RIO DE JANEIRO, 2009). 

 

The MRJ covers an area of 1,200, 329 km² (IBGE, 2019), with a demographic density of 5,265.82 inhabitants / 

km² (IBGE, 2010). 

 

The rainfall data were obtained from the National Institute of Metrology, Quality and Technology (INMET) 

corresponding to the years 2013 to 2019. The collection stations were: Forte de Copacabana and Jacarepaguá. All 

data were submitted to descriptive, exploratory analysis. In the descriptive analysis, measures of central tendency 

(mean and median), dispersion measures (standard deviation (SD), sample variance, kurtosis, asymmetry 

coefficient), data grouping (range, sum, major and minor, and the coefficient were analyzed) (CV,%), count), both 

estimated with a 95.0% confidence interval. In the exploratory analysis, boxplot graphics were analyzed to 

evaluate the information on location, dispersion, asymmetry, tail length and outliers. The statistical analyzes 

performed in the study were performed using Microsoft Office Excel software version 2016. 

 

The various pluviometric series were also evaluated in the following approach: standard-relational; identify the 

meteorological systems (local to synoptic) that intensify the extremes of rain in MRJ via climanalysis bulletins; 

relational pattern of identification of physiographic and dynamic factors in the region increases the extremes of 

rain in the MRJ and paper - identification of the days that most extreme rains occur in the MRJ based on Inmet 

data periods. 

 

In exploratory statistics, 1st quartile, 3rd quartile, mean, median, interquartile range and extreme values (outliers) 

were calculated. All statistical procedures were performed using Excel and Quantum GIS software version 

3.10.10. The Kernel method is based on creating a density raster map, known as a heatmap or heatmap from a 

vector layer of the dot format. The Heat Maps or Heatmaps made it possible to identify hot spots or hotspots in 

areas with a high concentration of points. 

 

 

RESULTS AND DISCUSSION 

 

It was observed that in the years 2014 and 2016 there was an increase in the volume of hot spots in the MRJ. 

Clemente et al. (2017) points out that every 2 years there is a peak in the number of fire foci, due to anthropic 

actions, changes in spot detection through environmental satellites and due to climatic variations. Levine and 

McPhaden (2016) point out that anomalous events known as West Wind Gusts and East Wind Gusts in 2014 

influenced the accumulation of hot water on the surface of the Pacific Ocean, favoring an accumulation of energy 

and consequently developing an El Ninõ Extreme South Oscillation in the years 2015 and 2016. Clemente et al. 

(2017) points out that in the years 2014 and 2015, a period identified as El Niño forte, the largest amounts of fire 

foci were recorded in the state of Rio de Janeiro. 

 

According to Cai et al. (2014) the El Ninõ phenomenon causes climatic disturbances at global levels, altering the 

rain regimes, causing extreme drought, floods and forest fires, taking the places affected by the phenomena and 

can cause economic losses estimated in billions of dollars. 

It is observed that the years 2014, 2016, 2019 and until mid-2020, there was a greater volume of heat sources 

captured by the orbital sensors in the MRJ. Most of these outbreaks occurred in areas of the West Zone of the 

city, close to conservation units in the neighborhoods of Realengo, Praça Seca, Grajaú, Guaratiba, Bangu. It is 

important to point out that these are areas with great urban density, where communities have been advancing over 
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areas of environmental protection, there was a concentration of outbreaks also in more industrialized areas such 

as Santa Cruz and Campo Grande, Senador Camará. 

However, Clemente et al (2017) highlights that not every source of heat is necessarily a burn, with some being 

identified as charcoal, industrial and several other sources of heat. The data of heat sources of the year 2000 

obtained through the database of fires. 

 

 

CONSIDERATIONS 

 

This study aimed to assess the fire foci in the city of Rio de Janeiro. However, it was not intended to identify or 

differentiate hot spots. As pointed out by Clemente et al. (2017), satellites can interpret areas with high 

temperatures as sources of heat. It was found that the areas with the largest volume of outbreaks in the temporal 

scale are found in the West Zone of the city, where the Pedra Branca massif is inserted and in the neighborhoods 

of Grajaú and Praça Seca, where the Grajaú State Park and a section of the APA dos Pretos Forros. The need for 

further studies is highlighted in order to assess the feasibility of implementing public policies aimed at 

Meteorology and Forest Fires in order to mitigate the occurrence of forest fires, often caused by the release of 

balloons (AXIMOFF et al., 2020). Climate change tends to make climate events even more intense, which can 

lead to incalculable losses. 
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Abstract 

 

This study aimed to compare the main water quality variables and the water quality index between the dry and 

rainy periods in the Paraíba do Sul River. Total Phosphorus, Nitrate, Dissolved Oxygen, Hydrogenionic Potential, 

Turbidity data were collected, Thermotolerant Coliforms, Total Dissolved Solids, Biochemical Oxygen Demand, 

Water and air Temperature, in addition to the water quality index. Significant differences in pollutant 

concentrations were observed between the dry and rainy periods. In the rainy season, the runoff process was the 

main pollution factor, contributing to higher concentrations of phosphorus, greater turbidity, and fecal coliforms. 

In the dry period, the concentration of nitrate and dissolved oxygen was higher. The water quality index was 

higher in the dry period, although the Paraiba do Sul River can be considered as having good quality water, at the 

analyzed collection point. 

 

Keywords: WQI, watershed, river. 

 

Presentation: https://youtu.be/ADToXKBinsE  

 

 

INTRODUCTION 

 

Water quality analysis is an important tool to control pollution and support the management of natural resources 

in a sustainable manner (BARAKAT et al., 2018), since the results obtained show trends that help to determine 

the main contributors to variations in time and space indicates a difference water quality, thus benefiting the 

management of water resources. Therefore, based on the information collected it is possible to implement 

effective measures to protect and improve water bodies (TOMCZYK et al., 2018). 

 

The Water Quality Index (WQI) was developed in order to classify the water quality of a water body. These are 

dimensionless numbers in a range from 0 to 100, where 0 is the worst condition and 100 is the highest quality. 

The calculated index value can be used to compare the water quality in the sampling sites understudy 

(MANDARIC et al., 2018). In Brazil, the WQI is the most used index in the analysis of water quality 

(MARMONTEL et al., 2018). The method was developed by the National Sanitation Foundation in 1970, in the 

USA, and later adapted by CETESB (Environmental Company of the State of São Paulo) and is based on a simple 

equation, being, therefore, easy to understand and implement (RAWAT et al., 2019). 

 

The analysis of water quality requires monitoring on a spatial and temporal scale, linking to this analysis, questions 

about land use and the climate of a hydrographic basin, since these factors have a direct influence on the essential 

components that interfere with the quality of water. Water, such as crop management, urbanization, precipitated 

totals, runoff, among others. (WU et al., 2018). However, it is important to verify whether the behavior of the 

variables that determine water quality. 

 

https://youtu.be/ADToXKBinsE
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The objective of this work was to compare the behavior of water quality variables and the water quality index in 

a dry and rainy season in a stretch of the Paraíba do Sul river, located in the municipality of Itaocara, northwest 

of Rio de Janeiro. 

 

 

MATERIALS AND METHODS 

 

The study area comprises the stretch of the Paraíba do Sul River (Figure 1), which is located in the municipality 

of Itaocara, located in the northwestern region of the state of Rio de Janeiro, hydrographic region IX, lower Paraíba 

do Sul (INEA, 2014). The hydrological year in the study area begins in October, with the beginning of the rainy 

season that lasts until March. In the rainy season, the monthly precipitated totals exceed 100 mm, with maximum 

values in January and December (totals greater than 200 mm). In the dry period, from April to September, the 

precipitated totals are usually less than 30 mm, with minimum values between June and August. 

 

 
Figure 1. Sampling site (circle) in the Paraíba do Sul River watershed 

 

The water quality variables collected for analysis were: Total Phosphorus (TP, in mgL-1), Nitrate (NO3, in mgL-

1), Dissolved Oxygen (DO, in mgL-1), Hydrogenionic Potential (pH), Turbidity (Turb, in UNT), Thermotolerant 

Coliforms (CF, in NMP 100 ml-1), Total Dissolved Solids (TDS, in mgL-1), Biochemical Oxygen Demand (BOD, 

in mgL-1), Water Temperature (Twater, in °C), and Air Temperature (Tair, in °C), in addition to the Water Quality 

Index (WQI). The water quality variables are measurement values of the physical and chemical parameters of the 

water and the WQI is the final numerical result that indicates the local situation of the water quality, through a 

classification system.) The data were collected on the State Institute of the Environment of the State of Rio de 

Janeiro (INEA), for the collection point PS0436 (latitude: 21.6293ºS, longitude: 41.9875°W and altitude: ≅90m).  

 

The data refer to collectionscarried out between the years 2014 and 2019, measured in the rainy and dry periods, 

totaling 53 observations of the water quality parameters and the WQI: 23 for dry period and 30 for rainy period. 

Samples from the rainy period were considered: those with a measurement date between October 1st and March 

31st of each year, while for the dry period: collections between April 1st and September 30th of each year. 

 

The values of the WQI were analyzed according to the classification proposed by the National Water and 

Sanitation Agency (ANA, 2020) to the state of Rio de Janeiro. 

 

The Notched box-plot analysis, separating the data in a dry and rainy period and the two-samples Wilcoxon test 

comparing the means of two independent samples (rainy and dry period) for each water quality variable were 

performed. 

 

 

RESULTS AND DISCUSSION 

 

The analysis of the notch box-plot has indicated differences in the medians observed in the dry and rainy period 

for most of the water quality variables and for the WQI (Figure 2). Table 1 shows the results of the Wilcoxon rank 

sum test that indicate a difference in the positions of most water quality variables and WQI between the dry and 

rainy periods. The exceptions were BOD and PH. The BOD presented mean values of 2 ± 0.00 and 2.01 ± 0.04 

standard deviations for the dry and rainy periods, respectively. 

 

The WQI was higher for the dry period, as well as the variables NO3 and DO. The variables TP, Turb, CF, Twater, 

and Tair were higher in the rainy season. The DO showed minimum values in the rainy season and the behavior 
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of increasing the values of this variable during the rainy season, a behavior that has been reported in the literature 

and justified due to the increased turbulence of the river flow (GIRARDI et al., 2016) and the increase in the 

concentration of nutrients/pollutants in the rainy season (GIRARDI et al., 2016). 

 

NO3 showed a higher concentration in the dry period, a different pattern than expected, with a higher concentration 

in the rainy period, as observed by Girard et al. (2016), and Rodrigues et al. (2018). NO3 is related to the crop 

area and the excess can be drained to downstream regions (DING et al., 2016) from the collection point, even in 

the rainy season, which may justify this result. 

 

 
Figure 2 - Notched box-plot for water quality variables and water quality index (WQI) for The Paraíba do Sul 

River 

 

Table 1. Wilcoxon rank sum test with continuity correction statistic and p-value for water quality variables in 

The Paraíba do Sul River 

 
 

The rainy season has an effective action in the transport of pollutants such as TP, TDS, Turb, and CF to water 

bodies through the surface runoff process (ANDRIETTI et al., 2015). However, NO3 showed a lower value in the 

rainy season, possibly due to the effect of dilution and/or faster transport to downstream regions, due to the 

increase in rainfall in the period. There is a possibility, at the same time, that pasture and agriculture areas are not 

in great activity or change in planting management (related to agriculture), which would explain the non-carrying 

of this nutrient in the rainy season, as the riparian forest, as shown in the image satellite (Figure 1), cannot be 
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considered preserved for anthropization and occupation not recommended with degraded vegetation/pasture. 

 

The TP showed a small increase in the rainy season, which can be related to domestic sewage, due to the presence 

of superphosphated detergents, fecal matter itself and agricultural activities (BENVENUTI et al., 2015). The 

number of households could explain a possible increase in thermotolerant coliforms, due to irregular dumping. 

However, it is necessary to emphasize that the area of pasture and agriculture and geology were not studied in this 

work, nor the possible irregular eviction from the residences. Therefore, it is not possible to state such questions, 

as it would require a more in-depth study, which would be extremely relevant to efficiently mitigate environmental 

impacts of water quality in the respective River. 

 

The largest Turb in the rainy season is due to the process of transporting pollutants through runoff (RODRIGUES 

et al., 2018), due to the existence of degraded areas, where the native vegetation is removed, leaving the soil 

unprotected and prone to intensification of the factors that cause erosion, although this greater turbidity has not 

been reflected in a higher concentration of TDS.  

 

Although the WQI was higher in the dry season, the difference between the dry and rainy periods does not differ 

in terms of the category (classification), since the values obtained were between 51 and 70. According to the ANA 

(2020) classification, the stretch of the Paraíba do Sul River is classified as reasonable for water quality. However, 

measures to recognize land use and occupation at the collection point allow the identification of possible 

irregularities in use and occupation, which negatively contributes to water quality, especially pastures, riparian 

forests, and other types of vegetation in the state of degradation. 

 

Mello et al., (2018) reports in his study, that forest cover was associated with good water quality, while urban and 

agricultural areas were related to water quality degradation. 

 

 

CONSIDERATIONS 

 

The Brazilian watersheds have been degraded by the disorderly growth of cities and overpopulation, as well as 

by several potentially harmful anthropic activities established along the watercourses without any planning 

(MANDARIC et al., 2018). Among the activities, agriculture and, in particular, degraded pastures constitute a 

source of potential pollution to water resources. Thus, the study showed that anthropization and consequent 

degradation in the study watershed are closely interconnected with water quality in the analyzed part of the Paraíba 

do Sul River. Therefore, recovery and mitigation measures are important to increase the water quality, which will 

positively impact the ecosystem's balance of this water body. 

 

Other studies with greater spatial coverage and considering not only the comparison of water quality parameters 

but also the correlation between them and the analysis of land use and occupation are fundamental. 
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Abstract 

 

Artificial intelligence is the general trend of science and technology development in today's world, and it will 

definitely affect the oil and gas industry and bring great benefits. Currently, artificial intelligence in the oil and 

gas industry is associated to research in refineries, smart pipelines, smart oil fields and drilling. The circular 

economy is an economic concept that is part of sustainable development and coupled with invoicing tools has a 

lot to offer an industry that requires a lot from the use of natural resources and waste generation. In this study, a 

systematic review of the literature was carried out, with the objective of investigating how the topics of artificial 

intelligence and circular economy have been approached in the oil industry. The research methodoly involved the 

selection of articles, exclusion of articles that did not fit the theme and classification by relevance, resulting in 31 

articles analyzed. It was found that there is a strong correlation between the subjects, but further studies on this 

topic are still needed. 

 

Keywords: artificial intelligence; circular economy; oil and gas industry; energy 

 

Presentation: https://youtu.be/Ii7KLFTRjhI  

 

 

INTRODUCTION 

 

The modern oil and gas industry is an aggregation of technology-intensive industries and its pace and quality of 

future development does not depend on natural resources, hardware technology or capital value, but on innovation 

(KUN and JIAN, 2017). Thus, industry 4.0 has an important role in this scenario, since sector 4.0 is very popular 

in the professional and academic fields, integrates different systems and aims to create value by connecting 

resources, services and human beings in real time (PHAM et al, 2019). 

 

In particular, the main challenges for Industry 4.0 in the circular economy with strong driving power and strong 

dependency are the lack of automation system virtualization, the lack of process design and the lack of system 

knowledge management. These challenges play an important role in bridging Industry 4.0 in the circular economy 

in the production process, which involves technology and innovation (HAMID, 2020). 

 

Many studies are emerging on the applications and models of Circular Economy, even though it is considered a 

little studied topic. According to Piscitelli et al (2019), interest in the circular economy is increasing over time, a 

point noted by the growing number of recent articles during the last decade. Regarding the period considered, 

studies show that this research topic is still in the initial stage of attention. Looking at the sectors, most of the 

documents in the scope are focused on the general context of Industry 4.0, remanufacturing industry, regeneration, 

life cycle management, supply chain, sustainability model. 

 

The joint application of Circular Economy with Artificial Intelligence can occur in several fields, such as, for 

example, smart cities that, according to Nishant et al (2020), have six dimensions which are economy, mobility, 

environment, people, life and governance. In this way, information technology is the essential infrastructure for 

improving public and private services, such as governance efficiency, business innovation, cultural development 

https://youtu.be/Ii7KLFTRjhI


 

175 
 

and sustainability. However, this work is dedicated to the study of circular economy and artificial intelligence in 

the oil and gas industry. 

 

 

MATERIALS AND METHODS 

 

This article refers to a systematic review of the literature on topics involving artificial intelligence and circular 

economy in the oil and gas industry. With this study, it is possible to perceive the current state of knowledge on 

the subject in question, the existing gaps and also contribute to the development of the theme. The structure used 

to elaborate this methodology was based on the work of Gohr (2013), which distributes the steps in: 1- research 

questions; 2- research / selection; 3- description / classification. 

 

In the first stage, the theme-areas to be research were: Definition of key words and combinations, Definition of 

key words exclusion, delimitation of period of publication of articles. In the second stage a check was made 

through the Titles that are aligned to the research theme, those that do not fit were excluded and those that did fit 

were read more thoroughly to better understand the work and check if it really fits the theme. The third stage 

comprised the ordering of articles according to the its academic relevance, defined according to an analysis of 

citations and classification according to the research need. 

 

The Science Direct, Web of Science and Scopus bases were considered for exploratory research, using the 

keywords "artificial intelligence", "circular economy", "oil and gas industry" and "energy" combined. The search 

for titles and reading of abstracts was carried out, totaling 36 articles. After this stage, the articles were read and 

excluding those that did not fit the theme, totaling 31 interesting articles, as can be seen in figure 1. 

 

 
Figure 1: Steps performed in the literature review 

 

 

RESULTS AND DISCUSSION 

 

As a final result of the article analysis process, table 1 was generated with the necessary classifications for each 

article that was considered useful. In figure 2, from the total number of articles considered within the theme (31), 

the number of articles that are considered with high relevance and those that are considered with low relevance 

can be seen. 

 

Table 1 – Classification Example for an Article 
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Figure 2 - Graph with the quantities of articles with high relevance and low relevance. 

 

 

When reading the articles it was noticed that the theme is very recent and little studied, being very specific for an 

industry that requires more innovation and care for the environment. Within the oil sector, waste is one of the 

biggest problems faced and one of the easiest points to access the circular economy and technological innovation, 

since it is already a trend in many countries. Therefore, according to Fatimah et al (2020), sustainability becomes 

a fundamental part of waste management, being considered a circular feedback system that concerns process 

activities, adaptability and diversity of waste from manufacturing to disposal phase. In particular, Industry 4.0 has 

brought about significant changes in global waste management and changes in value. This structure consists of 

five aspects, including governance, economics, social, environmental and technological. 

 

 

CONSIDERATIONS 

 

When carrying out this study it was possible to perceive that there is a great synergy between the subjects covered, 

despite being a new theme. Relating the objectives of artificial intelligence to the circular economy to add 

innovation and sustainability to the oil industry can be an excellent strategy for the market, as exemplified in some 

articles. The gaps found are mostly in the application of the circular economy due to the low acceptance of 

companies to its proposal and the fact that artificial intelligence is still in its initial phase in the oil industry. 
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Abstract 

 

Ballast water is used to provide stability to the ship, helping maneuver it and improve safety. However, its 

inadequate discharge can lead to alien species invasion, as seen in different places worldwide, which provoke 

socio-economic and environmental imbalance where they are introduced. The International Maritime 

Organization (IMO), agency responsible for safety of maritime transport, develop several guidelines and put in 

place many projects to mitigate these impacts, among them the issue of the International Convention for the 

Control and Management of Ballast Water and Ship Sediment (that Brazil is a signatory party). In Brazil, the 

compliance with rules and procedures is still inefficient, however, inspection is the fundamental procedure in 

putting in place the control of ballast water management for the Country, that is necessary to prevent new and 

already developing serious socio-environmental and economic impacts. The development of technological 

options for ballast water treatment has become essential for ships to be able to meet the discharge standards 

recommended by international legislation, thus these options are here discussed for the Brazilian legislation and 

boundary conditions. 

 

Keywords: Ballast water, Invasive species, Ozone. 

 

Presentation: https://youtu.be/RgTrorRLptU  

 

 

INTRODUCTION 

 

Ballast tanks in ships are spaces within the hull, or inside a boat, ship or floating structure that stores water, usually 

located at the lowest point of the hull, in order to adjust the draft, buoyancy and Trim (longitudinal tilt of the hull) 

according the maneuvers and operations that the vessel is performing (HEYER,2013). 

 

Ships had always make used of ballast to secure efficient and safer operations. Over millennia, ballasts were 

composed by solid materials. From 1880 onwards, ships started to use more water as ballast, which can be: sweet, 

salty or even brackish (NATIONAL RESEARCH COUNCIL,1996). 

 

The discharge of ballast water can lead to negative impacts on aquatic ecosystems, human health and economic 

activities due to the introduction of species that are potentially harmful to the environment. Thus, according to 

Cabrini et al., (2019), to minimize local impacts, the practice of exchanging ballast water between vessels is the 

most used procedure today to mitigate the transfer of coastal organisms over to different ports. 

 

According to Silva et. al., (2011), around 30 alien invasive species have already been identified in Brazil, many 

as a result of the transport of ballast water in ships. According to the same research, invasive exotic species are 

present in at least 103 conservation units in Brazil, dispersed in 17 states and the Federal District. 

 

The IMO, United Nations body that overseen international regulatory regime for maritime transport, observed in 

the early 1970s the negative impact caused by invasive species present in ballast waters discharge by ships. 

https://youtu.be/RgTrorRLptU
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However, only from the 1990s, the Committee for the Protection of the Marine Environment (MEPC), put into 

force instruments that began to tackle with this problem, in global terms (GOLLASCH et al., 2007). 

 

Acknowledging the worldwide dimensions posed by the harmful disposal of ballast water, not only a global 

solution is to be envisaged, but even more, local solutions need to be assessed. In this sense, Brazilian framework, 

regulations and technical options that could be made available are analyzed in the work. 

 

 

MATERIALS AND METHODS 

 

The chose starting point was a literature review, carried out at CAPES Scopus (Elsevier) database, covering the 

main legislation governing Ballast Water Management, Brazil and worldwide, as well as to assess suitable and 

available methodologies to mitigate the impacts caused by the inadequate disposal of ballast waters in coastal 

regions (and if applicable for Brazilian ports). 

 

As a key piece of regulatory framework, IMO came into force in 1958 with the aim of providing safety to maritime 

transport involved in international trade, adopting safety, efficiency, prevention and control measures both in 

navigation and against marine pollution (IMO,2020). 

 

In 1990, IMO set a working group with MEPC specifically focused on ballast water. Since then, from what the 

first international guidelines for the management of ballast water by ships was publish (ANTAQ,2020). 

 

In 2000, IMO initiated the Global Ballast Water Management Program – GloBallast 

(http://archive.iwlearn.net/globallast.imo.org/). This program aims to assist developing countries by providing 

technical assistance and assist them in the implementation of IMO recommendations, in order to reduce the 

invasion of exotic species within ballast waters discharge (NERY,2013). 

 

In 2004, the International Convention for the Control and Management of Ballast Water and Ship Sediment was 

created, with 172 signatory countries, including Brazil, with the objective to: prevent, minimize and eliminate the 

risks related to the transfer of invading organisms through ballast waters discharge, in addition to enabling the 

development of possible forms for treatment (BATISTA, 2018). 

 

In 2005, Brazil out into force a legal instrument known as the “Maritime Authority Standard for the Management 

of Ballast Water for Ships” (in Portuguese: “Norma da Autoridade Marítima para o Gerenciamento da Água de 

Lastro de Navios”) of the Directorate of Ports and Coasts (NORMAM-20 / DPC), which compliance is mandatory 

for all ships that sail and/or anchor in Brazilian jurisdictional waters (COLLYER, 2007). 

 

The NORMAM-20 basically take into consideration the same ballast water management procedures established 

by the International Convention, adapting them to the Brazilian reality. In this sense, both - Brazilian and 

international – recommend exchange of ballast water in the middle of the ocean as the most efficient management 

model, when seeking to avoid alien species invasion (PEREIRA et al., 2014). 

 

In face of numerous existing guidelines and the importance of socio-economic and environmental preservation of 

coastal waters, the main ballast water treatment technologies found in the literature were analyzed and its 

applicability for the Brazilian conditions assessed. 

 

 

RESULTS AND DISCUSSION 

 

On a daily basis, more than 7,000 species are transferred to ecosystems through the ballast waters discharge from 

ships, which can cause irreversible damage to native ecosystem and possible changes in biodiversity and / or 

extinction of natural endogenous species (YONSEL; VURAL, 2017). 

 

At the present time ships can carry from 6 up to 10 billion tons of ballast water per year, where a single cargo ship 

can exceed 150,000 tons, transporting thousands of species of bacteria, protists, fungi, animals and vegetables 

(SIQUEIRA et al., 2012). 
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According to Valković; Obhođaš (2020) there are three main negative impacts of the incorrect disposal of 

ballast water: 

 

• Ecological, due to the introduction of plant and animal species in a new ecosystem that starts to form 

populations and erode the local biodiversity where they settled down; 

• Economic, as complication factors for the fishing sector, industries settled at the coastal line and 

tourism enterprises; and 

• Impact on human health, increasing mortality. 

 

The Brazilian National Health Surveillance Agency (ANVISA, 2003) in 2002 carried out a study on the quality 

of ballast water discharged along the Brazilian coast, collecting 99 samples from 9 national ports. Such study 

found the presence of fecal coliforms, the transport of vibrios, Escherichia coli, cholera vibrio, fecal enterococci, 

among other pathogenic organisms. 

 

The golden mussel (Limnoperna fortunei), was introduced in South America through ballast out of compliance 

discharge waters from commercial cargo ships from China and South Korea. In Brazil, it is considered an invasive 

alien species, mainly because it led to the obstruction of water transport pipes, to the cooling system of 

hydroelectric plants, as well as negatively impacting native fauna and flora, causing heavy economic and 

environmental losses (DE PAULA et al., 2020). 

 

Sun Coral, popular name for corals of species of the genus Tubastraea spp. in Brazil, native at the Pacific Ocean, 

having been registered in the country since the 1980s encrusting oil and gas platforms in the Campos basin in Rio 

de Janeiro State. However, in the 1990s the Sun Coral invaded the rocky shores of the bay of Ilha Grande - RJ, 

where it began to spread both in rocky shores and coral reefs and in association with on-shore structures, such as 

oil and gas platforms, drilling ships, mono-buoys and riser support buoys (OIGMAN-PSZCZOL et al., 2017). 

 

The lack of basic fauna and flora native population surveys in different natural environments in Brazil makes it 

difficult to accurately assess the process of invasion of nonnative species. Furthermore, as monitoring programs 

are not fully developed, the impact and losses on the biodiversity, are aggravated, endangering the wellbeing of 

the local ecosystems (FERREIRA; GONÇALVES; COUTINHO, 2004). 

 

In order to mitigate the impact caused by potential spread of invasive species in different environments, by non-

secure ballast water discharge, several technologies were developed for application both on-board and onshore 

scenarios. 

 

Filtration is the most frequent used method for ballast water treatment, and is often used as a primary treatment 

for on-board situations (TSOLAKI, E.; DIAMADOPOULOS, E., 2009). However, it cannot retain the most 

abundant flagellates (2 - 10µm), bacteria (0.2 - 1.0µm) and viruses (20-200nm), not been reliable in reducing the 

concentrations of the most abundant microorganisms present in the waters ballast (DOBBS, FC; ROGERSON, 

A., 2005). 

 

Heat treatment encompass heating the ballast water at high temperatures to inactivate / kill microorganisms. As a 

setback, it can lead to environmental thermal pollution and air quality problems (MAMLOOK et al., 2008). 

 

Treatment exposing the ships' ballasts water to ultraviolet irradiation (UV) (PEREIRA, 2018), induces 

photochemical changes in some organisms, through the breakdown of chemical bonds in DNA, which may not 

only cause the death of some organisms, but also carry mutations in those that survive causing problems 

(MESBAHI, 2014). Generally, this treatment is associated with a “pre-treatment”, which can be filtration 

(RAIKON, 2007). 

 

Ozone is regarded as with great potential to be used for ballast water treatment in on-board scenarios, mainly as 

do not demand to store chemical products on ships as well as in ports (GONÇALVES; GAGNON, 2012). 

However, according to Mesbahi (2014), the high oxidation power of ozone can promote corrosion in metals, 

coatings and joints in the piping system. 

 

The use of biocides for ballast water treatment can be an effective method to eliminate potentially invasive species 

on many marine platforms (MARANDA et al., 2013). However, its use has been questioned base on the potential 
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release of toxic chemicals to the water on the discharge, the fact that its efficacy against target organisms are 

unknown and its compliance regarding the legislation for their disposal at open sea (TSOLAKI, E.; 

DIAMADOPOULOS, E., 2009). 

 

Ultrasonic based process are relatively new for ballast water treatment, where ultrasound is generated by a 

transducer that converts mechanical or electrical energy into high frequency vibration (MESBAHI, 2014). It 

shows an increase in efficiency proportional to its exposure time, and can also be influenced by the resonance 

effects due to the shape of the ballast tanks (SASSI et al., 2005 apud PEREIRA, 2018). On the other hand, its 

effectiveness decreases with the increase in the distance from the transducer, due to the decrease in energy present 

in the liquid (PEREIRA, 2018). 

 

According to Taylor et al. (2002) there is no single universal treatment process to inactivate, kill or remove all 

unwanted organisms from ballast water. Various technologies are being developed, and with the combination of 

these, they can be effective and economically viable. Heat treatment, mechanical removal of organisms in 

combination with UV treatment and chemical water treatment are considered the most promising approaches. 

 

Looking to the Brazilian legislation and general conditions found within its ports infrastructures all above cited 

technology could be suitable adapted to be used. Leading the technical and costs constrains the buildup of the 

most interesting solution to be further adopted. 

 

 

CONSIDERATIONS 

 

In face of the indicated risks, and in regarding the number of countries with significant coastal areas, associated 

with local and international trade by ships, measures to mitigate invasive species transferred by incorrect ballast 

water should be considered, as well as envisaged not to further jeopardize the impacts that alien species already 

caused in the national environment. 

 

Therefore, the development of research aimed at the identification of suitable ballast water treatment, suitable for 

the local conditions, both in on board and onshore situations, are in order to preserve the native biota of each 

region / port. 
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Abstract 

Renewable energy sources are natural resources and, managing a power plant are – at its core, making the “best” 

use of these resources ensuring the efficiency of those plants through the plant live span, can be seen as an 

ecological demand and a social responsibility. Today, on the Brazilian energy grid, wind generation it’s that the 

fastest grow in terms of installed capacity, and represents approximately 11.3% of the total production. The market 

development, manufacturing processes, construction, innovations (technology/materials) have resulted, over few 

decades, in improvements in production and performance, making the energy generating elements more efficient 

and cheaper in terms of implementation and production costs per MW generated. After the concession period, this 

can be renewed or the power plant can be de-commissioned, which consists in return it to the environmental 

condition that it was in before the installation of the plant. Over this context, it's natural to evaluate the repowering 

of these power plants, strengthening the asset management of the companies in this sector. This paper deal with 

the decision-making process that can be developed during the wind power plant life span, considering: Voltage 

level changes: impacts on Substations and Transmission Line Turbine Changes: Model; Blades (length); Nacelle; 

Hub; Gearbox; Generator. This study intends, therefore to be able to evaluate in wind power plants in operation, 

the moment in which the cost margin justifies their repowering, focusing mainly on the technologies used and 

available resources, in a perspective of the responsability to better manage the wind energy. 

 

Keywords: Asset management, Repowering, Capacity Factor, Eolic Energy Production, Efficient Energy 

Generation 

 

Presentation: https://youtu.be/e5ArqmM9Tuw  

 

 

INTRODUCTION 

 

Renewable energy are natural resources; managing Wind and Solar power plants is – at its core – making the 

“best” use of these resources: securing the efficiency of these plants through the plant lifetime can be seen as an 

ecological demand and a social responsibility. 

 

Although wind energy production started on an industrial scale in Europe in the early 1980's, in Brazil the 

investment in power plants based on this technology ramped up in 2003. 

 

Today, wind-based electricity generation represents approximately 11.3% of the total production of the Brazilian 

energy grid, being the fastest growing capacity. 

 

The development of the market, of manufacturing processes, of construction, constant innovations in technology 

and materials, a growing number of professionals with specific qualifications in this technology, all these factors 

have resulted over a few decades in relevant improvements not only in production capacity, but also in 

performance, making the energy generating elements more efficient and cheaper in terms of implementation and 

production costs per MW. 

 

https://youtu.be/e5ArqmM9Tuw
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On the social side, the development of this energy source in Brazil is helping the country to reach its strategic 

objectives of increased energy security, reducing greenhouse gas emissions and creating new jobs. 

 

 

MATERIALS AND METHODS 

 

In corporations, the concern with Sustainability and the Environment is a reality, since the market has already 

reacted to this reality and implemented certifications that make companies more competitive, such as the 

Sustainability Stamps (Envision Program) and Environment Standards (ISO standard). 

 

For the authorities, agencies and society sides, the demand is increasingly strong in issues related to care for the 

Environment and the impact that climate change has on societies, such as the Paris Agreement - COP21, of Dec / 

2015. 

 

Through a benchmark of state-of-the-art repowering practices adopted by leading companies of the wind energy 

market, which are now developed in Europe and North America – to highlight what are the predominant factors 

for decision-making between repowering the generation plant or simply decommissioning it, taking into account 

the environmental impact of the decision, so to propose sustainable solutions. 

 

Conducted a detailed analysis of the current scenario of the wind generation matrix in Brazil, in terms of 

technologies used as well as time of use and depreciation. A brief analysis of Brazil’s current legislation and tax 

incentives for repowering is also proposed. 

 

As multinational company in the generation market through renewable energy sources, operates both in the 

European and North American markets where it already has experiences with both repowering and 

decommissioning, as well as in Brazil were the market is relatively new, but it must, in the medium and long term 

- 10 years horizon, face this issue. 

 

Comparing these different realities and knowhow, this work aims at clarifying if the decision factors applied in 

those markets can be applied into Brazilian market and, if there are other variables, define what they are and how 

they should be applied. 

 

 

RESULTS AND DISCUSSION 

 

Focusing on wind technology, we describe the different stages in the economic life cycle of a project during the 

20 years concession period: 

 

During the first stage (development and installation of the power plant), only spending is made as payments for 

the engineering (design), construction and electromechanical equipment for the plant, as well as no energy is 

produced. 

 

In the second stage, once the plant is already in operation, spending’s continue so to pay back loans, but economic 

balance is achieved with the income from the production and commercialization of energy. 

 

Finally, in the third phase, during the operation of the power plant, and with the clearing of the original investment, 

for the remaining time of the concession, economic surplus are made, based on the income from the energy 

generated discounting: taxes, maintenance, depreciation (equipment and structures). It is at this period that the 

power plant remunerates the investment capital. 

 

After the concession period, it can be renewed or the power plant can be de-commissioned, a process consisting 

in removing all the structures and equipment from the site so to return it to its original condition – costs already 

budgeted, at the beginning of the project. 

 

This paper deal with the decision-making process that the can be developed during the third stage of the wind 

power plant lifetime, when the following operative options are to be considered: 
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• Elevate the transmission voltage level, with impacts on: Substation, Transmission Line and Connection 

Bay; 

• Change the wind mill model; blades (mainly length); nacelle; hub; gearbox and generator. 

 

As an example, a 1% increase in the rotor diameter translates approximately into a 2% increase of wind 

extractable power based on the 

 

wind power formula P=1/2*Cp*ρ*A*U3. At some point, increasing the rotor diameter will force increasing the 

tower height, which will usually result in an additional increase in the power. 

 

Taking into consideration Environmental aspects: 

 

• What are the positive factors in repowering an existing plant compared to build in a new location: minor 

environmental impact using an already built area, sustainability of the implementation; 

• The fact that in existing plants the land has already been negotiated and also the installation and operating 

licenses obtained, should considerably reduce the work and bureaucracy to renegotiate the land and obtain 

new operating licenses, compared to new generation plants in another areas, be evaluated. 

 

It is expected to obtain, among other factors of analysis, a better understanding of the advantages when using the 

repowering of wind generation plants in terms of environmental impacts, in comparison with new generation 

plants in different layout and installed power configurations. 

 

 

CONSIDERATIONS 

 

Based on the initial context, and considering the life cycle of the project it is natural is economically the most 

attractive moment to invest in the repowering of these power plants, and in this way to strengthen the asset 

management of the companies in this sector. 

 

This study intends, therefore to be able to evaluate in wind power plants in operation, the decision-making process 

on their repowering considering technologies and available resources - in a perspective of the responsibility to 

better manage a natural resource that is the wind energy. 
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Abstract 

Cargo transportation is a service that boosts a country's economy. In Brazil, the main modal used is the road. A 

fact that can exemplify the dependence on road transport was the truckers' strike, which occurred in May 2018, 

in which the country presented delays in several sectors due to the lack of food, medical supplies and fuels. The 

transportation sector is also a major cause of environmental degradation. Like the life cycle of several products, 

the life cycle of a biofuel has an environmental impact. And this tendency to use road transport makes it the 

biggest cause of impacts on air quality, especially in the pre-production stages, through the transport of the raw 

material to the processing centers and from these to the production plants, and from fuel distribution to the places 

of use. For this reason, the present work discusses topics such as the emission of Greenhouse Gases (GHG) in 

Brazil, the IPCC 2006 and the calculation methods used, in addition to the Life Cycle Analysis in Brazil and the 

related logistics optimization methods transportation engineering, minimum path, minimum time and maximum 

flow. This work was carried out through the bibliographic survey of data necessary to identify, evaluate and reduce 

GHG and NOx emissions in the life cycle of biodiesel by road cargo transportation, which in a later work will use 

the LCA to demonstrate the origin of the main emissions of the process. 

 

Keywords: Cargo transportation, LCA, Biodiesel, GHG, NOx, environmental impacts, logistics. 

 

Presentation: https://youtu.be/j92bgV_Ytzs  

 

 

INTRODUCTION 

 

In Brazil, the main modal used is the road, with a 61.10% share (CNT, 2019). This fact can be exemplified by the 

truckers' strike of 2018, which left sectors deteriorated during and after the strike, such as agriculture, health and 

the transportation logistics of various products (BBC NEWS, 2018). 

 

The most recent data found, from 2015, present Brazil as the seventh largest GHG emitter in the world, with 

around 1,229,246 kt CO2 eq. (European Parliament, 2019). Regarding mobile sources, the gases responsible for 

this phenomenon are: carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O), emitted directly from the 

combustion of vehicles, and indirect ones such as carbon monoxide (CO), nitrogen oxides (NOx), sulfur dioxide 

(SO2), particulate matter (PM) and volatile organic compounds (VOC), which result in local or regional air 

pollution (IPCC, 2006). 

 

Biofuels are derived from renewable biomass that are able to replace, totally or partially, fuels derived from oil 

and natural gas in various types of power generation, such as in combustion engines (ANP, 2019b). 

 

According to the same author, the main biofuels used in Brazil are: ethanol, from sugarcane, and biodiesel, which 

can be produced with vegetable oils, animal fats, among other sources. 

 

Biodiesel is a renewable source of energy, sustainable and considered ecological because it is biodegradable, non-

toxic, free of sulfur and aromatics (BIODIESELBR, 2006). Being very similar to diesel from petroleum, due to 

https://youtu.be/j92bgV_Ytzs
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characteristics such as density and viscosity, biodiesel can be used in conventional engines, in general added to 

petroleum diesel (DEMIRBAS, 2003). 

 

In view of all this, this work constitutes a review regarding the main tools used in the identification, evaluation 

and reduction of GHG and NOx emissions in road transport, within the life cycle of biodiesel, aiming at 

improvements in transport logistics and minimization of environmental impacts. 

 

MATERIALS AND METHODS 

 

The methodological procedure used was the literature review. Data collection was carried out between the months 

of December 2019 and February 2020, using the databases Science Direct, Engineering Village, Scopus, Scielo, 

Environmental Science and Pollution Research and Web of Science to search for articles by interest. In addition 

to these databases, research was carried out in national and international bodies, capable of providing reliable 

updated data. 

 

In the databases mentioned above, around 1,500 articles relevant to the topic were found, using the keywords 

“Life Cycle Analysis; Life Cycle Inventory; Life Cycle Inventory Assessment; charge transport; biodiesel; soy; 

logistics; greenhouse gases; nitrogen oxide; environmental impacts; transport optimization; minimum path; 

minimum time”, through filters, such as publications from the last 10 years. From reading the summary of many 

of the articles, only 25 of them were selected for an in-depth study, these being directly related to the potential 

methodologies that will be used to evaluate the emissions of Greenhouse Gases and NOx in the road cargo sector. 

 

The results were obtained by reading and interpreting the materials found. The improvement and adaptation of 

some methods to the objective of the work were the main means to reach the conclusions. 

 

This approach was the best resource that could be used to achieve the objectives, as it points out the potential of 

the different evaluation methodologies, coming from different areas of science. 

 

RESULTS AND DISCUSSION 

 

With the selection of the 25 articles referred to in the previous item, it was possible to elaborate Chart 1, with the 

main authors and their methodologies that influenced the results presented in this article. 

 

Table 1: Main methodologies found in the literature (elaborated by the authors) 
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The Intergovernmental Painel on Climate Change (IPCC): 2006 

 

The IPCC has a calculation methodology that makes it possible to estimate GHG emissions both by the fuel 

consumed (fuel sold) and by the distance traveled by the vehicles. The first being more appropriate for the 

calculation of CO2 emissions and the second for CH4 and N2O emissions (IPCC, 2006). 

 

With Equation 1 (IPCC, 2006) it is possible to calculate CO2 emissions through the product between the fuel sold 

and the emission factor. 

 

                                                          Eq. 1 

 

Where: 

E = CO2 emission (kg);  

C = Fuel sold (TJ);  

FE = Emission factor (kg / TJ);  

ɑ = Type of fuel. 

 

The IPCC (2006) provides three calculation alternatives for CH4 and N2O emissions. Alternative 1 uses emission 

factors based on the type of fuel. Alternative 2 uses emission factors based on the specific fuels of the vehicle 

subcategories. Alternative 3 calculates emissions through the product between emission factors and vehicle 

activity levels (VKT) (IPCC, 2006). All of these calculation alternatives use Equation 1 as the base equation. 

 

Life Cycle Analysis (LCA) 

 

Life Cycle Analysis (LCA) is an analytical methodology used in the quantitative and qualitative assessment of 

environmental impacts during the entire life cycle of a product (REBITZER et al., 2004). 

 

One of the main phases of an LCA is the Life Cycle Inventory (LCI). There are different software and databases 

to support ICV on the market, but despite Brazilian contributions to local conditions in some software, Brazil 

does not have its own impact assessment method (CAMPOLINA, SIGRIST AND MORIS, 2015). Due to the 

greater amount of Brazilian information available, the most used software are: SimaPro, GaBi and Umberto 

(NETTO and LUCENTE, 2016). 

 

Another fundamental phase in a LCA is the Environmental Impact Assessment (AICV), in this phase, the 

predetermined categories of environmental impact are associated with an inventory of data capable of providing 

a better and detailed understanding of the environmental impacts of the process (FLORINDO et al., 2015). 

 

Logistics Optimization Methods 

 

In addition to alternatives such as the deployment of vehicles powered by electric batteries or hydrogen 

(REUTERS, 2018), there are still some models, such as the minimum path, which has great potential in reducing 

the route, fuel and consequently the emission of GHG and NOx In addition, it is essential to mention that, as well 

as the minimum path modeling, it is also possible to estimate the minimum time and maximum flow in the road 

sections of the LCA study, leading not only to the reduction of environmental impacts but also to the optimization 

of cargo transport. 

 

The methodologies of minimum path, minimum time and maximum flow are analyzed below. 

 

Minimum Path 

 

The minimum path is to minimize the time and cost of crossing a graph between two vertices. The modeling that 

solves the minimum path problem was created by Edsger Wybe Dijkstra in 1956, and published in 1959. This 

method is known as Dijkstra's Algorithm, as illustrated in Figure 1 (IME, 2020a). 
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Figure 1: Weighted graph (IME, 2020a) 

 

Minimum Time 

 

The minimum time problem is capable of determining the shortest travel time for a delivery. The method used for 

the minimum time problem can also be the Dijkstra Algorithm, however, with some adaptations. 

 

To find the shortest time between two vertices, it is necessary to have the distance between origin and destination 

and the maximum speed allowed on each highway. Before applying the methodology, it is necessary to determine 

the value of the edges of the graph. 

 

When reorganizing the mathematical expression of the average speed of a mobile, so that tᵢ is equal to zero, the 

result is the formula that allows us to calculate the displacement of a mobile as a function of time, resulting in the 

equation below: 

 

                                                             Eq. 2 

 

Being: 

 

 
 

Maximum Flow 

 

The maximum flow problem aims to identify the “bottleneck” edges in the path, that is, the edges in which the 

speed of passage is limited by its dimension (as shown in Figure 2). 

 

This tool was published by L. R. Ford and D. R. Fulkerson, in 1956, and is known as the Ford-Fulkerson 

Algorithm, capable of describing the algorithm of the augmenting pseudo-paths (IME, 2020b). 

 

 
Figure 2: Maximum flow problem (IME, 2020b) 

 

 

CONSIDERATIONS 

 

After the application of the described methodology, the clarity of the IPCC calculation methods with respect to 

CO2, CH4 and N2O gases was observed, being insufficient only in the calculation of NOx emissions, which has no 

calculation for the energy sector. 
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From the software presented, the authors considered SimaPro to be the most suitable for assessing the biodiesel 

life cycle. It will use the ReCiPe Midpoint method, which has the impact categories related to the objective of this 

article, climate change and depletion of the ozone layer, which are very representative on a global scale. 

 

Although the problems of minimum path, minimum time and maximum flow have very complex notations, they 

have simple application and great potential for reliability, something that is not found in all IPCC methods, for 

example. 

 

This article, which is able to identify and characterize methodologies to help reduce direct and indirect GHG 

emissions and provide alternatives for Brazilian transport logistics, resulted in an important base material for 

further study, which will aim at identifying and assessing of GHG and NOx, in the transport phases of the biodiesel 

life cycle, and the optimization of its logistics. 
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Abstract 

The development of catalysts has been a strategic basis of great importance for the use and reduction of methane 

in CO2 emissions. This work aims to analyze the challenges in the development of catalysts for the reform of 

methane with CO2, since they represent a key factor for commercial application through the use of more efficient 

catalytic systems. In conclusion, the aim is to acquire a systematic decision on which catalytic process is the most 

suitable for preparing catalysts with other contents to verify the effect of the smaller crystallite sizes on the 

formation of carbon during the reform of methane with CO2. 

 

Keywords: Biogas, Carbon Dioxide, Catalysis. 

 

Presentation: https://youtu.be/Y_etv7Fzvxw  

 

 

INTRODUCTION 

Renewable energy sources have entered the energy markets due to their promising sustainable development, 

reduced environmental pollution and increased domestic energy supply (ZHAO; BABU JOSEFH; OZCAN, 

2020). Biogas has long been accepted as a Hopcroft (2017) renewable energy source, an alternative to fossil fuels 

in the generation/production of energy and heat (AHMED; LEE; FERRANDON, 2015). Biogas is a mixture 

containing CH4 and CO2, generated from the anaerobic digestion of biomass. The reform of methane with CO2 

produces the synthesis gas that can be used for the production of hydrogen for applications in fuel cells, or the 

synthesis of fuels, such as gasoline, diesel, kerosene, aldehydes and alcohols (AHMED; LEE; FERRANDON, 

2015). One of the major disadvantages of this technology is related to the deactivation of the catalyst that occurs 

due to the deposition of carbon during the high temperature process (ROSTRUPNIELSEN and HANSEN, 1993). 

Therefore, the development of a catalyst that is resistant to carbon deposition during dry methane reform still 

represents a major challenge. The aim of this work was to carry out a literature review between 2010 - 2020 on 

the reform of methane with CO2 and the advances made in the development of catalysts for this reaction. The 

search was carried out in journals of classification A1 in the area of Environmental Sciences according to the 

Quali CAPES list. 

 

MATERIALS AND METHODS 

 

The present analysis compiled a pragmatic review of the literature on the subject in emphasis, from the period 

2010 to 2020. The research was carried out in journals of classification A1 in the area of Environmental Sciences 

according to the Quali CAPES list. 

 

RESULTS AND DISCUSSION 

 

Approximately 80% of natural gas is composed of methane gas. Said hydrocarbon can be applied directly as a 

primary source for the production of synthesis gas, through heterogeneous catalysis, in processes such as ammonia 

synthesis, methanol synthesis, hydroformylation and Fischer-Tropsch synthesis (CARVALHO, 2016). 

 

https://youtu.be/Y_etv7Fzvxw
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The reform of methane with CO2 (EQ.1) is a highly endothermic reaction, being favored at high temperatures and 

low pressures (FONSECA, 2019, in press). 

 

CH4 + CO2 → 2CO + 2H2 ∆H = 247 kJ / mol                                       EQ. 1 

 

The catalytic processes of methane reform can be: dry reform, steam reform, partial oxidation reform, auto thermal 

reform and tri-reform. 

 

Dry methane reform 

 

“The major obstacle in the dry reform process is to develop a catalyst that has high activity, catalytic stability, 

being economically viable on an industrial production scale” (TACHINSKI et al., 2018). The most effective are 

the noble metals (Ru, Rh), which have high catalytic activity and also durable stability due to their high resistance 

to carbon deposition. Unfortunately, due to their high price and limited availability, they are not economically 

attractive for large-scale industrial use. For these reasons, nickel-based catalysts offer an important alternative in 

the industrial application of this process, as they have a catalytic activity comparable to noble metals; in addition, 

Ni is a low-cost and easy-to-find metal (BARELLI et al., 2019). 

 

Steam reform 

 

Steam reforming CH4 has been an established technology. The addition of steam to the dry biogas reforming 

process can lead to a significant mitigation of coke deposition in the catalyst. The combination of CO2 and 

methane vapor reform is referred to as bi-reform or ''steam biogas reform'' (ZHAO; BABU JOSEPH; OZCAN, 

2020). 

 

Partial oxidation of methane 

 

Partial oxidation of methane is an alternative to steam and dry reforms of methane. Unlike reform reactions, which 

are endothermic, that is, they require a high energy demand to occur, partial oxidation is slightly exothermic, 

which greatly reduces the amount of energy to be supplied to the system, in addition to requiring contact time 

small, reducing this time from seconds, from the reform reactions, to milliseconds, thus reducing the size of the 

reactors without losing productivity. However, parallel reactions can occur, such as the undesirable complete 

combustion of methane, which is very exothermic and can raise the reactor temperature and deactivate the 

catalysts (KALAI, 2015 and DIAS et al., 2017). 

 

Auto thermal reform 

 

In general, there are two types of auto thermal reform systems. The first system is compact and useful for fuel cell 

applications. It has only a catalytic bed, in which the reactions of combustion and steam reform occur 

simultaneously. The second system has two separate sections, in the first section the partial non-catalytic oxidation 

occurs using a burner and the reform reactions occur in a catalytic bed. This latter system is suitable for converting 

natural gas or biogas into liquid fuels (gas to liquid - GTL) (SCHULTZ and SOARES, 2014). 

 

Tri-Reformation 

 

The tri-reform technology has numerous advantages: the environmental advantage of carbon dioxide reform, the 

high economic advantage of steam reform due to the use of CO2, no need to remove O2, inhibition of coke due to 

the presence of H2O and O2, high energy efficiency of the exothermic partial oxidation reaction and relatively 

lower energy consumption compared to drought and bioforming (ZHAO; BABU JOSEFH; OZCAN, 2020). 

 

 

CONSIDERATIONS 

 

The dry reform of biogas can make a significant contribution to the future production of hydrogen, since H2 allows 

the highly efficient generation of electricity in vehicles and fuel cell plants. Compared to dry reforming, the steam 

reforming reaction (without the CO2 separation step) consumes less energy. Although the tri-reform is energy 

efficient, preventing oxidation of catalysts during this process is still a challenge. 
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Abstract 

The rampant consumption and inadequate plastic waste disposal have been growing annually worldwide. As a 

result, the lack of appropriate disposal sites has increased the interest in sustainable techniques, including the civil 

construction sector. This study aims a literature review, seeking to highlight the incorporation of polyethylene 

terephthalate (PET) in civil construction materials. Searches in the academic databases, Scopus, Science Direct, 

and Web of Science were made to carry out the study, using as selection criteria: materials (concrete, paving, 

mortar, burned and unburned blocks) and publication period (last five years). After analyzing the works found, it 

was identified that the studies with waste incorporation with the PET addition in building materials showed 

variation in the results found by the authors due to the influence of the amount of PET incorporated in the mixtures. 

It was possible to verify that the adequate percentage of waste addition mainly influences the mechanical 

performance of the materials. It was also observed the use of different types of PET plastics, waste particle sizes, 

and different mixtures incorporated in the manufacturing process. With that, it was possible to conclude that the 

destination of PET in building materials evidences a sustainable alternative for the civil construction sector, 

reducing the impacts for the environment and society. 

 

Keywords: Civil Construction; Plastic waste; Sustainability. 

 

Presentation: https://youtu.be/G7BLQvihE1c  

 

 

INTRODUCTION 

 

According to Krishna et al. (2020), waste generation should be considered as an opportunity for the development 

of the industrial sector since it can add value to the waste generated, encouraging the circular economy and 

sustainable development. 

 

One of the main requirements for sustainable development is to ensure higher protection for the environment and 

natural resources, providing higher capacity to meet future generations demands. The natural resource scarcity 

and the solid waste generation without a proper destination is a worldwide concern, which ends up enabling its 

reuse in more sustainable construction systems, and which encourage sustainable development and process 

optimization (ARAÚJO et al., 2019). Such needs caused the construction sector to adapt in its processes, including 

the production of sustainable materials (SAVADKOOHI&REISI, 2020). 

 

Plastics are among the most consumed and improperly disposed of waste. According to the United Nations (2019), 

the world produces about 300 million tons of plastic waste annually, and only 9% of the plastic waste generated 

is recycled, and 14% is collected for recycling. The use of plastic can be considered a type of consumption in the 

short term, which triggered the increase of this waste annually and, consequently, its inappropriate disposal in the 

environment (AWOYERA & ADESINA, 2020). Considering these issues, several studies have been carried out 

showing an alternative for the destination of polyethylene terephthalate (PET) waste as an addition in different 

construction materials such as concrete (ALFAHDAWI et al. 2019; POOJA et al. 2019; BARRETO et al. 2019; 

MOHAMMED & RAHIM, 2020), paving (MISHRA & GUPTA, 2018; PERERA et al. 2019; ARULRAJAH et 

https://youtu.be/G7BLQvihE1c
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al., 2020; ESFANDABAD et al., 2020), mortars (DEBSKA & LICHOLAI, 2015; GE, YUE & SUN, 2015; 

SPÓSITO et al., 2020; GÓRAK et al., 2020) and, burned and unburned blocks (FILHO, STOROPOLI & DIAS, 

2016; AKINWUMI et al., 2019; LIMAMI et al., 2020; AKINYELE et al., 2020). In this context, this study aims 

to carry out a bibliographic survey about the incorporation of polyethylene terephthalate in construction materials. 

 

 

MATERIALS AND METHODS 

 

Searches in the academic databases, Scopus, Science Direct, and Web of Science were made to carry out the 

study, using as selection criteria: materials (concrete, paving, mortar, burned and unburned blocks, PET) and 

publication period (last five years). 

 

 

RESULTS AND DISCUSSION 

 

Concrete 

 

Alfahdawi et al. (2019) investigated the effects of polyethylene terephthalate (PET) waste on hardened properties 

in high-strength concrete using 0.25% PET; 30, 35%, 40% fly ash; 2.5%, 5%, 7.5% of nanosilic material. 

According to the authors, the compression and flexion resistance was improved by the presence of fly ash and 

nanosilic material, but reduced by controlled temperatures. Splinters appeared in samples containing nanosilic 

material exposed to high temperature, but not in samples containing PET combined with nanosilica. The porosity 

of the control samples was enhanced with increasing temperature, while the presence of fly ash and nanosilica in 

concrete samples refined the pores by 50%. The color of the surfaces changed from dark at room temperature to 

light with increasing temperature. Samples containing PET waste and exposed to high temperatures release a 

higher amount of CO (carbon monoxide). 

 

Pooja et al. (2019) verified the partial placement of fine aggregate by plastic waste with proportions of 15%, 20%, 

30%, 40%, and 50% in concrete. The results showed that the higher the percentage of plastic waste addition, the 

lower the compressive strength of the concrete. The authors stated that this type of material can be used for the 

construction of temporary structures, with lower applied loads, such as sealing structures and even lining of river 

channels, since there is less chance of corrosion due to the presence of plastic. 

 

Barreto et al. (2019) replaced, in volume, the fine aggregate (stone powder) with crushed PET in the contents of 

15%, 30%, and 45%. According to the authors, the results allowed us to conclude that the pressed concrete blocks 

that presented the best behavior were those with 15% PET, since their compressive strength presented a higher 

value than the others, highlighting even less absorption due to the higher degree of packaging and better 

homogeneity of the mixture. 

 

Mohammed & Rahim (2020) demonstrated the PET fiber properties added to concrete: PET fiber added by 0.75% 

and 1% by volume of concrete; and the PET fiber ranging from 20 mm in length, 40 mm in length, or a mixture 

of both sizes of equal volume (hybrid fiber). According to the authors, there was a maximum loss of compressive 

strength around 30% with the use of long PET fiber (40mm), in contrast to the use of short fiber (20mm) in 

concrete, which took a relatively small loss. The presence of PET fiber (mainly in the dosage of 0.75% by volume) 

in high-strength concrete has a beneficial effect to control pre-cracking deformation, especially regarding the 

crack control capacity in the elastic band. 

 

Paving 

 

Perera et al. (2019) evaluated the addition of PET plastic waste in the pavement, crushed in mixtures with 

construction and demolition by-products (C&D) in geotechnical studies, that is, concrete aggregate and crushed 

brick. PET mixtures with concrete aggregate and crushed brick had performance and mixtures considered 

satisfactory for all the technological tests analyzed, such as particle size distribution, particle density, water 

absorption, Proctor compaction, and, therefore, applicable for pavement sub-bases. Arulrajah et al. (2020) 

analysed under conditions similar to Perera et al. (2019) regarding the addition of the used waste, but in studies 

of thermal conductivity of pavements. The authors demonstrated the performance of PET mixtures stabilized with 

cement together with those from construction and demolition waste (C&D) such as Perera et al. (2019). The 
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mixtures were made with 3% and 5% PET, by mass, with the C&D waste stabilized with 3% cement. The authors 

concluded that the addition of PET decreased the values of the resilience modulus of C&D waste, while with 

crushed bricks, they presented higher values of resilience modulus than with recycled concrete. PET mixtures 

with crushed bricks showed a higher flexural and fatigue modulus than PET mixtures with recycled concrete. 

According to the authors, the mixtures stabilized with cement containing 5% PET with C&D waste presented 

physical and mechanical properties that meet the technical requirements for the construction of the base and sub-

base of pavement. 

 

Esfandabad et al. (2020) evaluated asphalt pavement mixtures containing PET particles. According to the authors, 

PET granules were used to replace a specific portion of mineral aggregates with an additional variation of 0%, 

30%, 50%, 70%, and 100% PET. The study verified the fractures and the mechanical properties of the mixtures 

and, through the results, they observed that the resistance was reduced due to the presence of PET, but slightly 

improved the resistance to the humidity of the produced mixtures. The gradual increase in PET content increased 

the rigidity of asphalt mixtures and provided an increase in fracture energy, especially when the PET content 

adopted was 70%. For the authors, there was an interdependence of the fracture properties, temperature, and 

homogeneity of the mixture. The fracture strength was reduced when 30% and 50% PET were added. Thus, they 

concluded that the probability of fracture failure increased significantly as the test temperature was reduced. 

However, they concluded that with the increase of PET in the mixtures, the susceptibility to fracture failure 

increased. 

 

Mishra & Gupta (2018) studied the use of PET fiber in combination with fly ash in flexible pavement subgrade 

and mixed with clay soil in various proportions ranging from 0% to 1.6%, by weight, of the soil with an increase 

of 0.4 % concerning PET fibers, while from 0% to 20%, by weight, of the soil with an increase of 5% in the case 

of fly ash. According to the authors, the results showed that there was an improvement in shear strength, the 

California index, and a decrease in the plasticity index. The optimum amount of recycled PET fiber was 1.2%, 

with 15% of fly ash by the weight of the soil used, which presented improved resistance parameters for the 

subgrade. 

 

Mortars 

 

Spósito et al. (2020) demonstrated that hydrated mortars produced with 5%, 5%, 10%, 15%, and 20% PET bottle 

wastes, replacing the fine aggregate of the mixture, changed in properties in its fresh and hardened states. 

According to the authors, in the fresh state, the PET waste increased the workability, decreased the adherence 

among the mixture components, and increased the water retention. In the hardened state, water absorption and 

porosity increased and material stiffness decreased. Also, it was possible to relate that the life cycle of PET waste 

(bottles) can reduce the extraction of fine aggregate (sand), besides being a sustainable alternative for waste 

disposal. 

 

Górak et al. (2020) incorporated PET-based composites aggregates in mortars, aiming to evaluate the 

physicochemical properties of fresh and hardened mortars. The mixtures were made with PET flakes and sewage 

sludge fly ash or siliceous fly ash, where the replacement in mortars was 10% and 25% by volume. The authors 

found that mixing with PET using both types of fly ash improves the usable properties of the mortars obtained 

compared to the mortar with PET alone. Regarding the modeled mechanical properties, they observed an increase 

in the resistance to compression or flexion due to the possibility of reducing the water/cement ratio in the mixtures 

without loss of workability. Thus, they concluded that replacing only a small part of the natural aggregate with 

the studied wastes allowed gains in terms of sustainability such as saving natural resources and managing polluting 

plastic and mineral wastes, thereby enabling it to be an eco-solution for a series of applications. in the construction 

sector. 

 

Debska & Licholai (2015) verified the behavior of epoxy mortar containing PET waste. The authors replaced the 

epoxy resin with variation from 0% to 14%, by weight, with PET glycolysis. According to the results obtained by 

the authors, the application of the plastic waste allows the production of hard and resistant polymeric mortars, 

mainly with the replacement of an amount of 9% by weight of epoxy, besides reducing even the production costs. 

In this way, the authors stated that the use of plastic waste in the production of mortar is in line with the principles 

of sustainable development. 

 

Ge, Yue & Sun (2015) evaluated properties of mortar produced with recycled clay bricks aggregate, fly ash, and 
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PET waste. According to the authors with an adequate mixing and curing ratio, the compression and flexural 

strengths of the mortar with PET can reach high and adequate values. According to the authors' results, the mortar 

with PET had low water absorption and high resistance to the penetration of the chloride ion and attack of the 

sulfate, in addition to presenting dense structural uniformity and low porosity. With that, the authors stated that 

the developed mortar has fast resistance and high durability. In addition, they claim that the material is mainly 

suitable for sealing repairs and that this type of mortar can be used in works that suffer corrosive impacts or steel 

reinforcement due to its low absorption and high durability. 

 

Burned and unburned blocks 

 

Filho, Storopoli & Dias (2016) studied the technique of compacted blocks, being a sustainable alternative for the 

construction sector due to its non-burning process and reducing the gas emission to the environment. According 

to the authors, the study allowed the manufacture of non-structural material with soil, cement, and PET waste, 

evaluating its properties of resistance to compression and water absorption. The mixture was varied in 20%, 15%, 

and 10% PET, and the soil-cement blocks produced with 10% PET addition reused around 300g of PET in each 

block, although the results showed low values of compressive strength, but still representing an alternative 

solution for masonry works without large loads, with satisfactory water absorption. 

 

Limami et al. (2020) analyzed compacted blocks with the incorporation of HDPE and PET plastics in different 

percentages such as 0%, 1%, 3%, 7%, 15%, and 20%), by weight, besides also varying the particles size for the 

waste. The authors concluded that water absorption and compressive strength of materials were improved by 

almost 17% and 28%, respectively, when using smaller polymer grains (δ 1 mm) compared to larger grains (3 

mm <δ 6 mm). 

 

Akinwumi et al. (2019) studied the addition of plastic waste to stabilized and compressed earth blocks with 

variations of 0%, 1%, 3%, and 7% of plastic. According to the authors, the compressive strength of the stabilized 

earth block without additive was low, and there was an initial increase in compressive strength with the increase 

in plastic waste before a progressive decrease. The ideal compressive strength for the study was obtained for 

blocks that contained 1% of crushed plastic waste, whose particle sizes were less than 6.3 mm. Thus, they advised 

the use of binders such as cement, lime, or another additive with adhesive properties to be mixed with the soil and 

improve the adhesion with crushed plastic residues in the production of this type of block. 

 

Akinyele et al. (2020) evaluated the PET incorporation in burnt blocks, which varied from 0%, 5%, 10%, 15%, 

and 20%. The authors found that samples of 15% and 20% of the blocks disintegrated at high temperatures, while 

samples with a lower percentage suffered deformations at the edges due to the low melting point during firing. 

The incorporation of 10% PET also deformed the block. Thus, the authors concluded that blocks containing 5% 

PET or less can provide good performance, although there is a need for temperature control during the firing 

process. 

 

 

CONSIDERATIONS 

 

The study allowed to verify that one of the main factors that influence the mixtures produced with the PET waste 

incorporation in construction materials, is the percentage of waste added, as evidenced by the authors. The 

appropriate amount of this waste addition mainly influences the mechanical performance of the manufactured 

material. Different types of PET plastics were also observed, parameters such as waste particle size and mixtures 

with other wastes, which also influence the behavior of the materials. Thus, it was possible to conclude that the 

destination of PET in construction materials evidences a sustainable alternative for the civil construction sector, 

avoiding higher impacts on the environment and society by this type of waste. 
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Abstract 

The climatic variations that Benin presented, not only affected the rainfall patterns, but are also one of the main 

threats to sustainable development. This is due to its low capacity in the country to adapt its population and high 

dependence on sensitive resources, eg: water resources and agriculture. The BHC is characterized as a tool capable 

of identifying periods of water deficiency (DEF) and water surplus (EXC). Thus, the aim of this work was to 

elaborate the BHC and to carry out the climatic classification by the method of Thornthwaite and Mather (1955) 

for six meteorological stations in Benin, West Africa. For carrying out the work, monthly series of rainfall and 

potential evapotranspiration between 1970 and 2015 were used. In calculating the BHC, the value of 100mm for 

the available water capacity (AWC) was adopted. The climatic classification was made by means through water 

index (Ih), aridity index (Ia) and humidity index (Iu). After calculating out the monthly water balance for the six 

stations, the DEF periods (between November and April) were observed, with an annual total of 303.2mm. The 

annual DEF of all stations were higher than the EXC periods (between July and September), with an annual total 

of 98.1mm. The stations of Kandi-Airport, Natitingou, Parakou-Airport and Savè presented the same climatic 

classification C1w2A'a' (dry sub-humid, megathermic with high summer surplus), Bohicon: C1wA'a' (dry sub-

humid, megathermic with a moderate excess of summer) and Cotonou-Airport: C2wA'a' (sub-humid, mega-

thermal with a moderate excess of summer). 

 

Keywords: Benin, water deficiency, water surplus. 

 

Presentation: https://youtu.be/bivzFStG2dc  

 

 

INTRODUCTION 

 

The climate can be understood as the mean of the atmospheric conditions in a given region. It directly influences 

most human activities, especially agriculture in which it defines agricultural yield, conditioned mainly by regional 

water availability. The climatological water balance (BHC) developed by Thornthwaite and Mather (1955) is a 

widely used tool to monitor the amount of water stored in the soil, which varies according to the time of year, 

depending on air temperature conditions and rainfall. The data resulting from the BHC calculation, also allows to 

performing the climatic classification, since the necessary data are precisely those determined in the calculating 

of the water balance from which the periods of water deficiency (DEF) and water surplus (EXC) are determined 

(DANTAS et al., 2007). MATOS et al. (2014) stated that preparing the climatic water balance for a region is of 

importance for planning soil and water management. According to SILVA et al. (2014), there are several systems 

for climate classification, among them the climate classification system of Thornthwaite and Mather (1955) stands 

out, which uses indices defined based on the water balance (BHC). Given the above, the knowledge of the climatic 

characteristics of the region, becomes essential for better planning of agricultural activities, therefore, the main of 

this study was to prepare the climatological water balance (BHC) for the six stations in Benin and determine the 

periods of deficit and water surplus based on data of rainfall and potential evapotranspiration obtained between 

the years 1970 to 2015 and finally, to perform the climatic classification, by the method of Thornthwaite and 

Mather (1995). 

https://youtu.be/bivzFStG2dc
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MATERIALS AND METHODS 

 

The climatological water balance was carried out for the six meteorological stations in Benin, which is located in 

West Africa, in the tropical zone between Ecuador and the Tropic of Cancer (between the parallels 6°30 'and 

12°30' North Latitude and the meridians 1°and 3°40' east longitude). Benin has a total area of approximately 

114,763 km², being limited to the north by the Niger River, which separates it from the Republic of Niger; in the 

northwest by Burkina Faso, in the west by Togo, in the east by Nigeria and in the south by the Atlantic Ocean. 

The country has between 700 and 1,300 mm of annual rainfall distributed over 70 to 110 days a year. The main 

maximum air temperatures in the country vary between 28.0 and 33.5°C, while the average minimum fluctuates 

between 24.5 and 27.5°C (AQUASTAT, 2005). To carry out the study, monthly mean data on rainfall and 

potential evapotranspiration (ETP) were used, covering the period from 1970 to 2015, which totaled 45 years, 

provided by the weather stations of the National Meteorological Institute of Benin. The climatic water balance 

(BHC) was obtained using the method proposed by Thornthwaite and Mather (1955), using an electronic 

spreadsheet prepared by ROLIM et al. (1998). The value of 100 mm for the available water capacity in the soil 

(WAC) was adopted. Based on the data obtained from the climatological water balance (BHC), the periods of 

water deficit and surplus were identified and the climatic classification was carried out following the methodology 

of Thornthwaite and Mather (1955). This climatic classification is based on the values of the water index (Ih), 

aridity index (Ia) and, the humidity index (Iu), obtained using the equations below: 

 

 
 

Where: 

EXC = water surplus, in mm; 

ETP = potential evapotranspiration, in mm; 

DEF = water deficiency, in mm; 

Ih = water index; 

Ia = dryness index; 

Iu = humidity index. 

 

 

RESULTS AND DISCUSSION 

 

The results obtained at BHC are shown in Figures 1 to 6 (extract from the Monthly Water Balance), where there 

was a water surplus (EXC) and water deficiency (DEF) considering the period 1970-2015. The annual water 

deficit of 414.8mm at the Bohicon station (7°10'41"E; 2°04'00"N and 166 m altitude) with 27.1°C of the monthly 

mean air temperature, was distributed throughout the dry season, (November to April). The water surplus, with a 

total annual value of 73.2 mm, was observed during the entire rainy season between July and October (Figure 1). 

In Figure 2, the 374.7 mm annual water deficiency at the Cotonou-Airport station (2°23′04 ″E, 6°21′26 ″N and 6 

m altitude) with a mean monthly air temperature of 27.04°C, was distributed throughout the dry season, between 

the months of August and from November to April. The water surplus, with a total annual value of 228.1 mm, 

was observed throughout the rainy season between June and July. Considering Figures 3, 4 and 5, the Kandi-

Airport stations (2°56′23″E, 11°08′41″N and 290 m altitude) with a total annual water deficit of 947.5mm and a 

temperature of monthly mean air of 27,8°C, Natitingou (1°21′37″E, 10°22′37″N and 461 m of altitude) with 

annual total water deficit of 664,3mm and an mean monthly air temperature of 26.8°C and Parakou-Airport 

(2°36′33″E, 9°21′25″N and 393 m altitude) with a total annual water deficit of 748.4mm and an average monthly 

air temperature of 26.8°C, showed throughout the dry season, the periods of similar water deficit between the 

months of October to May. The water surplus at the Kandi-Airport station, with a total annual value of 196.9 mm, 

was observed throughout the rainy season between the months of August and September. According to Figures 4 

and 5, the Natitingou stations with an annual total water surplus of 334.8 mm and Parakou-Airport with an annual 

total water surplus of 234.7 mm presented similar periods of water surplus during all rainy seasons. July to 
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September. The climatological water balance for the Savè station (2°27′52″E, 8°01′05″N and 199 m altitude) with 

a mean monthly air temperature of 27.1°C, determined the predominance of the water deficit with the annual total 

of 488.1 mm, from November to May, corresponding to periods of drought. The months of August to October 

were the rainy periods with a total annual water surplus of 109.1 mm (Figure 6). 

 

The climatic classification was carried out following the methodology of Thornthwaite and Mather (1955), which 

performs the climatic classification based on the values of the water index (Ih), aridity index (Ia) and the humidity 

index (Iu) (Table 1). The “first key” for the Bohicon station, was obtained based on the Iu, for which the C1 

typology was found, which indicated dry Sub-humid climate. In the “second key”, based on Ia, subtype w was 

determined, which indicated a moderate summer surplus. As for the “third key”, determined by means of the 

annual ETP, type A' was determined, which indicates a megathermic climate. Finally, using the “fourth key”, due 

to the relationship between summer evapotranspiration (ETPv) obtained by the sum of the ETP from June to 

August and equal to 305.2 mm and the annual ETP, the subtype was determined a’. Thus, the complete climatic 

typology of the Bohicon station is C1wA’a’, that is, dry sub-humid, mega-thermal with moderate excess of 

summer. Considering the Cotonou-Airport station, using the “first key” in function of the Iu, the letter C2 was 

found, characterizing the Sub-humid climate. By means of the “second key”, and based on the Ia, the letter w was 

determined, presenting a moderate summer surplus. With the “third key”, depending on the annual ETP, the letter 

A' was observed, indicating a megathermic climate. Finally, with the “fourth key”, depending on the ETP ratio in 

the summer, equal to 310.2 mm and annual ETP, the letter a’ was determined. Therefore, this station's climate is 

C2wA’a' (sub-humid, mega-thermal with moderate summer surplus). On the other hand, the stations of Kandi-

Airport, Natitingou, Parakou-Airport and Savè presented the same climatic characteristics, where the “first key” 

was obtained based on the Iu, being found the typology C1 indicating dry Sub-humid climate. In the “second key”, 

based on Ia, the subtype w2 was determined, which indicates a high summer surplus. As for the “third key”, 

determined by means of the annual ETP, type A' was determined, which indicates a megathermic climate. Finally, 

using the “fourth key”, due to the relationship between ETP in summer, respectively equal to 381.7, 320.14, 331.7 

and 303.8 mm and the annual ETP of these stations, the subtype a'. Thus, the complete climatic formula for these 

stations is C1w2A'a', that is, dry sub-humid, mega-thermal with a high summer surplus. 

 

 

 

 
Figures 1 and 2: Water deficiency (DEF) and water surplus (EXC) at Bohicon and Cotonou-Airport stations in 

the period 1970-2015. Source: Author 
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Figures 3 and 4: Water deficiency (DEF) and water surplus (EXC) at Kandi-Airport and Natitingou stations in 

the period 1970-2015. Source: Author 

 

 

 
Figures 5 and 6: Water deficiency (DEF) and water surplus (EXC) at the Parakou-Airport and Savè stations in 

the period 1970-2015. Source: Author 

 

 

Table1: Climatic classification of Benin stations by the method of Thornthwaite and Mather (1955). 

 
Source: Author 
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CONSIDERATIONS 

 

Benin was greatly affected by climatic variability and periods of water deficit. It presents a seasonal distribution 

of rainfall with two well-defined climatic seasons: rainy and dry. The rainy periods, in which the Natitingou and 

Parakou-Airport stations had similar water surpluses, were observed between July and September. In the months 

of October to May, the stations of Kandi-Airport, Natitingou and Parakou-Airport presented similar water deficit 

during all dry periods. Considering the climatic classification of Thorthwaite and Mather (1955), three distinct 

climates are observed, in which the stations of Kandi-Airport, Natitingou, Parakou-Airport and Savè presented 

the same climatic characteristics C1w2A'a' (dry, mega-thermal sub-humid with high summer surplus), Bohicon - 

C1wA'a' (dry sub-humid, megathermic with moderate summer excess) and Cotonou-Airport - C2wA'a' (sub-

humid, megathermic with moderate summer excess). 
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Abstract 

Issues related to sustainability with the disposal of solid industrial waste is a major problem worldwide. An 

alternative to the disposal of solid waste in landfills is its reuse in the incorporation of construction materials, such 

as mortars and ceramics. Several studies have been carried out on how these industrial wastes can be incorporated 

into mortars. In these researches the economic problem is little explored, which in leads to problems for the real 

application of these technologies. Hence, the objective of this current study is to evaluate the economic potential 

of reusing three different Brazilian solid industrial wastes as components in cementitious composites. The three 

industrial wastes evaluated in this study are primary sludge from the paper industry, sludge from the processing 

of ornamental rocks and construction and demolition wastes. A comparative economic evaluation of mortar 

incorporating the wastes as 10% and 20% replacement of hydrated lime and sand, respectively was made. As a 

result, this research was able to prove that there is economic viability in the reuse of these industrial solid residues 

in mortars, avoiding their disposal in landfills. 

 

Keywords: Mortar; disposal; reuse; waste 

 

Presentation: https://youtu.be/QOegwCFl6fE  

 

 

INTRODUCTION 

 

For many years the generation of various solid wastes in large quantities has been a major environmental concern 

due to the generation of these wastes in large quantities and the corresponding improper management. The 

increasing world’s population coupled with the advancement of technology and an increase in demand for various 

products have also contributed to the high generation of these wastes (Langdon et al., 2019). The high amount of 

wastes generated is also influenced by other factors such as economic, social and cultural factors (Huang et al., 

2020). 

 

Most of the solid wastes generated all over the world are conventionally deposited in landfills where they pose a 

possible contamination threat to the underground water. Countries such as Germany and the United Kingdom 

have been striving to mitigate the impacts of solid waste disposal in landfills and popularizing the concept of zero 

waste (i.e. circular economy) (Lopez et al., 2020). 

 

When these industrial by-products are reused, it is critical to first assess whether there is a demand that justifies 

real reuse. The demand for the use of these industrial by-products should determine if there is a significant 

production of these wastes and the corresponding environmental and economic liability associated with its 

disposal and usage. For example, it might be more environmentally and economically viable to dispose of some 

wastes in landfills while the reuse of some other wastes might be more sustainable and economical. In this regard, 

there are limited studies on the environmental and economic assessment of solid wastes used in cementitious 

composites especially in Brazil. 

 

The objective of this current study is to evaluate the economic potential of reusing three different Brazilian solid 

https://youtu.be/QOegwCFl6fE
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industrial wastes, primary sludge from the paper industry, sludge from the processing of ornamental rocks and 

construction and demolition wastes as components in cementitious composites. 

 

 

MATERIALS AND METHODS 

 

Three industrial solid wastes were selected; the primary sludge from the paper and cellulose industry (A-PSP), 

the construction and demolition waste (B-CDW) and the ornamental stone (C-ORW). It can be seen from Table 

1 that the composition proportion by volume of each component is the same for each scenario for this research. 

 

Table 1 - Scenarios for incorporating industrial solid waste 

 
 

The average distance between the generating industry and the landfill in kilometers alongside the disposal cost 

per ton of waste in dollars was considered. This condition is referred to as COND1. 

 

The second condition referred to as COND2 evaluated the cost of production of traditional mortars which is used 

as a reference as it does not contain any waste material. The third condition designated to as COND3 evaluated 

the costs associated with the incorporation of different wastes (i.e. PSP, ORW and CDW) as replacement of lime 

content (i.e. scenario 1) or sand content (i.e. scenario 2). 

 

The data used for evaluating COND1 is obtained from the Brazilian Association of Public Cleaning Companies 

(ABRELPE) was used (ABRELPE, 2019). A database of prices and services as of June 2020 related to 

construction was obtained from a Brazilian public bank for evaluating COND2 and COND3 (Caixa Econômica 

Federal, 2020). 

 

Based on past studies it was found out that the cost of processing PSP, ORW and CDW to the required sizes in 

Brazil costs 0.07 U$/kg, 0.055 U$/kg and 0.035 U$/kg, respectively (de Azevedo et al., 2020; Lin et al., 2015). 

Hence, the data obtained from the literature were used to quantify the amount of wastes generated per day and 

how much is required to dispose it based on COND1. After the evaluation has been carried out, the cost of the 

control mortar (i.e. COND2) was also carried out and compared with that of COND3 in order to see if there are 

any economic benefits associated with the use of these wastes. 

 

 

RESULTS AND DISCUSSION 

 

In COND1, the costs related to the transport and storage of solid wastes in landfills and for incineration were 

evaluated. In the case of incineration costs, the total cost of the process and environmental care were considered. 

In all cases, the costs were taken from the average values of the official data and research related to the area of 

solid waste management in Brazil. The cost of transport and disposal of solid wastes in Brazil is presented in 

Table 2. The transportation cost considers two trips taken by the trucks (i.e. to and from disposal sites) (Caixa 

Econômica federal, 2020). 
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Table 2 - Cost of transport and disposal of industrial solid waste - COND1 

 
 

Figure 1 below shows the landfill disposal costs for the assessed waste. 

 

 
Figure 1 – Coast of Waste disposal 

 

This is evident in the low application of incineration for waste disposal in Brazil (Silva et al., 2020). It can also 

be observed that the construction industry will accrue a high cost for waste disposal even when landfills are used 

as a method of disposal. 

 

Based on the data presented in Table 2 (i.e. cost of mortar without wastes), the cost associated with the production 

of mortar with the incorporation of the waste materials (i.e. PSP, ORW and CDW) as 10% replacement of the 

lime. The cost and productivity indicators for 1 m3 of 1:1:6 mortar applied as a wall covering for COND3 in 

scenario 1 (incorporation of 10% of waste in hydrated lime mass), are U$ 192.234 (COND3A), U$ 191.824 

(COND3B) and U$ 192.059 (COND3C) 

 

The use of solid industrial wastes in mortar resulted in a decrease in the cost when compared to the control mixture 

with only natural materials. The use of CDW as replacement of lime in mortar yielded a reduction of 0.76%, 

which may seem very little in percentage and/or absolute terms. 

 

The results for scenario 2 when the waste material was used as a 20% replacement of the sand are U$ 221.149 

(COND3A), U$ 207.636 (COND3B) and U$ 215.358 (COND3C). Considering that the SINAPI database works 

with sand in volume, there was a need for correlation according to the data of specific mass of natural river sand. 

 

The results that mortars that incorporate the wastes as partial replacement of hydrated lime or natural sand by the 

studied wastes are more expensive than the control ones. Compared to scenario 1, the unit cost of the sand is much 

lower than the cost of processing the wastes, which would make its replacement unlikely from an economic point 

of view (Marwan, 2020). 

 

It is expected that there would be no significant transport costs between the waste generating industry and the 

mortar production site. This assumption is based on the logic of multiple-segmented industries which results in a 

reduction in the cost of transportation. The comparative financial projection based on this scenario is presented in 

Table 3. 
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Table 3 - Comparative financial model of scenario 1 

 
 

It is observed that in scenario 1, which is equivalent to the 10% replacement of hydrated lime with wastes; COND3 

(mortar with waste) had a lower annual global value than COND2 (control mortar). Thus, these wastes can be 

used as an economical alternative to replacing 10% of lime in mortar (Table 4). 

 

Table 4 - Comparative financial model of scenario 2 

 
 

The results presented in Table 6 show the results for scenario 2 which is based on using the wastes as replacement 

of 20% of the natural aggregate (i.e. sand). COND3 (mortar with waste) presented an annual running cost higher 

than COND2 (control mortar). This result shows that there are no viability indirect savings with the use of these 

wastes as a 20% replacement of sand in mortar. 

 

 

CONSIDERATIONS 

 

Based on the results obtained from this study, the following conclusions can be drawn: 

 

It is economically viable to replace 10% hydrated lime in cementitious composites such as mortar with processed 

solid industrial wastes investigated in this study. The utilization of these wastes as replacement of lime in mortar 

will result in about 250 million dollars savings annually by these industries. 

 

In the case of using waste to replace the natural aggregate (i.e. sand), the economic advantage is partial, since the 

generating companies, instead of paying to dispose wastes in landfills would have to pay for another industry to 

accept their waste. 

 

The reuse of this solid industrial wastes in cementitious composites such as mortar would increase the useful life 

of industrial landfills and preserve the environment since waste is would no longer be discarded in these 

environments. 

 

The use of these wastes as replacement of hydrated lime would also result in the conservation of the supply system 
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and over-exploitation of natural resources as there would be about 970 thousand tons of saved annually.  

Similarly, the use of these wastes in cementitious composites would result in about 8 million dollars reduction in 

the amount of natural sand. 
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Abstract 

This work aims to evaluate the possibilities of seeking independence and / or self-sufficiency in energy from the 

Fazenda Escola da UFF (Cachoeiras de Macacu / RJ), with a view to the demand for electricity, considering the 

use of technologies associated with the use of the photovoltaic solar resource inside the property. The Fazenda 

Escola da Universidade Federal Fluminense (UFF) is located in the city of Cachoeiras de Macacu, 75 km from 

the headquarters in Niterói / RJ. It was acquired in 1988 and lends itself to research, teaching and extension 

activities, in addition to the production of food of animal origin. It was found that in a scenario with a photovoltaic 

system installed, the property's electricity costs will be only R $ 4,440.00 per year, with a net savings of R $ 

61,259.00, representing a 93% savings in expenses related to energy bill. This work concludes that the project is 

viable with a financial return of approximately 5 years. 

 

Keywords: Photovoltaic Solar Energy; Economic Viability; Farm 

 

 

INTRODUCTION 

 

The search for renewable energy sources has become fundamental, especially when it comes to the concept of 

sustainability, economic development and social development. However, the use of non-renewable energy sources 

continues to be used intensively. Faced with this challenge, photovoltaic solar energy has been shown to be 

increasingly efficient and being used in several countries with different applications. 

 

The photovoltaic effect is characterized as the process of converting solar radiation into electricity and was 

reported in 1839 by the French physicist Edmond Becquerel (SAUER et al., 2006; VALLÊRA; BRITO, 2006). 

We can mention silicon as one of the main materials responsible for this conversion and that usually forms 

photovoltaic cells (ANEEL, 2005). 

 

This work aims to evaluate the possibilities of seeking independence and / or self-sufficiency in energy from the 

Fazenda Escola da UFF (Cachoeiras de Macacu / RJ), with a view to the demand for electricity, considering the 

use of technologies associated with the use of the photovoltaic solar resource inside the property. 

 

The Fazenda Escola da Universidade Federal Fluminense (UFF) is located in the city of Cachoeiras de Macacu, 

at Km 32 of the RJ-122 highway, 75 km from the headquarters in Niterói / RJ. It was acquired in 1988 and lends 

itself to research, teaching and extension activities, in addition to the production of food of animal origin. On its 

168 hectares, Fazenda Escola de Cachoeiras de Macacu (FECM), has animal production systems (cattle, sheep, 

goats, pigs, horses). 

 

Its mission is to provide teaching opportunities to undergraduate students of the UFF Veterinary Medicine Course, 

the Zootechnics Department holds the zootechnical week and the mini weeks every six months. Basically 

composed of practical classes, students have the opportunity to experience the techniques discussed in the 

classroom. During these occasions, visits to nearby properties are also made, and to support the activities 

developed, there are accommodations, laboratories, auditorium, cafeteria and surgical center for experimental 
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surgery, among other facilities (MZO, 2010). 

 

 

MATERIALS AND METHODS 

 

The methodology of this work includes three elements: dimensioning of the project, estimation of energy 

generation and feasibility analysis. For the sizing, simulation and feasibility analysis of the photovoltaic project 

will be used the software S.A.M. from NREL (National Renewable Energy Laboratory) - (NREL, 2016). The 

methodology considers: 

 

• Historical irradiation series obtained by NASA satellites (National Aeronautics and Space 

Administration) (MERRA - NASA, 2016) - for the covered location. 

• Data on the panel technology. 

• Data on the local topology 

• Estimated parameters, such as dirt level in the photovoltaic panels. 

• Obtain estimates of energy to be generated in the future for a typical year, hourly. 

 

According to CRESESB (2014) states that there are computer programs that can assist in the consultation of solar 

radiation data incident in a given location and that the databases used generally contain radiation data on a 

horizontal surface, however, the panels of a photovoltaic systems are generally inclined on inclined planes. 

Simulation using the SAM software was used to optimize the angle of the inclined plane of the photovoltaic panels 

in order to maximize production. 

The fundamental concepts of the financial tools that will be used to carry out the present work will be presented. 

The difference between the market value of an investment and its cost is called the net present value (NPV). 

The Net Present Value method aims to calculate, in terms of present value, the impact of future events associated 

with an investment alternative. In other words, it measures the present value of the cash flows generated by the 

project over its useful life (HELFERT, 2000). The NPV formula is represented as follows: 

 

 
 

Where: 

r = discount or interest rate 

n = the number of time periods 

i = the cash flow period 

 

Therefore, if NPV> 0, the project must be accepted. If NPV <0, the project must be rejected. 

 

 

To find Payback, which is the return on investment, according to Casarotto Filho and Kopittke (2007), it was 

calculated in two ways: Simple payback, calculates the number of periods required to recover the initial 

investment, without taking into account the cash flow and value of money over time and discounted Payback, 

considering the value of money discounted at an interest rate over time. 

 

 

RESULTS AND DISCUSSION 

 

The economic feasiability can be summarize in Table 1. It is observed that, with the data, it is possible to arrive 

at the value of installation of the system and financial return within, approximately, five years. From the data 

obtained in the simulation, it is observed that the simple payback foreseen for the installed photovoltaic system, 

under the conditions described, will take approximately five years, meaning that, after this period, the installed 

photovoltaic system will begin to offer gains greater than the investment initial charge for your installation. In 

addition, it is important to note that the discounted payback period is approximately six years, representing an 

increase of 20% compared to the simple amount. The discounted payback has a more real and updated value than 

the simple payback, since the first one considers the value of money over time. 
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Table 1: Simulation Summary. Source: SAM, 2020. 

 
 

One of the objectives of using a system for generating energy from a renewable source, in addition to its 

sustainable value, is to be economically favorable to the investor. The data obtained indicate that without the 

photovoltaic system installed on the property, the consumer will spend more than R$ 65,699.00 per year on 

electricity. While, in a scenario with a photovoltaic system installed, you will spend only R$ 4,440.00 per year on 

electricity bills, with a net savings of R$ 61,259.00, representing a savings of 93% in expenses related to the 

account of light. 

 

For a second analysis, a requested budget was used by the website “Portal Solar” (which requires zip code of the 

installation location, energy concessionaire and monthly expenditure of the energy bill), which provides the 

necessary power to install the system (52.44 kWp), minimum area required 420 m², monthly production of 

5,739.03 kWh / month and with total cost of the system and installation of approximately R $ 201,313.65. With 

the power and cost data provided by the website, and the demand used in the first simulation, a new simulation 

was made in SAM (Table 2). 

 

Table 2: Second simulation of data “Portal Solar”. Source: SAM, 2020. 

 
 

Therefore, it can be seen that the variation in costs, between the compared budgets, reaches approximately R$ 

58,000.00 reais. Second simulation presenting a 22% cheaper installation cost, compared to the initial cost. 

However, in the first simulation, there is an annual energy production of 10% more (6,484 kWh). 

 

As can be seen, the months of greatest production are February, March, May and July with more than 6000 kWh, 

those with the lowest production are June, September and October with values below 5000 kWh. Below is an 

estimate (Figure 1) of the property's energy demand, photovoltaic energy production and excessive accumulated 
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energy generation. 

 

 
Figure 1: Energy load and generation. Source: SAM, 2020. 

 

Therefore, as of March, it is already observed that there is an accumulation of generation of energy production 

sufficient to supply the farm's energy demand. Photovoltaic energy production takes place during times of greatest 

exposure to solar radiation, which means that, on the property, these times take place between 9 am and 2 pm, 

totaling 5 hours of greatest production peak. 

 

The average annual energy production, according to the SAM simulation, is 64,000 kWh over 25 years, that is, 

since the average basic demand of the FECM is 67,000 kWh, it would be possible to supply 95% of this demand. 

 

According to a case study, the area required for the installation of photovoltaic solar panels is 328 m² of panels, 

but there is a need for space between the panels, so the actual total area for installation is 420 m². For that, the 

areas in square meters of the places for installation through Google Earth Pro and with greater sun exposure were 

recorded, identified in the map below (Figure 2). 

 

 
Figure 2: Map with available areas in square meters of the locations for installation. Source: Google Earth Pro, 

2018. 

 

On the map, an open area was identified, since it is believed that for the installation of this demand, the installation 

on the ground oriented to the north with greater sun exposure would be more indicated. With this in mind, the 

identified area is in soil without vegetation so that vegetation suppression is not necessary. 
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CONSIDERATIONS 

 

This work sought to dimension and verify the economic viability of the distributed generation of photovoltaic 

energy at the Escola of Universidade Federal Fluminense. The feasibility of the project was verified, with a 

payback of 5 years, being possible to supply the total energy demand of the property, with renewable energy. 

 

Preserving the environment and still guaranteeing development is the goal of environmental sustainability and 

humanity as a whole. Faced with a scenario where renewable energies are the great hope for a cleaner future, the 

deployment of a photovoltaic system appears as a promising choice. 
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Abstract 

In view of the growing need for electricity transmission from regions with generation to consumption sites, it is 

necessary to analyze the environmental licensing processes in Brazil. The aim of this study is to survey and 

analyze the different framing criteria used by the federal and state licensing bodies, to identify conflicts of time 

for analysis between the licensing bodies and the intervening bodies and to analyze how social impacts are treated 

or considered in licensing of these projects. The study has been carried out through internet consultations and 

contact with the licensing agencies, workshops on online platform, archive of previous work documents and 

managerial techniques such as using the MS Project software to identify opportunities for improvement in the 

environmental licensing of information transmission systems in Brazil. 

 

Keywords: licensing criteria, power transmission line, deadlines and frameworks, socioeconomic impact 

 

Presentation: https://youtu.be/DIZw-gXkxNc  

 

 

INTRODUCTION 

The greatest potentials for power generation in operation in Brazil are found in areas far from large consumer 

centers and, therefore, depend on a robust infrastructure for the transmission of electricity, the National 

Interconnected System (SIN) (ANEEL, 2020). 

 

The objective of the present study is to identify and evaluate the state and federal environmental criteria in Brazil 

that define the rite of the environmental licensing of transmission systems. Among the specific objectives (i) to 

identify the legal frameworks used by environmental agencies to license transmission system ventures; (ii) to 

analyze the environmental criteria for framing the environmental licensing of transmission systems in Brazil, 

defined in the identified legal frameworks; (iii) identify types of studies and environmental licenses from the 

various federal and state environmental agencies; (iv) compare rules applied in all states of the federation, as well 

as that applied by IBAMA in the federal environmental licensing and (v) discuss ways of mitigating 

socioeconomic impacts caused by the implementation of projects in the electricity sector. 

 

This study is based on the participation of the student, as a researcher in the environmental area, in the creation 

of the Reference Portal for Environmental Licensing of Energy Transmission Systems, which is being developed 

within the scope of the Research and Development project (in Portuguese P&D) promoted by the National Electric 

Energy Agency (in Portuguese ANEEL), coordinated by the Electric Sector Study Group (in Portuguese GESEL) 

from UFRJ, in partnership with the Alberto Luiz Coimbra Institute for Graduate Studies and Engineering Research 

(in Portuguese COPPE) from UFRJ and the Fluminense Federal University (in Portuguese UFF). 

 

 

 

 

https://youtu.be/DIZw-gXkxNc
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MATERIALS AND METHODS 

 

To achieve the objectives, the first step carried out was the prior survey of the regulatory frameworks in order to 

extensively explore the state laws of all units of the Brazilian federation, raising the legal definitions as to the type 

of environmental study planned for the licensing of transmission lines, as to the criteria that support these legal 

definitions, as well as to the period of analysis by the state licensing agencies for environmental studies provided 

by law. 

 

In the next stage, contacts were made by phone and e-mail with representatives of the environmental licensing 

agencies of each state, to confirm the information. With that, a database was created with decrees, resolutions, 

normative instructions and other legal instruments, organized by state. 

 

Currently, virtual workshops are being held through the google meet platform with all state and federal licensing 

agencies and, to date, meetings took place with representatives of eight of the 27 Brazilian states, in addition to 

two virtual meetings with IBAMA team, environmental licensing agency federal. 

 

In the present study, the deadlines mentioned in the legislation found in a single schedule organized by order of 

predecessor and successor deliveries are being applied in the MS Project 2020 software acquired by GESEL, 

within the scope of this research project. 

 

Bibliographic review research has been based on scientific publications such as journals, books, theses, 

dissertations and abstracts in congress. The search for academic articles has been carried out in the following 

databases: Scopus, Science Direct, Google Scholar and CAPES Journals. The selection of these bases was made 

seeking to include international and national journals, open or not. 

 

 

RESULTS AND DISCUSSION 

 

As a result of research done on state laws and their criteria for framing enterprises and activities during the 

environmental licensing process, it is observed that most Brazilian states apply tension and/or extension of the 

transmission line as a framing criterion, to request a more complete and extensive environmental study. As a 

consequence of this reality, sometimes efforts to alter the layout, with the aim of reducing environmental impacts 

in sensitive areas, do not necessarily result in optimization of the environmental licensing process. 

 

It was observed that almost 70% of the Brazilian state licensing agencies did not include the analysis of social 

impacts in their environmental licensing regulations, which indirectly signals that this issue has no importance or 

value in the analysis of environmental impacts. 

 

As a result of the analyzes carried out by applying the deadlines provided for in the MMA Ordinance Nº. 421/2011 

(in Portuguese Portaria MMA nº 421/2011), in Interministerial Ordinance Nº. 60/2015 (in Portuguese Portaria nº 

60/2015) and IN IPHAN 001/2015 (in Portuguese Instrução Normativa do IPHAN nº 001/2015), as an example, 

it was possible to clearly identify that the activities of the MS Project intervening agency IPHAN stands out as 

the Critical Path of the environmental licensing schedule for energy transmission systems. 

 

According to IN IPHAN 001/2015, every energy transmission undertaking will be classified as level III or level 

IV, therefore, the participation of IPHAN in the licensing process for energy transmission systems is inevitable 

and the steps for licensing provided for in IN IPHAN 001/2015 simply control the simplified environmental 

licensing schedule, at the federal level, for energy transmission systems projects. 

 

Among other advances in this research, two articles were published: (i) one at the electronic magazine Agência 

Canal Energia called “Brief analysis of the relevance of geographic databases in the Federal Environmental 

Licensing of Electricity Transmission Lines in Brazil” and (ii) the other called “Environmental licensing of new 

transmission systems in Brazil: criteria for classification by environmental agencies” became the Electric Sector 

Discussion Text nº 89. 
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Costa (2017) defines Critical Path as the sequence of critical activities between the beginning and the end of a 

network of activities to be accomplished. They are critical because they have the smallest slack or the time 

available to do them, so as not to affect the next activity in the sequence. 

 

 

CONSIDERATIONS 

 

The fundamental intention of licensing activities with an environmental impact is to minimize their damage to 

society, ensuring a better environment for future generations. Thus, ideally the rules and rules applied by licensing 

agencies should guide the implementation and operation of projects in the search to avoid or minimize 

environmental impacts. 

 

The present research observed that the majority of state environmental licensing agencies use, as framing criteria, 

project variables that are not directly related to the physical, biotic or socioeconomic environmental impact of the 

enterprise or activity. 

 

The next steps in this research are: (i) finalize the workshops with the state licensing agencies; (ii) finalize the 

analysis of legal frameworks; (iii) organize the final version of the database; (iv) increase the bibliographic 

research on social impacts in infrastructure works and forms of mitigation in Brazil and in the World and (v) 

finalize the dissertation with proposals for improvements in the identified obstacles. 
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Abstract 

In recent years, the expansion of the wind source in Brazil has been driven by actions to diversify and give greater 

sustainability to its national energy matrix, supported by the reduction of the costs of implementing renewable 

energies. The intensification of wind turbines is transforming the Brazilian landscape, especially that of the 

Northeast and South of the country, as this energy source is expanding. The objective of the research was to carry 

out an analysis on the visual impact and alteration of the scenic landscape due to the installation of wind turbines 

from the implementation of wind generation projects, both nationally and internationally. Identify how the visual 

impact of wind projects was presented and classified in environmental studies carried out to obtain environmental 

licensing. The results show the visual (aesthetic) impacts and alteration of the landscape caused by the wind 

turbines in Brazilian environmental studies and some international studies, in order to highlight the need for 

improvements in the quality of the making of these studies. Therefore, it is an alert about the methodologies used 

in the evaluation of this type of environmental impact. Therefore, in order for the wind source in Brazil to be in 

line with the sustainability proposed by this energy model with a low impact on the environment, we must invest 

in research in the sector to acquire more knowledge and quality in the results presented in the EIA. 

 

Keywords: Energy; Visual impact; Urban Intervention, Landscape. 

 

 

INTRODUCTION 

 

According to the United Nations (UN), wind energy is classified as a Clean Development Mechanism (CDM) and 

has been placed as a priority for investments in encouraging the so-called green economy. UN Sustainable 

Development Goal number 7 says: "Ensuring reliable, sustainable, modern and affordable access to energy for 

all" (UN, 2019). There are currently 986 wind power generating projects in Brazil, totaling 15.45 GW of installed 

capacity. 

 

The presence of wind farms in Brazil is concentrated in the Northeast and South regions of the country, notably 

the regions with the greatest potential for this type of source (ANEEL, 2020). The visual impact of the wind 

turbines, that is, changes in the quality and aesthetics of the landscape during the operation phase is among the 

most evident impacts in the documents of Environmental Impact Study / Environmental Impact Report (EIA / 

RIMA) and Simplified Environmental Report (RAS). 

 

The character of individual perception of visual impact due to the presence of the wind turbines ends up directly 

interfering in environmental studies, making classifications difficult and showing divergences regarding aesthetic 

interferences in the landscape. Some consider the presence of wind projects as a symbol of modernity, 

sustainability and clean energy. Others consider them harmful, because in addition to the presence of the wind 

turbines, these projects add poles of the transmission lines, substations, among others. 

 

In addition, political and social aspects end up influencing how these impacts are sized according to the geographic 

space they occupy. TOLMASQUIM (2016) points out that the relevance of these interferences varies with the 

regional and local characteristics of the wind farm implantation sites. 
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This study presents the importance of identifying the visual impact of wind projects and makes a comparative 

analysis between the methodologies used in the preparation of environmental studies to identify and classify the 

visual impact in the areas where the respective wind projects are implemented. 

 

 

MATERIALS AND METHODS 

 

This research is classified as an exploratory data analysis, supported by a comprehensive survey on the visual 

impact and landscape changes in the generation of wind energy. National and international environmental studies 

were publicly available from environmental agencies. In the Environmental Impact Assessment (EIA), the visual 

impact and landscape alteration approach was observed. The research was developed in three distinct and 

sequential stages (pre-analysis, material exploration and data treatment), as shown in Figure 1 below. 

 

 
Figure 1: Flowchart of methodological procedures. Source: Prepared by the authors, 2020. 

 

RESULTS AND DISCUSSION 

 

The accelerated growth of wind projects stimulates the environmental discussion, specifically regarding the 

Environmental Licensing and Environmental Impact Assessment (EIA) instruments, so that they are not the 

limitations of the electricity sector. The preventive character of the EIA in diagnosing the environmental status of 

the location where the project will be implemented and comparing it with possible changes after its 

implementation is relevant to the decision-making process, as it documents the possibilities of impacts. According 

to SANCHEZ (2008) environmental impact is the change in environmental quality that results from the 

modification of natural or social processes caused by human action. The environmental aspect is an element of 

the activities, products or services of an organization that can interact as an environment. Wind farms substantially 

alter the landscape quality of the area where they are located. Proof of this is that many countries are investing in 

great distances for the installation of offshore wind farms, in order to minimize the visual impact. The visual 

impacts are due to the grouping of towers and wind turbines, mainly in the case of wind farms with a considerable 

number of turbines. Landscape effects and visual impact cannot be measured or calculated and mitigation 

measures are limited (MCTIC, 2020). Some techniques were developed to minimize visual impacts are: 

 

(1) Three blades; 

(2) Shovels rotating in the same direction; 

(3) Small number of large turbines; 

(4) Similar size and type of turbine in the wind farm or in several adjacent parks; 

 

Other studies choose to delimit zones of visual impact, according to the distance and angle between the points of 

view and wind turbines, defining degrees of impacts. One must also consider the visual impact that the wind farm 

can have on the local landscape, in the case of places of scenic beauty or tourist spots, such as national parks, 

monuments, etc. (PHYLIP-JONES and FISCHER, 2013). 

 

The lawsuits and complaints regarding the environmental impacts caused by wind energy include complaints 

about noise and visual pollution, about the real estate devaluation of properties neighboring the pinwheel giants 
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(PIOLI, 2019). In the Environmental Impact Report (RIMA) of the Harmonia Complex, located in Ceará, the 

impact of altering the landscape is presented in a superficial way. The impact is assessed as difficult to qualify, 

direct, regional, medium term, irreversible and permanent. The impact description occurs in most environmental 

studies such as the one presented in the Harmonia Wind Complex, below: 

 

Description of the impact: the turbine blades produce shadows and / or mobile reflections that are undesirable in 

residential areas; this problem is more evident at points of high latitudes, where the sun has a lower position in 

the sky. Among other parameters that can be related are: the size of the turbine, its design, number of blades, color 

and number of turbines in a park. Large machines are highly visible objects and significantly interfere with natural 

landscapes (RIMA DO COMPLEXO EÓLICO HARMONIA, p. 68, 2014). 

 

In addition to the problems related to wind turbines inserted in an urbanized area, attention should be paid to the 

occupation at the top of the hills. The top of the hill should be considered as a Permanent Preservation Area 

according to art. 3 0, Item II of Law 12.561 / 12 (Forest Code). Permanent preservation areas are those that must 

be kept intact by the owner or owner of a rural property, regardless of any other measure or condition due to its 

natural environmental function of preserving water resources, the landscape, geological stability and biodiversity, 

facilitate the gene flow of fauna and flora, protect the soil and ensure the well-being of human populations (Art. 

3 0, II, of Law 12.561 / 12). Usually the region where the strongest wind channels is located at the top of the 

mountains. Figure 2, Morro do Chapéu Sul Complex, shows the wind turbines that occupy the top of the region's 

hill, modifying the local landscape. 

 

 
Figure 2: Morro do Chapéu Sul Wind Farm. Source: Morro Acontece, 2019. 

 

In line with the UN Sustainable Development Goals (SDGs) and the 2030 Agenda, many companies are investing 

in the sustainability of the planet. The Heineken Group, for example, intends to achieve 100% renewable energy 

consumption in all its breweries by 2023. Regarding energy, the company opened a wind farm (Figure 3) last 

year, in Ceará, which has 14 wind turbines, capable of generating 112 thousand MW / hour per year, which 

represent 30% of all electrical energy consumed by the Group's 15 breweries. 
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Figure 3: Heineken Wind Farm in Aracau, Ceará. Source: Sustainable News, 2020. 

 

Despite the company's sustainable look, we can see that the landscape change in Aracau after the installation 

of the aforementioned wind farm. Figure 4 shows the Serra da Babilônia Wind Complex, which is located in 

the interior of Bahia, almost entirely in the municipality of Morro do Chapéu, in a place where the winds are 

extremely favorable to the conversion into electricity due to an exceptional combination of factors (PEC 

ENERGIA, 2019). We can see prominently as the complex's wind turbines in the scenic landscape. 

 

 
Figure 4: Serra da Babilônia Wind Complex. Source: Rio Energy, 2019. 

 

The analysis of the visual impact and alteration of the landscape are very divergent in the environmental 

studies that were the basis of the Environmental Impact Assessment (EIA) research. It was noted that 

numerous analyzes regarding visual impact were performed superficially. Many companies propose mitigating 

measures through landscape conservation programs in order to control the company's intervention actions in 

the landscape and in the natural resources protected by the legislation, so that the changes in these components 

are minimized. Among the actions planned for the program are the demarcation and signaling, with marks and 

plates, of APP's in the sectors close to the work fronts, so that interventions not authorized by the 

environmental agency will not occur. Ideally, this type of program should be put into practice throughout the 

installation and operation phase of the project, given the permanent nature of the investigated impact. 

 

When comparing with the methods used in the assessment of impacts related to the visual impact and alteration 

of the landscape in Brazil and abroad, we noticed a considerable discrepancy. In Italy, for example, the 

environmental impact study of the Termoli Offshore Wind Power Plant, in the assessment of landscape 

changes and visual impact, presented through software simulations how the scenic landscape would look after 

the installation of the wind turbines (Figure 5). Numerous images were made from different perspectives so 

that society was aware of the final result of the positioning of the wind turbines in the scenic landscape. 
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Figure 5: Simulation using software from Termoli Offshore Wind Power Station. Source: Effeventi, 2020. 

 

In Germany, according to Jones & Fischer (2013), wind turbines are very large structures that can lead to 

significant visual effects on a local and regional scale, these impacts have significantly decreased in the last 

20 years with the evolution of the wind industry. Photomontages, through software, are used in the United 

Kingdom to assist in presenting the final result to society after the installation of wind turbines. According to 

the Impact Assessment Study carried out by IBAMA (2019), Germany in relation to the maritime landscape 

opts for the construction of offshore wind farms located far from the coast and barely noticeable. Among the 

main mitigation measures for offshore wind farms in Belgium, in relation to the landscape, preference is given 

to the use of gray for wind turbines and obstacle lights in the fixed section of the generator are preferable to 

lights on the rotor blades. 

 

Through public hearings, the local population has access to the wind project that will be implemented, knowing 

the positive and negative effects of wind energy. The problem is that many projects are licensed through a 

Simplified Environmental Report (RAS), that is, without the need for a public hearing, not giving a voice to 

the surrounding population and rejecting the rights to question the project. Therefore, the countless 

perspectives and decision-making related to the theme of visual impact and alteration of the landscape due to 

wind turbines, therefore deserve discussion. The visual impact of the wind turbines alters the overall 

appearance of the landscape, and can have negative aspects of cultural and natural values. 

 

 

CONSIDERATIONS 

 

The relevance of a panorama of the visual impact and changes in the landscape is due to the considerable 

increase in the wind sector worldwide based on the energy efficiency of this model of energy generation. The 

increase in capacity directly affects the increase in wind turbines, so the visual impact and alteration of the 

landscape should be discussed in order to avoid overload and visual pollution in areas with the best winds, as 

these are disputed by entrepreneurs. Given the growth potential of wind generation, there is a need to improve 

quality in the process of making studies related to the visual impact of wind turbines and landscape changes. 

 

Environmental studies in Brazil approach the problem of landscape alteration superficially in comparison with 

international environmental studies. Although the visual impact is always classified in the list of impacts of 

environmental studies, the approach occurs in a superficial and incomplete way, in addition to the absence of 

parameters for valuing the alteration of the landscape. Therefore, the superficial results present the 

identification of vulnerabilities, instabilities and problems that reflect in some way in the functionality of the 

EIA, in particular the visual impact. 
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Abstract 

This work aims to evaluate the four main waste disposal facilities used in the Rio de Janeiro urban area since 

the 20th century using the MACBETH (Measuring Attractiveness by a Categorical Based Evaluation 

Technique) Multicriteria decision aid method, being those the Seropédica, Gericinó, Gramacho and Caju 

landfills. To acquire the necessary information, a Geographic Information System (GIS) was made through 

the QGIS software, using cartographic files provided by the Brazilian Institute for Geography and Statistics 

(IBGE). Then, the facilities were compared pairwise in four different criteria: Distance to Permanent 

Protection Areas according to Brazilian law, distance to airports, access to road mesh and disposal technology. 

The result obtained through the M-MACBETH software was a ranking of the facilities according to their 

environmental suitability. The results found show that there was a clear evolution at the implementation of 

each new site. 

 

Keywords: Landfills, Multicriteria decision aid, GIS 
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INTRODUCTION 

 

Planning for the construction of waste landfills is a highly complex task, due to the many environmental, 

social, and economic risk factors. Decisions regarding the use of the land have become increasingly more 

urgent and difficult due to the fast populational growth and concerns around sustainable development 

(DEMESOUKA et al., 2019). 

 

Rio de Janeiro specifically, had a troubled history in waste management and disposal. According to Marafon 

and Queiroz (2016), the first waste disposal facility in the city was a dumpsite on the island of Sapucaia, on 

the Guanabara bay, considered a satisfactory solution due to its isolation. But it did not solve the problems of 

the city, as bad weather and undertows would interrupt the transportation of the waste, which would be 

accumulated in warehouses and bridges around the city. After the closure of the facility on the island of 

Sapucaia, a new landfill was constructed in the district of Caju, known as Retiro do Saudoso. This was the 

main waste facility in the city between the 1940s and the 1970s, and it is still used today, as a waste transfer 

station. In the last half of the 20th century, two major landfills would receive most of Rio de Janeiro's waste, 

Gramacho, opened in 1978 on the city of Duque de Caxias, and Gericinó, in the west zone of Rio de Janeiro, 

which operations started in 1987. The Seropédica waste treatment center was opened in 2011 and is currently 

the main waste facility in the urban area of Rio de Janeiro. The chosen location meets the requirements 

proposed by the study of the Environmental impacts, but the site is located above the Piranema aquifer 

(GUARIEIRO et al., 2017). 

 

 

MATERIALS AND METHODS 

 

In the present paper, former waste disposal facilities that operated in the Rio de Janeiro Urban Area were 

https://youtu.be/qjUX74k391I
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evaluated for their location criteria using a combination of GIS and the MACBETH multicriteria decision aid 

method. Multicriteria decision aid helps the decision-making process, according to the personal preferences 

of a decision maker. The use of such methods can be seen as a way to face complex problems, dividing them 

into small pieces. After some considerations and judgement of such pieces, the main question is reconstituted, 

giving the decision maker a wider and clearer view (LØKEN, 2007). 

 

The MACBETH (measuring attractiveness by a categorical based evaluation technique) was introduced Bana 

e Costa and Vansnick in the early 1990s, and since then have been used in a number of different problems. It 

is an MCDA approach that allows measuring the attractiveness of the alternatives based on a non-numerical 

pairwise comparison (GOMES et al., 2008). It is based on seven qualitative categories of difference in 

attractiveness (SILVA et al., 2018). The final result of the MACBETH modeling is a numerical scale of the 

alternatives with values from 0 to 100, which corresponds to each alternative attractiveness, according to the 

decision maker's opinion. 

 

In the structuration phase, the alternatives were decided, the criteria and the method for the proposed analysis. 

The alternatives set were the landfills analyzed in this work, chosen for being the biggest waste disposal sites 

used in the Rio de Janeiro Urban Area since the last century. They are Caju, Gramacho, Gericinó and 

Seropédica. For the criteria, it was reviewed in the literature the most relevant factors considered for the 

location of Municipal Waste Landfills in Brazil. Pinheiro et. Pinheiro et al. (2018) did extensive research in 

Brazilian legislation and enumerated 16 criteria for choosing the site of the disposal facility. For the purpose 

of this work, 3 of those criteria were selected: Distance to Permanent Preservation Area, distance to airports 

and access to the road mesh. One additional subjective criterion was added, the disposal technology of the 

landfill. 

 

The locational criteria were evaluated with the aid of QGIS software. Shapefiles of the Rio de Janeiro state 

from the Brazilian Institute of Geography and Statistics (IBGE) were used in this step, which already included 

the locations for Gramacho, Gericinó and Seropédica landfills, Permanent Protection Areas determined by 

legislation and airports. Caju landfill was added manually, using coordinates obtained from Google Maps 

software. Then, pairwise comparisons were made through M-MACBETH software. 

 

 

RESULTS AND DISCUSSION 

 

The first criterion evaluated was the distance to Permanent Protection Areas. Caju landfill was the best 

alternative in this criterion, being further than 25 km to the nearest PPA. It was followed respectively by 

Gericinó, Gramacho and Seropédica, this last one being almost 2,5 km close to the nearest PPA, which is still 

a greater distance than the minimum of 500 m required by law. In the next criterion, distance to airports, 

Seropédica was the only alternative further than the recommended 20 km from the nearest airport, followed 

by Gericinó, which at 11 km of distance was still respecting the minimum distance stipulated by law, of 10 

km. However, Caju and Gramacho are closer than the allowed to the nearest airports, each being around 7 km 

of distance from Rio de Janeiro International. Thus, both were placed after the lower boundary, getting 

negative scores on this criterion. 

 

The next criterion, access to road network was partially subjective, because not only the distance to a main 

road was evaluated, but also the impact the landfill could cause on traffic, as long as the usual traffic on the 

road. Seropédica was considered the best alternative in this criterion, being close to the Dutra Highway, but 

in a relatively unbusy stretch of road, away from urban centers. Gericinó was next, accessible to Brazil Avenue, 

which is a part of BR-101, followed by Gramacho which main logistic access is by Washington Luiz Highway, 

but the landfill is surrounded by a more urbanized area, meaning traffic impact is greater. Caju was rated the 

worst in the criterion for being too close to the extremely busy Rio de Janeiro city centre and having the 

beginning of the Brazil Avenue as its only option for logistic access. 

 

The final criterion was the evaluation of the disposal technology, judged by the previous knowledge and 

opinion of the decision maker. Unsurprisingly, Seropédica scored the best in this criterion, as being the most 

modern facility and having been built from the ground up with slurry treatment and gas extraction systems. 

Gramacho and Gericinó, both being planned as controlled landfills, tied in this criterion for having those 

technologies implemented later in their life cycles. Finally, Caju placed last due to being a simple waste dump, 
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although some impact remediation action was taken after its closure and conversion into a waste transfer 

station. 

 

For the weights, Disposal Technology was considered the biggest one, being followed by Distance to PPAs, 

Distance to Airports and finally Access to Road Network. The final weights are shown in Table 1. After all 

evaluations, the results can be seen in Table 2. 

 

 
 

 

CONSIDERATIONS 

 

The results showed a clear correlation between the score in the evaluation and the year of implementation of 

the facility, demonstrating that there was a noticeable evolution throughout the years in Rio de Janeiro. This 

evolution was expected, as the technology and legislation advanced significantly in environmental questions. 

The current facility that receives the majority of the waste in the urban area, Seropédica, is fitting with every 

technical and legal standard and adequate for the needs of the region, although this do not mean that there is 

no more room for improvement for Waste Landfills technology and legislation. We hope that this evolution 

keeps going in the future, providing even better disposal technologies for the population of Rio, and the 

environment. 

 

It is important to notice that the present study was a simplified analysis, with the objective of demonstrating 

the potential of Multicriteria Decision Aid for evaluating waste disposal facilities. It would be interesting in 

further studies, to deepen the analysis with more criteria, and compare contemporary landfills from distinct 

localities. 
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Abstract 

 

In the Legal Amazon is the largest tropical forest in the world and, for decades, it has been the subject of land 

speculation, deforestation and criminal actions from the fires. Thus, the study will inventory the history of fire 

foci via environmental satellites in the states of the Legal Amazon. The data of fire foci were obtained from 

the Burn Database (BDQueimadas) of INPE, from 2000 to 2019. The data were submitted to descriptive and 

exploratory statistics (boxplot), and then classified according to the ONI criterion of Region 3.4 (NOAA-USA) 

for the purpose of comparison with the phases of El Niño-Oscilação Sul (ENOS). Based on orbital monitoring, 

18,790,418 records of fire foci in the Legal Amazon were recorded. Highlight for the years 2019 on the 

performance of weak El Niño (16.05%) and 2017 on the performance of weak La Ninã (13.05%), with the 

highest records of heat sources in the time series. The years 2000 (0.50%) and 2001 (1.25%), both under the 

weak La Ninã influence, presented lower values in the annual scale. Regarding the total and frequency by 

states, Mato Grosso (27.78% - foci), Pará (26.71% - foci) and Maranhão (71% - foci) stood out with the highest 

records, while the extinct parallel of Goiás (0.001%), Amapá (1.08%) and Roraima (1.96%) had lower values. 

Based on statistics, the study clearly shows the high spatio-temporal variability of fire foci in the Legal 

Amazon. 

 

Keywords: environmental management, orbital sensing, forest fires, deforestation 

 

Presentation: https://youtu.be/jK0i24lalDQ  

 

 

INTRODUCTION 

 

In Brazil, fires and fires in forest regions are considered to be one of the main sources of environmental 

disturbance in forest regions, they generate changes in plant structure, species mortality, and decrease 

biodiversity (MEDEIROS et al., 2004, CLEMENT et al., 2017) and, in recurrent and severe cases, can cause 

physical, physical-chemical, mineralogical and biological alterations, and also trigger the permanent 

degradation of the affected area (ARAÚJO et al., 2013). 

 

One of the factors that enhance the dynamics of fires is the meteorological variables, known to influence 

atmospheric circulation and the dynamics of the local and global climate (SANTOS et al., 2017). In this sense, 

anomalies in the positive / negative phase of ENOS intimately alter the Walker Cell, inhibiting or promoting 

rainfall, thus reflecting the increase or decrease in the extension of drought periods, generating areas 

susceptible to the occurrence of forest fires (Salazar-Gascón, 2018). 

 

In Brazil, the monitoring of heat sources in forest areas by means of environmental satellites has become 

operationally the most efficient and least cost means in detecting fires (NASCIMENTO et al., 2017) and, since 

https://youtu.be/jK0i24lalDQ


 

231 
 

1980, INPE (Instituto National Space Research Institute) comes with the policy of expanding the operational 

system for detecting fires (CPTEC / INPE, 2012). 

 

In the Brazilian national territory, the Amazon region is considered the largest tropical forest in the world 

(ROSA et al., 2012) and, constantly targeted by selective logging (SOUZA et al., 2012), land speculation, 

deforestation for agricultural activities , interest in international appropriation of natural resources, criminal 

actions (DINIZ et al., 2007) and susceptible to natural, accidental and criminal forest fires (FERNANDES et 

al., 2011; CAULA et al., 2015) monitoring of forest fires and fires is necessary to guarantee the ecological 

preservation of this region. Based on the above, the objective of the study is to inventory the fire foci in the 

Legal Amazon based on data from environmental satellites, followed by the application of statistics applied 

to the 20-year time series. 

 

 

MATERIALS AND METHODS 

 

The study area is the Legal Amazon, which has approximately 5,217,423 km². It covers the North Region and 

part of the Midwest Region of the Brazilian territory. It is made up of the states of Acre (AC, 164,123,040 

km²), Amapá (AP, 142 828,521 km²), Amazonas (AM, 1,559,146,876 km²), Pará (PR, 1,247,954.666 km²), 

Rondônia (RO, 237,590, 543 km²), Roraima (224,300.506 km²), Tocantins (TO, 277,620,914 km²), Mato 

Grosso (MT, 903,378,292 km²) and part of Maranhão (MA). For statistical purposes, the extinct parallel region 

of Goiás (GO) will be counted. 

 

In view of its territorial extension, the climate presents variations and, according to the Köppen classification, 

they are divided into: Acre and Amazonas classified as monotonic equatorial (“Af / Am”); Amapá and Pará 

classified as equatorial (“Af”); Rondônia classified as wet Equatorial (“Am”); Roraima, Tocantins and Mato 

Grosso classified as equatorial savanna (“Am / Aw”) and; Maranhão classified as tropical savanna (“Af / 

Aw”). Below is the map of the analyzed region (figure 1). 

 

 
Figure 1. Map of the Brazilian legal Amazon and its nine federal states: Acre (AC), Amapá (AP), Amazonas 

(AM), Maranhão (MA), Mato Grosso (MT), Pará (PA), Rondônia (RO), Roraima (RR) and Tocantins (TO). 

 

The data of fire foci were obtained via BDQueimadas (http://queimadas.dgi.inpe.br/queimadas/bdqueimadas/) 

in the period from 2000 to 2019 and the climatic anomalies classified according to the Oceanic Niño Index 

(ONI) criterion obtained in database of the National Weather Service (https://origin.cpc.ncep.noaa.gov/) and, 

characterized according to the ONI criterion of Region 3.4 (NOAA-USA, 2019). 

 

Satellites NPP-375, GOES-12, AQUA MT, TERRA MT, TERRA MM, GOES-13, AQUA MM, TRMM, 
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NOAA-19D, NOAA-18D, NOAA-16, ATSR, NOAA-18, NOAA- 19, NOAA-16N, NOAA-15 and NOAA-

15D which have orbital sensors that operate in the thermal-average range of 3.7 µm to 4.1 µm of the optical 

spectrum, all generated and processed operationally in the Satellite and Environmental Systems Division 

(DSA) - (INPE, 2019). 

 

The data of fire foci were submitted to descriptive, exploratory and parametric analysis, both estimated with 

a 95.0% confidence interval. In the exploratory analysis, the bloxpot graphics were used to evaluate the 

information on location, dispersion, asymmetry, tail length and outliers. The statistical analyzes performed in 

the study were carried out using the following software: i) Microsoft Office Excel version 2016 and ii) Origin 

Pro 8.5 SRI B161. 

 

 

RESULTS AND DISCUSSION 

 

Based on the orbital monitoring carried out in the Legal Amazon over the period of 20 years, 18,790,418 

records of fire foci in its territory were recorded. In the last decades, several researches on Fire Meteorology, 

attribute the increase in the frequency of forest fires to the variability of meteorological systems, which in turn 

interfere in the dynamics of rain and in periods of drought in several regions (SANTOS, 2017), mainly in the 

Legal Amazon (ALMEIDA et al., 2016), caused by the climatic variability modes, such as El Niño-Oscilação 

Sul (ENOS), responsible for making areas of forests, mainly in tropical regions and northern South America 

(BORMA & NOBRE, 2013). 

 

Based on the above, when relating the fire foci with the respective ENOS phases and their respective 

categorization, where the 2019 years on the weak El Niño regime (2,598,476 fire foci, 16.05%) followed by 

2017 on the weak La Niña influence (2,116,616 foci, 13.07%), presented the highest records of heat sources 

in the time series. It is worth mentioning that the years 2015 under the weak La Niña influence (1,798,433 

foci, 11.11%) and 2012 over the moderate La Niña influence (1,551,814 foci, 9.58%) obtained significant 

frequencies in relation to the time series. The years 2000 (81,203 foci, 0.50%) and 2001 (202,975 foci, 1.25%), 

both years under the influence of weak La Niña, presented lower values in the annual scale. 

 

Table 1. Descriptive statistics of the annual scale (total, frequency, mean, Min, Max, CV% and SD) applied 

to fire foci registered in the Legal Amazon (2000-2019). 

 
 

When analyzing the total, frequency, average, Min, Max, CV% and SD (table 1) the results obtained showed 

high variability of the fire foci in the study region, for example, the year 2019 presented Min (15) and Max 

(697,384), followed by 2017 with Min = 52 and Max = 713,986 foci and 2015 with Min = 4 and Max = 

539,270 foci. It is noteworthy that such years had high variability between the minimum and maximum and, 

still, were the years highlighted in the time series. When analyzing the dispersion measures of the years 
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previously highlighted, the year 2019 with CV% = 89.45%. This year showed homogeneity throughout the 

time series compared to the years 2017 (CV% = 113.05%); 2015 (CV% = 100.73%) and 2012 (CV% = 

100.33%). However, the years 2000 (CV% = 133.63%) and 2001 (CV% = 127.68) are noteworthy, as they 

present the greatest heterogeneity in the entire time series. In relation to the DP, the year 2019 presented a 

significant dispersion value in relation to the average, with emphasis on 2017 with the highest DP value in the 

time series and, again 2000 and 2001 with the lowest DP of the entire time series. 

 

The distribution in relation to the total and frequency by states, the states of Mato Grosso (4,498,022 foci, 

27.78%), Pará (4,325,029 foci, 26.71%) and Maranhão (2,382,017 foci, 14.71%) had the highest record of fire 

foci in the time series. It is worth mentioning that the states mentioned above are part of the “Arco do 

Deforestação” - (Caúla et al., 2015; Ribeiro et al., 2020) and, therefore, there are a lot of fires and, 

consequently, forest and region fires, mainly for opening the Amazon agricultural frontier (Silva Júnior et al., 

2019). While the extinct parallel of Goiás (114 foci, 0.001%), Amapá (175,873 foci, 1.08%) and Roraima 

(317,642 foci, 1.96%) had lower values, respectively observed in (Table 2). 

 

Table 2. Total fire foci recorded in the Legal Amazon by government region (2000-2019). 

 
 

Based on the exploratory analysis of heat sources recorded in the Legal Amazon from the Average, SD, Min, 

Quartiles (Q1, Q2 and Q3), Max, Interquartile Range (AIQ), Lower Quartile Limit (LQI) and Upper Quartile 

Limit ( LQS) for the construction of the bloxplot graph, high variability of heat sources via environmental 

satellites was observed, similar to the studies carried out previously by Clemente et al., (2017) in the Atlantic 

Forest biome in the state of Rio de Janeiro, Caric et al., (2019) in Amapá, Freire & Oliveira Junior, (2020a; 

2020b) in South American countries and in the Amazon. 

 

Regarding the annual scale, there was a significant increase in heat sources between 2000 and 2005, with the 

presence of outliers in the years 2001, 2002, 2003 and 2004, both years recorded in the state of Mato Grosso). 

After 2005, there was a significant decrease in heat sources in 2006, and again an increase in 2007. The years 

2008 and 2009 showed a decrease, followed by 2010, with growth and, again, a decrease in 2011. In 2012, 

hotspots increased substantially in relation to previous years, again a decrease in 2013. After 2013, a biannual 

variability was clearly observed, being distinct between the years 2014/15, 2016/17 and 2018/19, with smaller 

fluctuations in the years even and greater in odd years. In relation to the states, the highest totals and 

frequencies occurred in Mato Grosso with outliers registered in 2019, Pará with outliers in 2017 and Maranhão 

in 2019. The state of Roraima deserves mention, with outliers in 2018, and in 2019 it presented the highest 

value relative outlier relative to the interquartile range of the entire time series. Such relationships between 

fire foci and annual scale and states can also be seen in (figure 2a) and (figure 2b). 
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Figure 2. Boxplot of the annual scale (a) and the states (b) of the fire foci in the Legal Amazon in the period 

from 2000 to 2019. Source: Autor, 2020 

 

 

CONSIDERATIONS 

 

The statistical techniques used in the study clearly show the high spatio-temporal variability of fire foci in the 

Legal Amazon, mainly at the beginning of the 2000/2001 series (lowest frequency) and at the end of the 

2018/2019 series (highest frequency). In relation to the states, Mato Grosso, Pará and Maranhão, both states 

stand out for their anthropic practices, mainly in the opening of agricultural frontiers and, therefore, stand out 

in the dynamics of the fire foci, highlighting the extinct area of the Goiás parallel, Amapá and Roraima with 

the smallest spatiotemporal records. The states with the highest records of fire foci are part of the Deforestation 

Arc and the Agricultural Frontier of the Legal Amazon. The inventory carried out points to the need for further 

investigations in future studies, such as the seasonal analysis of the influences of the products of 

meteorological systems (rains and droughts) on the dynamics of fire foci and the possible anthropogenic 

relationships arising from criminal or accidental actions the result of land speculation and the irregular 

expansion of agricultural and pastoral borders. The studies suggest actions to combat irregular fire 

management in cleaning pastures for agriculture, burning of already felled forest and standing forest fires. 
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Abstract 

This study deals with the development of low-cost medical equipment to combat the COVID-19 pandemic in 

Brazil, more specifically in the state of Rio de Janeiro, developed by the Universidade Federal Fluminense. 

The new coronavirus pandemic brought with it the need to readjust biosafety protocols and treat the disease. 

As a result, the need to acquire personal protective equipment, such as faceshields, to maintain life as 

pulmonary ventilators and to assist in urgent procedures such as patient intubation, remained clear. The 

development and donation of faceshields, flow bifurcators and videolaryngoscopes by the Frente-UFF project 

sought to help in this demand, implementing engineering solutions and obeying the clinical research protocol 

that are requirements in the medical field. 

 

Keywords: Covid-19; Low-Cost Instrumentation; Biosystems; Public health; Environment; Rapid 

prototyping; 3d modeling; Computational modeling. Prototyping 

 

Presentation: https://youtu.be/hSqjR4XTHh4  

 

 

INTRODUCTION 

 

In March 2020 the world turned its attention to an invisible enemy that had already spread to 3 continents 

(TEICH, 2020), (NOAL, et al., 2020). Initially, the virus did not appear to have a high mortality rate, but it 

was quickly realized that the collapse of hospital systems coupled with psychological diseases and the virus 

could be an aggrading factor in deaths (TEICH, 2020), (OZAMIZ-ETXEBARRIA, et al., 2020). A dispute 

was initiated for the purchase and stock of all equipment and / or material that was identified as essential for 

the protection, combat or search for treatment and cure for COVID-19. The pressures of geopolitics and the 

discrepancy in economic power among the nations involved drew a scenario in which developing countries 

would have to seek other means to purchase these products FERNANDES (2020). In the midst of continued 

political chaos in Brazil (RODRIGUES; GERZSON, 2020), Federal Institutes of Higher Education began to 

focus on resistance: students, teachers and technicians from the most different areas of study, began to commit 

their scientific knowledge and work efforts in the production of technology and national scientific knowledge, 

reinforcing hospital teams and their professionals, as well as the Brazilian population for this near future. 

 

The Monitoring and Climate Change Laboratory (LAMMOC) of Universidade Federal Fluminense (UFF), 

composing this vanguard, commits its knowledge to rapid prototyping, low-cost instrumentation, 3D 

modeling, and computational analysis of forces and flows and starts to dialogue with Antonio Pedro University 

Hospital (HUAP) and the UFF Rectory in order to understand how this effort could be used. The first specific 

demand of HUAP was regarding the protection of doctors, nurses and other hospital workers, understanding 

that the protection of this front line in combating the disease not only observes the protection of the individual, 

but it also keeps these people in a position to help fight the virus and hinder spread outside hospitals. The first 

prototype of FaceShield-UFF, from the Frente-UFF project, is presented three weeks later, still at the end of 

March. In a few months, equipment such as the flow divider for respirators and the video laryngoscope, among 

other projects, are developed by the laboratory. 

 

https://youtu.be/hSqjR4XTHh4
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MATERIALS AND METHODS 

 

Articles and productions from foreign universities were read in order to develop Frente-UFF's faceshield 

(MONACO et al, 2020) (KUMAR et al., 2020) (CHATURVEDI et al., 2020), flow divider (LEVIN et al., 

2020), (CLARKE, et al., 2020), (SOLIS-LEMUS et al., 2020) and videolaryngoscope (DAVIES M, 2020), 

(SAORAYA et al., 2020), (HAMAL et al., 2020), to help fight the new coronavirus. It was sought to 

understand which equipment could be developed by the laboratory with the existing structure, with the choice 

of environmentally positive solutions, following biosafety protocols presented by the federal entities that 

regulate this issue, as well as to plan and project the escalation of its industrial production, gathering the most 

diverse knowledge within the School of Engineering. 3D modeling software with integration with 

computational forces and flow analysis platforms, such as SolidWorks, Fusion 360, Ansys and SimScale, was 

used to develop the products. Open-source 3D slicing and printing software, such as Repetier and Slic3r, were 

also used. All products were developed jointly with hospital teams that would use the equipment. In addition, 

the flow divider and the video laryngoscope, as they are Risk Class II equipment according to ANVISA, are 

following the Clinical Research protocols, simulated tests in a controlled environment and monitoring of the 

tests by the Research Ethics Committee (CEP). 

 

For the development of FaceShield-UFF, the model developed by the 3D printer and 3D printing research 

company PRUSA Research was used as the basis, which made its models and studies available in an open-

source way. It was evaluated that, according to what studies presented and according to what the medical team 

that followed the studies, that this model would need to undergo changes for its safe use. Flow and strength 

studies demonstrated that the equipment would need to receive the addition of a cover, which would prevent 

the upward and downward flow in front of the user's face, as well as in tests of use and ergonomics it was 

noted the need for the elastic fixing system as well as the protective visor were rethought and redesigned. The 

development of other equipment followed a similar approach strategy, but ended up generating completely 

innovative products, with their functional prototypes being built from scratch. The choice of materials and 

treatment processes for them obeyed the concern that they could, for the most part, be recycled, as well as not 

represent a risk factor for the operator or others and be of equal or better technical factor than commercial 

solutions. For the industrial phase, volunteers, donations and partnerships with companies and institutions 

were sought. 

 

 

RESULTS AND DISCUSSION 

 

The first survey, which involved searching for articles on international platforms to understand the needs that 

those countries were experiencing and the perception of the reality of HUAP through the dialogue that was 

created between LAMMOC, the Rectory of UFF, the Board and the Body Academic at HUAP, resulted in an 

emergency scenario in three areas: 1. Biosafety - it was estimated that the maximum urgency would be in this 

area, offering a production by the laboratory and emergency donation of equipment to HUAP and other public 

hospitals in Niterói and municipalities Upcoming; 2. Life Support Equipment - the trade war signaling that in 

the near future respirators may be lacking; and 3. Videolaryngoscopy: Serious cases and how the intubation 

procedure assisted by videolaryngoscopy can help save lives. 

 

1. Biosafety: from the analyzes carried out together with the hospital teams and the results of the studies, it 

was indicated for a prototype with an upper roof, adjustments in the geometry to avoid the difficulty of cleaning 

the equipment, possibility of quick changes of parts, thus the equipment having a modular construction, 

necessary space for the storage of the equipment, transportation of the equipment, production in an appropriate 

environment and observance of the legal regulations regarding the equipment. The equipment was initially 

developed for 3D printing, undergoing an acetone smoke treatment, to remove external porosity and decrease 

the equipment's roughness; 

 

2. Life Maintenance Equipment: in this evaluation, the prototypes developed by USP and UFRJ were already 

in advanced stages and the team that consolidated about this development at UFF sought its inspiration in the 

set of these initiatives and also in the open-source project of MIT E-Vent. As it is a Risk Class III equipment, 

according to ANVISA, these initiatives would naturally take more time for its development, since they would 

require a better adaptation against risks of biocontamination in the production process and also a series of tests 

of execution and use, as this equipment would be used in the procedure to maintain the patient's life. Based on 
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this analysis, the decision to focus on a subproject in this area was born at the suggestion of a doctor in the 

Anesthesiology sector at HUAP, a flow bifurcator. The prototype underwent a revision of its geometry to find 

the best angulation that could reconcile a lower pressure drop and printing capacity on 3D printers, adjusting 

dimensions to suit the traditional measures of hospital tubes, developing and adding unidirectional valves, 

starting from of contact with professors of Mechanical Engineering and Industrial Design, as well as the 

addition of a valve for flow control and design for the addition of sensors to monitor indicators of hospital 

interest within the circuit, to adjust the treatment; 

 

3. Videolaryngoscope: equipment used in the intubation procedure, the videolaryngoscope is recognized in 

the medical field as a great reinforcement in procedural practice. Especially useful in patients who have 

difficulty accessing the procedure or who are at greater risk, such as children and the elderly, the equipment 

consists of a laryngoscopy blade, which has a digital camera and its own lighting source at its end. The 

equipment is then connected to a monitor (or has it built-in), allowing not only that the doctor who is 

performing the procedure can have a better view of what happens, but also does not position the professional 

in the line of sight of one of the most common channels. recurrent contamination of the disease. It is 

important to note that the commercial cost of this equipment is very expensive, in the order of tens of 

thousands of reais (FNS, 2020). The cost of the prototype, which is under patent procedure and following the 

clinical research course, is in the order of hundreds of reais. 

 

Another point of fundamental relevance is regarding the reinforcement of public investment in science in 

advance, and not responsive. The investments made by the federal government and by parliamentary 

amendments to the Brazilian States in 2020 due to the fight against COVID amount to approximately 1.5 

billion reais, according to a report by the National Health Fund. In the specific case of the products developed 

by the laboratory, with an infinitely less money and depending on social mobilization from donations to the 

project, by individuals and legal entities, public and private, it was possible for the project to deliver tens of 

thousands of faceshields, in addition to other equipment, as well as the development of other products, which 

are now in the patent phase, giving back to the Universidade Federal Fluminense, to Brazil and to Brazilian 

society. The production of low-cost national technology and the same technical quality reinforces national 

sovereignty and represents a security factor in relation to any new threat such as COVID-19. 

 

CONSIDERATIONS 

 

It is believed that it remains proven that the capacity for development and production of equipment of high 

medical complexity can and should be stimulated by the Federal Institutes of Higher Education in Brazil, as 

well as the need to establish new national development flows, involving academia and the public and private 

sectors, in search of a national benefit. The need for investments to purchase equipment and supplies is a 

fundamental factor, as well as the revision of engineering curricula and educational models, promoting the 

integration between teaching, research and extension in a practical way, as is the premise of the university 

tripod. Unfortunately, it would not fit in this space to name each person involved in the projects by name, but 

it is important to reaffirm that without construction in many hands, this work would not have stopped being 

just an idea. 
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Abstract 

This work aims to understand how the field of knowledge of remote sensing contributes to the detection of 

fires in the world, based on scientific publications. A panorama of 5,397 articles from 1978 to 2020 is 

structured under bibliometric analysis and disclosure, which presents where and how these relationships 

between remote sensing and fire detection occur. This study presents four different analyzes for these 

possibilities: articles per year, articles by areas of study, articles by countries and articles by author. The results 

of this research show that the main areas where these interfaces occur in academic research are: environmental 

sciences, earth and planetary sciences, agricultural and biological sciences and social sciences. Another 

relevant result is that an intersection of remote sensing with fire detection is not a central research topic for 

any individual researcher or for a research group around the world. The main contribution to the academic 

community is the pioneering spirit in presenting a view on the size and the main characteristics of this interface 

through bibliometric analysis. 

 

Keywords: Burned; Monitoring; Change Detection; Scientific research. 

 

Presentation: https://youtu.be/icjUnCDv58Y  

 

 

INTRODUCTION 

 

In the last decades the debate on fires has been growing, this growth is associated with climate changes, the 

behavior of civil society and also with government programs (LIBONATI et al., 2015; MESSIAS; 

FERREIRA, 2017, 2019; OLIVEIRA JÚNIOR et al., 2017), on the other hand, the fire regime can be largely 

controlled by local climatic conditions (RODRIGUES et al., 2018). 

 

Fire is one of the main forms of destruction of vegetation and a threat to biodiversity (DA CUNHA; 

MARTINS, 2017), but it is also one of the most common natural disturbances, which can be enhanced by the 

greenhouse effect (FRIZZO et al., 2011). 

 

The savannas are biomes that mostly occur in the latitude of the tropics and their existence is directly linked 

to the rain cycle, and the Cerrado is the largest savanna in South America and is considered a “hotspot” both 

for its biodiversity and for its high degree of degradation (BATALHA, 2011; BUSTAMANTE et al., 2012; 

FRIZZO et al., 2011). 

 

One of its purposes, Remote Sensing and Geoprocessing, is the ability to be a tool that presents, acts and 

makes monitoring and preservation possible (INÁCIO; BARBOZA; BRUNO, 2019), which is so important 

in any management, whether it be public or toilet. 

 

Basically, the detection of bi-temporal changes is based on the difference between the reflectance values of 

the N bands of two images separated in time (WECKMÜLLER; VICENS, 2016). 

 

Bibliometric studies on remote sensing and detection of changes are currently not considered, only two results 

https://youtu.be/icjUnCDv58Y
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were found, one from 2020 and the other in 2016, however, when the research is also related to fire and the 

Cerrado or Savannah the result is zero, but, this does not mean that there is no demand. 

 

Therefore, this article aims to fill this gap and seek to map scientific research on the interface between Remote 

Sensing, change detection and fire in the Cerrado and savanna environments. 

 

 

MATERIALS AND METHODS 

 

Three broad-spectrum databases were analyzed to determine bibliographic references to the utilization used: 

Scopus; Web of Science; and Google Scholar. 

 

However, Google Scholar can offer results of inconsistent precision and does not present a systematization 

that the other two databases provided (FALAGAS et al., 2008; LASDA BERGMAN, 2012). Between the 

other two bases, there is a strong correlation of content (ARCHAMBAULT et al., 2009). 

 

The Web of Science has a database of citations, citation counts and high quality works, but a Scopus was 

chosen at the base, due to containing almost the identical works present at the other base and has a larger 

scientific work database (DE JESUS; COSTA, 2015; LASDA BERGMAN, 2012). 

 

Criticizing some differences in approaches, the same subject was evaluated under different names in some 

countries. This step was necessary, because some terms may change from one country to another, which is 

why the Cerrado, for example, may be known as Savana in other countries. 

 

As the terms with the largest scientific production on the subject are still concentrated in “Cerrado”; “Savanna” 

and “Savannah”, these three terms are chosen for this study. 

 

Regarding fires, the first strategy was to use the word 'fire' to better assimilate the results on the subject. 

However, there is a need for more filters in order to obtain greater results and a wider panning. Therefore, the 

terms worked on were “fire”; "Burned" and "conflagration". 

 

For Remote Sensing and change detection the terms “remote sensing” and “change detection” were used 

 

For the terms "change detection" and "burned" were used in the search with the sign "*" to track variations in 

the results that correspond to expectations by some plural or adjective suffix, without this, it would not be 

possible to match the term and find as its variations. 

 

The highest result found was 23,277 records, but considering only scientific articles, this restriction of 

excluding articles from reports, theses and reports meant that the result was reduced to 19,084 records, all 

records were obtained using 18 sets of keywords many different. 

 

The Mendeley database and reference manager was used to eliminate duplicates, after processing, only 5,578 

records were not duplicating and 181 did not contain the author, magazines, country or identified title, so these 

records were disregarded, which totaled 5,397 identified articles. 

 

 

RESULTS AND DISCUSSION 

 

To configure the database that will be used, it was carried out in the first analysis regarding the years of 

publication of the articles, that is, how much the topic is addressed over time Fig. 1. 

 

The graph of this analysis can be divided into three distinct moments. The first moment is from 1978 to 2006, 

when there is no tendency to increase publication, and the number of publications per year did not exceed 60 

publications, which refers to a very simple amount. The second moment is from 2007 to 2016, when there is 

an annual increase in publications, but it does not exceed 300 publications per year. 

 

The third moment is from 2017 to 2020 as publications in this last period reach high levels, the lowest record 
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in 2017 with 577 publications and the highest in 2019, with 1,016 articles published. The year 2020, despite 

having fewer records than the year 2019, was only calculated until the month of September and already beat 

870 records. 

 

Thus, it can be said that this annual survey has a growing interest on the world stage. 

 

One to explain the behavior of this graph are, such as changes in the climate and the behavior of public 

management for increases in forest fires in addition to technological improvement for the detection of changes 

and fires, so there was an increase in interest in research on the behavior of fire and change detection (GOMES 

et al., 2020). 

 

 
Figure. 1 Articles per year. Source: The Authors (2020). 

 

A large part of the research related to the detection of changes related to forest fires has been directed to solve 

climatic problems or arson and most of them carried out by government institutions, autarchies, universities 

or non-governmental institutions (RODRIGUES et al., 2018). 

 

Figure 2 also allows us to know that, if we consider all articles published from 1978 to 2020, it is possible to 

draw a line of trend of continuous increase. Thus, considering the universe of data, it can be assumed that the 

number of articles published for the next period tends to continue to increase, according to the trend from 2017 

to 2019. 

 

One approach to improve the understanding of the data we have is to work with the average number of articles 

published in journals. In this sense, the value for the average is 142 articles published per year indicates that 

the subject is well accepted, in addition to being relevant to worldwide research, providing approximately 12 

articles per month in indexed journals since 1978. 

 

About the authors' data, the production on the subject is absolutely widespread. Despite some authors, who 

sign an article among all records in this period, however, the majority contained in the database consists of at 

least three authors per article and most of them have an average of 02 articles per author. 

 

Based on the previous analyzes, it can be said that it means that there is no concentration of knowledge in a 

group of authors. Therefore, one cannot speak of leadership in scientific production, nor in any type of 

emerging group that asserts itself as a reference in the matter. 

 

Another analysis to be done is on which area these authors and articles are linked. As the areas related to 

Remote Sensing and detection of changes in addition to 

 

works related to fire can vary a lot, the survey carried out at Scopus, had a result of very broad study areas, 

common areas for publication of this topic and unusual areas such as Neuroscience, Psychology, Health and 

Veterinary Professions, however, Remote Sensing is a very wide area and widespread, so its techniques can 

be used in several study areas Fig. 2. 
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Figure 2 Articles by study area. Source: The Authors (2020). 

 

But even though the area of remote sensing is vast, it can be seen in Figure 2 that, there is a greater dominance 

on the part of the areas of environmental science, Earth and planetary sciences and agricultural and biological 

sciences, these areas stand out from the others, it can be said that the social sciences also stand out, but it is 

still far from reaching the first three dominant areas. 

 

Analyzing the distribution by continents and countries that lead the ranking of articles considering the search 

terms, it is possible to understand the distribution and / or concentration of this knowledge in one or more 

parts of the world. Figure 3 shows the articles organized by countries. 

 

 
Figure 3 Articles by countries. Source: The Authors (2020). 
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The European continent is due to the high publication rate of its countries, in addition to the incentive to 

research, thus, countries such as England, Germany, Italy, Spain and France, have a high rate of publications, 

but, when the analysis is back to North America, the United States of America, is shot at the top of scientific 

production that in the world ranking. 

 

Even with the prominence of Europe and North America, it is possible to observe that Brazil is a country that 

also stands out in publications, and for this reason, it ranks second in the ranking of countries where researchers 

publish the most in relation to fire and remote sensing. Figure 4 shows the graph of the ten countries that 

published the most in that period. 

 

 
Figure 4 Ranking of the countries that most published publications related to the theme. 

 

Another analysis carried out is in relation to articles by proportion of authors and co-authors. This analysis, 

without a graph like the others, because there is no concentration of authors and co-authors, was found in the 

5,397 articles 2,000 authors, which would give the proportion a little less than 3 articles per author. 

 

The authors who published only once, represent about 74% of the articles surveyed, therefore, there is no 

concentration of articles by authors and co-authors 

 

Although the analysis suggests that there was no concentration by authors, 10% of the authors found published 

more than 10 times. And 23% of the authors published between 2 and 5 times. This indicates that scientific 

research on how remote sensing and detecting changes related to fire in the cerrado and in savanna 

environments is not concentrated on specific authors. 

 

This may mean that although researchers are studying remote sensing and detecting changes, it is a way to 

understand the behavior of fire in the Cerrado and in savanna environments, there is still not a good number 

of research groups or teams of researchers working specifically on this matter. 

 

These analyzes show how the production of articles related to the searched terms searched is distributed across 

the globe, but, depending on the type of analysis, there are points of concentration. Figure 3 reflects the result 

of this analysis. 

 

It is also possible to observe in this analysis that Environmental, Earth and Planetary, Agrarian and Biological 

and Social Sciences are the areas of study where researchers most adopt this theme, thus, these professionals 

or scholars they are the ones that can contribute in some way to these issues that are on the rise. Figure 2 

illustrates the result of this analysis. 
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CONSIDERATIONS 

 

Combining all the analyzes performed (articles by year, by study area, by countries and by author), the main 

conclusion of this work is that, although there is an intersection between remote sensing and change detection 

techniques with the study of the behavior of the fire in the Cerrado and in savanna environments, yet, it is not 

considered a central research topic for any individual researcher or for a group of researchers worldwide. And 

there are many ways in which researchers can analyze this issue. 

 

Despite being a growing topic, when research is related to remote sensing, which is broader, the number of 

publications is higher, and the results are reversed when the research is about detection of changes. 

 

This work shows how the technique of detecting changes, despite its growth, does not yet have a large number 

of publications, however, it can contribute to important issues both in the public and private sectors, and in 

several areas of professional practice. And for the same reason, this work can also be useful for governmental 

and non-governmental organizations, in addition to the professional community that currently has remote 

sensing around the world. 
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Abstract 

 

The Brazilian production of ornamental stones has a significant economic and environmental impact and the 

issue of solid waste has been discussed since the implementation of the National Solid Waste Policy (2010), 

which fostered various research aimed at the reuse of solid waste for the development of new construction 

materials. The use and application of ornamental stone residue (OSPW) has been the subject of technological 

studies that have evaluated its application in ceramic materials, however some complementary evaluations, 

such as Life Cycle Assessment (LCA), are still not well explored in the literature. The study aimed to discuss 

the main environmental impacts related to the production of ceramic artifacts, comparing conventional 

production with the production of bricks incorporated with ornamental stone residues. The LCA was in 

accordance with ISO 14.040 and 14,044 and with a cradle-to-grave approach. Using OSPW from Cachoeiro 

do Itapemirim - ES and clay from Campos dos Goytacazes – RJ. At LCA, the system was modeled using the 

SimaPro software and the Ecoinvent database, of the ceramic artifact to assess the environmental potential 

regarding the use of waste in ceramic materials, contributing to the effectiveness of reusing the waste by the 

ceramic industry and reducing environmental impacts. The results showed that the incorporation of OSPW 

(15W) obtained positive environmental results and that the main impacts related to production are associated 

with atmospheric emissions, due to the process of extracting the clay and burning the artifact. 

 

Keywords: life cycle assessment, ornamental rock residue, environmental impacts, environmental potential, 

circular economy 

 

Presentation: https://youtu.be/3gCjbcL0  

 

 

INTRODUCTION 

 

Industrial solid waste is waste material generated during the manufacturing process of the most varied types 

of products, and when improperly disposed of, they are sources of contamination and can offer serious risks 

to the environment and human health (AZEVEDO et al., 2017). 

 

Waste recycling is of interest to industries, mainly due to the requirements of environmental agencies, and one 

of the practices studied for the correct destination of these has been the reuse in construction materials (RAUT 

et al., 2012). 

 

The ceramic materials coating chain can produce many environmental impacts, from the extraction of raw 

materials to final disposal (CPRH 2010). The manufacturing processes of ceramic materials require a large 

amount of energy, in addition to releasing significant amounts of greenhouse gases, due to the combustion 

processes that are inserted in the production cycle, and the amount of carbon dioxide released concerns the 

world authorities (ROS-DOSDÀ et al., 2018). 

 

https://youtu.be/3gCjbcL0
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Along with the development of alternative materials, some environmental management tools, such as Life 

Cycle Assessment (LCA), are of fundamental importance when analyzing alternatives that have ecological 

potential. In which, when quantifying impacts over the life cycle of a product, it makes it possible to obtain a 

diagnosis of the environmental viability of the process, and in this way, beneficial information is acquired for 

decision making (DE PAULA, 2016). 

 

This tool has fundamentals to develop and improve products, for the environment and the consumer, being 

able to choose between different types of products. LCA encompasses products, processes or services from 

the extraction of raw materials to their final disposal. Through the quantification and characterization of the 

elementary flows of input and output of matter and energy and aggregation in selected impact categories, it 

becomes possible to understand the action of a product system on the environment (YE et al., 2018). 

 

The main objective of this article is to compare the environmental performance of conventional ceramic 

artifacts with the ceramic artifacts incorporated with OSPW (15W) and assess the main environmental impacts 

caused by its industrial process, contributing to the development of an ecological product. 

 

 

MATERIALS AND METHODS 

 

The comparative LCA used data from Náiade Fidalgo (2019), which carried out on a laboratory scale, the 

development of ceramic artifacts incorporated with the ornamental rock residue, changing the percentage of 

incorporation of the residue in the mixture. The clay used for the processing and making of ceramic artifacts 

originates from the municipality of Campos dos Goytacazes-RJ. The ornamental rock residue (OSPW) came 

from the process of cutting blocks of granite or marble, from the city of Cachoeiro do Itapemirim - ES. 

 

The ceramic artifacts were made by the extrusion process and the percentage of incorporated ornamental stone 

residue (OSPW) followed as a basis the dissertation by Náiade Fidalgo (2019), which proved in his research, 

developed at the State University of the North Fluminense Darcy Ribeiro - UENF (Campos - RJ), that the 

strong clay specimens with 15% of incorporation of waste for the pieces burned up to 1050 ° C had the best 

result (FIDALGO, 2019). 

 

The comparative LCA, based on ISO 14040 and ISO 14044, occurred between specimens with strong clay 

with 0% incorporation of ornamental rock residue (0W) and specimens with strong clay with 15% 

incorporation of ornamental rock residue (15W), both pieces burned to 1050 ° C. Through characterization, 

the computational modeling part was developed using the SimaPro software with an Ecoinvent database. 

 

Taking into account that the emissions, raw materials, energy inputs and electricity consumed are related to 

the scale of industrial production. It was adopted as a functional unit to obtain 1 kg of red ceramic bricks, 

which will allow the comparison between the two systems modeled in this research. 

 

Two scenarios were created, the first scenario (S1) represents the production chain of the traditional ceramic 

artifact (0W), the second scenario (S2), represents the production chain of embedded ceramic artifacts with 

15% of ornamental rock residue (15W). The limits for both systems were defined from the extraction and 

processing of raw materials to the end-of-life phase. The system limits are shown in Figure 1 below. 

 

 
Figure 1: System limits. Source: Autoral. 
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This LCA study describes the inventory and impact assessment data that are associated with the manufacture 

of ceramic artifacts from cradle to grave, and the end-of-life impact that is generated after life. 

 

 

RESULTS AND DISCUSSION 

 

The data entry values in the model are based on the Brazilian context for the two scenarios analyzed (Table 

1). Chemical composition data for the production of ceramic artifacts (0W) and in the production of ceramic 

artifacts with ornamental rock residue (15W) were collected on a laboratory scale. Incomplete or inaccessible 

data was acquired from secondary data, extracted from Ecoinvent 3.3. 

 

Table 1: Input values considered for the scenarios analyzed in the life cycle. 
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The environmental management tool used to assist in modeling was SimaPro 9.0.0.49. For the impact analysis, 

the method used was Recipe 2016 Midpoint (H) V1.03 / Word (2010) H. The midpoint categories analyzed in 

the study were: global warming (GW), stratospheric ozone depletion (OD), ionizing radiation (IR), ozone 

formation - human health (OFHH), fine particle formation (FPMF), ozone formation - terrestrial ecosystems 

(OFTE), terrestrial acidification (TA), freshwater eutrophication (FE), marine eutrophication (ME), terrestrial 

ecotoxicity (TE), freshwater ecotoxicity (FEC), marine ecotoxicity (MEC), human carcinogenic toxicity 

(HCT), human non-carcinogenic toxicity (HNCT), land use (LU), mineral resources scarcity (MRS), fossil 

resources scarcity (FRS) and water consumption (WC) . 

 

When running the comparative system of the study, Table 2 was obtained, presenting the characterized and 

normalized data according to the SimaPro software. Based on the values obtained for the impact categories 

evaluated, it was possible to notice that the ceramic artifact incorporated with OSPW (15W) presented better 

environmental performance when compared to the conventional ceramic artifact (0W) (Figure 2). 

 

Table 2: Impact values - Life Cycle Impact Assessment 

 
 

 
Figure 2: Comparative analyzes by relative impact - characterized data. 

 

The results in Figure 3 show that the impact categories freshwater ecotoxicity (FEC), marine ecotoxicity 
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(MEC), human carcinogenic toxicity (HCT) and human non-carcinogenic toxicity (HNCT), had a greater 

participation in environmental impacts when compared to other categories. These categories mentioned are 

related to toxicity in the water ecosystem, such as seas and rivers, and human exposure to toxic substances 

through ingestion and inhalation. The categories are expressed in kg 1,4 -DCB (dichlorobenzene equivalent), 

unit in which it is used as a factor to characterize the midpoint level for human toxicity. 

 

The impacts are linked to the respiratory effects, which occurs in the process of extracting clay and burning 

the ceramic artifact, since in this stage of the manufacturing process there are CO2 emissions, and the 

ecotoxicity is the toxic potential of chemical agents to pollute ecosystems and their living organisms. 

 

In addition, the ceramic artifact OSPW (15W) had positive effects in the mentioned categories, showing a 

reduction of impacts in the scenario S2, which shows that the incorporation of OSPW in the manufacture of 

ceramic artifacts is an alternative that reduces and mitigates the negative effects caused to the environment 

and human health caused during the artifact manufacturing process in the ceramic industry. 

 

 
Figure 3: Contribution of impacts - standardized data. 

 

In this way, the impact assessment of scenario S2 was carried out, analyzing the contribution of each input, 

input data, in the impact categories. And according to Figure 4, it was observed that the extraction process of 

clay and dry wood chips (measured mass) were the main sources of impacts, registering levels above 60%. 

 

Taking into account the categories, OD, IR, FE, LU, FRS and WC, which had a large percentage due to dry 

wood chips (measured mass), it can be attributed that the impact is due to the energy input used in the burning 

process that the ceramic artifact passes in production and the polluting gases that are emitted in the burning 

(OD, IR, FE) and the unsustainable use of natural resources (LU, FRS, WC). 

 

Already considering the categories FEC, MEC, HC, HNCT and MRS, which had a large percentage due to the 

clay extraction activity, it can be attributed, mainly, whereas the impact is due to the use of fossil fuel used in 

the equipment that performs the clay extraction process, producing gases that pollute the environment (FEC, 

MEC), as carbon dioxide, being harmful mainly to human health (HC, HNCT), in addition to using 

unsustainably the natural resource (MRS). 
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Figure 4: Contribution of the impact of each input considered in scenario S2. 

 

 

CONSIDERATIONS 

 

Thus, it is possible to conclude that the incorporation of ornamental rock residue (OSPW) in ceramic artifacts 

alleviates environmental impacts in general, contributing to reducing the use of clay as a raw material in the 

production of ceramic artifacts, contributing to the sustainability of industrial activity. 

 

The main environmental impacts presented in the scenarios are associated with the process of extracting the 

clay and burning the ceramic artifact. One way to contribute to the reduction of the impacts analyzed would 

be to use equipment that requires less use of fossil fuels, since it is a considerable impact on atmospheric 

emissions. 

 

As for the burning process of the ceramic artifact, to mitigate the impacts related to the process, one must 

change or replace totally or partially, the energy input used in the burning, such as changing wood chips with 

elephant grass or cane bagasse, as long as alternative inputs reach the ideal temperatures for the artifact to 

burn. 

 

Thus, the incorporation of 15% in ceramic artifacts contributed to reduce the disposal of these materials in 

landfills, and collaborated in reducing the impacts caused to the environment on human health. 
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Abstract 

Germanium (Ge) has proved important characteristics in human health what makes studies about this element 

that could be found in soils and is absorbed by plants increase. A way to extract Ge in soil it is through the 

phytoextraction technique that is already used for other elements. Ge is a cognate element of Silicon (Si), 

whose study is already more advanced, what makes easier to have some information about how Ge works in 

the plant-soil system. On the other hand, there is a need to identify the species with the greatest potential for 

germanium accumulation, for our tropical conditions. In this sense, grasses have this characteristic, added to 

the high capacity to absorb metals compared to other species so, one can think about using edible plants to 

enrich them with germanium given its beneficial effects on human health. Given the above, this review deals 

with the importance of Ge for human health, its occurrence in the soil and the factors that influence the 

phytoextraction of this element. 

 

Keywords: Germanium; phytoextraction; soil; plants; 

 

Presentation: https://youtu.be/Ug2i4TWAFEA  

 

 

INTRODUCTION 

 

Germanium (Ge) is a metalloid (SKOOG, 2013) with a great application in electronic industry (HÖLL et al., 

2007; ZOU et al, 2005), his demand increased considerably and a probable cause is the progress of researches 

about the use of Ge in human health (JIANBO et al, 2002), that has shown anticancer actions, ageing retard, 

efficiency in rheumatoid arthritis, hypertension, diabetes and asthma treatment (GOA & LIU, 2000; MOURA, 

2009) 

 

High concentrations of Ge were found in medicinal plants for a Japanese researcher (ASAI, 1980) what made 

him deepen studies about the use of Ge in human health and about the relation between plants and Ge. Studies 

have pointed Ge availability in Brazilian soils in a significant amount (SILVA et al., 2017) that could be 

measured in terms of accumulation in plants. By the way, phytoextraction it is one of the cheapest ways of 

studding Ge. This technique consists in use plants to extract a metal from soil or water considering the 

interaction between plant and metal (EPA, 2000). Different plants species could be used in soil Ge extraction, 

edible and non-edible plants. 

 

As a cognate element of Silicon (Si), Ge has a similar behavior in the plant-soil system, but it has also 

differences between them, what make necessary to have increase studies on this element. Thus, the objective 

of this work is to review what it is already known about the phytoextraction of germanium in soil. 

 

MATERIALS AND METHODS 

 

This literature review was developed based on books, articles and abstract about phytoextraction of 

Germanium in soil. 

 

https://youtu.be/Ug2i4TWAFEA
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RESULTS AND DISCUSSION 

 

Ge is widespread in the Earth’s crust (WICHE et al., 2017), and is considering the 54th most abundant element 

(REIMANN et al., 2014) with an average concentration estimated at 1.6 μg.g-1 (ROSENBERG, 2007). Ge is 

usually present in basic rocks, such as basalt and amphibolites (SILVA et al., 2017). Then, in the process of 

soil formation, these rocks are weathered, and the germanium present in the rock passes to the soil 

(ROSENBERG, 2007). Germanium is widely used in the electronics industry as a semiconductor. Ge began 

to gain ground in industries in 1960 (CALDER, 1958), with the invention of germanium transistors and 

semiconductors used as material for radar units. Germanium is often used in the industrial field, mainly in 

electronics and optics, and also for military applications (RENTSCH et al., 2016). In the field of micro and 

nanoelectronics, fiber optics, polymerization catalysts and infrared detectors, Ge is frequently applying like a 

semiconductor (PILLARISETTY, 2011). 

 

In addition to Ge importance in the field of military industries and applications, it has been highlighted as an 

important element with beneficial effects on human health, this was disclosed by the bodies related to public 

health (JIANBO et al, 2002). Orthomolecular medicine has been using Ge and obtaining positive results 

(CURTO, 2015). The compounds containing Ge have anticancer actions, being used in medicines and in 

human nutrition (GOA & LIU, 2000). It is also efficient in decelerating aging, decontamination by heavy 

metals, asthma, rheumatoid arthritis, diabetes and hypertension (MOURA, 2009). Another characteristic of 

this element is its performance as an antioxidant, which makes it a powerful agent in arteriosclerotic and 

vasculopathic diseases. In addition, it has also been efficient in the treatment of mental pathologies (SILVA 

et al., 2017). Ge acts on the immune system, it assists in normalizing the function of T cells (stem) and B 

lymphocytes. It is adsorbed and transported quickly through membranes due to the size of the germanium 

sesquioxide, thus, the diffusion of oxygen through the cells and tissues is catalyzed and optimized (MOURA, 

2009). 

 

High concentrations of Ge were observed in medicinal plants by a Japanese researcher (ASAI, 1980) and this, 

coupled with reports from Russia on the role of rejuvenation and action against cancer, led him to study 

whether Ge alone would be useful for health. One of the notes of the Japanese researcher's study was that the 

quality of the soil in which the plant grows is linked to the variation in the amount of germanium present in 

the plant, and also that the addition of Ge in the soil causes the plants to grow in a significant (ASAI, 1980). 

Foods of plant and animal origin have low concentrations of Ge, according to Moura, 2009. The organic 

chemical form with therapeutic properties is known as germanium L32, sesquioxide of 2 carboxyethyl 

germanium (Ge - CH2 - CH2 - COOH) 2O3, it is not toxic, nor accumulates in the body. It is the most expensive 

form of Ge, as it is found in minimal amounts in vegetables (SILVA et al, 2017). Studies have already indicated 

the availability of Ge in some Brazilian soils in significant quantities (SILVA et al., 2017) and this must be 

evaluated regarding its accumulation in plants. 

 

Germany Analysis Methods 

 

The determination of Ge in solid environmental samples is challenging because the analytical concentrations 

are in general low, in addition, there is the occurrence of interferences of the sample matrix during the 

measurement. Yet, another problem of Ge analysis is due to the lack of certified reference materials for 

instrument calibration, accuracy checks and Ge recovery during the development of the method and quality 

control, because of that, data from older studies must be treated with care. Even today, these materials are 

scarce, and when not costly (WICHE, 2018). The most appropriate analytical methods are those with high 

sensitivity for determining Ge at trace levels are atomic spectrometric methods (mainly atomic absorption in 

graphite furnace (GF-AAS)), optical emission spectrometry with inductively coupled plasma (ICP- OES) and 

mass spectrometry (ICP-MS), these last two however, due to the treatment and determinations in the liquid 

phase, they still have difficulties regarding the openness of the samples for detection of germanium, requiring 

further studies (ROSENBERG, 2007). Due to the low levels of germanium in the samples, in general, mainly 

for the determination of Ge in environmental samples requires pre-concentration and extraction of the matrix, 

which are obtained via pre-treatment techniques, such as, for example, sorption, liquid-liquid extraction, 

coprecipitation and membrane filtration (SOYLAK & YIGIT, 2015), or even instrumentally using the cloud 

point method (BOYUKBAYRAM & VOLKAN, 2000), or hydride generation (HG ) and cryo-trapping. 

Currently, dilution of HG-ICP-MS isotopes with cryotrapping may be one of the most sensitive and accurate 
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methods for determining Ge in environmental samples (MORTLOCK & FROELICH, 1996). 

 

 

 

Phytroextraction 

 

 

One of the ways to study Ge that is gaining relevance is phytoextraction, which is one of the phytoremediation 

techniques. Phytoextraction is a technique where plants are used to extract this metal from the soil and water, 

with the interaction of the metal with the plant being observed (EPA, 2000). However, the efficiency of 

phytoextraction depends on the species of the plant and the type of metal present in the soil (ALI et al, 2013b). 

 

 

The availability of Ge for plants is the result of different interactions of factors associated with plants, such as 

the presence of sets of labile and potentially available elements for plants in the soil and the ability of plants 

to obtain a certain set of elements. Studies have shown that the presence of Ge in the soil derives from the 

interactions between primary, secondary and biogenic sources of Ge, mineral dissolution, mineral 

transformation, absorption by plants, adsorption in the secondary phases and export in the soil profile. The 

way in which each process affects the chemical composition and processes in the soil solution depends on 

factors such as climate, soil type, anthropogenic use of the land and the species that form the vegetation 

(WICHE, 2018). 

 

 

Ge mobility in soils is generally low and largely depends on actors like the mineral composition of the bedrock, 

the intensity of the climate to the mineralogy formation of the soil, the biological activities and his functional 

properties. Under most climatic conditions, soil formation appears to connect Ge in newly formed phases, 

limiting his mobility and consequently enriching the topsoil (WICHE, 2018). The action of the chemical 

weathering on rocks tends to release Ge, together with Si, from primary minerals, and it can be strongly fixed 

in aluminosilicates (LUGOLOBI et al., 2010) and Fe(III)-oxyhydroxides (POKROVSKY et al., 2006), as well 

as in soil organic matter (VIERS et al., 1997). How much of Ge is accumulated in relation to Si will depend 

on the climatic conditions that control the formation of the type of clay mineral (CORNELIS et al., 2010). 

Although Ge and Si have similar chemical properties, Ge is more reactive than Si (DELVIGNE et al., 2009) 

and unlike Si, it is toxic to plants with moderate to high supply (HALPERIN et al., 1995). Other observation 

about the relation between Ge and Si is plant species, it was observed that plant species with high 

concentrations of Si also had high concentrations of Ge, and also it has been noted that the concentrations of 

Ge and Si were 10 times higher 

 

 

Studies indicate that the concentration, mobility and binding strength of Ge in soils are derived from factors 

such as: the degree of weathering of the soil, the presence of different minerals, pH, Eh, the presence of organic 

binders, water flows and nature and stability of soil phases under different climatic conditions (WICHE, 2018). 

Wiche and Heilmeier (2016) made an experiment using five different species belonging to the functional group 

of grasses (H. vulgare, Z. mays, A. sativa, P. miliaceum and P. arundinacea) and four species from the group 

of herbs (L. albus, L. angustifolius, F. esculentum and B. napus), and they noted that Ge concentrations in 

grasses were significantly higher compared to the herbs, and they observed too that bioavailability of Ge in 

soil for the plants depends on the characteristics of the soil like pH and organic matter (Table 1). Rentsch et 

al. (2016) also considers grasses good species to be used in Ge phytoextraction, like ribbon grass (lat. Phalaris 

arundinacea L.), because this plant species, called accumulator plant, can concentrates high level of 

germanium in aerial plant biomass. Wiche et al. (2017) also gets the same conclusions and beyond this, they 

noted that if you made processes in the rhizosphere of soil-grown plants it might contribute to have good 

results in Ge phytoextraction from soil (Table 1). 
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Table 1. Examples of Ge concentrations in different plant species.

 
 

 

CONSIDERATIONS 

 

Germanium's promising path not only on an industrial scale but also in terms of its applications in human 

health are incentives for further research with this element. Thinking about these researches using 

phytoextraction, a clean and cheap method, considered a green method, makes it even more conducive to 

deepen the studies with Ge. 

 

Another research possibility is the development of analytical methods that can provide, in addition to high 

sensitivity, a high selectivity for the determination of Ge. 

 

All the authors mentioned concluded that germanium is promising, however it needs more studies to 

understand its cycle in the soil, as well as its behavior and application in human health. In addition, there is a 

need for studies on tropical soils. 
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Abstract 

Low water availability is a problem in several countries and a limitation in many municipalities in Brazil. The 

reuse of water for non-drinking activities is a promising and stimulated alternative in the state of Rio de 

Janeiro, and considering the reuse of rainwater, there is a reduction in runoff, decreasing the risk of floods and 

floods, problems that are also recurrent in the State. However, in order for rainwater reuse to become 

widespread, it is necessary to reduce treatment costs, simplifying the inputs used. In this sense, the use of 

polymer extracted from mandacaru assumes relevance because it is natural and has already shown promising 

results in removing water turbidity. To assess the potential use of this natural input, a bibliographic survey 

was carried out on its use and under what conditions it occurred. It was found that the use of Mandacaru, 

presented quite satisfactory results, with greater efficiency than aluminum chloride in the same dosage, 

presenting a high reduction of turbidity in a short period and without alteration of the hydrogen potential. 

 

Keywords: rainwater, mandacaru 

 

Presentation: https://youtu.be/gwbPWj6lTLw  

 

 

INTRODUCTION 

 

Water is an indispensable resource for life, being an essential input in several economic activities, therefore, 

it is worrying the increase of the world population and the decrease of available resources. The use of water 

unsuitable for consumption, often without a better option, makes it possible to increase the transmission of 

waterborne diseases in the community, increasing spending in the health area. Water is indispensable for 

power generation, transportation, agriculture, leisure, basic sanitation, supplying cities, conserving 

biodiversity, cultural and religious celebrations, human health, among others (ANA, 2013). 

 

According to estimates made by Freitas et al. (2020), by the year 2040, in Brazil, there may be an increase in 

demand of around 80% for drinking water, from 10 billion cubic meters delivered in 2017, to 17, 6 billion m³ 

in 2040. 

 

The World Health Organization and the United Nations Children's Fund (2017) say that the provision of basic 

drinking water services has increased from 82% in 2000 to 90% in 2017, estimating to achieve global coverage 

in 2030 of 96% universal access, but about 2.2 billion people in the world today lack reliable drinking water 

services. 

 

Rainwater has potential for use due to its characteristics and ease of treatment when compared to sanitary 

effluents, for example. According to Nakada and Moruzzi (2014) due to the quantitative and qualitative 

variation of rainwater, facilities with great operational flexibility are necessary for its treatment, aiming at the 

removal of solids and inactivation of pathogenic microorganisms, taking into account the seasonal variations 

in the quality of the water. The expansion of rainwater use as an alternative depends on increasing the ease of 

use of treatment systems. The use of natural inputs to assist in water treatment is a promising alternative and 

mandacaru has the potential to do so. 

https://youtu.be/gwbPWj6lTLw
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Mandacaru (Cereus jamacaru) is a typical cactus from the Northeast of Brazil, with advantages such as 

biodegradability, ease of application and low cost, so if efficiency is found as a coagulator for treatment, it 

becomes a promising alternative. In this work, a survey was carried out to assess the potential of using 

Mandacaru for rainwater treatment. 

 

 

MATERIALS AND METHODS 

 

The bibliographic survey was carried out in the months of September and October 2020, in the databases of 

the Portal of Journals of the Coordination for the Improvement of Higher Education Personnel - CAPES, of 

the Ministry of Education and Culture - MEC. The search was directed only to peer-reviewed articles 

published between 2020 and 2010, using as keywords: mandacaru, cereus jamacaru and rainwater. The 

selection criteria were the use of articles that presented experimental data on the use of mandacaru in water 

treatment. 243 articles on Mandacaru were selected, but only four were related to the use for water treatment, 

being: one with the direct use of the palm in mud water, three directed to the treatment of turbid water and one 

to replace aluminum sulfate in Water Treatment Plants - ETAs. 

 

 

RESULTS AND DISCUSSION 

 

Mandacaru presents a diversified chemical composition, with malic acid, amylase, cellulose, proteins and 

vitamins, presenting no toxicity and, because it is abundant in the country, mainly in the hinterland, Mandacaru 

in natura becomes a product accessible to all, replacing coagulating industrial products, proving to be a 

sustainable alternative. (SANTOS & VIEIRA, 2019) 

 

Chemical coagulants have disadvantages such as high acquisition costs and harmful effects on human health, 

unlike natural coagulants, which can be more abundant and therefore more accessible, with less risk of 

contamination of the environment. Considering the water treatment, the natural polymer can reduce the use of 

aluminum sulfate as a coagulant and consequently the residue in the sludge generated in the treatment, in 

addition to facilitating the dehydration of this residue, allowing the reuse of this material. 

 

Mandacaru is a source of polymer supply because much of the branch that is discarded in search of grains, can 

be replanted after the healing time. 

 

The use of mandacaru for water treatment with high turbidity was tested by Santos & Vieira (2019) who 

developed a simple methodology for the natural use of Mandacaru palm. The authors tested various parts of 

the fruit to determine which would be the most efficient for water treatment. After cleaning, the shell, the 

middle part (shell-free part) and the core were separated to test the efficiency of each one in removing turbidity. 

The analyzed parts were gelatinous, with mucilage rich in carbohydrates including pectin, efficient in water 

absorption. The treatment was done by contact, with an efficiency of 69% in the removal of turbidity being 

observed in the first 30 minutes with the use of the external part, against 22% of the use of the crumb and 59% 

of the use of the bark, and maintaining this condition for a period of 8 hours. The external part showed greater 

efficiency in removing turbidity in a shorter time interval than the other treatments. It was found that after 

three hours of water treatment with Mandacaru, the turbidity found complied with that recommended by 

Ordinance No. 2,914 / 2011 (BRASIL, 2011). The use of Mandacaru, presented quite satisfactory results, with 

a high reduction of turbidity in a short period of time and without changing the pH, and it was then verified 

that the best concentration was 1 g of Mandacaru to treat 100 ml of cloudy water. 

 

Damasceno (2018) also tested the use of Mandacaru as a natural coagulant, associated with aluminum sulfate 

plus sodium hydroxide or quicklime to treat waters with high turbidity. The results showed a better CaO 

efficiency than NaOH, but the pure use of Mandacaru showed better results for sedimentation speed, pH and 

ionic conductivity. The high turbidity, due to the natural Mandacaru fragment that solubilizes in water, was 

resolved by passing the effluent through an active carbon filter. As a result, the use of Mandacaru, without the 

presence of a chemical reagent, proved to be an efficient coagulator, whose waste disposal does not generate 

any environmental problem, reducing operating costs. The product obtained after the treatment had quality 

standards suitable for use in domestic activities and animal consumption, with potential for application for 
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human consumption after correct disinfection. 

 

Zara, Thomazini and Lenz (2012), carried out a study of the use of the natural polymer extracted from 

Mandacaru, as an aid in the processes of coagulation and flocculation in the treatment of water, also evaluating 

its action on the physical-chemical characteristics, pH and total alkalinity, water clarified. Without the use of 

Mandacaru, there was a high incidence of small flakes, which aggregated into larger flakes in a slow mixture. 

With the use of the Mandacaru polymer, a smaller amount of large, filamentous flakes was observed which, 

in slow mixing, became larger and denser, making the decantation faster, increasing the removal of turbidity. 

In the comparison between the Mandacaru polymer and the aluminum chloride, at the same dosage, the 

polymer showed superior efficiency in removing turbidity and total organic carbon. The values obtained in 

the final turbidity were below 5 UNT, in unfiltered water. 

 

In order to compare the performance of the Mandacaru cactus as a primary organic coagulant and associated 

with the inorganic aluminum sulfate coagulant in the processes of coagulation, flocculation, sedimentation 

and direct filtration, of water from a lentic system, Melo (2017), carried out a study with samples of water 

from a lake. To monitor variations in the parameters to be analyzed, the sample was separated into three equal 

parts, with the pH adjusted differently for each of the samples, making it acidic (pH 4.67), basic (pH 8.66) and 

the last neutral (pH 6.45). The extraction of the organic polymer from Mandacaru was carried out in six stages: 

cleaning with removal of thorns, cuts in smaller parts, removal of the bark, analysis of the amount of material 

before and after crushing, and complexation after refrigeration and rest. The complex was obtained with a 

mixture of 10 ml of distilled water for each 75 grams of mucilage and the extracting solution was composed 

of sodium chloride and sodium hydroxide. The ratio of 1 ml of Mandacaru to 2.5 ml of extracting solution was 

adopted at room temperature and following a factorial statistical planning of 3², 3 levels and 2 variables in 

duplicate, where the coagulant dosage and pH were considered the independent variables. The parameters 

apparent color, turbidity, pH, electrical conductivity and total, fixed and volatile solids were measured in order 

to analyze the performance of the organic coagulant as main and associated with the inorganic, in its reduction, 

after the coagulation, flocculation and sedimentation tests. 

 

The assays in which Melo (2017) used the cactus plus the extraction solution as a coagulator, in samples with 

neutral pH, the small increase that occurred in the coagulation-flocculation step, was corrected in the filtration 

and in samples with acid pH, presented after treatment, neutrality with pH above 6.5. In all tests in which 

Mandacaru was used as a coagulant with the extraction solution and aluminum sulfate, the pH was around 7.5 

after filtration. As for pH, the tests by Melo (2017) met Resolution 357/2005 (CONAMA, 2005) and 

Ordinance 2914/2011 (BRASIL, 2011). The standard for drinking water was not reached, considering the 

removal of apparent color, both in the stage of coagulation, flocculation and sedimentation, where the 

maximum value is 75 uH defined in CONAMA Resolution 357 (CONAMA, 2005), and in the post- filtration, 

where the limit defined by Ordinance 2914 (BRASIL, 2011) is 15 uH. The low efficiency was due to the 

characteristics of the samples representing a critical situation, that is, high colloidal material content or in 

suspension, but in the removal of this parameter in more than 80% with direct filtration, it signaled an equality 

of efficiency for the two coagulants. In the turbidity parameter, only one test showed 4.9uT, after filtration, 

within the standards of Ordinance 2914/2011 regarding potability. Despite the result, the viability of using 

Mandacaru organic polymers was confirmed by the similar efficiency in the removal of color and turbidity, 

when used alone or associated with aluminum sulfate, after filtration. In the tests of efficiency of removal of 

solids, some determinations of existing solids in the water for being inaccurate due to the methodology used, 

presented negative values and were discarded. The retention of solids by direct filtration increased the 

efficiency of the treatment. Regarding the electrical conductivity parameter, only the tests performed with the 

extraction solution plus palm diluted in the neutral pH range were measured, so it is not possible to compare 

the use of coagulants. However, some information obtained showed an increase in electrical conductivity, due 

to the filter sand and extraction solutions with NaCl and NaOH, which release salts in presence with water, 

increasing the value of total dissolved solids. High levels of electrical conductivity can indicate changes, due 

to the mineral concentration, in the water composition, even presenting corrosive characteristics. It is 

recommended to monitor this parameter, although there is no defined maximum limit. 

 

Table 1 shows a compilation of the articles found on the application of mandacaru for water treatment, 

highlighting the form of application and the main results found. 
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CONSIDERATIONS 

 

The use of Mandacaru, presented satisfactory results for the treatment of water, with a high reduction of 

turbidity in a short period of time and without changing the pH, reaching quality standards suitable for the use 

of water for domestic activities and animal feed, with potential for application for human consumption after 

correct disinfection. In the comparison between the Mandacaru polymer and the aluminum chloride, at the 

same dosage, the polymer showed superior efficiency in removing turbidity and total organic carbon. The 

values obtained in the final turbidity were below 5 UNT. Therefore, mandacaru is a promising alternative for 

use in rainwater treatment. 
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Abstract 

In small cities, trees have been gradually losing space with urban growth and densification, focusing on 

squares, parks and some roads. The lack of information on urban afforestation is directly reflected in municipal 

planning and management, affecting the provision of various ecosystem services by the urban forest. This 

study aimed to carry out the floristic and quantitative survey of tree species, and to estimate tree biomass in 

the streets and avenues of Bairro Centro in the municipality of Paracambi - RJ. Geographic coordinates were 

collected using GPS and the total height (m) and circumference at breast height (CAP, cm) of tree individuals 

with CAP> 10 cm were measured, and tree biomass was calculated using an allometric model. To date, the 

survey has resulted in 65 specimens sampled, distributed in 17 species and 11 botanical families. Roystonea 

oleracea and Libidibia ferrea were the most abundant species, and The Fabaceae family had the largest 

accumulation of biomass with 1,187.5 kg, followed by Rutaceae 1,032 kg, the average height 7.57 m and the 

mean DBH of 37.2 cm. The results, which will be expanded to other neighborhoods in the city, may subsidize 

the management of urban afforestation, serving as a basis for its monitoring. 

 

Keywords: urban forest, inventory, tree biomass 

 

Presentation: https://youtu.be/z9dHqsMHm50  

 

 

INTRODUCTION 

 

The twentieth century marked the development and population growth of cities, generally without taking into 

account the socio-environmental factors involved. Due to poor planning, the environment in general is 

deteriorating. To try to mitigate the impacts, it is necessary to know and analyze the structures of cities and 

their functions through the socio-environmental perspective, a basic requirement for urban planning and 

management. Within this context, open spaces and vegetation cover located in the urban perimeter are 

included. The international community uses the term urban forest to name the set of tree cover in cities, 

translated as urban forest. In turn, urban forestry or urban forestry, is a specialized branch of forestry that aims 

to cultivate and manage trees for the current and potential contribution to improving the physiological, 

sociological and economic well-being of urban society (BIONDI, 2015 ; MILLER et al., 2015). The urban 

forest is made up of all vegetation cover (regardless of size) that makes up the scenery of the urban landscape, 

and can be divided into a private urban forest, which consists of all vegetation in a particular area, including 

from arborets to residential gardens or in condominiums, and public urban forest, constituted by vegetation in 

a public area, which can be divided into road afforestation and green areas. It therefore comprises trees planted 

on sidewalks, parks, squares, gardens, backyards, parking lots, cemeteries and urban woods, even if they are 

located in suburban and peri-urban areas (MILLER et al., 2015). The structure of the urban forest has 

biophysical and geographical specificities as well as an ecosystem, which includes species composition, 

diversity, age classes and health status, as well as the arrangement of tree elements in relation to each other 

and this with urban infrastructure. The areas where vegetation exists in the urban environment can provide 

microclimates with colder temperatures and create islands of urban freshness (SHUA-BAR, 2009. CHANG, 

https://youtu.be/z9dHqsMHm50
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2014; SHOJAEI, 2017), playing an important role for the human health and sustainability of cities. 

 

 

MATERIALS AND METHODS 

 

The survey was carried out using tree specimens found on 17 public roads located in the Centro neighborhood, 

an urban area in the municipality of Paracambi - RJ, located in the metropolitan region of Rio de Janeiro. The 

parameters analyzed were: total height (H), commercial height (to follow the development of the specimen in 

future measurements) and circumference at breast height (CAP, cm), converted to diameter at breast height 

(DBH) of each individual tree with CAP> 10cm. Live biomass was estimated using a non-destructive method, 

using DAP, using the allometric equation: BA = 0.1184 X DAP ̂  2.53. Where BA - Arboreal Biomass; 0.1184 

- Constant; DAP - Diameter at Chest Height and 2.53 - Constant (AREVALO et al., 2002). The following 

formula was applied to estimate palm biomass (SALDARRIAGA et al., 1988). 

 

Exp (-6.3798 - 0.877 * ln (1 / DAP²)) + 2.151 * ln (H) 

 

RESULTS AND DISCUSSION 

 

So far, 17 streets / avenues have been sampled, where 65 arboreal individuals have been identified, distributed 

in 17 species, with Roystonea oleracea (14) and Libidibia (Caesalpinea) ferrea (12) being the most abundant. 

The species are distributed in 11 botanical families, with Fabaceae being the most representative followed by 

Arecaceae. Floristic data show the concentration of afforestation in a small number of species and a high 

number of exotic species (8 or 47%), including an invasive species (Leucaena sp.), Which indicates the need 

for a reorientation in the planning of new plantings, with the inclusion of more native species. The results of 

the estimate of tree biomass (kg of dry matter), grouped by family. The Fabaceae family had the largest 

accumulation of biomass with 1,187.5 kg, followed by Rutaceae 1,032 kg. The result confirmed a greater 

accumulation of biomass in the family, which showed a greater abundance of individuals. However, that of 

the Arecaceae family obtained 174.68 kg, due to the nature of the stem (stipe) of the palm trees, of low specific 

density in relation to Angisopermas, which also applies to Cycadaceae, which presented 67.08 kg of biomass. 

It was possible to detect that the Rutaceae family had a large amount of relative biomass 1,032.08 kg, even 

with only 5 individuals, as well as, to a lesser extent, the Combretaceae family with 403.4 kg, which can be 

attributed to the greater relative size of the arboreal individuals, the results of the other families can be seen in 

table1. 
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CONSIDERATIONS 

 

The study showed a predominance of two botanical families totaling about 61.5% of the individuals sampled 

in the central streets of Paracambi, presenting a low diversity of local afforestation, which was repeated, to a 

lesser extent, in the biomass estimate. These results may support the monitoring of the evolution of the 

specimens, as well as new surveys aiming to estimate the carbon fixation in the urban area. It is suggested to 

plant more native species to increase the diversity of the urban forest, improving its quality and resilience and 

promoting greater ecological and socio-environmental interactions. 
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Abstract 

Although there is an increasing emphasis on the disclosure of social and environmental indicators by 

organizations, there is lack of disclosure by the universities, being in it's early stages. The paper aims to add 

to the discussion on sustainability reporting in higher education institutions by examining the sustainability 

reports of Brazilian universities. The authors conducted content analysis by using a catalog of 130 indicators 

to cover the aspects (environmental, economic, social and university) of sustainability in universities and 

applied a checklist to determine the presence or absence of the indicators. This study covers 12 sustainability 

reports from a sample of 27 published by 205 universities in their websites that could be downloaded. The 

research is limited by the availability of reports, sample size and some inherent limitations part of applying a 

standardized method. The findings shows that the disclosure of sustainability reporting by Brazilian 

universities is in it’s infancy and diverges in a considerable way from each other. The results could be used to 

improve the quality of reporting, with implications for policy-makers, administrators and researchers, 

supporting the credibility of the sustainability reports released. The disclosure of sustainability seems to be 

made to meet the normative need, in the case of public universities; or funding, in the case of private 

universities. 

 

Keywords: Sustainability reporting; University; Disclosure; Higher education institution; Brazil; Content 

analysis 

 

Presentation: https://youtu.be/okX-Wnp6HSc  

 

 

INTRODUCTION 

 

According to Ávila et al. (2017), innovation and sustainability must transform the university environment to 

meet human needs, without compromising resources for the next generations. The lack of appropriate 

technology has also been identified as one of the barriers to innovation and sustainability. Specifically, in 

South America, the biggest barriers, according to the research by Ávila et al. (2017), are: management support, 

legislation and guides for innovation and sustainability; research and development and awareness. 

 

Sustainability is gaining more and more visibility in universities, however, there is still much to be studied 

and developed in this area. In this context, sustainability assessment tools play an important role in contributing 

to the development and improvement of sustainable actions in Higher Education Institutions. They can reveal 

the institution's current situation and contribute to the institutional advancement of sustainability. 

(CRONEMBERGER; GÓES; MAGRINI, 2015) 

 

Sustainability reports can be used to assess the social, environmental, economic and educational dimensions 

of Higher Education Institutions, in addition to being used as communication tools with stakeholders. Despite 

this, sustainability reports are still little used by higher education institutions and are at an early stage, 

compared to those used by companies, and they can improve (LOZANO, 2011) 

 

https://youtu.be/okX-Wnp6HSc
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In this context, the research questions were outlined: Q1) which Brazilian universities publish sustainability 

reports on their websites? and Q2) what exactly is reported in the sustainability reports of these institutions? 

Thus, the work aims to: O1) identify which Brazilian universities publish sustainability reports on their 

websites and O2) identify what exactly is reported in the sustainability reports of these institutions. 

 

 

MATERIALS AND METHODS 

 

For this investigation, content analysis was applied as a method to determine the importance of the topics 

disclosed in the sustainability reports. The research methodology is aligned with existing studies (FONSECA 

et al., 2011; LOZANO, 2011; SASSEN; AZIZI, 2018a), in order to facilitate comparability. The information 

provided in the reports was examined using the Global Reporting Initiative's (GRI, 2020) environmental (34), 

economic (9) and social (48) performance indicators, with a combination of 39 specific indicators for the 

university dimension developed by Sassen; Dienes and Azizi (2014 apud SASSEN; AZIZI, 2018a) and also 

applied by (AZIZI; BIEN; SASSEN, 2018; SASSEN; AZIZI, 2018a, 2018b), totaling 130 indicators. 

 

The sample was restricted to Brazilian universities. The list of universities was obtained on the e-MEC portal 

(http://emec.mec.gov.br/) on 09/24/20. Then, a survey was carried out to verify whether the institutions 

published their sustainability report on their websites. Similar to (SASSEN; AZIZI, 2018a; SEPASI; 

RAHDARI; REXHEPI, 2018; YALIN et al., 2019), this investigation was carried out in a systematic 

individual way with the following keywords: "sustainability report", "social responsibility report", "social 

report", "social report", "report" and "sustainability". As eligibility criteria, the survey included only reports 

that could be identified as a sustainability report for the institution as a whole and that could be downloaded 

as a document on the website, the page or related pages were not evaluated, only the document formally 

structured and identified, that could be downloaded. In addition, reports specific to a sustainability category 

such as a greenhouse gas emission report, master plan, management report, institutional development plan or 

other type of institutional planning were not included. The most recent reports from each institution were 

included in the assessment. The survey was carried out between the months of June and October 2020. Later, 

analagous to Mauro, et. al (2020), to evaluate the reports, we applied a checklist (using only binary score: 

where 0 indicates de absence and 1 the presence) for each analyzed indicator, then we compiled and calculated 

the mean, the standard variation and the deviation coefficient of each dimension: economic, environmental, 

social and university. 

 

 

 

RESULTS AND DISCUSSION 

 

Of the 205 universities listed on the e-MEC page, 31 institutions were located that published the sustainability 

report according to the research criteria, that is: available for download on the institution's own page or with 

a direct link from the institution's page and that it did not encompass just a specific dimension of sustainability. 

Thus, 27 sustainability reports remained according to eligibility criteria and a sample of 12 (44%) of these 

reports were analised. 

 

The work has limitations due to some aspects: 1st the number of universities that published the sustainability 

reports; 2nd the use only of reports that could be downloaded and that met some eligibility criteria, may fail 

to evaluate relevant institutions that have demonstrated their commitment to sustainability in other ways and 

3rd the application of a method with a fixed number of indicators may neglect certain specific characteristics 

of each institution or region. 

 

As seen in the Table 1, all the dimensions were poorly related, two dimensions had a mean: social and 

university, but far below the maximum score possible. Four reports were structured by the GRI guidelines, all 

of then stated an index of the applied indicators, in these cases the university dimension were least mentioned 

in the text reported. In the reports that did not have a framework, the social and university dimensions were 

more related than economic and environmental. In all of cases, the social dimension were related, even when 

were not applied for a specific indicator. 
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Table 1: Overview of disclosure levels of the sustainability reports. 

 
 

Possibly, the reports of the universities analyzed did not disclose all the environmental effort that they practice. 

Thus, improve the quality of these publications would be a good way to demonstrate to society, stakeholders 

and other educational institutions, the routine of sustainability effort that they execute. 

 

 

CONSIDERATIONS 

 

Based on the results above, it is clear that the publication of sustainability reports by higher education 

institutions in Brazil is still embryonic, diverging from each other in a considerable way. Of the 205 

universities in the country, only 31 published a sustainability report, the research reached the first objective 

(O1). Of the 12 reports analyzed, none were evaluated by an external audit. The second objective (O2), was 

achieved by presenting the result of the summary of the analysis in figure 1. This study added value to the 

field of sustainability in higher education institutions by assessing the level of publication of sustainability 

reports of these institutions in Brazil. 
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Abstract 

Greenhouse gases (GHG) and wastewater are problems of modern society that tend to worsen with population 

growth. Natural wetlands (WNs) are sources or sinks of these gases and as constructed wetlands (WCs) mimic 

processes in order to treat effluents, this emission or oxidation must also occur. One of the means of 

transporting these to the atmosphere is macrophytes. In this work, we sought to analyze which species are 

most related to the emission in order to indicate the appropriate use for more sustainable sewage treatment 

plants. A thorough bibliographic review of articles was carried out, gathering data on the emissions of the 

three gases: methane (CH4), carbon dioxide (CO2) and nitrous oxide (N2O), being compiled in three 

spreadsheets for each process and gas. A statistical analysis was carried out and it was obtained as a result that 

Lemna and Lythrum salicaria species are the ones that emit less for the three gases simultaneously and that 

the plants Phalaris arundinacea and Bambusa vulgaris, are the ones that emit more for CO2 and N2O and for 

CH4, respectively. Considering the macrophytes most used in these areas, Typha has the lowest emission 

potential for the three gases with the removal of various types of pollutants and better quality of the final 

effluent, while Phragmites, the most used among all, has a high emission for CH4, although it also presents 

high removal efficiency. 

 

Keywords: Vascular Transportation, Polluting Gases, Vegetation, Treatment Wetland 

 

Presentation: https://youtu.be/Hs9_6vPi15I  

 

 

INTRODUCTION 

 

The world population is growing and wastewater too, and it can become a public health problem (CHEN et 

al., 2020). WCs are technologies with the purpose of treating effluents from places with decentralized and 

punctual discharge (CHEN et al., 2020), in a similar process to what occurs in WNs (JI et al., 2020; KASAK 

et al., 2020). 

 

As in WNs, these WCs can also emit GHG during the treatment of effluents (CHEN et al., 2020; JI et al., 

2020; KASAK et al., 2020). According to the report Climate Change 2013 - The Physical Science Basis 

(IPCC, 2013), in 2011, CO2 emissions increased by 40%, CH4 by 150% and N2O by 20%. There has been a 

clear predisposition to warming the Earth since 1750 (IPCC, 2018). 

 

Consequently, understanding how environmental factors influence the processes of these WCs is essential, as, 

as in WNs, the emission of each gas depends on the environmental condition (FORTUNIAK et al., 2017). One 

of the elements that control this emission is vegetation, which has several functions in the treatment process, 

transforming them into an essential element for the design of these areas (BRIX, 1997). Therefore, it is 

necessary to understand how the action of these macrophytes occurs, since they greatly influence microbial 

activity (INAMORI et al., 2007), in addition to having already proven a better efficiency in removing nutrients 

in the presence of these (VYMAZAL, 2011). Another important point is the transport through the culms of 

the macrophytes, where the GHGs can be transported to the atmosphere, while the oxygen can be carried to 

the soil (VYMAZAL, 2011). 

https://youtu.be/Hs9_6vPi15I
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Although it is known that no environmental factor acts alone to interfere with the emission of GHGs, in this 

work the influence of macrophytes was evaluated. This article aims to evaluate studies from the 1990s to 2020 

in order to investigate which plant species are most correlated with the emission of gases. 

 

 

 

MATERIALS AND METHODS 

 

Initially, a bibliographic survey was carried out on the research portals of the Coordination for the 

Improvement of Higher Education Personnel (CAPES), Google Scholar, Science Direct and on the platform 

of the Springer publisher in search of articles that measure CH4, CO2 and N2O emissions in areas built from 

the late 1990s to the present day. To carry out the search the terms "constructed wetland", "artificial wetland", 

"treatment wetland", "greenhouse gas", "GHG", "methane", "CH4", "carbon dioxide", "CO2", "nitrous oxide”, 

“N2O” were used and combined with each other. The time frame used was from 1997 to 2020. 

 

The articles that had macrophyte monoculture, emission of at least one of the related GHGs were selected, 

excluding the restored and hybrid swamps. Another criterion used for the selection was the presentation of 

data in units that could be converted to mg.m-²h-1. Of a total of 116 articles relevant to the research, only 63 

contained data on the emission or oxidation of gases, and these data were 

 

computed in a spreadsheet. The emission values were transformed into the same unit (mg.m-²h-1), enabling 

comparison. The Graph Grabber version 2.0 program (BENBOW, 2017) was used to acquire data presented 

in graphs. Among these works, several locations, time of year, climate, among others were found, guaranteeing 

a great variability of the data. 

 

The data were organized in tables for each gas and by the process of emission and oxidation generating five 

spreadsheets: average emission of CH4, CO2 and N2O and average oxidation of CO2 and N2O, however as the 

oxidation data were few, the statistics for these last two tables could not be realized. There was the joining of 

the same species among the works and a separation of offsets according to the emission value. For this analysis, 

the Tukey test at 5% probability was used, with the statistical program Sisvar® version 5.6 (FERRERA, 2014). 

 

 

 

RESULTS AND DISCUSSION 

 

Statistically it was verified that there is a relevant difference for the emission of CH4, CO2 and N2O between 

the species of macrophytes, as it is possible to see in Table 1 to CH4, Table 2 to CO2 and Table 3 to N2O below 

that presents the anava for the three gases. In all figures bellow for the three gases it is possible to see that Pr> 

Fc for the macrophyte variable is less than 0.05, which was the significance used for the Tukey Test, then it 

follows that the answer is significant to all of them. 

 

 

 

Table 1: Anava for macrophytes with average CH4 emission 
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Table 2: Anava for macrophytes with average CO2 emission 

 
 

Table 3: Anava for macrophytes with average N2O emission 

 
 

 

The Tukey Test can be seen in Table 4 showing the values for the CH4 emission according to the species and 

the significance between them. The same result can be seen in Figure 1in graphic form. Areas planted with 

Bambusa vulgaris had much higher emissions than the others, while Scirpus sylvaticus had the lowest 

emissions. Species: Scirpus sylvaticus, Lythrum salicaria, Oenanthe, Rumex japonicus, Lemna, 

Schoenoplectus, Acorus calamus, Phalaris arundinacea, Typha, Glyceria maxima Hartm, Cyperus, Heliconia 

sp L., Menyanthes trifoliata, Canna indica, Juncus effusus, Zantedeschia aethiopica, showed no statistical 

difference between them and are those with the lowest emission value. 

 

Table 4: Tukey test for CH4 according to plant species 
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Figure 5: Statistical data for the CH4 emissions according to species. 

 

As for CO2, fewer species varieties were observed, this is because this gas has less studies, as can be seen in 

Figure 6. In this figure we can see the results of the Tukey Test performed for the emission of this gas related 

to the plants species and the significance between them. In Table 6, which shows the graphic data from Figure 

6, it is possible to see that the places planted with the species Cyperus, Typha, Phragmites, Lemna, Iris 

Pseudacorus, Sphagnum angustifolium, Lythrum salicaria, Menyanthes trifoliata, Juncus effusus and Acorus 

calamus, were the ones that least emitted this gas and there was no statistically significant difference between 

them. However, Sphagnum angustifolium, Lythrum salicaria, Menyanthes trifoliata, Juncus effusus and 

Acorus calamus were also significantly correlated with Phalaris arundinacea, which has the highest emission. 

 

 

Table 5: Tukey test for CO2 according to plant species 

 
 

Figure 7: Statistical data for CO2 emissions according to species. 
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N2O is the gas with the lowest emission in all, but it has the highest CO2 equivalent, which makes it 

problematic. Table 6 shows the result of the Tukey test, and with Figure 8 it’s possible to see that WCs planted 

with the species Zantedeschia aethiopica, Lemna, Menyanthes trifoliata, Sphagnum angustifolium, Lythrum 

salicaria, Carex, Scirpus, Typha, Zizania, Heliconia sp L., Acorus calamus L., Cyperus, Phragmites and 

Canna indica are the ones with the lowest emission, while the areas planted with Phalaris arundinacea, have 

a higher emission value than the others. 

 

Table 6: Tukey test for N2O according to plant species 

 
 

 

 
Figure 8: Statistical data for N2O emissions according to species. 

 

The point for this difference in emission is the presence of vascularity, in the case of vegetation. The species 

Sphagnum angustifolium is a bryophyte, therefore, it does not have an aerenchyma. This aerenchymal tissue 

acts as a tube that transports the sedimentary gas into the atmosphere (SILVEY et al., 2019). The lower 

emissions, for the two gases where this species could be seen, seem to be associated with this characteristic, 

and this information was also identified for the WNs according to Rochinha et al., 2019. On the contrary, the 

largest emissions found were for the species Phalaris arundinacea for CO2 and N2O and Bambusa vulgaris 

for CH4, which are angiosperms and have vascularity. 

 

Of the plants that were repeated among the three gases the ones that had the lowest emission for all of them 

were: Acorus calamus, Canna indica, Cyperus, Lemna, Lythrum salicaria, Menyanthes trifoliata e Typha. 

Among those that emit less for the three gases are Lemna and Lythrum salicaria, standing out Lemna and 

Lythrum salicaria. Therefore, these two species are the best options to be used in WCs for less emission, even 

if they are vascular. 
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The most found species, being common among all articles was Phragmites, corresponding to about 30% of 

the total data, followed by Typha and Juncus effusus, 20% and 10% respectively. Considering the emission, 

Typha is one of the options that emit less, being a good recommendation for use. Juncus effusus could not be 

analyzed, since no data were found for the emission of N2O with this plant. Phragmites sp. which is among 

the lowest emissions for CO2 and N2O, it was the second most emitting species in relation to CH4, and its use 

is less recommended from the point of view of air pollutants. 

 

Vymazal et al. (2011) carried out a study bringing together several other works and evaluated the efficiency 

of removing nutrients from some plants for wetlands with horizontal subsurface flow. Considering the plants 

studied in the present study that have lower emissions for all gases and the species studied by Vymazal et al. 

(2011), Thypa was the species that presented the greatest variety of pollutants being removed, evaluated by: 

chemical oxygen demand (COD), biological oxygen demand (BOD5), total suspended solids (TSS), total 

 

nitrogen (TN), ammonium (NH4
+), total phosphorus (TP), among others and also indicated by studies as the 

best option for the final quality of the effluent (VYMAZAL, 2011). Phragmites is also one of the species that 

has a positive effect in removing more varieties of pollutants, but as it has a high CH4 emission value, Thypa 

is a more suitable variety relating to pollutant removal and GHG emission (VYMAZAL, 2011). Among the 

options that have less emission for all species together, Lythrum salicaria was the only one that had an 

assessment of pollutant removal in its study, where it was seen that with plants there was the removal of 

nitrogen (N), a tendency to decrease NH4
+ concentration and TP removal. 

 

 

CONSIDERATIONS 

 

This study showed that vascularity significantly interferes with the emission of GHG for WCs, as well as for 

WNs. Locations that use plants with this mechanism have more significant emissions than those that do not, 

even though the emissions are not exclusively carried out by the aerenchymal tissue. The highest emissions 

found were for the species Phalaris arundinacea for CO2 and N2O and Bambusa vulgaris for CH4, which are 

angiosperms and have vascularity. Although the two species (Lemna and Lythrum salicaria) that emit less for 

all gases together are vascular, the analyzed species that does not have it, Sphagnum angustifolium, is found 

among the lowest emissions for CO2 and N2O, where it can be evaluated. Among the options most found in 

studies that addressed the GHG emission in constructed wetlands and the study of nutrient removal, Typha is 

the one that has the lowest emission potential for the three gases, a wide variety of pollutants removed in its 

presence and better quality of final effluent. And among the species that emit less for all gases, the only one 

that presents a study on the removal of pollutants is Lythrum salicaria and it was effective in removing N, 

NH4
+ and TP. 

 

 

REFERENCES 

BENBOW, Steven. Graph Grabber 2.0.1. Versão 2.0. Reino Unido: Quintessa Limited, 2017. Plataforma 

online. 

 

BRIX, H., 1997. Do macrophytes play a role in constructed treatment wetlands? Water Science and 

Technology 35(5): 11–17. 

 

CHEN, X. et al. Greenhouse gas emissions and wastewater treatment performance by three plant species in 

subsurface flow constructed wetland mesocosms. Chemosphere, [s.l.], v. 239, p. 124795, 2020. ISSN: 

18791298, DOI: 10.1016/j.chemosphere.2019.124795. 

 

FORTUNIAK, K. et al. Methane and carbon dioxide fluxes of a temperate mire in Central Europe. 

Agricultural and Forest Meteorology, [s.l.], v. 232, p. 306–318, 2017. ISSN: 01681923, DOI: 

10.1016/j.agrformet.2016.08.023. 

 

INAMORI, R. et al. Investigating CH4 and N2O emissions from eco-engineering wastewater treatment 

processes using constructed wetland microcosms. Process Biochemistry, [s.l.], v. 42, no 3, p. 363–373, 2007. 

ISSN: 13595113, DOI:10.1016/j.procbio.2006.09.007. 

 



 

279 
 

IPCC. CLIMATE CHANGE 2013, The Physical Science Basis. In: STOCKER, T. F. et al. (Orgs.). [s.l.]: 

CAMBRIDGE UNIVERSITY PRESS, 2013. 1–1523 p. ISBN: 9781107415324, DOI: 

10.1017/CBO9781107415324.Summary. 

 

______. Global warming of 1.5°C. In: Ipcc. [s.l.]: [s.n.], 2018.  

 

JI, H. et al. Soil organic carbon pool and chemical composition under different types of land use in wetland: 

Implication for carbon sequestration in wetlands. Science of the Total Environment, [s.l.], v. 716, p. 

136996, 2020. ISSN: 18791026, DOI:10.1016/j.scitotenv.2020.136996. 

 

KASAK, K. et al. Experimental harvesting of wetland plants to evaluate trade-offs between reducing methane 

emissions and removing nutrients accumulated to the biomass in constructed wetlands. Science of the Total 

Environment, [s.l.], v. 715, p. 136960, 2020. ISSN: 18791026, DOI: 10.1016/j.scitotenv.2020.136960. 

 

SILVEY, C. et al. Plant species and hydrology as controls on constructed wetland methane fluxes. Soil 

Science Society of America Journal, [s.l.], v. 83, no 3, p. 848–855, 2019. ISSN: 14350661, DOI: 

10.2136/sssaj2018.11.0421. 

 

VYMAZAL, J. Plants used in constructed wetlands with horizontal subsurface flow: A review. 

Hydrobiologia, [s.l.], v. 674, no 1, p. 133–156, 2011. ISSN: 00188158, DOI: 10.1007/s10750-011-0738-9. 

 

ROCHINHA, Isabela da Silva Pedro; GHELLERE, João Pedro Monteiro; CARMO, Dirlane de Fátima do; 

SILVA, Flávio Castro da. The role of macrophytes in GHG emission in natural wetlands. In: V WORKSHOP 

ON BIOSYSTEMS ENGINEERING, 2019, Niterói. Anais [...]. Niterói: AGRAH Consultoria, 2019, p.178-

181. Avaliable at: https://app.uff.br/riuff/handle/1/12625. Assessed at: 19 out. 2020. 

  



 

280 
 

 

THEORICAL ASPECTS ABOUT THE CONVERSION OF AÇAÍ SEED IN LIQUID 

FUELS AND BIOCHEMICALS 
 

Láira de Cássia Almeida Alves 1, Priscilla Magalhães de Souza 2, Fábio Bellot Noronha 3 

 
1Universidade Federal Fluminense 

2Universidade Federal do Rio de Janeiro 
3Instituto Nacional de Tecnologia 

 

Abstract 

 

The development of an alternative infrastructure that relies on renewable resources will be key to the economic 

and environmental well-being of the world. Lignocellulosic biomass, which is mainly composed by cellulose, 

hemicellulose and lignin, exhibits great potential to substitute the fossil fuels. The açaí seed, a kind of 

lignocellulosic biomass, may be a feedstock for the production of fuels and chemicals in Brazilians 

biorefineries. However, there are many challenges with achieving this goal. In this paper, we aim to discuss 

key aspects about the production of fuels and chemicals from açaí seed through catalytic processes. Thus, a 

worldwide literature review was performed, and relevant papers related to the subject were collected in valid 

databases, filtered and analyzed. Among a wide range of pretreatment methods, the Organosolv process is one 

of the most promising. In order to avoid lignin structural degradation during the pretreatment, it is possible to 

perform it simultaneously with lignin de polymerization under reductive conditions. The bio-oil generated has 

high oxygen content and necessitates further catalytic upgrading via hydrodeoxygenation process. Future 

research with more in-depth studies about the optimization of catalytic processes in biorefineries context are 

fundamental to help solve many of our chemical and fuel issues. 

 

Keywords: açaí seed; biorefineries; catalyst. 

 

 

INTRODUCTION 

 

Replacement petroleum by sustainable alternatives is a strategy to temper the growing environmental crises 

and meet the increasing fuel demands. Much of the petrochemical resources are finite and the development of 

an alternative infrastructure that relies on renewable resources will be key to economic and environmental 

well-being of the world (RIYANG et al., 2020). Lignocellulosic biomass has the advantage of a low cost and 

does not compete with food production, so it exhibits potential to be a substitute for fossil fuels. There are 

many challenges with achieving this goal, but utilizing all parts of biomass to their full economic potential 

may make this a reality. One potential solution is to continue to improve current biorefinery strategies towards 

integrated catalytic approaches that seek to improve total utilization of biomass waste towards fungible fuels 

and biochemical (DALE et al., 2020). 

 

To develop an economically viable process based on utilization of lignocellulosic components, it is essential 

to ensure their proper fractionation and specific valorization. A wide range of treatment methods exists to 

overcome the inherent limitations of the material. Among the methods considered most promising is 

Organosolv processing (THORESEN et al., 2020). To avoid lignin structural degradation during biomass 

pretreatment, perform biomass fractionation and lignin depolymerization simultaneously under reductive 

conditions by using a redox catalyst in combination with H2 or a H-donor is suitable strategy. The 

depolymerized product is called bio-oil (SCHUTYSER et al., 2018). 

 

The oxygen content of bio-oil is much higher than the fuel demands, and the bio-oil also contains many 

unstable components. Therefore, further deoxygenation and hydroprocessing are required for the bio-oil to 



 

281 
 

produce hydrocarbon liquid fuels (HANSEN et al., 2020). Catalytic HDO is a promising approach to upgrade 

the lignin-derived phenolic compounds in a heterogeneous system. After treatment, the upgraded products 

have less oxygen and more hydrogen, rendering them a higher heating value and better chemical stability 

(KUMAR et al., 2019). This paper has been built considering previous reviews within the area in the last five 

years. Herein, we aim to discuss aspects about the production of fuels and chemicals from açaí seed through 

catalytic processes. 

 

 

MATERIALS AND METHODS 

 

A worldwide literature review was performed. Relevant papers related to biorefineries, lignin valorization, 

açaí seed, Organosolv process and catalytic hydrodexygenation were collected, filtered and analyzed. Most of 

the selected literature was from English-written journals with no specific time scale criteria for inclusion, 

however more than 79% of the consulted literature dated from the period from 2010 to 2020. Valid databases, 

such as Elsevier Science Direct, ResearchGate, and Google Scholar, were used to gather information and 

resources, including original papers, review articles and book chapters. Keywords were chosen to collect the 

related information. During the search, many articles were found; however, the relevant literature was selected 

by analyzing the title, abstract, keywords and article contents. 

 

 

RESULTS AND DISCUSSION 

 

Biorefineries and Lignocellulosic Biomass Composition 

 

Profitability and sustainability of future biorefineries are dependent on efficient feedstock utilization, which 

can be improved by strategies towards integrated catalytic approaches that seek to achieve total utilization of 

biomass waste towards fuels and biochemical (KARGBO et al., 2021). The lignocellulosic biomass represent 

key feedstock for a modern biorefinery for their relative low-price and high quantity availability. 

Lignocellulose has a complex chemical architecture characterized by three major constituents such cellulose 

(35-50%), hemicellulose (25-30%) and lignin (15-30%) that allow to obtain different and innovative platform 

molecules (TORRES et al., 2020). 

 

The structures of cellulose and hemicellulose are relatively simple while lignin has a much more complex 

structure, which makes it quite difficult to depolymerize. However, lignin has a large abundance of aromatic 

units and constitutes the only renewable source that with potential to replace petroleum. Lignin is a three-

dimensional amorphous polymer composed of methoxylated phenylpropane units. 

 

Generally, lignin contains a high amount of ether linkages, including β-O-4, α-O-4, 4-O-5 and others, and the 

β-O-4 linkages are the highest in number, and their interruption is the key to decrease the molecular weight 

(SCHUTYSER et al., 2018). 

 

The native molecular structure of lignin possesses approximately 800-900 carbon number, which is far higher 

than that required for fuel application (~C6–20). In this regard, lignin must be depolymerized into small 

molecule fragments. However, it’s very complicated structure results in difficulty in depolymerization into 

monomer products with high selectivity. For this reason, only approximately 2% of industrial lignin is 

commercially utilized, and the rest is used as solid fuels for combustion (RIYANG et al., 2020). 

 

The açaí seed 

 

Euterpe oleracea Mart. palm plant is a widely distributed plant in northern South America. In the last years, 

the commercialization of E. oleracea Mart. fruits – açaí – in the form of pulp has experienced an economic 

boom, with a sizable increase seen in the Brazilian and international markets. The açaí pulp represents 

approximately only 15% of the mature fruit’s weight, whereas the açaí seed accounts for the other 85%, which 

represents ~1.1 million metric tons of residue yearly accumulated in the Amazon region, resulting in an acute 

environmental problem (YAMAGUCHI et al., 2015). In a pioneer study, Monteiro and coworkers (2019) have 

given a proper destination to açaí seeds by developing acidic- and enzymatic-catalyzed strategies to maximize 

mannose production from mannan, the major component of the mature seeds. They could reach a 96.8% yield, 
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which is the highest reported concentration of mannose produced from a residue. 

 

Organosolv Process and Lignin Depolymerisation 

 

Proper access to the polymers of the lignicellulosic biomass is only possible by applying cost- and energy-

intensive pretreatment methods. Nowadays, panoply of pretreatment methods are available with the overall 

goal of deconstruct the lignocellulose structure through cleavage of chemical bonds among the polymers. 

These differents pretreatment methods impact differently the lignocellulose structure and among them 

Organosolv processing is one of the most promising. The method applies combinations of different organic 

solvents and conditions for dissolution of hemicellulose and lignin giving rise to a solid glucan-rich fraction. 

From the remaining liquid fraction, lignin is precipitated mainly through dilution with water leaving behind a 

hemicellulose-rich stream (THORESEN et al., 2020). 

 

A catalyst is normally added during organosolv pretreatment. The main difference upon the addition of 

catalysts is the enhanced rate and extent at which hemicellulose hydrolysis and cleavage of α- and β-aryl ether 

linkages in lignin take place. Catalyst addition can contribute to high-purity organosolv-derived streams while 

opening the possibility for the use of shorter retention times and lower temperatures (FERREIRA & 

TAHERZADEH, 2016). 

 

It is commonly accepted that lignin is prone to structural degradation during biomass pretreatment, resulting 

in a depletion of ether bonds and a concurrent increase in carbon–carbon bonds relative to the native lignin. 

To avoid this loss in reactivity, one suitable strategy is to perform biomass fractionation and lignin 

depolymerisation are executed simultaneously under reductive conditions by using a redox catalyst in 

combination with H2 or a H-donor. These reductive conditions can avoid repolymerisation, since it promotes 

the stabilization of intermediate products and the removal of the O element (SCHUTYSER et al., 2018). 

 

Liao et al. (2020) have developed an integrated biorefinery that converts 78 wt.% of birch into xylochemicals. 

In their system, reductive catalytic fractionation of wood gave a carbohydrate pulp amenable to bioethanol 

production and a lignin oil. After extraction of lignin oil, the crude, unseparated mixture of phenolic monomers 

is catalytically funneled into 20 wt.% of phenol and 9 wt.% of propylene (on lignin basis) by gas-phase 

hydroprocessing/dealkylation, whereas the residual phenolic oligomers (30 wt.%) are used in printing ink as 

replacements for controversial para-nonylphenol. The catalytic study explored several commercial metal 

catalysts, where a 64 wt.% Ni on silica (Ni/SiO2) catalyst reached 84% yield for n-propylphenols and 

ethylphenols. 

 

Catalytic hydrodeoxygenation 

 

Biomass fractionation by processes for lignocellulose utilization to derive bio-oil with high oxygen content 

(up to 60 wt%) and necessitates further catalytic upgrading via hydrodeoxygenation (HDO) process. The 

water-soluble fraction of bio-oil generally contains carbohydrates that are transformed into 

hydroxymethylfurfural, levulinic acid, and monofunctional hydrocarbons via the HDO route. The water-

insoluble bio-oil often contains a large variety of products derived from lignin, cellulose, and hemicellulose 

in the form of oligomers. The complexity of bio-oil composition and the chemical inertness of the oligomers 

pose a great challenge for HDO processes to expand to further expand and integrate with biorefinery (DUTTA, 

2020). 

 

HDO usually requires high H2 partial pressures and moderate temperatures. To overcome hydrogen deficiency 

in biorefineries, atmospheric- or low- pressure HDO process and liquid hydrogen sources for in situ H2 

generation can be adopted. Wang et al. (2016) examined the Ni/Al-SBA-15 catalysts for the HDO of 

organosolv lignin. Ni/Al-SBA-15 was capable of converting organosolv lignin to volatile hydrocarbon 

products with a yield of approximately 45%, in which the selectivity of cycloalkanes was higher than 99%. 

Organosolv lignin was almost fully converted into saturated hydrocarbons. 

 

 

CONSIDERATIONS 

 

The growing demand for fuels and the society’s dependence on nonrenewable petroleum are promising to be 
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addressed through the development of the efficient utilization of renewable resources. In the case of Brazil, 

feedstocks like açaí seed has potential to be utilized in biorefineries, helping to solve urban and environmental 

problems. As a lignocellulosic biomass, açaí seed is mainly composed by cellulose, hemicellulose and lignin. 

Lignin is of particular interest because it has a large abundance of aromatic units and constitutes the only 

renewable source that with potential to replace petroleum. However, lignin efficient utilization is difficult to 

realize due to its inherent structural complexity. In order to promote the valorization of all the three 

components of lignocellulosic biomass, Organosolv process in one of the most promising methods and 

reductive conditions are crucial to stabilize the intermediate products. Furthermore, catalytic HDO processing 

is fundamental to the conversion of lignin to viable hydrocarbon fuels and meet the high-quality liquid fuel 

requirements. We highlight that future research with more in-depth studies about the optimization of catalytic 

processes in biorefineries context are fundamental to help solve many of our chemical and fuel issues. 
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