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INFORMACION DEL ARTICULO ABSTRACT

Historia del articulo Livestock production in San Andrés is subsistence, there are 2,223 pigs, in 205 farms.
Enviado:28/11/2018 This technology generates serious contamination problems. The results of the
Recibido: 03/12/2018 dimensioning a biodigester are presented, with the BioDigestor© software, from
Aceptado: 25 /12/2018 swine manure, with the objective of observing the technical-economic feasibility for

the implementation of this technology. The capacity of the biodigester allows the
processing of 12.31 t/d of manure, generating 276 MWh/year of electrical energy
through the operation of a generator engine that works with biogas. The
dimensioning of the biodigester included the calculation of the volume of the feed

Key Words: ) . tank, biodigester, discharge tank, biogas storage, sludge drying bed, collection and
Anaerobic digestion, conduction systems, heating and biogas utilization. An economic study was carried out
Biodigestor, which allowed to conclude on the viability of the project. The total cost of the digester
Electric generation, amounts to 723,986,263 COP, which is equivalent to 21,925 COP/kW installed.
Methane.

RESUMEN:

La produccién pecuaria en San Andrés es de subsistencia, hay 2,223 porcinos, en 205
predios. Esta tecnologia genera serios problemas de contaminacién. Se presentan los

Palabras clave: resultados del dimensionamiento de un biodigestor, con el programa BioDigestor©, a
Digestion anaerébica, partir de porcinaza, con el objetivo de observar la factibilidad técnico-econémica para
Biodigestor, la implementacién de esta tecnologia. La capacidad del biodigestor pf}rmite procesar
Generacién eléctrica, 12.31 'F/d de estiércol, generando 276 MWh/aﬁo dfz er}ergia e.zléctrl.ca medlante la
Metano. operacién de un motor generador que funciona con biogés. El dimensionamiento del

biodigestor comprendié el calculo del volumen del tanque de alimentacion,
biodigestor, tanque de descarga, almacenamiento de biogds, lecho de secado de lodos,
sistemas de captacién y conduccion, calefaccién y aprovechamiento del biogas. Se llevé
a cabo un estudio econémico el cual permitié concluir sobre la viabilidad del proyecto.
El costo total del digestor asciende a 723,986, 263 COP, lo que equivale a 21,925
COP/KkW instalado.
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1. Introduction

One of the main problems of the swine activity is the
handling of excreta, since they are produced in large
quantities and must be removed from the place where
the pigs are housed. The accumulation of this waste
contaminates the aquifers, rivers and lakes due to the
leachate generated, as well as the bad odors and
associated vectors. Pig manure is seen as an important
environmental pollutant, but during its treatment it
generates very valuable byproducts, such as methane
and organic fertilizer, which can make pig production
sustainable in San Andres Island [17].

The livestock sector in the island represents 30% of the
agricultural activity, being the pig production the most
representative with 2,223 animals, distributed in 205
piggeries [ 27, established all over the island, including
on strategic ecosystems such as mangroves and
Beaches. This sector, due to the way in which it has been
handled, generates negative impacts to the
environment, mainly due to the inefficient collection
and final disposal of liquid and solid waste, which,
paradoxically, is an excellent potential raw material for
the preparation of fertilizers [17].

The main problems of the sector in the Island include
inadequate management practices, nutritional
limitations, precarious sanitation protocols, improvised
constructions, inefficient management system and
continuous generation of negative environmental
impacts by the final disposal of waste in the adjacent
areas to the spaces of stabling, especially in pig and
poultry activities [ 1, 3. Due to this, the environmental
authorities demand the implementation of cleaner
production systems, which is why the search and the
formulation of viable alternatives for the treatment of
waste from livestock production is justified [47].

Pig farming has a number of weaknesses, mainly
related to the inadequate integral management of its
wastes, a limited architecture of the pigsties, which does
not allow in most cases, the implementation of
technologies for the treatment of organic wastes, and
the need to complement concepts, skills and abilities of
agricultural producers. In this context, anaerobic
digestion is a technology with minimal economic
investment, increases water savings, prevents pollution,
generates inputs used for agricultural production and is
available to small producers [17].

Additionally, the energy demand in San Andres Island is
158 GWh / year, a relatively high value compared to its

size. The main reason for this consumption is the high
population density. Electricity is generated by a 55 MW
power plant, which has diesel generators and consume
more than 40 million liters of fuel per year [57]. For this
reason, the use of different renewable energy sources is
justified, among them residual agricultural and
livestock biomass, to help replace the generation of
electric energy with fossil fuels.

The main purpose of this article is to propose a
preliminary dimensioning of an anaerobic digestion
system for the generation of biogas, taking advantage
of all residual livestock biomass produced, for the
generation of electricity on the island.

2.  Materials and methods

From the national swine census [27], it was determined
that on the island of San Andrés there are 2,223 pigs,
from piglets from 1 to 60 days of age to Sows of more
than 240 days, and Boars of more than 180 days,
distributed in 205 properties, all in the form of
exploitation in backyard.

According to the swine census and the type of
exploitation carried out on the Island, there is an
average of 10.8 pigs per farm, a low value, when
compared to technified farms that exist in the
continental zone of the country; However, due to the
relatively small size of the Island (25 kmg2), a
concentration of 8.2 properties per km2 is obtained, and
about 89 pigs per kmg, relatively high values, which
allow us to think about some energy exploitation
project, through a network of distribution of biogas, or
biomethane, which could supply an electric power
generation plant in some strategic location, taking into
account that the production of electric energy is
approximately 6.8 kWh / m3 of biogas [67].

The BIOdigestor PRO Version 3.5 software was used to
perform the biodigester calculations using porcine
residual biomass. This program considers the
production of excreta (feces + urine + water) as 8.4%,
which is a value similar to those reported by the
literature where it is mentioned that the average
production of excreta in fattening can be one tenth of
the live weight per day (solid and liquid), with a content
of 10% dry matter [77]. It was taken into account that
the average temperature on the Island is 27 ° C, and
according to the amount and type of swine, the average
live weight of the animal was considered to estimate the
amount of manure produced that will be fed of the
biodigestion system (Table 1).
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. i Average Excreta Dry mass Volatile
Production stage Pigs Weight kg | Production t/d kg/d mass kg/d

Piglets 1-60 days 819 15 1.03 103.2 82.56

Porker s 61-120 days 622 50 2.61 261.2 208.99
Butcher hog 121-180 d ays 335 106 2.98 298.2 238.56
Sows 120-240 days 194 185 2.20 220.0 176.00
Sows more 240 days 205 160 2.76 275.5 220.42
Boars + Butcher hog 180 days | 48 180 0.73 72.6 58.06

Total 2,228 12.31 1,280.7 984.59

Table 1. Summary of the substrate for the feeding of the biodigester in San Andrés, 2016.
Source: own.

2.1. Dimensioning of biodigesters

The biodigesters are sized according to the type of
biogas storage, geometry, type of construction
materials and according to their position with
respect to the surface [67]. Using the Biodigestor ©
software, a general scheme of the layout and
dimensioning of the equipment was generated, all
this depending on the volume of" biomass feeding.
The structures that were dimensioned were the
feed tank, the feeding system, the biodigester, the
discharge tank, the drying bed, the biogas
collection and conduction pipes, the biogas
purification system, the generation system of
electric and calorific energy and torches, which
correspond to the typical structures that make up a
power generation plant through the use of
available biomass.

2.2. Application of the Biodigestor Software.

The requested information was introduced related
to the project data and the biomass source. The
waste option was selected based on the average
weight and number of animals. Subsequently, the
data were entered according to the source of
manure production, the software calculated the

biogas and energy production, the geometry, and
the dimensions of the biodigester, as well as the
costs for its implementation.

3. Results and discussion

The dimensions of the elements that make up the
proposed system and the technical characteristics
of the sections required by the power generation
plant were calculated

3.1. Structures and supply pipes

The feed tank was sized for the daily supply volume
of the biodigester. The mixture is made once a day
and is programmed so that all this load is fed to the
biodigester at intervals of 24 hours, automatically
or manually. This volume includes the volume of
biomass and water that is used for dilution. The
proposed design for the tank then has two inputs
tor manure (collected and mixed), along with an
outlet to the digester. The volume of manure
production is 12.31 t / d, with an assumed total
solids percentage of 10 %. Table 2 presents a
summary of the sizing of the main structures of
the biodigestion system, including the feed tank.

Diamet Height
Description tameter 18 Long (m) | Width (m) | Volume (m °)
(m) (m)
Feeding tank 3.61 1.2 - - 12.31
Biodigester - 4 9.30 13.95 213.00
Discharge tank - 1.2 6.79 4.53 36.93
Sludge drying bed - 0.5 5.23 3.48 9.10 (m ?)

Table 2. Summary of the sizing of the structures. Source: own.
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The feed pipes conduct the biomass from the mixing or
teeding tank to the bottom of the biodigester. These
pipes discharge about 50-100 cm from the bottom of the
biodigester. They should be straight and as far as
possible should not be installed with elbows pipes to
facilitate cleaning. The recommended diameter of the
pipe (Figure 1) is maximum 100 mm (PVC pipe 4").

The main objective for the construction of a
biodigester, is to obtain a high production of biogas and
a high reduction of organic matter per unit volume of
the biodigester. The project must be designed based on
the biomass available and based on the biogas and / or
energy requirements of the installation. The required
volume of the biodigester depends on the type and
amount of substrate, the operating temperature, the
agitation system, and the volumetric organic load
applied [87].

The dimensioned digester is of the lagoon type, where a
semi-buried or underground lagoon and a perimeter
wall are built, where a membrane is fastened (Figure 1)
The bottom of the lagoon is covered with a waterproof
material and a flexible membrane that stores the biogas
is placed on the lagoon cover [97. The volume of
mixture collected daily, multiplied by the number of
days that the load will be in the digester (17 d), allows
knowing the necessary volume of the digester, which
for the caseis 213 m3 of capacity (Table 2).

Hydraule seal Discharge
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Figure 1. Dimensions of the biodigester. Source: own.

Likewise, the calculation of biogas production is
approximately 393.17 Nm3/day. The digester has the
tollowing dimensions: length 9.30 m, width 13.95 m and
height 4 m (Table 2), and the characteristics of the
electromechanical equipment necessary for the
operation of the biodigester are presented (Table 3).

3.2.  Discharge piping

The discharge pipes extract the degraded liquid
component of the biodigester and that can later be used
as fertilizer material. Atleast two discharge pipes with a
minimum diameter of 100 mm must always be installed.
[t is recommended to use PVC pipe (SR17) as it is more
resistant to aggressive water. The same
recommendation is valid for the supply pipes. The
discharge tank has an inlet and an outlet, and its
dimensions are: 6.79 m, 4.53 m and 1.2 m (Table 2). A
pump is used to discharge the contents of the tank and
take it to the sludge drying bed, to later use it as
tertilizer. The availability of nutrients is 22.89 kg / day
of nitrogen, 8.86 kg / day of phosphorus and 6.17 kg /
day of potassium. Table 4 shows the daily and annual
production of organic fertilizer.

Discharge
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Figure 2. Dimensions of the biodigester, including the
area of agricultural use and marketing. Source: own.

3.8. Production of biogas, electric power and energy
equivalences.

The production of biogas and methane is 143,507 m3 /
year (393.17 m3 / d) and 93,279 m3/year (255.56
m3/d), respectively. Table 5 shows the production of
electrical energy with their respective carbon dioxide
equivalents. In Table 6 the results obtained referring to
the specific productions of biogas and methane

Table 3. Characteristics of electromechanical
equipment. Source: own.

Description Quantity | Capacity | Units respectively.
H.S removal filter 1 16 mé/h
Generator 1 31 KW Tons equivalent CO 2 1,386 (t/y)
Biogas burner 1 16 m?h Power to install 31 (kW)
Agitators for biodigester | 2 2.1 kW Heat power 58 (kW)
Heating system 1 3.1 kW Electricity production 275,812 (kWh/y)
Feed tank mixer 1 0.5 kW

Table 5. CO2 equivalences, power to install and electricity
production. Source: own.
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Table 6. Specific production of biogas and
methane. Source: own.

3.4. Biogas collection pipes

It is recommended that the collection of biogas be made
in the perimeter wall that serves to hold the cover
membrane. For the dimensioning of the biogas
collection pipes, the biogas production volume of the
biodigester must first be determined. Based on this
production volume, the number of collection pipes is
determined. The diameter of each pipeline is
determined based on the maximum conduction
velocities of each pipeline and the volume of biogas that
each pipeline must capture. Pipes with diameters
greater than 75 mm should preferably be installed for
biodigesters with a volume > 100 m3 [97].

3.5. Safety valves

A safety valve must always be installed to control the
maximum and minimum pressure. The minimum
pressure prevents the digester from handling negative
pressures and from entering the air in an excessive way,
inhibiting the anaerobic digestion process or promoting
the formation of explosive atmospheres by the mixture
of biogas with oxygen. And the maximum pressure
prevents the biodigester from becoming too full of gas
and the membrane to burst or come loose from the ties

(9]
3.6. Sizingof biogas generators

Biogas can be used as fuel in generators for the
production of electricity or in fossil fuel replacement
boilers. It can also be used to produce heat. The biogas
has a calorific power of 6.25 kW / m3 and the methane
of 10 kWh / m3. In order to dimension a generator, it is
necessary to consider the degree of efficiency of all the
units that make up the generator and the energy losses
due to the mechanical movement of the motor and
alternator [97. It can be assumed that 1 m3 of biogas
with 65% methane can produce approximately 1.92
kWh of electricity. Table 7 shows the production of
biogas and the equivalence of electrical energy. It is
recommended to install a generating unit with a power
of 10% greater than the nominal one in this case 31

(KW).

Universidad Distrital Francisco José de Caldas

Unit Bicogas M?thane Per day Per year
Perm3  of biodigester| 1.84 (Nm®%/d) 1.20 (Nm®/d)
Perm® _of biomass | 51.94 (Nm %/m?) 20.76 (Nm?/m”) Biogas production: (Nm )| $93.17 143,507
Per kg dry mass 0.32 (Nm %/kg MS) 0.21 (Nm*/kg MS)
Per kg volatile mass 0.40 (Nm%/kg MV) | 0,26 (Nm®/kg MV) MWhe 0.755 276

Table 7. Energy equivalences of the
biogas generated. Source: own.

8.7. Economic study

For the economic study, an initial investment for the
plant was calculated equal to approximately
718,484,514 COP. Annual expenditures were calculated
as follows: depreciation costs (COP 84,781,455),
operation and maintenance costs (COP 9,498,837),
labor cost (COP 79,658,527), and other costs (COP
107,772,677). On the other hand, the annual income that
the plant receives are for: electricity produced
(97,647,198 COP), commercialization of organic
tertilizer (805,676,323) and marketing of carbon CERs
(58,976, 618 COP). With these values the project
presents an annual income-expenditure performance is
135,164,589 and an internal rate of return (IRR)is 0.19.

These values do not include the costs of harvesting the
biomass produced in each farm, nor the transportation
of it to the biodigestion plant, actions that must also be
adjusted to the respective regulations in force.

4. Conclusions

The methodology for the design of a biodigester that
produces 393.17 m3 of biogas per day was presented,
which allows the generation of 276 MWh / year of
electrical energy, from the organic waste of 2,223
porcines. The design included the collection tank,
biodigester effluent tank, control systems. The
BIOdigestor PRO version 3.5 software was used to
generate the simulation of the preliminary biodigester
design.

The financial analysis of the project concludes that an
investment of close to COP 719,000,000 is required.
The income associated with the operation of the plantis
related to the electricity produced, the sale of organic
tertilizer and emission reduction certificates (CERs) to
projects whose activity reduces the amount of
Greenhouse Gases (GHG). It is noteworthy that the
values considered for this income were calculated
conservatively and the IRR of 0.19 indicates that the
investment can be recovered before the expected period.

In conclusion, it can be said that the construction of a
biodigester for the management of swine manure in San
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Andrés Islais feasible technically and economically. The
proposed procedure conceives in its stages the
identification of occupational hazards and to face them
the realization of plans prevention, as well as the
evaluation of occupational safety and health
management.
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