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SUMMARY:The mode of disposal of waste and effluent from swine breeding constitutes an important practice for environmental compliance of farms. For the need to produce quality and sustainability deploy many ranchers have sought treatment systems process waste from pig farming. Brazil has been increasingly investing in research and implementation of techniques for treating these wastes. Thus, this paper aimed to present the advantages of manure treatment and utilization of animal by-products. The case study refers to a Cooperative Farming of Nova Mutum, MT. The farm currently contains more than 23,000 pigs and waste generated by this process, in addition to producing electricity, are used as biofertilizers in irrigation Eucalyptus after being treated in the digesters. Through empirical calculations it was found that the average biogas is 2,438 m³ per day, with a calorific value greater than 2,000 kWh / day or 60,000 kWh / month, number higher than 22,000 kWh / month currently generated, so the cooperative can increase the capacity of your generator if you want to produce more energy. This requires further study of the efficiency of the treatment and the quantity and quality of effluent produced.
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RESUMO: A forma de destinação dos dejetos e efluentes originados a partir da criação de animais estabulados tem se constituído numa prática importante para a regularidade ambiental das propriedades rurais. Visando a necessidade em produzir com qualidade e sustentabilidade muitos pecuaristas tem buscado implantar sistemas de tratamento de resíduos provenientes do processo da suinocultura. O Brasil vem cada vez mais investindo em pesquisa e implantação de técnicas para tratar esses dejetos. Dessa forma, este trabalho buscou apresentar as vantagens do tratamento de dejetos de origem animal e utilização de subprodutos. O estudo de caso refere-se à Copermutum - Cooperativa Agropecuária Mista de Nova Mutum-MT.  A granja, atualmente, contem mais de 23.000 suínos e os resíduos gerados por este processo, além de produzirem energia elétrica, são utilizados como biofertilizante na irrigação de Eucaliptos após serem tratados nos biodigestores. Através dos cálculos empíricos constatou-se que a produção média de biogás é de 2.438 m3 por dia, apresentando um poder calorífico superior a 2.000 kWh/dia ou 60.000 kWh/mês, números superior aos 22.000 kWh/mês gerados atualmente, portanto, a cooperativa poderá aumentar a capacidade de seus geradores se desejar produzir mais energia. Para isso é necessário estudos mais aprofundados da eficiência do sistema de tratamento e da qualidade e quantidade do efluente produzido.

Palavras chave: suinocultura, biofertilizantes, produção de energia limpa, biogás
INTRODUCTION

Agriculture is essential for human life, and thusly we have exploited the Earth for since the beginning of our times for our sustenance and survival.  Accelerated growth of the global population has as a consequence an augmented demand for food supply, and an intensification of agricultural and ranching processes. This brings along myriad new problems in turn: deforestation, erosion, biodiversity loss, water resource pollution, expansion of degraded lands, a rise in atmospheric emissions and the generation of solid residues, to name a few.  The role of 

agriculture in the global account of emissions is yet small relative to the carbon intensity of the energy and transport sectors; research and experience in search of solutions, improved efficiency and productivity, and protection of the environment is thus of great importance.  With this aim the current study looks to encourage practices and techniques for swine farms that minimize pollution of soil, water, and greenhouse gases.  Specifically, we examine the use of bio-digestors for effluent treatment and biogas production for electricity generation in a case study of a Cooperative in Nova Mutum, in the state of Mato Grosso, Brazil.  

We analyzed whether the conversion to energy or use as organic fertilizer of biomass produced on swine farms within Cooperative offered economic or environmental benefit. In particular, our efforts:

· Demonstrate application of existing technologies to the minimization of agricultural and ranching issues

· Calculate the production potential of biogas from swine waste using a case study

· Evaluate the net economic benefit for a farmer implementing these techniques
The energy ‘grid’ is the meeting of the energy sources that sustain the development of a nation, and proper planning is critical to guaranteeing adequate energy production and use.  As a nation, Brazil’s grid is built on the most renewable energy portfolio in the industrialized world (Brazil, 2013), with 45.3% of its production arising from hydropower, biomass, and ethanol, in addition to wind and solar.  Within electricity generation specifically, around 90% comes from renewable sources (ANEEL, 2012).  Even still, current capacity is not sufficient to meet the demands of Brazil’s growth. 

Brazil created the ‘Incentive Program for Alternative Electrical Energy Sources’ in 2004 (PROINFA, 2004) whose purpose is to promote the diversification of the Brazilian energy grid, seeking alternatives to enhance electrical energy security and encouraging the use of renewable energies like solar, wind, hydropower and biomass.  In the context of energy, biomass refers to all renewable resources deriving from organic matter (of animal or vegetable origin) that can be used in energy production.  One of the key advantages of biomass is that it can be used directly as an energy source (albeit at reduced efficiency) via combustion (ANEEL, 2012).

Brazil is among the nations with the greatest potential for renewable biomass generation, owing to a range of environmental conditions (TORESSI, 2008).  The country hosts a favorable climate; a vast territorial expanse; and the necessary water, human and technical resources to grant comparative advantage in biomass production, competitive pricing, and production at scale (Lima et al, 2011).  However, land use for biomass production brings with it some or all of the range of problems cited above: deforestation, erosion, loss of biodiversity, or water pollution, to cite only a few examples.

Impacts of untreated swine manure disposal: According to Parchen (1981), pollution from manure can manifest in a range of forms: biological, physical, and physic-chemical. Manure left untreated in the environment can contaminate watercourses as precipitation passes over and through contaminated soils, or through disposal of farm effluent without treatment, directly in the soil or in rivers (Beck, 2007; Hess, 1979), When swine manures are released to watercourses they can lead to reduced levels of dissolved oxygen, leading to mortality of fish and microorganisms and a disequilibrium of the aquatic ecosystem (BALDISSERA, 2002). 

It must also be noted that swine manure pollutes the atmosphere through production of greenhouse gases; principal among them carbon dioxide (CO2), methane (CH4), ammonium (NH4+), (OLIVEIRA, 2004). Refosco (2010) lists the principal polluting elements of swine manure as nitrogen (N), phosphorus (P) and several micronutrients such as zinc (Zn) and copper (Cu). 
Treatment of Animal Waste: Adequate treatment of effluent and waste reduces methane emissions, one of the key greenhouse gases.  It can provide as well additional sources of income to farmers as organic fertilizer, the sale of carbon credits and the generation of automotive, thermal, and electrical energy (via biogas).  One means of treating these wastes is through biodigestors. 
A biodigestor is a sealed hermetic chamber within which occur anaerobic fermentation of organic matter and the formation of organic fertilizers and (methane) biogas (NOGUEIRA, 1986). This technology considerably reduces animal waste odors, diminishes the proliferation of disease vectors, and reduces greenhouse gas emissions to the atmosphere.  In Brazil, biodigestors are used in rural areas primarily for sanitation, generating biogas and organic fertilizers as byproducts. The biodigestors in most common use across the world follow either the Indian model, whose sophisticated design best facilitates biogas production, or the Chinese model, which is much simpler and inexpensive.  However, for Brazil, the design in most common application is the Canadian model (HAACK, 2009; KARQUÍDIO, 2009).

The Canadian-model biodigestor is a horizontal design with tubular input flux and a rectangular geometry, built in masonry with a greater width than depth to allow a large area for solar exposure (Figure 1a) (CASTANHO & ARRUDA, 2008), which in warm climates leads to biogas production through an elevation in temperature (OLIVEIRA, 2012). A version of this system that uses PVC canvas in place of metal or fiberglass hoods (Figure 1b) has been implemented widely due to its low cost and ease of implementation (LINDEMEYER, 2008).

Figure 1.Biodigestor Canadian model.
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Font: Adapted from Training Manual Digestion (2008) e Cooperative (2013).

Lindemeyer (2008) reports the low cost of the Canadian model as being one of the contributing factors to studies using this system. Oliveira (2012) and Cunha (2007), also report the suitability of this model for high-volume waste streams, with an accessible implementation cost.
Biogas: The composition of biogas is variable, as it depends upon the organic material being decomposed and on the conditions in which it is generated.  The principal component of biogas is methane, representing 60-80% of the total composition.  Methane is a clear, highly-combustible gas that burns with a bluish purple flame, without leaving any soot and generating minimal pollution (DEGANUTTI et al., 2002).Methane is responsible for 20% of global warming (PECORA et al., 2008; EPA, 2007) and thus should not be released into the atmosphere. 

STUDY AREA

Nova Mutum is a municipality located in the mid-north of Mato Grosso state, at latitude 13º 05’ 04 S and longitude 56º 05’ 16” W, at an altitude of 460 m. It was recorded as having a total area of 9,562.661 km² and a population of 31.649 in the 2010 census (IBGE, 2010). The municipality is considered a strong agricultural presence in the state, with standout production of soy, corn and cotton (IBGE, 2010), and possessing 459,453 hectares of farm and ranchland; approximately 107,334 head of cattle and 254,953 head of swine. 

Agricultural and Ranching Cooperative: While there are a diversity of producers in the municipality, this study focuses on a single cooperative with 17 member swine farms, 73 employees and production of approximately 75,000 pigs a year for slaughter. About 60 ha of land in the cooperative are designated for swine farming, made up of blocks housing about 24,000 swine. The production system of the cooperative has two stages:

Pig Production Unit – (PPU): The PPU includes 18 basic units comprising pavilions for shelter, rearing, and insemination of a breeding herd, as well as a central pavilion for shelter of the breeders, both purebred and hybrid animals.
Pre-termination Unit – (PU): The PU is formed by five pens built on the property and under the responsibility of the cooperative members, where pigs remain from weaning until being sent to the Termination Unit (TU), which is done on properties of the cooperative members.  There are two other buildings on the premises, housing an office as well as shops and a canteen for the employees.  In addition to the pig blocks, the farm has four biodigestors, followed by settling ponds, where the treatment of waste from the pig rearing takes place.  There is also an energy generator, and a pump-irrigated.    Eucalyptus plot fed in part by the organic fertilizer generated by the biodigestors (Figure 2).
Figure 2.System Treatment of waste on the farm   [image: image2.png]Biodigesters
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METHODS

This research utilized data provided by the cooperative’s administration, including both qualitative and quantitative observations.  We observed the operation of the farm and the generation of wastes, analyzing the accompanying environmental impacts and the kinds of practices that could minimize them. 

We received data on the construction of the biodigestors, the building of the energy generators and the maintenance undertaken on these systems.  To minimize the impacts of these activities and to improve income generation for the cooperative we calculated empirically the potential energy generation (and sale thereof) based on the current swine population on the cooperative.

Biogas Production – Electricity Generation: The calculation of electricity generation required as input the quantity of waste generated, for which we relied on secondary data from the literature (LOVATTO, 2001; TARRENTO e MARTINEZ, 2006; SILVA e RUGGERO, 2010; LUCAS JÚNIOR, 1987; CEMAT, 2013 e ANEEL, 2013)   We drew from Lovatto (2001) to estimate daily production of urine and manure (Table 1).

	Stages of Production
	manure (Kg/day)
	Manure+Urine(Kg/day)
	waste liquids(L/day)

	25-100 kg
	2,3
	4,9
	7

	Matrices
	3,6
	11
	16

	Matrices lactating
	6,4
	18
	27

	males
	3,0
	6
	9

	piglets
	0,35
	0,95
	1,4

	average
	2,35
	5,8
	8,6


Table 1.Daily production of liquid wastes and swine manure. Fonte:Lovatto, 2001

Lovatto (2001) found daily manure production to vary according to the type of animal, as is shown in Table 1; note as well that production varies as a function of age. Tarrento and Martinez (2006) stress the importance of knowing the potential production from all kinds of manure; all forms of organic matter can be used in the biodigestor, but the most common are fresh cattle manure, and dry manure from chickens or swine.

The energy potential of swine manure can be defined by the ability to produce biogas from the digestible organic matter there in (Souza, 2008).  Silva and Ruggero (2010) find 0.30m3 gas/kg swine manure, on average; Konzen (1983) reported the production of 50m3 of gas from 1m3 of swine manure, or about 0.051m3/kg.  Lucas Jr (1998) estimated the potential biogas production from a slurry of pig manure with a 30-day hydraulic retention time, finding a value of 0.1064m3/kg.  As the Cooperative Farming system bears closest resemblance to this system, we adopt a value of 0.1064m3/kg of manure for the purposes of our calculations.


Knowledge of the manure quantity is incredibly important, as the production of biogas is directly linked to the quantity of waste available to feed the system. From this it follows the volume of gas that can be produced, and the quantity of energy that can be generated. Biogas is composed of a mixture of gases, the precise make-up varying with the characteristics of the waste and the operating conditions of the digestion process.  The principal components of the gas are methane and carbon dioxide, with other gases such as hydrogen sulfide, nitrogen, hydrogen, and carbon monoxide occurring in minor concentrations.  Lucas Jr (1987) analyzed biogas from biodigestors over the period of a year, finding an average presence of 57.7% methane (Table 2).
Table 2.Annual production of biogas digesters in.
	Volume of swine waste(m³)
	57,7% de CH4

	1
	X 0,577


Font: Lucas Jr (1987).

Silva and Lucas Jr (2008) found 1m3 to correspond to 1.428kWh of energy generation, with electricity valued at R$0.28 in rural areas (CEMAT, 2012) (Table 3).

Table 3.Relationship between the amount of methane in kWh and the amount of kWh Network CEMAT.
	Value of 1m ³ of methane
	Value kWh
	Value kWh (CEMAT, 2012)

	1
	$3
	$ 0,588


It must be emphasized that this is the price collected in rural Mato Grosso, reflecting the local economy and costs for electricity. Were energy to actually be sold from a scheme like this, the relevant local price would need to be consulted. 

Financial Viability: Considering the values obtained for electricity generation and comparing those against expenditure for investment and existing literature we undertook an analysis of financial viability. We then provide some recommendations.
RESULTS AND DISCUSSIONS

Agricultural Cooperative

According to the data provided by the cooperative, 360,000 to 400,000L of gas was produced per day, generating 22,000kWh/month, with a monthly value of R$7,000 as electricity.  As can be seen in Table 4 the farm is self-sufficient in energy generation, with surplus energy production.

Table 4.Waste generation and generation of electricity.

	Production
	Quantity

	Liters of waste / month
	12.000.000

	kWh/month
	      22.000

	Economy with electric energy (dollar / month)
	      14.700


Font: Cooperative Farming, 2013.
These wastes possess high polluting power, and for this reason the waste treatment system for swine manure via biodigestors and settling ponds was installed in 2005, with the aim of protecting the environment and increasing farm income.

For adequate treatment of swine waste Copormutum opted for an anaerobic biodigestion system from a Canadian company, who deployed the contract in exchange for the sale of carbon credits, with the cooperative retaining the infrastructure after the end of the contract.  The biodigestors are followed by settling ponds for improved removal of total coliforms (which the biodigestor system is inefficient in removing).

The treatment system is composed of four identical cells, each with a volume of 1600m3, totaling 6400m3 of wastes (Figure 4).  Daily production of wastes is approximately 400m3, giving a hydraulic retention time of about 15 days.  Monthly analyses of the effluent demonstrate that the Canadian-model biodigestors present an efficiency in removal of organic matter of close to 90%.
Figure 3.Digesters and Stabilization Ponds


Figure 4. Biodigesters. (GOOGLE, 2013).
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The biodigestors were installed in August 2005, commencing gas production in September of the same year and generating electricity from July 2007 with the installation of the electricity generation system.

Biogas Production – Electricity Generation

The cooperative reports daily production of 360,000 to 400,000 L of gas, which can be confirmed empirically as shown in Table 5.

	Stages of Production

Swine
	*Production Waste Liquids (m3/animal/month)
	
	Number of animals(un)
	waste Liquids(m3/month)

	matrices
	0,48
	X
	3.450
	1.656

	Matrices lactating
	0,81
	X
	540
	437,4

	males
	0,28
	X
	34
	9,52

	piglets
	0,5
	X
	19.800
	9.900

	Total waste
	
	
	23.794
	12.002,92


Table 5.Amount of liquid waste generated by 23,794 heads of pigs in m3 per month. *Font:Adaptado de Lovatto, 2001.

Calculating from the data provided by the cooperative we arrive at the conclusion that for 23,794 heads of swine the amount of waste generated is 22,908kg/day, or 2,934,180kg/month .As presented in Table 6 and from the determination of the quantity of waste, it is possible to quantify the quantity of biogas produced.  Using our literature value of 0.1064m3/kg of waste, we arrive at a value of 2,437.41m3/day.

	Amount of biogas produced from waste(Kg)
	
	Amount of biogas to be produced(m³/day)

	22.908
	X 0,1064
	2.437,41


Table 6.Amount of biogas produced from waste.

Considering that on average, 57.7% of the biogas is methane, this yields 1,406.39m3/day (Table 7).
	Swine waste volume (m³)
	57,7% de CH4
	Total Methane Produced(m³CH4)

	
	X 0,577
	1.406,39 day

	
	
	42.191,58 month

	
	
	506.299,05 year

	2.437,41
	34,2% de CO2
	Total Carbon Dioxide produced(m³CO2)

	
	X 0,342
	833.59 day

	
	
	25.007,84 month

	
	
	300.094,07 year


Table 7 Production of CH4 and CO2 from pig manure

Given our estimate of 1.428kWh/m3 methane, we obtain an estimate of 2,008.32kWh produced per day on the farm.

	Total Methane (m³/day)
	Comparative value at 1m ³ of methane
	Total value comparative produced on the farm per day

	1.406,39
	1,428 kWh
	2.008,32 kWh


Table 8.Value kwh produced in this system.

Some studies undertaken in Brazil obtained values compatible with this study such as that of Fernandes (2012) who found average production of biogas in a production unit with 5,000 heads of swine of 582.64m3/day, with a 60% concentration of methane (corresponding to a heating power of 5.97kWh/m3).  Lindemeyer (2008) concluded that a farm with 2,500 pigs produced 158m3 per day and approximately 900kWh per day.  Campos (2004) observed that a farm with 1,700 heads of swine produced approximately 208m3 of biogas per day.
Financial Viability

Calculations: According to the cooperative, their generators have a capacity constraint of 22,000kWh per month; our calculations suggest this value could be greater than 60,249.58kWh/month, such that there could be significant potential for the cooperative to sell unused energy.  With these values we can quantify what would be the receipt from sale of electricity from the quantity of biogas produced (Table 9).
	Comparative total kWh produced
	Value kWh farm (CEMAT, 2012)
	Income promoted by Biogas ($)

	2.008,32 day
	0,588
	1.180,89 dollar/day

	60.249,58 month
	0,588
	35.426,75 dollar/month

	722.995,05 year
	0,588
	425.121,1 dollar/year 


Table 9.Value for electricity through biogas production.

According to these calculations, for a herd of 23,794 heads it is possible to generate $35.426,75 dolars per month ($425.121,1 per year) in electricity if it were sold at the rate collected locally from rural properties.

Data obtained from the cooperative: According to the cooperative’s administration, the cost to install the generators was $315,000, with annual maintenance costs approximately $10.500 (Table 10). 
The cooperative saves around $14.700 per month on electricity, meaning that the costs of the generator can be recouped within a period of one year and 10 months from installation.  
	investimento
	amounts

	Power Generator
	315.000 dollars

	Spent maintenance
	10.500 dollars/ year

	Current profit
	amounts

	Power generation
	14.700 dollars/month

	Return time
	22 month


Table 10.return time the implementation of the power generator.

In this way, we see that the cooperative could have the ability to generate more electricity by installing further generation capacity, maximizing their profitability.

Other studies also demonstrate the profitability of these systems. Refosco (2011) analyzed a farm with approximately 2,000 pigs, with a biodigestor and installed energy generator, and observed that from the beginning of the third year there was a net income of R$13,581.92 per year.  Noronha and Gimenes (2008) also studied a property with around 2,000 heads of swine and found that in a little more than three years the property was able to turn a profit in electricity generation.

CONCLUSION

From the study presented we observe that adequate disposal of swine waste, beyond better addressing the issue of atmospheric pollution, also minimizes impacts on water resources.  It is possible as well, via installation of biodigestors, to generate electricity, sell carbon credits, and use remaining residues as organic fertilizers.

We demonstrate that in the Cooperative Farming, the costs of installation of the electricity generators could happen within one year and 10 months.  The average production  of biogas on the farm is 2,438m3 per day, with a heating power greater than 2,000kWh/day or 60,000kWh/month – numbers greater than the 22,000kWh/month generated currently.  The cooperative could augment the capacity of their generators if they wish to produce more energy.  For this it is necessary to have more detailed study of the efficiency of the treatment system and of the quality and quantity of the effluent produced; more specific comments are made in the section Recommendations.

RECOMMENDATIONS

We suggest the following to develop in future work:

Via air quality monitoring techniques, observe whether the dispersion of treated effluent interferes with air quality.  Analyses of the water table on the farm should continue to observe whether there are problems in relation to the contamination of soil and of subterranean water.  It is important to observe as well what is gained, in environmental terms from the point of water resources, in terms of aquifer recharge.

Solid residues generated in the biodigestors after treatment must be discarded in proper locations such as a landfill, or incinerated (monitoring as well air quality). They may be used as well in agriculture as fertilizer.  There are numerous studies on this theme related to domestic effluent, but less related to agricultural effluent, or swine manure in particular.

Through the characterization of effluent generated by this treatment system it will be possible to estimate the generation of biogas more precisely, and to observe the quantity of methane present in this waste in order to project and identify the best and most lucrative technology for electricity production.
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