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Abstract 
Today the use of anaerobic digestion technique emerges as an alternative to the conventional 
treatment method of pig slurry to the pig producers in Brazil because of the energy demanding 
intensive pig production and the negative environmental impact that arises during storage and 
use. The end products of AD technique are biogas as an energy source and digestate that can be 
used as a fertilizer. 
 
The study took place at two pig producers in southern Brazil in order to evaluate the biogas 
production in the area, its applications and environmental impact. The visited pig producers run a 
confined animal production system where the slurry that is used in the anaerobic digesters is 
diluted. 
 
The studied digesters are covered with an air tight flexible plastic membrane that takes the shape 
of a balloon where each digester has the volume of 620 m3. Sedimentation occurs inside each 
reactor where the temperature also fluctuates. The produced biogas is conveyed to a torch where 
the biogas is combusted.  
 
The results of this study show that the digesters are working properly but there is a need for 
mixing and constant temperature in order to optimize the process. Biogas is primarily suited for 
heat production and the digestate can be used as a fertilizer. Biogas production is considered to 
have a positive environmental impact if the biogas is used or combusted in a torch. There is also 
a need to apply a cover over the digestate during the storage time to avoid ammonia emissions.  
 
The approximated biogas potential for Rio Grande do Sul is nearly 100 GWh/year. For an 
approximated biogas potential of more consideration it is found that further studies of the housing 
systems in Rio Grande do Sul are needed. This is due to a greatly varying amount of degradable 
materials in the pig slurry from one ranch to another.  
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Sammanfattning 
Idag framträder rötningstekniken som ett alternativ till den konventionella behandlings metoden 
för grisslurry hos grisproducenterna i Brasilien på grund av den energikrävande gris produktionen 
och den negativa miljöpåverkan som uppstår vid förvaring och användning. Slutprodukterna från 
rötningstekniken är biogas som energikälla och digestat som kan användas som gödningsmedel. 
 
Studien ägde rum hos två grisproducenter i södra Brasilien för att utvärdera biogasproduktionen i 
området, dess applikationer och dess miljöpåverkan. Grisproducenterna har ett intensivt 
produktionssystem där slurryn som används till rötningen är utspädd. 
 
De iakttagna reaktorerna är täckta med ett lufttätt flexibelt plastmembran som ser ut som en 
ballong där varje reaktor har volymen 620 m3. Sedimentation sker inne i varje reaktor där 
temperaturen även fluktuerar. Den producerade biogasen leds upp till en fackla där den facklas 
av.  
 
Resultaten från denna studie visar att reaktorerna är väl fungerande men det finns ett behov av 
omrörning och att hålla en konstant temperatur för att optimera processen. Biogasen passar i 
första hand till att producera värme och digestaten kan användas som gödningsmedel. 
Biogasproduktionen anses ha en positiv miljöpåverkan om biogasen används eller facklas av. Det 
finns också ett behov av att lägga ett täcke över digestaten under förvaring för att undvika 
ammoniakemissioner. 
 
Den uppskattade biogaspotentialen för Rio Grande do Sul är ungefär 100 GWh/år. För en mera 
hänsynstagande uppskattad biogaspotential är det funnet att det behövs ytterligare studier av 
djurhållningssystemet i Rio Grande do Sul. Detta på grund av att det är en mycket varierande 
mängd av nedbrytbart material i grisslurryn från en gård till en annan  
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1 Terminology 

AD Anaerobic digester 
Alkalinity The solutions acid neutralisations capacity expressed as mg CaCO3/L [1], 
COD Chemical oxygen demand: The amount of a specified oxidant that reacts with 

a sample under controlled conditions [1], expressed as mg O2/Lsample. COD 
is in this context organic material that can be degraded by the bacteria. 

Conductivity A measure expressed in µS/cm that is the ability of a solution to carry an 
electric current [1]. Conductivity can be used to express the degree of 
mineralization. 

CAPS Confined Animal Production Systems 
Digestate The residue after the completion of the Anaerobic microbiological processes. 
Digester The reactor where the biogas production occurs. 

Energy 
efficiency (η) 

A dimensionless magnitude of a system’s conversion effectiveness of useful 
energy as heat (ηheat) or electricity (ηel).     

Environmental 
impact 

The positive or negative effects that originates from the biogas production of 
pig slurry. 

Eutrophication A process that gives high concentrations of nutrients in water. 

LHV Lower Heating Value, is the amount of heat released by combusting when the 
heat of vaporization of water is not recovered.   

Nm3 Normal cubic meter which in this report is defined as the present m3 under 
prevailing STP, see explanation of STP below. 

ORP Oxidation Reduction Potential, is defined as a measurement of the amount of 
oxidized and reduced material in a sample.  

pH The “intensity” factor of acidity defined as –log [H+] [1]. 
R The universal gas constant, is in this report expressed as 8,314472 

[J/(mol*K)]. 
Sulfides Defined as chemical compounds that contain sulfur in its S2- oxidation state. 
Slurry A liquid mixed with organic material 
STP Standard Temperature and Pressure, is in this report defined as 273,15 K (0 

˚C) and 1 atm (101,325 kPa). 
TN Total Nitrogen: The total sum of Nitrogen as organic, inorganic, Nitrate and 

Nitrite in a sample. 
TS Total Solids: The term applied to the material residue left in the vessel after 

evaporation of a sample and its subsequent drying in an oven at a defined 
temperature [1], expressed in terms of percent of the total weight of the 
sample. 

TP Total Phosphorous: The total sum of phosphorous, organic and inorganic in a 
sample. 

VS Volatile solids: The weight loss on ignition [1], expressed in terms of percent 
of the weight of Total solids. Volatile solids are in this context the materials 
that are degradable by the bacteria. 

Cachaço  Boar pigs Grown up mail pigs. 
Creche 
 

Piglets Young pigs that are classified as piglets until they reach a 
weight of 25 kg 
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1.1 Chemical compounds and elements 
The chemical compounds and elements, shown in alphabetic order. 

 

 

Gestação Gestating 
sows 

Female grown up pigs that are pregnant or are becoming 
pregnant.  

Maternidade   
 

Farrowing 
sows 

Female grown up pigs that have newborn piglets, usually 
around 10 - 11 at each time  

Marras - Sick or isolated pigs 
Matriz - One sow  
Suínos 25 a 100 
kg  

Fattening pigs Pigs that have a weight from 25 kg are classified as fattening 
until they have reached 100 kg and are subsequently 
butchered. 

Ammonia N-NH3 Iron Salt FeS 
Ammonium N-NH4

+ Methane CH4 
Ammonium 
bicarbonate 

NH4HCO3 Methanol CH3OH 

Acetate CH3COOH Methyl group: –CH3 
Bicarbonate HCO3- Methylamine CH3NH2 
Carbon dioxide CO2 Molecular Nitrogen N2 
Carbonate CO3

- Molecular oxygen O2 
Carbonic acid H2CO3 Nitrogen oxides produced 

during combustion 
NOx 

Carboxylic acid R-COOH Orthophospates H2pO4
-  

HPO4
2-. 

Formate HCOOH Sulfur S 
Hydrogen proton H+ Sulfur oxides produced during 

combustion 
SOx 

Hydrogen sulfide H2S Volatile organic compounds VOC 
Hydrogen sulfide ion HS- Water H2O 
Iron (III) Fe3+   
Iron chloride FeCl3   
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2 Introduction 

2.1 Background 
Rio Grande do Sul is a federal state in Brazil and is one of the foremost agricultural areas, the 
total area is 281 000 km2 and the region had 10,7 million habitants in 2004 [2]. 
  
In 2006 the total pig population in Brazil was 36 million, with 6 million in Rio Grande do Sul [3]. 
The total pig population in Rio Grande do Sul is estimated to produces an amount of 43 million 
litres/day of slurry. The large quantity of produced pig slurry in Brazil causes environmental 
problems such as increased green house effect, eutrophication, acidification, malodours and by 
direct impact on the human health. Proper treatment of pig slurry is one way to decrease the 
emissions. 
 
Official programs promoted the implantation of many ADs among pig farmers in the 1970s and 
1980s. The purpose was to increase the small farmer’s incomes by reducing the dependence on 
liquid petroleum gas and chemical fertilizers. Lack of technological knowledge as well as 
equipment developed for use with the AD led to the failure of these programs. Today ADs 
emerge as an alternative to the farmers because of the energy demanding intensive pig 
production, the increasing concern of the pig manures polluting effects and the low costs for the 
materials to the ADs. In Brazil the three most common anaerobic digestion models are Chinese, 
Indian and Canadian models, where the end products are biogas as an energy source and digested 
slurry that can be used as a fertiliser [2]. 

2.2 Purpose 
The aim of this project is to investigate biogas production from pig slurry, its applications and 
environmental impact in two or more locations around Rio Grande do Sul. And thereafter 
through use of the collected information approximate the potential biogas production in Rio 
Grande do Sul. 

2.3 Objective 
The goal of this project is to aid continuing investigations in the field of biogas in Rio Grande do 
Sul. By means of a general but thorough investigation of the biogas production its applications 
and environmental impact at present time.  

2.4 Boundaries 
We have chosen to limit our investigation to anaerobic digestion technologies that are available 
for the digestion of pig slurry and focus primarily on technologies that’s not capital consuming or 
demands high technological equipment, because high capital costs and high tech equipment 
usually goes hand in hand. The effects that the untreated pig slurry has to the environment when 
it’s used to produce biogas are also not of primary concern here because we assume that the pig 
slurry are transferred to the biogas reactor relatively fast, i.e. the time of storage is not long 
enough to have an severe impact on the environment. The negative environmental impact that 
arises from the slurry in the pig buildings is also neglected.  
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2.5 Method 
To evaluate the possible biogas potential from pig slurry we chose to compare the pig production 
from two pig producers and study one biogas plant. The pig slurry from Dois Lajeados and 
Perdigão Casca are chosen as a reference when evaluating the environmental impact from the 
biogas production. 

2.5.1 Sampling methods 
Two different pig producers where chosen in Rio Grande do Sul for a one site study, one in 
Perdigão Casca and one in Dois Lajeados, the locations are shown in appendix 7.1. 
 
The stay at Perdigão Casca lasted for five days where visual observations, a survey of the 
housing system and biogas plant were performed. Vacuum flasks where used as storage 
compartments when collecting the samples for the pig slurry from the sedimentations chamber 
and inside the digester. Six glass flasks, three glass flask at each sampling site, where used for the 
samples from the biogas plant. Two flasks, one at each sampling site, contained sulphuric acid in 
order to preserve the samples. Before the sampling started the temperature outside was observed. 
When sampling, a plastic can was inserted into the sampling area, if necessary a manual stirrer 
was used to homogenisize the sampling area before inserting the plastic can. After that, a funnel 
was used when the sample in the plastic can was poured into the flasks. Before sealing the 
vacuum flasks, pH and temperature were measured inside the flasks. The samples from the 
digester were then stored in a refrigerator until taken back to Univates (our host University in the 
town of Lajeado) and the other samples were stored in a cooler until the samples were taken back 
to the lab in Univates for analysis.  
 
The stay at Dois Lajeados lasted for two days, where visual observations and a survey of the 
housing system were carried out, together with a proposed location for a biogas plant. Two 
locations were chosen as sampling sites, one for the collected slurry from the creche and one for 
the collected slurry from the gestação. One vacuum flask and four glass flasks, two at each 
sampling site, where one at each site contains sulphuric acid were used to store the samples after 
collecting them and under the subsequent journey back to Univates for analysis. Before the 
sampling were started the temperature outside was observed. When sampling, a plastic bucket 
was used to collect the slurry from the pipes that led to the lagoons. After that the slurry in the 
bucket was poured into the two glass flasks at each location. Before sealing the glass flasks, pH 
and temperature were measured form the glass flasks that didn’t contain sulphuric acid.  The 
vacuum flask was used when taking an extra sample from the gestação. All samples where stored 
in a cooler until the samples were taken back to Univates.  
 
Sulphuric acid were used in order to preserve the samples when the routines of the accredited lab 
demanded it in order to avoid errors during storage of the samples. In order to analyse a sample, 
no significant bacterial metabolism should occur. Sulphuric acid inhibits or kills the bacteria 
present in the sample.  
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2.5.1.1 Sampling materials 

Perdigão Casca: 3 Vacuum flasks with a capacity of one litre, 6 one litres glass flasks, where 2 
flasks contained 5 ml 100 % sulphuric acid, thermometer, pH stick, plastic can, gloves, cooler, 
refrigerator, plastic bags, manual stirrer, funnel. 
 
Dois Lajeado: 1 Vacuum flask with a capacity of one litre, 3 one litres glass flasks, where 1 flask 
contained 5 ml 100 % sulphuric acid, thermometer, pH stick, plastic can, Glows, cooler, funnel, 5 
litre plastic bucket. 

2.5.2 Analysis methods 
All the analysis from the biogas plant in Perdigão Casca and the pig slurry in Dois Lajeados were 
done by an accredited lab at Univates. The methodologies used for the analysis were from the 
examination of water and wastewater [1].  
 

The methodology for analysis for Total Solids dried at 103 – 105 ˚C and Volatile Solids ignited at 

550 ˚C distinguishes from the common methodology when expressing total solids and volatile 
solids in the anaerobic digestion process. Here total solids and volatile solids are expressed in mg 
TS/L instead of in percent.  
 
Alkalinity were analysed with a titration method. Alkalinity is the sum of all titratable bases, so 
an acid is here a good titrant. Standard sulphuric acid or hydrochloric acid was used as titrant to a 
designated pH, an end point, which was chosen before analysing and depends on the properties of 
the analyte. 
 
COD were analysed with the open reflux method. Potassium dichromate is the oxidising agent 
that is added in a known excess to a solution consisting of sulphuric acid, ferroin indicator and 
the sample. Potassium dichromate that reacts with the components that are subject to oxidation 
gets reduced and the resulting potassium dichromate are titrated to an end point indicated by a 
colour change, hence the ferroin indicator. The reduced potassium dichromate is the amount that 
is equal to the amount of components subject to oxidation. 
 
Conductivity was analysed with a conductivity meter that were calibrated before the analysis 
according to the instructions of the manufacturer.  
 
pH was analysed with a pH meter that were calibrated before the analysis according to the 
instructions of the manufacture. 
 
The total phosphorous was analysed with the ascorbic acid method. Ascorbic acid, sulphuric acid, 
antimony potassium tartrate solution and ammonium molybdate solution are the reagents and 
these were mixed together. Phenolphthalein indicator is first added to the sample and after that 
the combined reagents. A calibration curve was prepared from six standards at different 
concentrations of phosphorous. The sample was then analysed with a spectrophotometer and the 
result were put together with the calibration curve in order to get the concentration of 
phosphorous in the sample. 
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Total Nitrogen was determined by the Kjeldahl method consisting of Kjeldahl flasks, digestion 
reagents and apparatus for ammonia determination. The sample in combination with the digestion 
reagents was heated and the nitrogenous components were converted to ammonium. The 
ammonium in the sample was then converted to ammonia and distilled, collected in a boric acid 
solution. The solution containing ammonia was then mixed with mixed indicators and titrated 
with sulphuric acid until the mixed indicator turned pale lavender.    
 
Ammonia was determined through a distillation and then by titration. Ammonia was first distilled 
in order to titrate the sample in the subsequent titration step. The ammonia in the sample, the 
distillate, was collected in a boric acid solution. The solution containing ammonia were then 
mixed with mixed indicators and titrated with sulphuric acid until the mixed indicator turned pale 
lavender. 
 
Sulfides were analysed with the Iodometric Method. Iodine solution was added in excess over the 
amount of sulfides present in the sample. Starch solution was added as an indicator. Iodine 
oxidized the sulfides present in the sample and starch formed a blue complex with iodine. The 
remaining iodine was then determined trough a back titration to an end point where the blue 
colour disappeared. 

2.5.3 Calculations 
Most of the calculations are located in appendix 8.2 due to size. 
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Table 3.1.2. Total solids are the dry substance of pig slurry. Volatile solids are the fraction of total solids that is organic matter 
[5]. 

Table 3.1.1. The daily average total pig slurry production in the different productive phases of pigs in Brazil [6]. For an 
explanation of the different phases see chapter 1. 

 

3 Fundamental theory of anaerobic digestion 

3.1 Feedstock 
Pig manure is one type of many feedstocks that can be used in an anaerobic digestion process 
where the excrements from pigs are commonly collected as liquid slurry. Varieties of the 
different types of animal housing systems are commonly in use, resulting in variations of the 
amount of pig slurry produced and variations in total solids [5]. The amount of manure produced 
also depends on the productivity phase, as table 3.1.1 shows. 
 

 
 
 
Pig slurry contains excrements and water that dilutes the slurry. The water content can change 
seasonally and may be influenced by different operational conditions. The total solids content, as 
shown in table 3.1.2, varies. The variation depends on the operation conditions, i.e. the ratio of 
the pig slurry mixture, feeding of the animal, the housing system, system of manure collection, 
storage time, microbiological and chemical processes and dilution.  
 

 
 
 
Total solids consist of organic and inorganic compounds. The organic compounds consist of 
carbohydrates, fats, proteins, lignin, cellulose and hemi cellulose. The inorganic compounds are 
for example sand and grit from the walls and floors. Carbohydrates, as table 3.1.3 shows, are the 
main component in pig slurry and the amount of fat is usually less. Hemi cellulose and cellulose 
are types of carbohydrates. The inert compound lignin is a component of vascular plant cell 
walls. 
 
 

Category Manure (kg/day) Manure and urine 
(kg/day) 

Total pig slurry 
(litres/day) 

Boar pigs 3,00 6,00 9,00 

Gestating sows 3,60 11,00 16,00 

Farrowing sows 6,40 18,00 27,00 

Piglets 0,35 0,95 1,40 

Fattening pigs 25-100 kg 2,30 4,90 7,00 

Average 2,35 5,80 8,60 

Total Solids 
(% of pig slurry) 

Volatile Solids 
(% of TS) 

3-8 70-80 
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Table 3.1.3. The composition of pig slurry ( % of total solids) [5].   
 
 
The biodegradability of the compounds in table 3.1.3 is different and depends on the compounds 
chemical and physical structure. Fat have a high biodegradability but has to become available for 
the bacteria first. Proteins and carbohydrates have an excellent biodegradability, i.e. they have a 
fast conversations rate. Hemi cellulose has a faster conversation rate than cellulose and lignin 
have poor biodegradability. Thus, the rate of conversation decreases for the above mentioned 
compounds in the following order Carbohydrates – Fat – Protein – Hemicellulose – Cellulose – 
Lignin. 
 
The organic compounds contain nutrients that are essential for the bacteria in the digester and are 
also useful as fertilizers. The nutrients of interest as fertilizer in pig slurry are nitrogen, 
phosphorus and potassium. The amount of those compounds varies depending on the above 
mentioned operational conditions. 

3.2 Microbiology of anaerobic digestion 
Anaerobic digestion occurs during anaerobic conditions, which imply an environment absent of 
oxygen, where micro-organisms are responsible for the degradation of the organic matter to 
biogas and digested sludge. Organic matters, substrate, are the compounds that are used by 
micro-organisms to obtain cellular growth. The largest part of these compounds is proteins, 
carbohydrates and fats. Bacteria are the most common micro-organism found in an AD and the 
conversation of biodegradable organic matter to carbon dioxide and methane are facilitated by 
different groups of bacteria. The degradation of the substrate can be divided into three steps, fig 
3.2.1. These steps are hydrolysis stage, acid production stage and the methanogenesis stage. 
During the two latter steps fermentation occurs, energy yielding metabolism, where organic 
molecules are both electron donators and acceptors.  

3.2.1 Stage 1 Hydrolysis 
Hydrolysis is a chemical reaction where compounds are split through a reaction with water. In 
this stage, insoluble compounds such as proteins, carbohydrates and fats undergo hydrolysis, 
splitting of a polymer to monomers. The monomers are soluble and go quickly into solution and 
are then used as a substrate by bacteria capable of utilizing the specific monomers.  

3.2.2 Stage 2 Acid forming stage 
This is an intermediate step to the methanogenesis stage. Here monomers obtained by hydrolysis 
are degraded by a diverse group of bacteria through many fermentative processes. The 
degradation products are alcohols, organic acids, organic nitrogen compounds, organic sulfur 
compounds, hydrogen gas and carbon dioxide [7].  
 
There are some products that can be used directly by methane producing bacteria and some 
products that are used by another kind of bacteria before the methane-producing bacteria are able 
to utilize them. Acetogenesis is a process where acetate is produced by acetate forming bacteria. 
Here some of the intermediary products from fermentation are used to produce acetate which 

Fat Protein Carbo-
hydrates 

Cellulose Hemi-
cellulose 

Lignin Inorg- 
Residues 

7,0-12,3 16,0-28,9 53,8 10,3-22,9 17,1-20,8 3,7-10,1 17,3-27,0 



  

15 

Complex substrates              
Carbohydrates, lipids and 

proteins (organic polymers) 

Simple substrates                                                              
Sugars, Amino acids and Fatty acids                         

(organic monomers) 

Acids and Alcohols 

Acetate CO2 and H2 
H  

Methanol, 
Methylamine 

Formate 
 

Methane 

Figure. 3.2.1. Schematic illustration of the pathways for the anaerobic digestion process. Step 1 is 
hydrolysis, step 2 is fermentation, step 3 is acetogenesis and step 4 is methanogenesis. Modified 

after Gerardi 2003 [7]. 

1 

2 2 

4 4 

3 3 

3 

methane-producing bacteria are able to utilize. There are also some acetogenesis bacteria that are 
able to produce acetate from hydrogen gas and carbon dioxide. Acetate is the most important 
product in this stage, because it is the most common pathway in a methane producing process [7].  

3.2.3 Stage 3 Methanogenesis 
Methane if formed by three types of methane-producing bacteria. Two groups use carbon dioxide 
and hydrogen and one group by using a methyl group. The major pathways are by acetatic 
cleavage and by reduction of carbon dioxide. Acetatic cleavage is the splitting of acetate to form 
methane and carbon dioxide. Approximately 70 % of the methane produced is by acetatic 
cleavage and the rest is from other pathways were reduction of carbon dioxide is the second 
largest pathway. Other compounds that are not degraded by methane-producing bacteria 
accumulate in the digester [2]. 
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3.3 Process parameters 
Stable operation conditions needs to be obtained in the digester because of the methane 
producing bacteria’s sensitivity to rapid changes in their environment. This is further motivated 
by the bacteria’s slow generation time, 3 - 30 days, compared with other groups of anaerobic and 
facultative anaerobic bacteria [7].  

3.3.1 Temperature 
Methane producing bacteria are sensitive to fluctuations of the temperature in the digester, 
therefore a stabile temperature are of great concern. In Brazil the temperature factor is more 
significant in the southern states, where the temperature fluctuations are more widely and the 
winter is more harsh [4].  
 
There exists three common temperature ranges for the methane producing bacteria to grow in. 

They are the psychophilic range 5 - 25 ˚C, the mesophilic range 30 - 35 ˚C and the thermophilic 

range 50 - 60 ˚C [7]. 
 
The rate of digestion of pig slurry is proportional to the process temperature. More gas is 
produced and the digestion is faster under a higher temperature. Mesophilic and psychrophilic 
temperatures are the temperature ranges most common when treating pig slurry [8]. 

3.3.2 pH 
pH is an important parameter to maintain stable operational conditions because of the adverse 
effects that can occur when the pH fluctuates. Acceptable enzymatic activity of the methane 
forming bacteria does occur over pH 6,2 and the occurrence of several toxic compounds are pH 
dependent. In a properly operated AD the pH should be between 6,8 - 7,2. The pH is maintained 
stable through a high alkalinity concentration [7]. 

3.3.3 Alkalinity 
Bicarbonate and ammonia are the compounds contributing to the buffering capacity in a digester 
treating pig slurry. The bicarbonates are formed by the degradation of organic molecules that 
produces carbon dioxide. The reaction of carbon dioxide with water gives carbon dioxide, 
carbonic acid, bicarbonate and carbonate that are in equilibrium with each other as equation 1 
shows [7]. However, the high amount of carbon dioxide in the gas phase reduces the pH as well 
as increases the alkalinity. Therefore an alkalinity concentration between 2 000 - 4 000 mg/L 
CaCO3 is needed when the carbon dioxide content is between 30 - 50 %, to keep the pH close to 
desired values [9]. 
 

CO2 (aq) + H2O (aq) ↔ H2CO3 (aq) ↔ H+ 
(aq) + HCO3

- 
(aq) ↔ 2H+ 

(aq) + CO3
2- 

(aq)  (1) 
 
The presence of ammonia alkalinity in a digester is the result of the degradation of organic-
nitrogen compounds that gives ammonia that are in equilibrium with ammonium, as equation 2 
shows [7]. 
 

NH3 (g) + H+
(aq) ↔ NH4

+
(aq)         (2) 
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There are several compounds that affect the alkalinity of a digester. The accumulation of those 
compounds usually depends on inhibition of the methane producing bacteria or a shock loading 
to the digester. Volatile acids react for example with ammonium bicarbonate and lower the 
alkalinity, as equation 3 shows [7]. 
 

RCOOH (aq) + NH4HCO3 (aq) ↔ RCOONH4 (ag) + H2CO3 (aq)     (3) 

3.3.4 Toxic compounds 
There exists many compounds that are toxic to the methane producing bacteria in a digester. The 
compounds of concern when the substrate is pig slurry is sulfides, ammonia and in some cases 
volatile fatty acids, because of the relatively high amount of fats and proteins in the pig slurry [5]. 
There exists guideline values for sulfides and ammonia, see table 3.4.4.1, but these values are not 
absolute values because the methane producing bacteria can acclimatise to the specific toxic 
compounds of concern. Ammonium ions and soluble sulfur are used as a nutrient source for the 
methane producing bacteria. Free ammonia is toxic, both hydrogen sulfide and sulfide are toxic at 
excessive concentrations whereas hydrogen sulfide is considered most toxic [7].  
 
Volatile fatty acids have similar structures as the lipid components in the cell wall and dissolve 
easily into the cell, where they inhibit the activity of the methane producing bacteria [7].   
 

 
 
The amount of ammonia and hydrogen sulfide in a digester are pH dependent, as equation 4 and 
5 shows. With increasing pH ammonia is produced and with decreasing pH hydrogen sulfide is 
produced [7].  
Fast degradation of macromolecules can cause an increase in the concentration of volatile fatty 
acids that, in a combination with low pH, causes reactor imbalances [5].  
 

NH4
+ 

(aq) ↔ NH3 (g) + H+
 (aq)         (4) 

 
H2S (g) ↔ HS-

(aq) + H+
 (aq)

         (5) 

3.3.5 OLR 
Organic loading rate (OLR) is the amount of organic matter fed to the digester each day. It is 
expressed as kg volatile solids fed daily per m3 of digester working volume (kg VS/m3.day), 
equation 6. Instead of VS it can also be expressed with COD in the same way, equtation 7 [10]. 
 

OLR = daily flow (m3/day) * VS (kg/m3) / reactor volume (m3) = VS/HRT   (6) 
 

OLR = COD/HRT          (7) 
 
Every digester has a specific optimal OLR and an exceeding of that specific OLR can result in 
incomplete degradation of the volatile solids because the first step, the acidification step, 
produces more end products than the second step can utilize, leading to a drop in pH. Average 
OLR for pig slurry is 3 - 3,5 kg VS/m3.d [10].  

Compound Ammonia sulfide 

Concentration (mg/l) in influent to digester 1 500 50 
Table 3.4.4.1. Toxic values of ammonia and sulfides for the methane producing bacteria [7].   
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3.3.6 Retention time 
The retention time describes how long something is inside the anaerobic digestion. There are two 
often mentioned retention times, the hydraulic retention time (HRT) and solid retention time 
(SRT). 
 
The hydraulic retention time describes the average time the substrate remains in an anaerobic 
digester, defined as the reactor working volume divide by the daily volume flow rate, see 
equation 8 below. The conversion of volatile solids to gaseous products is controlled by the HRT, 
since HRT establishes the quantity of time available for the bacteria growth [10]. A low 
biodegradability gives a slower degradation rate, which gives a slower generation time of bacteria 
and therefore the need of a higher HRT [10]. Average HRT for mesophilic digestion is 10 - 20 
days [10]. 
 

HRT = reactor volume (m3) / daily flow (m3/day)      (8) 
 
The solid retention time describes the average time that bacteria are in the anaerobic digester. 
High SRT values are therefore advantageous for the conversion of volatile solids to gaseous 
products. If SRT is too low, there isn’t sufficient time for the bacteria to grow and replace the 
bacteria lost in the effluent and a wash-out may occur [11]. 

3.4 Process design 

3.4.1 Reactors 
There is a variety of anaerobic digester available for the digestion of pig slurry and different 
systems to classify the processes. The designs most commonly used for pig slurry can be 
classified into these following categories; plug flow reactor, complete stirred tank reactor, batch 
reactor and covered anaerobic lagoon [8]. The selection and design of the reactor involves 
different aspects depending on what’s desirable. Such as polluting control and desired methane 
yield. These aspects depend on available technology, knowledge, costs, mode of feeding, amount 
of produced slurry and substrate characteristics. 

3.4.1.1 Plug flow reactor 

A plug flow reactor is partially mixed by the flow rate from the inlet, where the slurry flows from 
the inlet to the outlet. The size of the reactor depends on the inflow amount. Each time an amount 
flows in, an equal amount flows out. This implies that the hydraulic retention time equals the 
solids retention time, i.e. the slurry and the bacteria are in the digester an equal amount of time.   
The reactor is usually covered with a geomembrane, a plastic gas containing cover where the 
gases are collected [8]. 

3.4.1.2 Complete stirred tank reactors (CSTR) 

In a complete stirred tank reactor the HRT is equal to the SRT because the continuous mixing 
that suspends the bacteria in the digester creates a homogenous environment and because there 
aren’t usually any means to retain or concentrate the slurry [7]. The concentration in the digester 
equals the outflow. The reactor is usually constructed using steel or concrete and the mixing is 
usually mechanical or with an air lift, blowing gas in from the bottom of the reactor [12].  
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Figure 3.3.3.1. Different types of mixing: A) Horizontal paddle stirrer, B) Vertical paddle stirrer, C) Adjustable propeller mixer, 

D) Propeller mixer on a swivel arm, E) Hydraulic mixing, F) Air lift [12]. 

3.4.1.3 Batch reactor 

A Batch reactor is loaded with pig slurry once at the beginning of the process and the digested 
slurry is removed once at the end of the process. There is also the possibility of multiple loadings, 
but with removal of the digestate still only once at the end of the process, i.e. it is a closed 
process.  

3.4.1.4 Covered anaerobic lagoon 

As the name suggests this technology is basically an anaerobic lagoon covered with an 
impermeable plastic cover, a geomembrane. An anaerobic lagoon is a deep pond where the pig 
slurry is treated. The geomembrane rests on floating solids at the surface of the lagoon and is 
anchored by a concrete footing or held in place with ropes [12]. Anaerobic conditions prevail as 
long as the geomembrane rests atop of the lagoon. There exists different designs and approaches 
of the covered anaerobic lagoons, basically adapted plug flow or mixed reactors. The HRT values 
for the non mixed covered anaerobic lagoon will be lower than the SRT, because a fraction of the 
solids, depending on TS and its components, will settle at the bottom of the lagoon [9]. This 
technique is well suited for large volumes of diluted pig slurry of less than 3 % TS [12]. 

3.4.2 Mixers 
Mixing the digester content has many advantages because it enhances the digestion process by 
improving the contact between the micro-organisms, substrate and nutrients. Mixing also 
prevents developments of temperature gradients, formation of scum, clumping of insoluble 
starches, settling of grit and sands and silts, sediment formation and poisoning by rapid 
dispersion of toxic materials. Mixing may also release biogas bubbles trapped in the substrate [7]. 
Rapid mixing is required to keep grit, sands and silts in well suspension but may disrupt the 
micro-organisms [11]. Therefore a slow, gentle mixing is preferred. In an agricultural biogas 
digester the substrate usually is mixed intermittently in time intervals. The intervals of mixing 
can be from several times daily to several times per hour [14]. The mixing is either accomplished 
by mechanical methods or by gas or sludge recirculation. There are different types of methods 
depending on the type of substrate, see figure 3.3.3.1 below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The most widely used stirrer is the propeller mixer because it can handle both well diluted 
substrates and e.g. straw-rich cattle manure. The sludge recirculation method allows for the use of 
heat exchangers to warm up the digester [7]. 
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Table 3.5.1. The typical mixed gas content of biogas [15]. 

3.5 Biogas 
Biogas is a mixture of gases, see table 3.5.1 below, and the composition depends on several 
factors such as the process design and the type of digesting substrate in the reactor. The raw 
biogas is saturated with water and the main components are methane (55 - 70 %) and carbon 
dioxide (30 - 45 %). Besides these components there are small amounts of other gases as 
hydrogen sulphide, ammonia and there can be fragments of molecular nitrogen [15].   
  

 
 
Methane in the biogas is the only gas of economic value because it is a natural flammable gas 
that can be used as a source of fuel. The carbon dioxide in the biogas is not combustible and 
dilutes the methane, so the heating value of the biogas decreases with an increasing quantity of 
carbon dioxide [7]. The amount of biogas is expressed in normal cubic meter, Nm3, so it can 
easily be compared with other gases. The amount of methane is required and also the heating 
value of methane when calculating the heating value of biogas [15]. The heating value of the 
biogas is commonly expressed with the lower heating value, LHV, because the condensation of 
the water content e.g. in a gas engine is unlikely. The LHV of methane is 35,8 kJ / Nm3 or 9,94 
kWh / Nm3 [16]. The heating value of biogas is directly proportional to its methane content, 
provided that methane is the only combustible component in the gas. Biogas with the methane 
content of 60 % will have a LHV of 0,60 * 9,94 kWh / Nm3, i.e. 5,96 kWh / Nm3 [17]. The 
heating value of methane varies with temperature and pressure in accordance with the universal 
gas law, thus for an accurate calculation of the heating value the present temperature and pressure 
should be considered [16]. 

3.5.1 Environmental impact 
The compounds that are of concern in the biogas are methane, molecular nitrogen, hydrogen 
sulfide and ammonia. The environmental impact from these mentioned gases depends on the 
applications of the biogas, treatment of the biogas and on the efficiency of the biogas plant. There 
is a huge difference if the biogas is upgraded before used or if the biogas is used in a torch or if 
the gases are released to the environment. I.e. the use of biogas has a positive impact to the 
environment if the gas is upgraded before used, since the biogas is a renewable energy source. 
The biogas has a negative impact if it’s not upgraded or/and released into the environment. 
 
Carbon dioxide is of no concern in this matter because it’s a colourless and odourless gas, non 
toxic in fairly high concentrations and does not contribute to the increasing greenhouse effect. 
Because the carbon dioxide in the pig slurry that are digested comes from the plants and the 
plants takes up the carbon dioxide when it’s emitted again. Methane is a powerful greenhouse gas 
and has 21 times the warming effect of carbon dioxide and the lifetime in the atmosphere is about 
10 years [18]. Both hydrogen sulfide and ammonia are toxic gases that contribute to acidification 
as NOx and SOx when burnt. Molecular nitrogen is only of concern when the gas is burnt, 
because then it’s transformed to NOx.  

Compound CH4 CO2 N2 H2S NH3 

Amount 55-70 vol% 30-45 vol% 0-2 vol% ~500 ppm ~100 ppm 
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3.5.2  Biogas production 
The methane gas production per unit of time is important to determine and there exists different 
approaches. One of the easier ways to determine this is to use a gas flow meter connected on the 
biogas effluent when the amount of methane in the biogas is known. If that’s not possible there 
exist other options.  
 
The methane yield can be predicted theoretically through analyses of representative samples of 
the slurry from the digester’s influent and effluent. One method is based on the stoichiometric 
relation between amount methane produced and amount of COD lost under the process, as shown 
in appendix 8.2. Chemical oxygen demand is a measure of the oxygen equivalent of the organic 
matter in the slurry that is needed to stabilize the organic matter under aerobic conditions. The 
production of methane gas from organic material accounts for the decrease of COD during 
anaerobic conditions instead of oxygen [9]. Equation 9 is in this way used to predict the methane 
yield, where k is the stoichiometric volume produced methane per mass of COD (the methane 
equivalent of COD). 
 

VCH4 = k * (CODinflow – CODoutflow) * Q       (9) 
 
Another approach to predict the methane yield is to analyse the amount of volatile solids in the 
influent of the digester. If the amount of volatile solids of the influent substrate is known it is 
possible to estimate the biogas yield by tables of empirical standards of specific methane yield. 
I.e the biogas potential of a feed substrate is usually assessed on the basis of the fraction of 
volatile solids. The biogas yield of the pig slurry from table 3.1.2, with an hydraulic retention 
time of 20 - 30 days, are 0,25 – 0,50 m3 / kg VS [5]. Under normal circumstances about 50 – 70 
% of VS will be converted into biogas [12]. In Brazil the biogas generation potential for a 90 kg 
pig is 0.37 – 0.50 m3 biogas / kg VS [4]. 

3.5.3 Applications 
Throughout the world biogas is used to produce energy where possible applications depends on 
several factors e.g. the technical knowledge, the adaption and development of equipments for the 
biogas use in the country [4], size of the biogas plant and the type of energy demand. The 
simplest application is combustion of biogas for heat production e.g. in boilers to produce hot 
water and steam for heating and sanitary washing or in forced air furnaces to distribute hot air 
[19]. Another simple application is to provide gas for cooking and lightning [4].  
 
More gas quality demanding application is to use the biogas as a fuel to generate electricity by a 
gas engine connected to a generator. The gas engine is commonly an internal combustion engine, 
being a converted Otto engine or a converted diesel engine. The diesel engine is either converted 
to run in a dual-fuel mode, requiring a certain amount of diesel fuel to ignite the biogas, or it is 
converted to a sparkplug engine which makes it to run on biogas without injection of diesel. For 
further description of these converting possibilities, see Appendix 3. Biogas is also used in 
Combined Heat and Power units that give a higher overall conversion efficiency. Where both 
electricity from the forced generator and the thermal energy coming from the gas engine’s 
exhaust and the cooling systems is distributed simultaneously [13]. Biogas is sometimes 
upgraded close to natural gas quality and can then be used in the same applications that are 
associated with natural gas use e.g. fuelling vehicles or distributed on the natural gas grid.      
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3.5.4 Biogas treatment 
The raw biogas contains compounds that can be detrimental to the biogas equipments. To prevent 
corrosion in the biogas line removal of water is needed. If the biogas is combusted for heat 
production, which is the simplest application, normally the removal of water through drainage in 
the biogas line is sufficient. Removal of hydrogen sulfur is advantageous from an environmental 
viewpoint to decrease discharge of SOx during the combustion, but not necessary for the sake of 
combustion.  
 
When the biogas is used in gas engines for power or heat and power generation removal of 
hydrogen sulfur and water is necessary, where the removal of water trough drainage may be 
sufficient [12]. A significant cleaning of hydrogen sulfur is also to prefer. This is because when 
hydrogen sulfur reacts with condensed water, a sulphur containing acid solution forms that are 
highly corrosive which decreases the engine´s lifetime.  
 
Water vapour in the biogas may also cause problems in gas nozzles. The biogas also contains 
dusts which to a certain degree are removed during the removal of water, but should be filtrated if 
sensitive equipment is utilized. A high gas quality is required when it is used as a vehicle fuel or 
when it is distributed to a natural gas grid. In such a case the biogas must also be free of carbon 
dioxide content and, in that way, be upgraded to the same quality as natural gas with a methane 
level of approximately 95 % [20]. 

3.5.4.1 Removal of water 

The biogas that comes directly from the biogas chamber can be saturated with water, the amount 
of water varies depending on temperature and pressure. At 35 °C and normal pressure the water 
content is approximately 5 % [21]. 

Water condensates from the gas with decreasing temperature and increasing pressure. If the 
outside temperature is lower than inside the biogas chamber, a certain volume of water will 
condensate, of the saturated biogas, inside the gas pipe. Consequently to avoid corrosion and 
frost-bites the gas line should be made of plastic and be placed in areas not suspected of frost. It 
is also suitable to have a leaning gas line to the biogas chamber which makes the condensate 
stream into the biogas chamber, and using of taps if there are some possible low-points. 
Condensate separators can be installed to pour out the condensate, see picture 3.5.4.1.1. With a 
condensate separator the condensate can stream via a water seal without the gas streaming out. 
Furthermore a condensate separator can be used as an overpressure safety device, by adjusting 
the height of the water in proportion to the condensate pipe [22]. 
 
The removed water content through drainage is usually enough when the gas is used in gas 
engines. This is also the simplest method to separate the condensate [23]. To increase the 
condensation, the gas can also be cooled by a heat exchanger. If a further condensation is 
necessary the gas can be compressed before it is cooled [17]. 
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Figure 3.5.4.1.1. Drainage system working as a condensate separator and an overpressure safety device [22].  

 
 
 

3.5.4.2 Removal of hydrogen sulfide 

Hydrogen sulphide is a compound which acts corrosive on metals. Normally the concentration 
varies in biogas between 1 000 - 15 000 ppm. The corrosive reactivity increases with increased 
concentration, increased pressure, increased temperature and the presence of water [17]. A 
numerous techniques for removal of hydrogen sulfur are available where some of the simplest are 
listed below.       

Biological desulphurization: This technique is based on the biological aerobic oxidation of 
hydrogen sulfur to elemental sulfur by a group specialized microorganism. These 
microorganisms mainly belong to the family of Thiobacillus and are commonly present in the 
digestion material [21]. To obtain the aerobic oxidation, a small amount of oxygen or air needs to 
be added to the biogas. How much oxygen that is needed depends on the concentration of 
hydrogen sulfur, usually levels of approximately 5 % air in biogas. The oxygen should be added 
in stoichiometric amount according to the reaction in equation 10 [24].  
 

2 H2S (g) + O2 (g)   2 S (s) + 2 H2O (aq)        (10) 
 
The concentration of hydrogen sulfur is lowered when the sulfide in the biogas is oxidized into 
sulfur. The simplest way for this method is to add oxygen or air directly into the digester chamber 
e.g. by using an air pump. This method has a reduction capacity of hydrogen sulfur-levels down 
to 20 - 100 ppm and a removal efficiency of hydrogen sulfur between 80 - 90 % has been shown. 
After this treatment the biogas is suited for direct use in gas-engines [24]. 
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Table 3.6.1. Characteristics of digested pig slurry [25]. 

Iron chloride dosing to digester slurry: If iron chloride is added to the biogas chamber the iron 
(III) reacts with sulfide ions and forms iron sulfide salts in the digester slurry. In this way the 
level of hydrogen sulfur can be reduced in the biogas, which depends on the amount of iron 
chloride added. Reductions of hydrogen sulfur down to 100 ppm has been achieved [21], [24]. 
The following reaction, as shown in equation 11, occurs during precipitation of iron salt [24]   
 

2 Fe3+
 (aq) 3 S2- 

(aq)
  2 FeS (s) + S (s)        (11) 

 

3.6 Digestate 
The definition of digestate implies that it is the residue after the complete anaerobic degradation 
of pig slurry. That means that the organic compounds in pig slurry are reduced and that the 
organic compounds containing non organic compounds, i.e. proteins, fats, urea containing for 
example nitrogen, sulfur and potassium, also are degraded. This implies that those elements exist 
in a non organic form.  
 
Digested pig slurry, i.e. the digestate has different properties compared to non digested pig slurry, 
is less odour creating and the nutrients are more readily taken up by the plants. I.e the digestate is 
a good fertiliser because of the degradation of organic compounds that contains the essential 
nutrients and because of the low viscosity that occurs when there is less organic material in the 
digestate. The ammonium part of the total nitrogen content, as table 3.6.1 shows, is usually 
between 75 - 80 % in a well operated digester. There exists also other nutrients in the digestate 
that are readily taken up by plants, for example copper, sodium and magnesium [25].  
 
 

Parameter TS TN N-NH4
+ Fosfor pH 

Amount  5,0 % 4,0 kg/ton 2,9 kg/ton 1,1 kg/ton 7,1 

 
 
The amount of ammonia in the digestate is, as mentioned in chapter 3.3.4, a function of the pH of 
the digestate. During the degradation of the pig slurry the pH rises approximately 0,5 units and, 
as table 3.6.2 shows, higher pH give rise to the possibility of higher emission of ammonia 
because of the corresponding higher availability of ammonia in connection to higher pH [25]. 
 
 

 

 

3.6.1 Storage 
There is a possibility of emission of ammonia when the digestate is stored, therefore a floating 
cover consisting of clay granules or straw should bee applied over the digestate during the storage 
time before applying it to the fields [26]. With a cover of straw the volatilization is decreased 
with 85 % and with clay granules almost to zero, as table 3.6.1.1 shows [25]. 
 

pH 6 7 8 9 

N-NH3 0,04 0,4 4 40 

Table 3.6.2. The amount of ammonia in percent during different pH intervals [25]. 
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Table 3.6.1.1.  The emissions of Ammonia without and with a floating cover consisting of clay granules [26].  
 

3.6.2 Environmental impact 
The amount of organic substance in the digested pig slurry is less than in the pig slurry. That 
implies that the amount of organic substance needed for the production of compounds that give 
rice to negative environmental impact are reduced, i.e. sulfur containing gases, methane and 
nitrous oxide [25]. The environmental impact is then the digestate that can be used as a fertilizer, 
which is considered to have a positive environmental impact and also the ammonia that are 
malodorous and can be toxic.   
 
The environmental impact depends to a great part on the efficiency of the reactor and of the 
handling of the digestate during storage and the subsequent spreading on the fields. The digestate 
are considered polluting in Brazil [4], because of the incorrect handling of the digestate. 
 
 

Without  Reduction % With 

400 g/m3 96 16 g/m3 
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4 Results  

4.1 Site descriptions 
The stay at Perdigão Casca lasted from 24/3 – 28/3 and in Dois Lajeados from 24/5 – 25/5. Both 
farms are run by Perdigão [27].  Perdigão is one of the biggest pig producing companies in Brazil 
and has ranches all around Rio Grande do Sul. Here the sow gets about 11 piglets per litter and 
about 22 piglets per year. The new born piglets stay with the nursing sow in 25 days. The piglets 
are then moved from the sow to a pen in a building that is only meant for the piglets, where they 
stay in 47 days or until they reach the weight 22 kg. The housing system is the same for both 
ranches, i.e. the feed content are the same and the routines on the ranches. 

4.1.1 Perdigão Casca 
This ranch is located approximately two kilometres from the town Casca and Casca is located 
circa one hours drive from Lajeado, see appendix 8.1. Here they run a confined animal 
production system where the purpose is to increase production efficiency and reduce production 
costs. They have 800 sows where 146 have piglets and 654 don’t have piglets. The farm has a 
capacity for 1 250 sows. At the moment of this study approximately 4 100 piglets are at the 
ranch, 1 600 that are up to 25 days and 2 500 that are from 25 days to 72 days. The piglets are 
kept at the ranch until they are circa 72 days old or 22 kg heavy and are thereafter sent to another 
ranch in the same company. The feed to the pigs are mixed before it arrives to the farm and the 
content varies depending on what phase the pigs are in. 
 
In this region of the country it can be cold in the winter months and the pig producers therefore 
use a heating system during this period. The pigs have different temperature needs depending on 
witch phase they are in, see figure 4.1.1.1 for the location of the buildings for the three different 
phases on the farm. 
 
The piglets in the maternidade need a certain temperature to obtain optimal growth; they need a 
higher temperature than the sows and picture 4.1.1.1 shows a little house where the proper 
temperature is obtained by an electric bulb. 
 

Picture 4.1.1.1. The house for the piglets in Maternidade Photo: S. Norin & A. Hjort 
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Creche, i.e. piglets, obtain proper temperature by hot air transported to each pen through a 
ductwork, as shown in picture 4.1.1.2. The heated air comes from the fire wood fuelled forced air 
furnace which is shown in picture 4.1.1.3.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Picture 4.1.1.2. The ductwork for distribution of hot air to creche. Photo: S. Norin & A. Hjort. 

Picture 4.1.1.3. The forced air furnace. Photo: S. Norin & A. Hjort. 
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In the buildings of Gestação, where full-grown pigs are kept there aren’t any systems for heating, 
but on the roofs blowing fans are installed, see picture 4.1.1.4. These fans operate at warm days 
to cool the premises.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The pens where the slurry is produced are relatively small and the slurry flows from the stalls to 
two digesters where each digester has the size of 620 m3. The ranch uses a lot of water when 
cleaning the pens in the buildings of Maternidade and Creche but the ranch has a separation 
system for the water used by the pigs on the farm. 
 
The larger part of the stalls, the encircled part on figure 4.1.1.1, is located on a height that enables 
the pig slurry to flow to the bioreactors that are located below these stalls. The remaining part of 
the stalls that is the larger part of gestação is located below the biogas plant and the produced 
slurry from this location need to be pumped up to the biogas plant, which occurs once a week.  
 
Below the digesters there are two anaerobic lagoons, which enable the digestate to flow without 
aid to the lagoons. The digestate flows through an outlet, placed at the long side of each digester, 
to a jointly pipe leading down to the lagoons, see figure 4.1.1.1.1. The right lagoon has the size 
about 750 m3 and the lagoon to the left has the size about 600 m3 [29].  
 
In the year 2006 the farm consumed 102 665 kWh of electricity and in the year 2007 they had an 
electricity consumption of 108 997 kWh1 [29]. 
 
 
 

                                                 

1 Summarized from the data in graph 4.2.1.1 

Picture 4.1.1.4. One of the blowing fans. Photo: S. Norin & A. Hjort. 
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Figure 4.1.1.1.1. Top view schematic of the biogas Plant,  X2 is the sample location for the sedimentation chamber, X3 the 
inflow, X4 inside the reactor and X5 the anaerobic lagoon [28]. 

 

 

4.1.1.1 Biogas Plant 

This biogas plant at Perdigão Casca was started up in August 2007 and consists of a 
sedimentation chamber, two digesters, safety system for the biogas, a torch and two anaerobic 
lagoons as shown in figure 4.1.1.1.1. The digesters have no means of heating or mixing. 
 

 

Figure 4.1.1.1.  Top view schematic: X1 is the sample location for the larger parts of the slurry, the non encircled building is a three 

floor building [28]. 
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Picture 4.1.1.1.1. The sedimentation chamber.  Photo: S. Norin & A. Hjort. 

 
The pig slurry first flows into the sedimentation chamber. The chamber is built of concrete and 
has a ribbed roof as shown in picture 4.1.1.1.1. The purpose of the chamber is to let the particles 
with high density in the pig slurry to settle in the sedimentation chamber. The chamber consists 
of three compartments where the slurry flows into the sedimentation chamber’s first compartment 
that is the deepest where it stratifies. The liquid part of the slurry then flows into a second 
compartment, see picture 4.1.1.1.2, where it is allowed to stratify even further. 
 

 

 
 
 
The liquid part of the slurry flows over a section made of concrete into a third compartment, 
visible in picture 4.1.1.1.2, before it flows into two pipes on each side on the bottom of the 
chamber. If the sedimentation chamber would be overfull there is a special outlet, the centred 
pipe in picture 4.1.1.1.2, for the slurry leading directly to the lagoons. After the sedimentation 
chamber the liquid part of the slurry flows into the two similar parallel adjacent digesters, see 
figure 4.1.1.1.1.  
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Picture 4.1.1.1.3. The two digesters from a distance where the balloon shapes are visible.  Photo: S. Norin & A. Hjort. 

Picture 4.1.1.1.2. The second and third compartment: To the right is the second compartment where the grey, black 
material is the slurry. The third compartment is to the left where the liquid slurry is flowing towards the pipes, leading into 

the digesters. Photo: S. Norin & A. Hjort. 

 

The biogas inside the digesters creates an over pressure that presses up an air tight elastic plastic 
membrane covering the digester. In this way the plastic membrane takes form as a balloon as 
shown in picture 4.1.1.1.3. The plastic membrane is fixed in a concrete foundation and clued 
together with a plastic that covers the bottom of the digester located below the ground level. 
There were visible signs of leakage on several fixation points on both of the digesters. 
 

 



  

32 

Picture 4.1.1.1.4. A pump attached to a hose that are lowered into one of the control sites. The grey membrane is visible in the 
background. Photo: S. Norin & A. Hjort. 

On the outside of each digester there are three control sites that enables for pumping of the slurry 
from the digester. In picture 4.1.1.1.4 one of them is shown.  
 
 

 

 
 
 
When the slurry has flowed circa ¾ of the digester length it passes a blocking system, baffles, 
designed as a compartment with the purpose to detain the bacteria inside the digester, see the 
blueprint in appendix 8.6.  
 
The digested slurry flows out through underground cement pipes crossing a well towards the two 
anaerobic lagoons, see picture 4.1.1.1.5.  
 
The structure of the lagoons is basically a hole in the ground covered with a plastic cover. The 
lagoon that was used at present, picture 4.1.1.1.5, showed signs of gas production, i.e. it bubbles 
from time to time.  
 
The lagoons are used one at a time until one is full, then the digestate is led in another direction 
to the other lagoon, re-routed by raising and changing a blocked brick’s position, see picture 
4.1.1.1.6.  
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Picture 4.1.1.1.5. A well in the middle and a lagoon further away. Photo: S. Norin & A. Hjort. 

       Picture 4.1.1.1.6. Inside the well: slurry flowing from the left to the right. Photo: S. Norin & A. Hjort. 
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Picture 4.1.1.1.7. The continuing outflow of the biogas. The pipe in the distance leads to the safety system and the other pipe leads 
to the jointly brown pipe that leads to the gas torch. Photo: S. Norin & A. Hjort. 

The biogas inside each digester flows out by help from the existing overpressure through two 
plastic pipes, picture 4.1.1.1.7. The plastic pipes are connected to the reactors where one plastic 
pipe from each reactor goes to the safety system and the other pipe goes to the torch. The pipe 
that conveys the biogas towards the torch is connected to a jointly smaller plastic pipe that leads 
directly to the gas torch. 
 
 

 

 
 
 
 
The gas torch is a concrete tube where the plastic pipe is led into, as shown in picture 4.1.1.1.8. 
Here the biogas is continually roused.  
 
With a too high prevailing over pressure the biogas flows out to the jointly safety system through 
a separate plastic pipe from each digester, see picture 4.1.1.1.9. The safety system consists of a 
water container and biogas leads into one side of the container, if the over pressure is too high the 
biogas can escape through the water and then go up in the atmosphere. At warm days, which are 
commonly, the biogas production is higher and some of the biogas escapes through the water. 
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Picture 4.1.1.1.9. The safety system and the gas lines. Photo: S. Norin & A. Hjort. 

 
Picture 4.1.1.1.8. The gas pipe and the torch.  Photo: S. Norin  & A. Hjort. 
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Picture 4.1.1.2.1. View over location X1. Photo: S. Norin & A. Hjort. 

4.1.1.2 Sampling 

Three samples from the biogas plant where collected, one sample inside one of the digesters, one 
sample from the pig slurry and one sample from the first  stage of the sedimentation chamber, see 
figure 4.1.1.1 and 4.1.1.1.1. The outside temperature, the temperature of the slurry and the time 
of sampling are shown in table 4.2.1. On the first day of the farm two samples where taken one 
from location X1 and one from location X2. These samples where directly taken back to Univates. 
At the second day one sample from the location X4 was taken that were stored three days in a 
fridge before it was taken back to Univates. The last day of the stay two samples were taken; one 
from location X3 and one from location X5. These samples where directly taken back to Univates.  
 

Location X1 (control site) 
This sample was taken from a control site for the slurry, picture 4.1.1.2.1, and is a type of well 
where the slurry flows in a groove towards the bioreactor. The well is made of concrete and is 
approximately two meters deep and has a concrete lid on. 
 

 

 
Location X2 (sedimentation chamber) 
The sample was taken from the “sedimentation part” of the sedimentation chamber. When 
sampling, the roof of the sedimentation chamber were taken off and the slurry where flowing in 
from both areas of the stall. To homogenise the sample a plank were used to stir the slurry as 
shown in picture 4.1.1.2.2. After that the slurry was visibly thicker. There were also larvae and 
insects in the slurry. 
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Picture 4.1.1.2.2. View over location X2. The plank to stir the sample is to the right on the picture and the hose to 
the left conveys pig slurry from the larger part of gestação. Photo: S. Norin & A. Hjort.  

Picture 4.1.1.2.3. View over location X3. Photo: S. Norin & A. Hjort. 

 

 
 

 

 

Location X3 (inflow) 
This sample was taken below the concrete part where the liquid part of the slurry flows into the 
digesters, see picture 4.1.1.2.3. The roof had been off the sedimentation chamber for five days 
before sampling and it rained the day before. 
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Picture 4.1.1.2.5. View over location X5. The picture is a close up of the anaerobic lagoon to the right on figure 4.1.1.1. Photo: 

S. Norin & A. Hjort. 

Location X4 (digester) 
The sample at location X4 was taken inside one of the digesters were it was possible to pump up 
slurry. It was taken with the aid of a pump and a hose that was inserted in the bottom of the 
exterior side of one of the digester, see picture 4.1.1.2.4. The pump was allowed to go five 
minutes before sampling. 
 

 
Picture 4.1.1.2.4. View over location X4. Photo: S. Norin & A. Hjort. 

Location X5 (outflow) 
This sample was taken where the digestate flows out from the pipes into the lagoon that was used 
under our stay at the ranch. The colour of the digestate was transparent and it had a viscous 
character as seen in picture 4.1.1.2.5. There where some occasional bubbles, the smell of 
ammonia was quite stunning and there were no signs of larvae in the digestate. 
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4.1.2 Dois Lajeados 
The ranch at Dois Lajeados is also part of the pig producing company Perdigão. The ranch is 
newly constructed, built one year ago and is located approximately 2 - 3 km from the town Dois 
Lajeados. Here they want to build two bioreactors similar to those in Perdigão Casca, seen as 
dashed lines in figure 4.1.2.1. They have 1 300 sows that are alternating pregnant or have piglets, 
and approximately 5 000 piglets at the moment of this study. The piglets are kept at the ranch 
until they are circa 72 days old or at a weight of 22 kg and are thereafter sent to another ranch. 
The pens where the pigs live are relative small because of the adjustment to CAPS. 
 
In every matriz in the buildings of Maternidade there is a little house with a dimmer adjustable 
250 W electric bulb that distributes heat to the new born piglets in 7 - 8 days, see picture 4.1.2.1. 
The 250 W bulbs can be replaced by 150 W bulbs if the outside climate allows. The sows on the 
other hand are more temperature patient and don’t need any extra heating. The ranch consumes 
30 000 litres of water each day [30] and the water are not separated from the slurry. 
 

 

In the buildings of Creche the piglets may get their proper temperature with air from two forced 
air furnaces, one for each house of the creche, which blows air to the pens trough a ductwork, 
picture 4.1.2.2. The forced air furnace is fuelled with firewood and an electric fan blows the 
heated air through the ductwork. Only when it is necessary the ranch’s full heat capacity is used. 
The forced air furnace is used when the temperature is below 25 ˚C. At present, one furnace was 
completed installed and able to operate.  
 
 
 
 
 

Picture 4.1.2.1. The electric bulb to the right and new born piglets to the left. Photo: S. Norin & A. Hjort. 
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Picture 4.1.2.2. One of the forced air furnaces. Photo: S. Norin & A. Hjort. 

In the buildings of Gestação there aren’t any systems for heating but blowing fans fixed on the 
roofs are installed and operates at warm days to cool the premises.  
 
The ranch has an own fabric to produce the feed to the pigs on the ranch from corn and soybean 
grown in the surrounding. They also deliver pig feed to another ranch. The feed content to the 
pigs varies on the same way as in Perdigão Casca depending on what phase the pigs are in. 
 
The estimated electricity consumption of the ranch for the first year is 177 862 kWh2 [30]. 
 
The farm is located on a hillside and the lagoons are located below the stalls so the slurry flows 
from the stalls without aid down to the lagoons. The slurry outflow from the stalls is divided into 
sections connected to a well with a bend pipe. When the slurry comes to a certain level of the 
pipe it flows over and then out from the well trough a pipe that is connected to the other wells of 
the same building and finally to the lagoon. The slurry flowing from the gestacão and 
maternidade leads down to a lagoon located below the stalls, as figure 4.1.2.1 shows, with a 
volume of circa 60 m3. From creche the slurry flows to one of two lagoons where the lagoon 
closest to the stalls is 2 170 m3 and the other lagoon is 2 000 m3. The slurry’s inflow alters 
between these with a frequency of 60 days. The slurry in the lagoon located below the stalls was 
pumped into a tank, transported to the fields and emptied on the field several times each day, 
because the lagoon are to small compared to the lagoons for the creche. The compost located up 
to the right on figure 4.1.2.1 is used to compost dead animals with chicken manure. 
 
 

                                                 

2 Summarized from the data in graph 4.3.1.1 
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Figure 4.1.2.1. Top view schematic of the pig farm at Dois Lajeados; D1 is the slurry flow from creche and D2 is from 
gestacão [28]. 

 

 

4.1.2.1 Sampling 

Two samples where taken from the pig slurry at the ranch, one from the slurry coming from 
gestacão and one from the slurry coming from creche, as shown in figure 4.1.2.1. The outside 
temperature, the temperature in the slurry and the time of sampling are shown in table 4.3.1. Both 
samples where collected at the last day on the ranch. The weather the day before and at the 
moment for the sampling was sunny and clear. 
 

Location D1 (gestação) 
Is where the collected slurry from the three buildings named Gestacão flows into the lagoon to 
the left in figure 4.2.1, as shown in picture 4.1.2.1.1. The sample was taken directly from the pipe 
leading to the lagoon. When sampling, the slurry was allowed to flow freely from the buildings at 
a relatively high velocity. The sampling was taken 15 minutes after the start when the flow had 
decreased so the sampling could occur. The slurry that flows out as shown in picture 4.1.2.1 is 
black and very liquid. The slurry in the lagoon showed signs of scum and foam formation 
 

Location D2 (creche) 
Is where the collected slurry from the two buildings named Creche flows into the lagoon to the 
right in figure 4.1.2.1, as shown in picture 4.1.2.1.2. The sample was taken directly from the pipe 
leading to the lagoon. When sampling, the slurry was allowed to flow freely from the buildings to 
the lagoon. But not as rapid as from location X1, the sample was taken 5 minutes after the flow 
had begun. The slurry as shown in picture 4.1.2.1.2 is yellowish-brown and have a more viscous 
consistence. The slurry in the first lagoon showed signs of coating and it bubbled frequently. 
There were also a lot of larvae on the surface. The second lagoon smelled ammonia and it 
bubbled less frequently. 
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Picture 4.1.2.1.2, The pipe that conveys the liquid slurry from creche to the anaerobic lagoon. Photo: S. Norin & A.  
Hjort. 

 
Picture 4.1.2.1.1. The pipe that conveys the liquid slurry from gestacao to the anaerobic lagoon. Photo: S. Norin & A. Hjort. 
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4.2 Perdigão Casca 
Table 4.2.1 shows that the temperature outside is around 30 - 32 °C in all of the sampling 
locations besides location X4, which were taken much earlier in the day than the other samples. 
The temperature of the slurry is between 24 - 25 °C in the three first locations and between 26 - 
27 °C in the two last sampling locations. The pH on all the locations is all between 7 - 7,64.   
 
TS, the total solids are under 1 % in location X1, X3 and X5, 2 % in location X2 and 7 % in 
location X4. The TS and VS are lower in location X3 which corresponds to the inflow compared 
to location X5 which corresponds to the outflow. The COD, chemical oxygen demand, are much 
lower in the outflow than in the inflow. 
 
Alkalinity and conductivity show similar patterns, i.e. they are higher in the outflow compared to 
the inflow. TN, P-tot, N-NH3 and sulphides are also all higher in the outflow than in the inflow.  
 

  (X1)  (X2)  (X3)  (X4)  (X5)  

Time 16:30 16:30 12:00 08:30 12:00 

Outside 
Temperature 

31,3 31,3 30 20,8 30 

Slurry 
Temperature 

24,3 24,8 24,8* 26,6 26,5* 

pH 7-7,5** 7-7,5** 7,35 7,5** 7,64 

TS  0,33% 2,11% 0,40 % 7,03% 0,59 % 

VS % 
VS 

  51,9% 
2 090 mg/L 

 52,8% 
3 096 mg/L 

COD   6 944 mg/L  3 571 mg/L 
Alkalinity   3 526 mg/L  7 614 mg/L 

Conductivity   8,52 µS/cm  13,96 µS/cm 

TN   1 043 
mg/L 

1,04g/kg 
*** 

 1 813 
mg/L 

1,83g/kg 
*** 

Total 
Nitrogen (% 
of TS) 

  25 %  30 % 

N-NH3   875 mg/L  1526 mg/L 

P-Tot   130 
mg/L 

0,13g/kg 
*** 

 138,06 
mg/L 

0,138g/kg 
*** 

Sulphide   34,8 mg/L  69,7 mg/L 

 
 
 
 
 
 
 

Table 4.2.1. Results from the analysis of Perdigão Casca. The columns are the locations of the samples and the rows are the 

parameters of interest. * Indicates that the temperature were taken 4 days before, ** indicates that the pH were analysed with 
an pH stick and *** indicates that the calculations for the conversion are shown in section 7.2. Location X1 is the control site 
named control, location X2 is the sedimentation chamber named chamber, location X3 is the inflow, location X4 is the control 

site and location X5 is the outflow. S. Norin & A. Hjort.  
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4.2.1 Average temperature and electricity consumption 
The electricity consumption of the ranch varies in relation to the outside temperature, as graph 
4.2.1.1 shows. When the outside temperature is colder the ranch consumes more electricity to 
keep a proper temperature in the premises for the pigs and in the other buildings. During the 
winter months June, July and August the ranch therefore has the largest electricity consumption 
of the year in this period. 
 

   
 
 

4.3 Dois Lajeados 
The temperature outside were the same on both locations. The temperature of the slurry is 3 
degrees higher in location D1 and the pH is the same in both locations. Both TS and VS are 
higher in location D2 as well as COD and TN. 

 D1    D2 

Time 8:40 9:00 
Outside  
Temperature 

18 18 

Slurry  
Temperature 

21 18 

pH 6,5-7 6-7 

TS% 1,48% 9,75% 

VS% 
VS 

59,8% 
8 855 mg/L 

76,1% 
74 200 mg/L 

COD 8 333 mg/L 114 300 mg/L * 

TN 952 mg/L 0,952g/kg* 5 700 mg/L* 5,7g/kg 

Total Nitrogen (% of TS) 6,4% 5,8% 

Table  4.3.1. Results from the analysis of Dois Lajeados. The columns are the locations of the sample and the rows are the 
parameters of interest- * indicates that the calculations for the conversion  are showed in section 7.2. Location D1 is the gestacão 

and location D2 is the creche. S. Norin & A Hjort. 

Graph 4.2.1.1. The electricity consumption in relation to the average ambient temperature. The electricity consumption is 
from the year 2007 [31] and the temperatures are from 2006 [32]. S. Norin & A. Hjort. 
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Table 4.3.1, results from the analysis, the columns are the locations of the sample and the rows are the 
parameters of interest. * indicates that the calculations for the conversion are showed in section 7.2. Location 

D1 is the Gestacao and Location D2 is the Creche. 

 
 

4.3.1 Average temperature and electricity consumption 
The ranch in Dois Lajeados has a fluctuating electricity consumption that only sometimes varies 
in relation to the outside temperature. The ranch has an electricity demand for the same reason as 
Perdigão Casca but furthermore there is also an electric consuming food fabric in Dois Lajeados. 
 

 

Graph 4.3.1.1, The electricity consumption in relation to the average ambient temperature. The electricity consumption begins in 

April 2007 and continues to Mars 2008 [33].  The temperatures are from 2006 [32]. S. Norin & A. Hjort. 

As the graph shows the electricity consumption is relatively low in April and May that is the start 
up phase of the range. In the winter months June, July and August it can be seen in the graph that 
the electricity consumption goes up in a peak. Then in September, October, November and 
December it is more or less stable electricity consumption, but it can be seen that in the 
remaining months it goes up in a new peak although there is no need for heating. 
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5 Discussion 
In order to evaluate the biogas plant in Perdigão Casca, its production potential and its 
environmental impact, the properties of its total pig slurry need to be assessed. Because the 
amount of dilution and the VS % fraction are important when evaluating the pig slurry suitability 
for the biogas plant, i.e. if the biogas plant are constructed for the TS and VS content.  
 
The reactors ability to degrade the organic material is essential when evaluating the 
environmental impact and the biogas applications because a not properly functioning digester can 
result in digester failure that in turn give rise to products that can have an impact on the 
environment or/and is not suitable to use in certain applications. 
 
The analyses of location X3 compared to location X5 in table 4.2.1 are contradictory. The VS are 
higher in location X5 compared to location X3 and COD is lower in location X5 compared to 
location X3. I.e. the VS content should be lower in the digestate. The rest of the parameters show 
values that are in accordance to the assumed properties of the digestate. I.e. the COD should be 
lower because there should be less organic material in the digestate. The conductivity is higher 
because there should be more ions in the digestate e.g. ammonia. The Alkalinity should be higher 
because of an increasing concentration of ammonia and ammonium. The pH should be higher 
because of increasing concentration of ammonia and ammonium. TN, ammonia, sulfur and TP 
could be higher because of the decrease in organic material that lowers the volume that in turn 
increases the concentrations. The TS could be higher, i.e. containing higher concentrations of 
inorganic materials that have been washed out. We therefore disregard the VS parameter in 
location X5. 

5.1 Pig slurry 
There are four samples from the pig slurry in the analysis. Two samples were taken in Perdigão 
Casca, location X1 and X3, shown in table 4.2.1. Two samples from Dois Lajeados; one at 
location D1 and one at D2, shown in table 4.3.1.  
 
The TS content is higher in Dois Lajeados compared to Perdigão Casca, which imply that the pig 
slurry was more diluted in Perdigão Casca than in Dois Lajeados when the sampling took place.  
 
The VS content and COD in the pig slurry from Dois Lajeados are higher compared to location 
X1, and X3 in Perdigão Casca. The VS and COD are also higher at location D1 than at location D2 
in Dois Lajeados and, as shown in table 4.2.1 and 4.3.1, the concentration of the organic 
compounds and elements that can be utilized as nutrients increases with decreased dilution. 
Those results imply that the organic fraction is more concentrated in the samples from Dois 
Lajeados. 
 
Table 2.2.2 shows that the average TS content is between 3 - 8 % for pig slurry and that the 
average VS content is between 70 - 80 %, only the sample from location D2 are within those 
intervals.   
 
The above mentioned results show that the slurry from Perdigão Casca is diluted. The calculated 
flow Q to the digesters are therefore not exact, when the diluting factor isn’t known. Furthermore 
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the number of piglets in the different productivity phases on a farm varies from one time to 
another as well the amount produced pig slurry. 
 
The total slurry production in Perdigão Casca can be calculated on average by table 3.1.1 and is 
17 906 L/day, see also appendix 8.2.4. This flow is on one hand based on the average production 
of manure and urine from each productivity phase but it is also based on the average dilution of 
water. The amount of water dilution varies from one ranch to another and the amount is unknown 
for Perdigão Casca. The varying water content’s influence on the total slurry production will 
therefore be examined. In table 5.1.1.1 it is calculated over a range of ± 50 % from the average 
water dilution of the total slurry when the density for undiluted slurry is assumed to be 1,020 
kg/L. The calculations are located in appendix 8.2.4. 
 

 Q [L/day] HRT [days] 

Qlow (-50 %) 14 894 83 

Qaverage 17 906 69 
Qhigh (+50 %) 20 918 59 

 
 
 
The result in table 5.1.1.1 shows a HRT of 83 days when using the values from Qlow. This HRT 
value is very high and according to the samples in table 4.2.1 the slurry is diluted. Therefore the 
correct flow rate is probably about 17 906 - 20 918 L/day.      

5.2 Biogas plant 
The biogas plant at Perdigão Casca, as shown in figure 4.1.1.1.1, consists of a sedimentation 
chamber, two digesters, safety system for the biogas, a torch and two anaerobic lagoons.  
 
Two pipes from two different locations feeds the sedimentation chamber with pig slurry, as 
shown in figure 4.1.1.1. Most of the slurry from the gestação is pumped into the chamber once a 
week.  The slurry from the rest of the farm is flowing continuously to the chamber. The volume 
of pig slurry in the chamber is then higher than the rest of the week, as seen in picture 4.1.1.1.2 
compared to picture 4.1.1.2.2.  
 
The slurry flows after the sedimentation chambers into the two digesters. This means that the 
digesters receive unequal loads of slurry at one time in a weak with an unequal TS content, as 
shown in location X1 and X2 in table 4.1.1, when assuming that location X2 mostly contains 
slurry from the gestação. 
 
The structure of the digesters, i.e. the two baffles as shown in appendix 8.5, stops the flow of pig 
slurry. The compounds with higher density in the slurry, solids, are allowed to settle on the 
bottom of the digester, as showed by the TS content of location X4 in table 4.1.1. This indicates 
that the sediments on the bottom of the reactor are going to increase with time. 
 
The HRT for the biogas plant in Perdigão Casca is assumed to be 59 - 69 days, as mentioned in 
section 5.1.1, while the SRT is much higher because the solids that are allowed to settle on the 
bottom on the digesters contains bacteria and are allowed to undergo long time degradation. This 

Tabell 5.1.1.1. HRT and slurry flow rate in Perdigão Casca depending on the dilution. S. Norin & A. Hjort.  
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means that the diluted pig slurry from location X3 in table 4.1.1 that enters the digesters probably 
undergoes complete anaerobic degradation. 
 
There exists two different OLR for the reactors because the feed to the reactor comes from two 
pipes. The pig slurry from location X2 is probably not as diluted as the slurry from location X1, 
because the usage of water is greater at Creche and Maternidade. The slurry from Gestacao 
probably has TS content somewhere between location X2 and location X3, which still is relatively 
diluted.  
 
Alkalinity and pH are good indicators when determining the state of the digesters. One possibility 
is to analyze the digestate and adjust the properties of the pig slurry when exerting process 
control. The alkalinity concentration needed according to the literature is 2 000 - 4 000 mg/L 
CaCO3 when the carbon dioxide content are between 30 - 50 %. The alkalinity concentration are 
higher than those values, see table 4.1.1 location X5. The pH are a little bit to high, as seen in 
table 4.1.1 location X3 and X4, when comparing to the literature that have 6,8 - 7,2 as guideline 
values.  
 
The concentration of sulfide and ammonia should not be higher than 50 - 1 500 ppm, according 
to the literature, which the digestate do have, as shown in table 4.1.1 location X5. But the 
concentrations are not so much higher than those recommended values. The bacteria can have 
acclimatized to the concentrations because of the high SRT. This indicates that the digesters in 
Perdigão Casca, according to those parameters, are in a stable condition at present. 
 
The observations of the torch showed that the combustion of the methane gas takes place without 
an external heating source, which implies that methane are produced in a concentration enough to 
be of value for heating.  
 
Accordingly the observation of the anaerobic lagoon in Perdigão Casca, where the digestate is 
stored, and according to the observations of the lagoons in Dois Lajeados, where they store the 
pig slurry; the malodour from ammonia is considerably higher in Perdigão Casca than in Dois 
Lajeados. This implies that the microbiological processes in the digesters transform the organic 
material into two useful products, e.g. biogas and digestate    
 
The stable conditions and the complete degradation of the pig slurry, and also the observations of 
the torch and the anaerobic lagoon, implies that the biogas could contain between 55 – 70 % 
methane. This means that the potential biogas production is of interest. We choose to predict the 
biogas production and the biogas potential in Perdigão Casca and Rio Grande do Sul by two 
methods; from the amount daily fed VS and also by the relationship between COD and methane, 
i.e. the methane equivalent of COD. 
 
The digesters in Perdigão Casca have no means of heating, resulting in that the reactors have 
approximately the similar inside temperature as the temperature outside. In this way the 
temperature of the digesters follows the ambient temperature, but is probably a couple of degrees 
higher due to the isolating effect of the ground, as shown in table 4.1.1 location X4.  
 
The temperature in southern Brazil is generally hot at the summer months and relatively cold at 
the winter. The temperature is also considerably higher in the day compared to the night. The 
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bacteria may consequently be exposed to considerably temperature fluctuations that decrease the 
biogas production and give rise to the need of a higher HRT in order to decrease the organic 
material in the anaerobic lagoons. 

5.2.1 Predicted biogas yield 
The biogas yield may fluctuate from time to time in relation to many factors leading to unsteady 
state operating digesters. We chose to assume that the digesters are stable when predicting the 
biogas yield. The samples in table 4.2.1 are considered to be representative for an estimation of 
the produced biogas.  
 
When calculating the biogas production by the methane equivalent of COD and the biogas 
potential from VS, the amount produced biogas is varying proportionally in relation to the total 
slurry flow rate. This is shown in table 5.2.1.1, where the pig slurry flow rates are the same as in 
table 5.1.1.1. For this reason, the biogas yield is calculated with three alternative approaches, as 
shown below. The biogas potentials from the VS in the pig slurry given in the literature are 
assumed to be in Nm3. 
 

• The biogas potential from VS based on the biogas production from a 90 kg pig in Brazil 
where the lower biogas production potential, VSlow, is 0,37 Nm3/(kg VS) 

 

• The biogas potential from VS based on the biogas production from a 90 kg pig in Brazil 
where the higher biogas production potential, VShigh, is 0,50 Nm3/(kg VS) as mentioned 
in section 3.5.2. 

 

• The methane equivalent of COD, mentioned in section 3.5.2. 
 
The calculation method based on the biogas potential from a 90 kg pig is given in the literature 
[4] without the reference of prevailing temperature and pressure. This should be based on Nm3 
and therefore it is assumed to be at STP. 
 

The biogas production is recalculated under the prevailing condition of 20 ˚C, which is the 
average temperature over the year 2006 and the methane content is assumed to be 60 %. 
 
 
 Q 

[L/day] 
Method Biogas yield 

[m3/day] 
Energy yield 
[kWh/day] 

Energy yield 
[kWh/month] 

Energy yield 
[kWh/year] 

VSlow 12,3 68 2 040 24 820 

VShigh 16,7 93 2790 33 945 

Qlow 14 894 
 

COD 31,7 176 5 280 62 240 

VSlow 14,8 82 2 460 29 930 

VShigh 20,1 112 3 360 40 880 

Qaverage 17 906 
 

COD 38,2 212 6 360 77 380 

VSlow 17,3 96 2 880 35 040 

VShigh 23,5 131 3 930 47 815 

Qhigh 20 918 
 

COD 44,7 248 7 440 90 520 

 Table 5.2.1.1. Stated biogas and energy yield in Perdigão Casca related to differing of Q and calculation method. The biogas 
and energy yield that is mentioned are based on averages and a static estimation without respect to influences by fluctuating 

process parameters. S. Norin & A. Hjort. 
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The biogas yield calculated by Qhigh and VShigh is assumed to be valid for the biogas plant 
because of the following reasons shown below. 
 

• The biogas yield calculated by the methane equivalent of COD should be higher because 
the reagent used when analysing COD oxidizes some inorganic compounds, some of the 
degraded material are used to build up new cells and some organic compounds are not 
utilized as a substrate for the methane producing bacteria. The fluctuating temperature and 
build up of sedimentation in the reactor are also two factors that are not considered. 
Therefore it should be a lower biogas yield during the digesters actual conditions. 

 

• The total pig slurry at the ranch is diluted and therefore it is possible that the flow rate is 
higher than the average. 

 

• The sampling at location X3 did occur when the slurry only had been flowing from the 
buildings located above the biogas plant i.e. creche, maternidade and the smaller part of 
gestacão. We suspect that the VS content of the slurry that needs to be pumped up from 
the three floor building of Gestacao is higher, which should give a higher biogas yield 
than VSlow gives. 

 
The biogas plant, has at the present time 800 sows, but is built for 1 250 sows, which also can 
explain the slightly prevailing high HRT, shown in table 5.1.1.1, of 59 days. It is therefore of 
value to investigate the potential of the biogas plant at Perdigão Casca, provided that the 
degradability of organic matter still is the same as with 800 sows. First, the new numbers of pigs 
in each respective productivity phases is calculated. The number of pigs in the different phases 
will increase proportionally among the number of sows, according to the following connection 
shown in equation 12. 
 

Qsized / Qhigh = V / VVShigh = 1 250 / 800      (12) 
 
Where Qsized is the new total slurry flow rate that the biogas plant is built for, Qhigh is the higher 
total slurry flow rate from table 5.2.1.1, V is the new biogas production and VVShigh is the 
appointed valid biogas production at present time. Equation 13 shows the new potential total 
slurry flow rate. 
 

Qsized = Qhigh * 1 250 / 800 = 20 918 * 1 250 / 800 = 32 684 L/day   (13) 
 

Equation 14 shows the biogas potential under the prevailing condition of 20 ˚C and 1 atm. 
 

V = VVShigh * 1 250 / 800 = 23,5 * 1 250 / 800 = 36,7 m3/dag   (14) 
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With the calculated new slurry flow rate the biogas plant will have a HRT of 38 days. The biogas 
is assumed to contain 60 % methane and table 5.2.1.2. shows the approximate biogas potential. 
 
 

Q [L/day] Biogas potential 
[m3/day] 

Biogas potential 
[kWh/day] 

Biogas potential 
[kWh/month] 

Biogas potential 
[kWh/year] 

32 684 36,7m3 204 6 116 74 460 

 
 
 
Table 5.1.2.3 shows that the power of the biogas plant will have a marked increase of 55 %, if it 
is utilized to the full capacity by obtaining further 450 sows at the ranch.  
 

Number of sows HRT 
[days] 

Power 
[kW] 

Biogas yield/potential 
[m3/day] 

Energy yield/potential 
[kwh/day] 

800 (present) 59 5,5 23,5 131 

1 250 
(perspective) 

38 8,5 36,7 204 

 
 

5.3 Optimisation possibilities 
There exists several optimisation possibilities that are relatively low capital and technique 
demanding that could be used in order to optimise the plant.   

5.3.1 Mixing and heating 
Sedimentation, a build up of solids on the bottom of the reactors, can create a flushing of the pig 
slurry through the reactors which give rice to a decrease in biogas production and an 
accumulation of organic material in the anaerobic lagoons. Therefore mixing is essential for 
optimising the digesters. To keep a stable temperature in the digesters is also essential for 
optimising the digesters, because temperature fluctuations probably lower the biogas production 
and could increase the amount of organic material in the anaerobic lagoons. 
 
The most used stirrer is the propeller mixer and it can handle well diluted substrates like the pig 
slurry. But, the biogas plant in Perdigão Casca is not constructed for mechanical mixing. To 
avoid a reconstruction of the digesters, hydraulic mixing is a better alternative. The more diluted 
the pig slurry is the better it is for the pumping equipment for the hydraulic mixing. The pig 
slurry in the digesters is, as mentioned, relatively high diluted, hydraulic mixing can therefore in 
this way be a good choice.   
 
At one side of each reactor there are three control sites that are used for pumping of the slurry. 
These control sites make it possible to install a pump system that pumps out substrate from one 
control site and then pumps it into another control site, making older substrate with a larger 
amount of bacteria to mix with the fresher substrate. In this way the anaerobic degradation will be 
improved e.g. the bacteria inside the reactors will get better contact with each other and the 
circulation of the slurry will also decrease the stratification possibility.  
 

Table 5.2.1.2. Biogas and energy yield when working at full capacity. S. Norin & A. Hjort. 

Table 5.1.2.3. Compilation of data for the biogas plant in Perdigão Casca. These potentials are based on averages and static 
estimations without the respect to influences by fluctuating process parameters. S. Norin & A. Hjort. 
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The pump may be an electric pump installed outside the reactor and it doesn’t need to operate 
continually, thus a slow gentle mixing operating in intervals several times in a day may be 
sufficient. Furthermore hydraulic mixing makes it possible, by heat exchanger and a heat source, 
to keep a more stable temperature especially at cold days. The heat source can be combustion of 
the produced biogas.                

5.3.2 Biogas cleaning 
The trace gases in the biogas could cause corrosion on the equipment for utilizing the biogas and 
could cause a negative environmental impact. The essential trace gas to remove is hydrogen 
sulphide. This can be done at the biogas plant by adding a small amount of oxygen or air directly 
into the digester chamber. This is the simplest way and can be done by help of an aquarium 
pump. How much oxygen that is needed depends on the concentration of hydrogen sulphur, but 
at the present time this concentration is unknown.    

5.4 Biogas applications 
Dois Lajeados and Perdigão Casca are run by the same company, Perdigão. This means that they 
have a similar organization. I.e. they are both a part of the same pig producing company, have a 
similar housekeeping system for the pigs and procedures for keeping a proper inside climate. 
This means that the biogas as an energy source can be used to the same applications. The only 
difference is that Dois Lajeados have a larger quantity of pigs and they also run a feed factory, 
resulting in bigger electricity consumption. After our stay on both ranches it has been clear that 
they want to utilize biogas for heating because the outside temperature can be cold at nights, 
especially during the winter season.  
  
As a short summarize; the heating for the newborn piglets is done by an electric bulb inside a 
small house for every litter. The heating in the building of Creche is done by a forced air furnace 
blowing out heated air through a ductwork and in the buildings of Gestação there are blowing 
fans to cool the premises. 
 
The following presented potentials should only just be seen as a rough theoretical prediction 
because the calculations are on the base of the static biogas production. More realistic 
calculations must consider the facts that the biogas plant process varies e.g. with the outside 
temperature and off course the biogas yield as well. It may be seen as examples and maybe not all 
the biogas is required for a suggested application. 

5.4.1 Forced air furnace 
The simplest application of biogas is combustion for heat production. The already installed 
firewood fuelled forced air furnaces at the both ranches are one possible application for the 
biogas i.e. instead of using firewood that they have to buy, they can use the produced biogas on 
the ranch.  
 
This procedure can consist of a gas line between the biogas plant and furnace coupled to a T-
junction line with manual equipment for the purpose of re-routing the gas direction in times when 
heating isn’t necessary. The gas line is coupled into the furnace consisting of a metal line inside 
the furnace with a suitable size of the nozzle.  
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The energy efficiency rating of a forced air furnace depends on the age of the furnace. Today the 
average efficiency of a forced air furnace is 93,2 % and 20 years ago they had a rating of 60 % 
more or less [34]. The furnace in picture 4.1.1.3 has a very simple construction and the age is 
hard to classify, so we assume that the energy efficiency is about 60 %, but the potential are 
showed over the range of 60 - 93 %. The potential of producing heat from the furnace to the pigs 
by biogas, if all produced biogas is distributed to the furnace are shown below in table 5.4.1.1. 
 

Number of sows Heat [kWh/day] Heat [kWh/month] Heat [kWh/year] 

800 79 - 122 2 358 – 3 655 28 835 – 44 530 

1 250 122 - 190 3 672 – 5 692 44 676 – 69 248 
Table 5.4.1.1. The heat potential of a Forced air furnace η furnace=60-93 %, methane content=60 %. S. Norin & A. Hjort. 

5.4.2 Hot water boiler 
Instead of using the electricity consuming bulbs in the small houses for the newborn pigs, this 
system can be replaced by a natural gas boiler designed for untreated biogas that circulates water 
of a preset temperature.  
 
With this system the biogas fuelled boiler heats the water in an enclosed system. The water is 
circulated by means of an electric pump throughout a well heat-conducting serpentine water-pipe 
lying just under the floor of the small houses, where it distributes the preset temperature to the 
newborn pigs.  
 
The gas is distributed to the boiler in the same way as to the forced air furnace with the gas line 
coupled to a T-junction line with manual equipment for the purpose of re-routing the gas 
direction when it is needed. 
 

Hot water boilers usually operate around 82 ˚C to 93,3 ˚C, with the maximum temperature of 100 

˚C [35]. A cast iron natural gas boiler can be fueled with biogas, because the biogas lower energy 
content the air-fuel mix needs to be adjusted and the burner jets must be enlarged.  
 
The biogas plant in Perdigão Casca has at present an approximate power of 5,5 kW and with 1 
250 sows a power of 8,5 kW. The energy efficiency of a hot water boiler is typically 75 - 85 % 
[36], giving an maximum size of the boiler in the range of 4 - 4,7 kW and 6,4 - 7,2 kW. If all the 
produced biogas is distributed to the boiler the potential heat production from a boiler in this 
range will be, as table 5.4.2.1 shows. 
 

Number of sows Heat [kWh/day] Heat [kWh/month] Heat [kWh/year] 

800 96 - 113 2 880 – 3 390 35 040 – 41 172 

1 250 154 - 173 4 620 – 5 190  56 064 – 63 072 

 
 
 

Table 5.4.2.1. The heat potential of a hot water boiler, η boiler=75-85 %, methane content=60 %. S. Norin & A. Hjort. 
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5.4.3 Gas engine 
To generate electricity on a farm, the biogas can be used as a fuel for a gas engine connected to a 
generator, a gas fueled engine generator. As gas engine, a converted Otto engine or a converted 
diesel engine can be used, see also appendix 8.4.  
 
The generators that are usually used on farms are induction generators or a synchronous 
generator. The induction generator need to be coupled to the utility to get the necessary 
magnetization, cannot stand alone and is generally cheaper than the synchronous generator, that 
can operate either stand alone or coupled to the utility. 
 
The application of a gas fueled engine generator is more gas quality demanding. Hydrogen 
sulfide in the biogas should first be removed before fuelling the gas engine because it is 
corrosive, which can lower the gas engine’s lifetime. 
 
The biogas fueled engine generator in the following calculations is assumed to have an energy 
efficiency of about 30 %, but a diesel fueled engine generator may have a bit higher efficiency.  
 
The approximated rate powers of 5,5 kW and 8,5 kW (1 250 sows) of the biogas plant in 
Perdigao Casca, and the energy efficiency of 30 % of the biogas fueled engine generator, gives an 
approximately maximum size of the generator of about 1,7 kW to 2,6 kW. Then, if all the 
produced biogas is distributed to the engine generator, the potential electricity production will be 
as illustrated in table 5.4.3.1. 
 

Number of sows E [kWh/day] E [kWh/month] E [kWh/year] 

800 41 1 224 14 892 

1 250 62 1 872 22 777 
Table 5.4.3.1. The electricity potential of the biogas, η el=30 %, methane content=60 %. S. Norin & A. Hjort. 

 
The table shows that the ranch in Perdigão Casca is far from the potential of being self supplied 
from own produced electricity, even in January with the lowest electricity consumption of 3 675 
kWh. The reason is that a gas engine has relatively low energy efficiency.  
 
It’s not necessary to be self supplied, because the produced electricity from the gas fueled engine 
generator may supply a certain part of the ranch. Furthermore it’s also possible to utilize exhaust 
gases and/or the heat from the cooling system. The thermal energy could then be distributed 
simultaneously for heating. Assume that 90 % of produced heat from the gas fueled engine 
generator is collected, the collected monthly heat would be Eheat1 at present and Eheat2 if the biogas 
plant is maximally utilized; 
 

Eheat1 = 24 * 30 * 0,70 * 0,90 * 5,5 = 2 495 kWh     (15) 
 

Eheat2 = 24 * 30 * 0,70 * 0,90 * 8,5 = 3 856 kWh     (16) 
 
Due to the big heat losses of a gas engine, the optimal use of this application is to also collect this 
produced heat and then utilize it at the ranch e.g. for the newborn pigs. Where electricity is 
coming from the forced generator and the thermal energy comes from the gas engine’s exhaust 
and the cooling systems simultaneously.   



  

55 

5.5 Biogas potential in Rio Grande do Sul 
To approximate the biogas potential in the whole region of Rio Grande do Sul, a comparison is 
done through investigating how many biogas plants similar the one at Perdigão Casca this would 
correspond to. 
 
When estimating the biogas potential in Rio Grande do Sul it is not necessary to calculate the pig 
slurry flow rate on different dilution ranges, since there are a numerous ranches where the TS and 
the dilution still varies from one ranch to another due to different housing systems.  
 
To calculate the total average pig slurry production (appendix 8.2.) from each respective 
productivity phase shown in table 3.1.1 the below located table 5.5.1 has been used, with detailed 
presented numbers accordingly the reference [44].  
 

 Number of pigs 
Gestating sows & Boars 297 876 

Farrowing sows (integrated with an organisation) 211 479 

Farrowing sows (independent ranches) 55 622 

Farrowing sows (household based) 30 775 

Pigs in Rio Grande do Sul (total) 5 827 195 
Table 5.5.1. Number of pigs 2006 in Rio Grande do Sul [44] 

 
The amount of boars is relatively small on a ranch and when calculating the slurry production we 
assume that “Gestating sows & Boars” consist only of gestating sows. Household based 
farrowing sows are not accounted when estimating the biogas potential because the amount of 
sows in each household are assumed to be few. Therefore the quantity of pig slurry produced on 
each household is not enough when using a digester similar to the one used in Perdigão Casca.   
 
The amount of fattening pigs and piglets will be the remaining part of pigs that is not mentioned 
in table 5.5.1. These pigs do count as fattening pigs during a much longer time than piglets do, 
therefore mostly all the remaining number of pigs will be fattening pigs. For this reason, an 
average value of slurry production for this category of pigs will be appointed here to 6 L per day 
and per pig, instead of 7 L per day and per fattening pig, as mentioned in table 3.1.1. 
 
In this manner the average total pig slurry production in 2006 was QRS = 43 366 401 L/day. The 
biogas plant in Perdigão Casca is built for 1 250 sows, with the consequently estimated slurry 
flow of Qsized = 32 684 L/day, given in table 5.2.1.2, which corresponds to 1 327 biogas plants in 
the region, as shown in equation 17.    
 

nbiogasplant = QRS / Qsized = 43 366 401 / 32 684 = 1 327     (17) 
 

The approximated biogas potential of the biogas plant in Perdigão Casca is 74 460 kWh/year at 1 
250 sows, as shown in table 5.2.1.2. By this, the biogas potential in Rio Grande do Sul will be 
1 327 * 74 460 kWh/year, which is nearly 100 GWh/year, as table 5.5.2 shows.  
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Biogas plants in RS at 8,5 kW 1 327 

Biogas potential [m3/day] 48 811 
Biogas potential [MWh/day] 271 

Biogas potential [GWh/month] 8,2 

Biogas potential [GWh/year] 98,8 
Table 5.5.2. The biogas potential in Rio Grande do Sul. S. Norin & A. Hjort. 

 
The content of VS of the total pig slurry varies greatly in the different productivity phases of pigs 
and also from one ranch to another, see the tables 4.2.1 and 4.3.1. This indicates that the above 
estimated biogas potential could be much greater than the results showed here.  

5.6 Environmental impact 
It’s difficult to evaluate the environmental impact without a reference system. It is therefore 
necessary to use the pig slurry as a reference so that the environmental impact from the biogas 
plant can be assessed  
 
To compare the pig slurry and the digestate is, in this case, the same thing as compare the way 
Perdigão Casca and Dois Lajeados are handling their slurry. The difference between Perdigão 
Casca and Dois Lajeados are that only Casca has a biogas plant. That is the pig slurry is treated in 
a digester in Perdigão Casca and two products emerges, digestate and biogas.  

5.6.1 Comparison between pig slurry and digestate 
From a general point of view pig slurry is relatively harmless without bacteriological activity. 
The bacteria convert the slurry so it can be utilized as a source of nutrients to the plants and 
contribute to a common problem with slurry, the emissions during storage. The oxidation-
reduction potential; i.e. which molecules can be utilized as electron carriers, determine which 
bacteria that are going to utilize the organic compounds in the slurry and consequently which 
gases that will be produced. The digestate, on another hand, is pig slurry that has been treated 
under a controlled environment, anaerobic, by bacteriological processes.  
 
Both the slurry and digestate are stored in an anaerobic lagoon and are thereafter spread on the 
field. Therefore the processes in the anaerobic lagoon depend on the concentrations and 
properties of the organic material that can be utilized. In general, anaerobic conditions, where 
methane gas is produced, occurs in the deeper layers of the lagoon and where methane producing 
bacteria accumulates. There also exists other conditions that enables for the formation of 
numerous compounds that could be detrimental or annoying.   
 
Both pig slurry and digestate are organic materials mixed with a liquid, the difference is the state 
of bacteriological activity. Slurry contains organic material, carbohydrates, fats, proteins, lignin, 
cellulose and hemi cellulose that are used as electron carriers and contains nutrients that are used 
during bacteriological processes. Digestate usually consists of a large fraction of inert organic 
materials and mineralized nutrients that are available to the plants because of the mineralization 
process that occur during the anaerobic digestion.  
 
The organic fraction is higher in the pig slurry than the digestate, as seen in table 4.2.1 and 4.3.1. 
The COD is higher in the slurry, location X1, X2, X3, D1 and D2, than the digestate in location X5. 
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This implies that the bacteriological activity is higher in the slurry than the digestate because 
there is more organic material in the slurry that the bacteria can utilize. It also implies that the 
digestate have a less viscous character.  
 
Pig slurry that is stored a sufficient time in order to mineralize a large fraction of the nutrients, 
give rise to emissions of gases, e.g. methane, volatile sulfur compounds, volatile organic 
compounds, carbon dioxide, ammonia. While digestate, that is stored in an anaerobic lagoon, 
gives rise to less emissions of gases, but a large fraction of nitrogen is converted to ammonia if 
the pH is high. The organic material that’s left in the digestate consists of a large fraction of inert 
compounds, which the bacteria are unable to utilize. 
 
Pig slurry that’s not stored for a sufficient time in order to mineralize a large fraction of the 
nutrients and applied to the fields, give rise to emissions of the above mentioned gases of 
nitrogen oxide and could contribute to leakage of nutrients because phosphorus and nitrogen are 
here converted or incorporated to water soluble compounds through bacteriological processes. 
While the digestate that are applied to the fields give rise to fewer emissions of gases, because 
there is less organic material that the bacteria can utilize and the nutrients are easily accessible to 
the plants.  
 
Bacteria responsible for the creation of nitrous oxide and the water soluble nutrients, hydrolytic 
bacteria, nitrification and denitrification, needs non inert organic material. Pig slurry contains non 
inert organic material while digestate doesn’t. Digestate also have a large fraction of mineralized 
nutrients that are incorporated into the plants instead of converted to water soluble compounds.   
 
The lagoons in Dois Lajeados to the right of the buildings, in picture 4.1.2.1, showed signs of 
coating and it bubbled frequently. There were also a lot of larvae on the surface. The second 
lagoon smelled of ammonia and it bubbled less frequently there. Here mineralization was allowed 
to occur but a significant portion of the organic material was allowed to be converted to gases 
during anaerobic and facultative anaerobic bacteriological processes. 
 
The survey of the housing system showed us that the water consumption was relatively high, 
30 000 L/day at Dois Lajeados. Visual observations showed us that the lagoon, shown in figure 
4.1.2.1, below the buildings was emptied several times each day. The analysis of the samples 
showed us that the TS content varies considerably when comparing location D1 and D2. This 
implies that the produced pig slurry is higher than the capacity of the lagoons, so the largest part 
of the pig slurry is transferred to the fields without proper mineralization of the nutrients.  
 
At the time of this study the anaerobic lagoon that the digestate was stored in showed signs of gas 
production. This indicates that there were enough organic compounds left in the digestate for the 
production of gases, mainly methane were of concern here. There is still a large decrease in the 
possible methane production from the digestate compared to the pig slurry, i.e. the COD 
concentration in X3 is half of the COD concentration in X5. There is also a possibility that the 
compounds that were oxidized during the analysis of COD were high strength compounds that 
the methane producing bacteria are unable to use as a substrate. 
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The sum of this discussion is that that the environmental impact can be considered positive 
because of the reduced production of the green house gases when comparing the storage and 
handling of the pig slurry and digestate.. That is, the volume, organic content and viscosity are 
decreased in the digestate, which decreases the possibility of the creation of green house gases 
and water soluble compounds.   

5.6.2 Biogas production  
The problems in Brazil are mainly due to the large quantities of pig slurry produced, which create 
treatment difficulties. The anaerobic lagoons are usually undersized, which forces the ranch 
owners to dispose the slurry before the treatment is finished. This in turn gives rise to a negative 
environmental impact.  
 
The products of anaerobic digestion are biogas and digestate. Both products are commonly 
associated to have a positive environmental impact. Because the biogas is a renewable energy 
source and the digestate is considered to be a good fertilizer. 
 
The biogas in a properly maintained anaerobic digester consists, as mentioned in chapter 3, 
mainly of carbon dioxide, methane and trace gases such as nitrogen and sulfur compounds. At the 
moment of the study the biogas was burnt in a torch. This means, when assuming that the 
digester works properly, that the trace gases are the gases being of concern. Because when the 
gas is burnt, the trace gases transforms to NOx and SOx in an environment with a surplus of 
oxygen. NOx and SOx are compounds that give rice to acidification and possible corrosion of 
equipments. Proper cleaning of the gas removes those compounds. 
 
NOx and SOx are also related to the combustion of wood for own thermal energy usage and also 
related to the convenient production of the electricity-mix in the country. This means that the 
production of heat in this manner and usage of the electricity-mix on a ranch are considered to 
create a negative environmental impact. The altering usage and production of energy to biogas, 
i.e. using the biogas as an energy source to produce electricity from engine generators and 
thermal energy from forced air furnaces and gas boilers, are therefore considered to have a 
positive environmental impact.  
 
The digestate in a properly maintained anaerobic digester consists of easy accessible nutrients for 
the plants, macro and micro nutrients that are considered as good fertilizers that can cause 
eutrophication if the digestate is applied improperly to the field.   
 
Ammonia is of concern when storing the digestate and, as mentioned in chapter 3, the amount of 
ammonia is a function of the pH. Over a pH of 7 there is a significant increase of the emission of 
ammonia. The emission of ammonia can be reduced with 85 % if a floating cover consisting of 
straw is applied.  
 
Biogas production in Perdigão Casca is considered to have a positive environmental impact 
because the produced biogas is burnt instead of released into the atmosphere, it reduces the 
organic compounds in the pig slurry in a fairly rapid rate that give rise to green house gases and 
decreases the possibility of leakage of nutrients when applying the digestate on the fields.  
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6 Conclusion 
The results show that the pig slurry used in the biogas plant in Perdigão Casca is relatively high 
diluted. The housing system, i.e. the water separating system should be optimized in order to 
decrease the diluting of the slurry.   
 
The digesters in Perdigão Casca are working properly, but if the sedimentation in the chamber 
builds up there is a severe risk of process failure. There are temperature fluctuations that can 
effect the biogas production. A way of mixing the slurry in the reactors is needed in order to 
avoid the sedimentation and the reactors need a way of heating to optimize the biogas production. 
The construction of the digesters is suited for hydraulic mixing that also makes it possible for 
heating of the slurry. 
 
The biogas production from VS in the higher biogas production range, based on the biogas 
potential from a 90 kg pig in Brazil and the 50 % higher diluted total pig slurry flow rate than the 
average, gives in this case an approximation of the biogas production in Perdigão Casca.  
 
In Perdigão Casca the energy content in the biogas is enough to be of value for heating. This 
means that the biogas can be directly used to the forced air furnace and to a hot water boiler. The 
approximated amount produced biogas cannot make the ranch in Perdigão Casca to be self 
supplying with electricity.   
 
The approximated biogas potential for Rio Grande do Sul is nearly 100 GWh/year. Because of 
the varying VS content from one ranch to another the approximated biogas potential in this 
region actually could be much greater. Therefore further studies of the housing systems in Rio 
Grande do Sul are needed 
 
The positive environmental impact exceeds the negative environmental impact when the biogas is 
directly burnt in a torch. The gas should be cleaned, i.e. the sulfur and nitrogen containing gases 
should be removed. Also a floating cover needs to be applied on the anaerobic lagoon where the 
digestate is stored. 
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8 Appendix 

8.1 Map over Rio Grande do Sul 
Rio Grande do Sul are the most southern state in Brazil and Porto Alegre is the main capital. The 
figure 8.1.1 shows that Rio Grande do Sul borders to Argentina to the west, Uruguay to the south, 
the state Santa Catarina to the north and the Atlantic Ocean to the east. 
  

 

 

 

Figure 8.1.1. Map over Rio Grande do Sul. The yellow line is a border line, the signs are road signs, the blue line are a 
regional border, the red dots are the marked cities [37]. 
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8.2 Calculations 

8.2.1 Methane equivalent of COD 
Equation 9 is based on a stoichiometric relationship between the methane gas production and the 
COD lost where the COD equivalent of methane can be determined according to equation 18.  
 

VCH4 = k * (CODinflow – CODoutflow) * Q                   (9) 
 

CH4 + 2 O2 ↔ CO2 + 2 H2O        (18) 
 
Equation 18 shows that it takes 2 moles of oxygen to oxidize one mole of methane to carbon 
dioxide and water, i.e. the molar ratio is 1:2. The molecular weight of the oxygen molecule O2 is 
32 g and it’s possible to express the amount oxygen needed in grams instead of expressing the 
amount in mole, according to the stoichimetric relationship between methane and oxygen.  
 

2 * 32 = 64 g O2         (19) 
 
Equation 19 shows that 64 grams of oxygen is needed to oxidize 1 mole of methane to carbon 
dioxide and water. One mole of methane is the same as 22,414 L methane at STP according to 
the ideal gas law, formula 20, as shown in equation 21.  
 

p * V = n * R * T          (20) 
 

V = (n * R * T) / p = (1 * 8,314472 * 273,15) / 101,325 = 22,414 L   (21) 
 
So, k the methane equivalent of COD converted under the above mentioned condition is, as 
equation 22 shows, 0,35 L CH4/g COD. 
  

k = CH4 / COD = 22,414 /64 = 0,35 L CH4/g COD     (22) 

8.2.2 Digester volume 
The volume of a digester with the geometry such as in this example can be calculated by first 
dividing up the body into well-known geometries, and then calculate the volume of each 
geometry and finally get the total volume which is the sum of each calculated volume. With this 
method, the volume of a rectangular parallelepiped is first calculated. The dimensions according 
to the blueprint are as shown below and the volume is then, as equation 23 shows, 441,095 m3. 
 
Length = 26,54 m, Breadth = 5,54 m, Height = 3,00 m. 
 

V = L * B * H = 26,54 * 5,54 * 3,00 = 441,095 m3     (23) 
 
Then the volume of the remaining triangular sides will be added, two long sides and two short 
sides. With the dimensions according to the blueprint shown below. 
 
Long sides; L = 26,54 m, B = 1,73 m, H = 3,00 m. 
 
Short sides; L = 5,54 m, B = 1,73 m, H = 3,00 m. 
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Figure 8.2.2.1. The 
marginal volume in the 

digester’s four corners. S. 
Norin & A. Hjort. 

 
 
 
The volume of a triangular form is its area, A, multiplied its length. That is A = B * H / 2, V = L 
* B * H / 2. Which give us the volume of the long sides and the volume of the short sides, both of 
these geometric figures are two in its number. The volumes are then for the long sides 137,743 
m3, as equation 24 shows, and the volume for the short sides are 28,753 m3, as equation 25 shows 
 

V = 2 * L * B * H / 2 = 2 * (26,54 * 1,73 * 3,00) / 2 = 137,743 m3   (24) 
 

V = 2 * L *B * H / 2 = 2 * (5,54 * 1,73 * 3,00) / 2 = 28,753 m3   (25) 
 
But strictly, also the marginal volume in the digester’s four corners, 
figure 8.2.2.1, must be added. The red figure is an upside down pyramid 
where the area of the quadratic bottom is L * L, where L measures 1,73 
m. And the height of the pyramid is 3,00 m. The volume can be 
calculated with the pyramid formula, which is applicable irrespective of 
the pyramid’s form, as shown below. The total volume of the four 
corners is then 11,972 m3, as equation 26 shows. The total volume of the 
digester is then approximately 620 m3, as equation 27 shows. 
 
         A = L * L, V = A * H * 1 / 3  
 

V = 4 * 1,73 *1,73 * 3 * 1 / 3 = 11,972 m3           (26) 
 
This gives the total volume of the digester; 
 

Vtot = 441,095 + 137,743 + 28,753 + 11,972 = 619,563  m3.       (27) 
  

8.2.3 Conversions 
When converting from mg/L to g/kg the assumption were that the slurry has the same density as 
water, i.e. 1 g/cm3. As equation 28 shows, 1 g / cm3 are equal to 1 kg / L, so mg / L equals mg / 
kg. And as equation 29 shows, 1 000 mg equals 1 g.  
  

1 g * 1 000 / 1 cm3 * 1 000 = 1 kg/L       (28) 
 

1 mg * 1 000 mg = 1 g        (29) 
 

8.2.4 Flow calculations of the pig slurry in Perdigão Casca 
To estimate the pig slurry flow, the number of pigs per productivity phase must first be estimated. 
As mentioned in the description of Perdigão Casca in section 6.1, the ranch has at the moment 1 
600 new born piglets and the farrowing sows have approximately 11 piglets in every litter. Thus 
the number of farrowing sows is 146, as shown in equation 30. 
 

nfarr = 1 600 / 11 = 146         (30) 
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The total number of sows at the ranch was, as mentioned in section 6.1, at the time of the study 
800 and, since the number of nursing sows is known the “remaining” gestating sows are 654, as 
shown in equation 31. 
 

ngest = 800 – 146 = 654         (31) 
 
The total number of piglets at the ranch was 4 100, and 1 600 of them was new born pigs. The 
remaining piglets that is 25 days or older will therefore be 2 500, as shown in equation 32. 
 

npiglets = 4100 – 1 600 = 2 500        (32) 
 
Now, when the number of pigs in each productivity phase is known the ranch’s total pig slurry 
production at the present time can be calculated, based on the average total slurry flow in Brazil, 
by use of table 3.1.1. The number of boar pigs is assumed to be negligible and the total slurry 
production from the new born piglets is already included with narrowing sows. The amount of 
average total slurry produced per day is 17 906 L/day, as shown in equation 33. 
 
           Q = nfarr *  Vfarr. + ngest * Vgest + npiglets * Vpiglets 

 
= 146 * 27 + 654 * 16 + 2 500 * 1,40  = 17 906 L/day     (33) 

 
According to table 3.1.2, the fraction of total solids of pig slurry is between 3 - 8 %. This means 
that the pig slurry on the ranch is diluted because the sample from location X1 has a much lower 
fraction of total solids, 0,33 %. The diluting factor would therefore be very high as shown in 
equation 34. 
 

Diluting factor = C1 / C 2 = 3 % / 0,33 % = 9,1     (34) 
 
The diluting factor above is high and depends on several factors, e.g. new cleaned pens. It would 
therefore not be suitable to use this diluting factor. 
 
The calculated total slurry production 17 906 L/day is a rough probability of the actual flow rate. 
The water dilution may probably deviate between ± 50 % from the average dilution of the total 
slurry in one ranch to another. By subtracting manure and urine, mman+ur [kg/day], from total 
slurry in table 3.1.1. the average water content will be known, were mman+ur states to have the 
density ρman+ur of 1,02 kg/L.  
 
An example for gestating sows; 
 

water = Vgest – mman+ur / ρman+ur = 16 – 11 / 1,02 = 5,20 L/day   (35) 
 
Equation 35 is used for every productivity phase, a lower and a higher flow rate depending on the 
dilution ± 50 % then are able to be calculated; 
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Q1,2 = nfarr. * (Vfarr. ± water * 0,50) + ngest * (Vgest ± water * 0,50) + npiglets * (Vpiglets ± water * 0,50) 
         
        = 146 * (27 ± 9,40 * 0,50) + 654 * (16 ± 5,20 * 0,50) + 2 500 * (1,40 ± 0,50 * 0,50)      → Q1 = 14 894 L/day     → Q2 = 20 918 L/day 
8.2.5 Predicting the biogas and methane gas production 
The following two methods to calculate the methane yield are based on the average total slurry 
production data, given in table 3.1.1, related to the pig quantity at Perdigão Casca in each 
respective productivity phase. These calculation methods are directly proportional to a given 
slurry flow rate, Q, the following calculations are only made for the average Q, since when 
changing to a higher or lower Q (more diluted or less diluted Q) the principle of calculation 
method will still be the same.           
 
When calculating the methane gas production, by using formula 9, the outside temperature and 
the pressure have to be known.  
 

VCH4 = k * (CODinflow – CODoutflow) * Q             (9) 
 
From the graph 4.1.1.1 the average outside temperature over the year 2007 (the sum of the 

average temperature per months divided by 12) is approximately 20 ˚C.  
 
One mole of methane is the same as 22,414 L methane at STP. When the temperature is changed 

to 20 ˚C, T20 ˚C , the methane volume, according to the universal gas law, will be 24,055 L, as 
shown in equation 36, k is 0,379 L CH4/g COD, as shown in equation 37.  
 

V20 ˚C = T20 ˚C * V0 ˚C * p / (T0 ˚C * p.)   
 

          = (273,15 +20) * 22,414 * 101,325   / (273,15 * 101,325) = 24,055 L   (36) 
 

k = 24,055 / 64 = 0,379L CH4/g COD                    (37) 
 
The average flow of the total slurry, Q, is 17 906 L/day as shown in equation 33. The COD 
values from table 4.2.1 is CODin = 6 944 mg/L and CODout = 3 571 mg/L. According to this the 
predicted methane yield when using equation 9 is 22.9 m3/day; 
 

VCH4 = k * (CODinflow – CODoutflow) * Q      
                 
           = 0,379 * (6 944 – 3571) * 10-3 * 17 906   
          

         = 22 890 L/day = 22,9 m3/day     
 
When assuming that the biogas has a methane content of 60 % the predicted biogas yield will be 
22,9 / 0,60 = 38,2 m3/day. 
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The other way to predict the methane yield is based on the VS content in the inflow. The biogas 
potential from a 90 kg pig in brazil is 0,37 - 0,50 m3/(kg VS), as mentioned in section 3.5.2 and 
in section 5.2.1, it is assumed to be at STP, i.e. being 0,37 - 0,50 Nm3/(kg VS). The concentration 
of VS in the inflow to the reactors is 2 090 mg/L, as shown in table 4.1.1 location X3. 2 090 mg/L 
is equal to 0,002090 kg/L, as shown in equation 38. 
 

2 090 mg/L = 2,090 g/L = 0,002090 kg/L      (38) 
 
The ranch produces 17 906 L/day, based on the average total slurry production in each 
productivity phase, which means that the farm produces approximately 37,4 kg VS/day, as shown 
in equation 39. The minimal biogas production with this method is then 14,8 m3 and the maximal 
is 20,1 m3, as shown in equation 40 and 41. 
 

0,002090 * 17 906 = 37,4 kg VS/day       (39) 
 

0,37 Nm3/kg VS * 37,4 kg VS/day = 13,8 = {universal gas law at 20 ˚C} = 14,8 m3/day  (40) 
 

0,50 Nm3/kg VS * 37,4 kg VS/day = 18,7 = {universal gas law at 20 ˚C} = 20,1 m3/day  (41) 
 
Assuming that the methane content is 60 %, the methane potential of the slurry is then 8,9 m3/day 
and 12,1 m3/day, as shown in equations 42 and 43. 
 

0,60 * 14,8 m3/day = 8,9 m3/day       (42) 
 

0,60 * 20,1 m3/day = 12,1 m3/day       (43) 
 

8.2.6 Energy yield from the biogas 
The following estimation of the energy content in the biogas shows the calculation sequence for 
one of the predicted produced volumes of biogas in Perdigão Casca, the VS-formula based on 
VShigh and Qhigh, in the perspective of 1 250 sows given in table 5.2.1.2.  
 
The LHV of methane is 9,9361 kWh/Nm3 but will decrease according to the general gas law with 

increasing temperature, as shown in equation 44. With an increasing temperature to 20˚C the 
LHV will therefore, by the following calculations as shown in equation 45, be 9,2584 kWh/m3. 
 

V20˚C = T20˚C * V0˚C * Patm ./ (T0˚C * Patm)  
 
                      = (273,15 + 20) * 101 325 * 1 /(273,15 * 101 325)  
 
                      = 1,0732 m3               (44) 
 

        LHV20˚C = 9,9361 / 1,0732 = 9,2584 kWh/m3                       (45) 
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This gives the energy content, E, of the produced methane under the prevailing condition of 1 

atm and an average temperature of 20 ˚C per day, as shown in equation 46, 48 and 49. The 
approximately power is shown in equation 47. According to this the biogas plant would have an 
approximately biogas potential of about 6 100 kWh/month and 74 500 kWh/year. But, notice that 
these potentials are based on a static estimation without the respect to influences by fluctuating 
sensitive parameters.  
 

Eday = 9,2584 * 0,6 * 36,7 = 204 kWh/day      (46) 
 

P = 204/24 = 8,5 kW         (47) 
 

Emonth = 30 * Eday = 6 116 kWh/month      (48) 
 

Eyear = 8 760 * P = 74 460 kWh/year        (49) 

8.2.7 Flow calculation of pig slurry in Rio Grande do Sul 
In Rio Grande do Sul the total number of pigs was 5 827 195 in 2006. The quantity of “Gestating 
sows & Boars” was 297 876 and was assumed to totally consist of gestating sows producing 16 L 
per day and per pig on average, according to table 3.1.1. The produced pig slurry from the 
category of fattening pigs and piglets is appointed to be 6 L per day and per pig. The number of 
household based farrowing sows was 30 775 and it is considered to be unnecessary to bring in 
these accounts to the flow calculations. The quantity of farrowing sows is 211 479 + 55 622 = 
267 101, and they produce 27 L per day and per pig on average. In the category of fattening pigs 
and piglets, which is the remaining part that is not mentioned in table 5.5.1, the number of pigs 
were 5 827 195 – 297 876 – 267 101 – 30 775 = 5 231 443. The average produced total pig slurry 
in Rio Grande do Sul, QRS, will consequently be about 43 400 000 L/day, as shown in equation 
50. 
 

QRS = nfarr * Vfarr + ngest * Vgest + nfat * Vfat 
  

       = 267 101 * 27 + 297 876 * 16 + 5 231 443 * 6 
 
         = 43 366 401 L/day                 (50) 

8.3 Gas engines 
“Connection into the electric utility system, with or without selling excess electricity into the grid 
requires switchgear and interconnection equipment plus permission from the electricity utility 
company” [38] 
 
The rules in Brazil states that production of electricity and also the consumption of that produced 
electricity are allowable if it is on a place of an industrial or economic activity. There are 
possibilities to sell eventual excess electricity production but it require permission from the 
Brazilian Electricity Regulatory Agency [38] 
 
Diesel engine 
Diesel engines are more extensively used in rural areas and have a higher thermal efficiency 
compared to other types of engines. Compared to diesel fuel the combustion of biogas is poor and 
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the presence of carbon dioxide in the biogas is one of the reasons. The carbon dioxide in the 
biogas reduces the burning velocity which ultimately affects the performance of the engine. 
Carbon dioxide in the biogas decreases the pressure inside the cylinder as well as the maximum 
power, the engine runs harshly with biogas containing high carbon dioxide (>40 %). To decrease 
the content of carbon dioxide a scrubber can be used but the scrubber is only profitable in large 
quantities [22]. Diesel engines are suitable for two variants of converting which are dual-fuel 
engines or spark plug engines. These types of conversations have an electric efficiency about 35 
% [39]. The dual-fuel engine was successfully introduced in the developing countries and is by 
now also a common concept in European farm based establishments. 
 

Dual-fuel engine 
Biogas has a lower cetane rating3 than diesel. Therefore diesel engines require a certain amount 
of diesel fuel to ignite the biogas. The conversion does not normally involve stripping the engine 
or alteration of any critical engine parameter. In essence some form of gas carburettor for the 
mixing of biogas with intake of air is fitted, and a control system is added for maintaining the 
desired diesel fuel setting on the injection pump, and for advancing the ignition timing [40]. The 
diesel quantity reduces automatically by the control system in the injection pump depending on 
the amount of biogas from the intake by the gas carburettor. The gas quantity can be regulated by 
a manual throttle jet on the gas carburettor. To avoid knocking problems the ratio setting between 
diesel and gas can be 80 - 85 % gas and 15 - 20 % diesel fuel. The proportions of diesel and gas 
at a given load are determined largely by the engine characteristics. From a general point of view 
the dual-fuel engine performs as well as a similar diesel operating engine [41]. 
 
An advantage of a dual-fuel engine is that it operates like an ordinary diesel engine but with more 
or less use of gas. So the engine works with a constant velocity and allows irregular gas 
maintenance because of the compensating diesel fuel. One drawback is deposits of coal on the 
injection nozzles, because the gas have less cooling faculty than diesel fuel. Through sometimes 
increase the diesel fuel quantity the deposits can become loose. Further the nozzles can be taken 
down and regularly be cleaned. Another drawback is the loose of environmental performance 
because of the operating with more or less diesel fuel.   
 

Spark plug engine 
The high compression ratio and heavy construction of a diesel engine are desirable features for a 
spark ignition biogas engine. The diesel engine is able to work without diesel fuel but some 
changes have to be done. Thus it has to be converted to a biogas fuelled spark-ignition engine by 
replacing the injectors with spark plugs and the injector pump with a gas carburettor [42]. The 
compression ratio needs to be depressed to about 13:1.  
 

Otto engine 
Engine conversion to a biogas fuelled Otto engine mostly involves modifications in the 
carburettor, spark gap settings and spark timing [42]. Fuelled with biogas they will produce about 
30 % less power compared to petrol operating engine [41]. The amount of carbon dioxide 
decreases the thermal efficiency and lower maximum cylinder pressure. To gain benefits in 

                                                 

3 Cetane ratio is the way to measure the ignitability of a diesel fuel. The higher cetane ratio, the easier the diesel fuel 
will ignite. (Nationalencyklopedin). 
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power and thermal efficiency the compression ratio can be raised to a value of about 13:1. While 
on the other hand such a performance leads to more tearing on the engine and reduces the engine 
life.  
     

• Carburettor. This involves a complete conversion to a gaseous fuel carburettor, sized to 
provide the volumetric flow necessary for maximum power output. 

 

• Throttle Controls. Instead of fixed throttle controls the gaseous fuel carburettor needs 
manual throttle controls to optimize the combustion which allow adjustment of air-gas 
ratio. 

 

• Engine timing. Relatively petrol, biogas has a slower flame velocity. Therefore the spark 
timing should be retarded to allow for a smother combustion and engine operation. The 
retardation of spark timing is attained by an earlier ignition in the engine. Due to the 
retarded spark timing more fuel will be burnt and also more energy will be saved, but the 
percentage of burnt fuel will decreases at speeds above 3000 rpm [45]. Optimum spark 
timing for a 25 kW engine fuelled by biogas of 60 % methane noted to be between 33˚ 
and 45˚ BTDC. Where BTCD means Before Top Dead Centre [40] 

 

• Spark gap settings. Recommended sparkplugs with proper spark gaps and electrodes are 
to prefer. 

 



8.4 Blueprint of biogas plant in Casca 
Blueprint 8.4.1. Blueprint for the biogas plant in Casca. The blueprint and the biogas plant are not exactly the same because 
altering occurred when building the biogas plant for practical purpose [43]. 


