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Ranches of Mexico’s southeast region have an important energetic potential on their organic waste that
remains unexploited. The objective of this work is to present the construction and operation of a
floating dome “Biodigester” in a ranch located in Jalapa, Tabasco, Mexico, in addition to the analysis of
produced biogas and its electric energy generation. The construction was based in the specifications of
a Puxin® biogas plant. The biogas was analyzed using infra-red spectrometry with Fourier transforms.
Electric energy was generated using an Energetic ® motor-generator. The methane and carbon dioxide
percentage at 90 days of hydraulic retention time (HRT) was 51.51 and 29.05%, respectively. The electric

energy generation was 3.58 kWhm .
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INTRODUCTION

In developing countries, particularly India and China,
animal manure is used by farmers and the dairy industry
to produce biogas, before manure is subject to other
uses, such as fertilizers mostly. Anaerobic digestion is a
biochemical process for organic matter degradation, by
action of microorganisms under anaerobic conditions,
resulting in products satisfying important needs of rural
zones, such as biogas. Biogas for its heat potential and
power generation, and digestate with a high content of
nutrients applicable to crops (Asankulova, 2008; El-

Mashad and Zhang, 2010; Fantozzi and Buratti, 2009;
Fernandez et al., 2010; Ferrer et al., 2011; Meng and
Chung, 2010). In tropical zones, substrata with the
highest potential for biogas production are water hyacinth
(Eichhornia crassipes), manure (cattle, sheep, pork and
poultry), cow gastric rumen content, yucca leaves, urban
solid waste, agricultural wastes and residual water
(Arthur et al., 2011; Krishna et al., 1991). Arthur et al.
(2011) mention that sheep manure yield a return of 0.04
m® kg"l manure. Akbulut (2012) reports the generation of
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Figure 1. Adapted Puxin® biogas plant. (1) Mixer or Equalizer; (2) Inlet register; (3) Stomach or
reactor; (4) Biogas reservoir; (5) Outlet register; (6) Neck; (7) Biogas outlet; (8) Biodigestate

reception cell.

5.5 kWh m?, biogas quality was 55% of CH,, yielding
with cow manure in combination with sheep maure (93.9
and 6.01%, accordingly). Aburas et al. (1996) state that
biogas plants are more feasible in agricultural farms or
ranch, particularly for isolated rural zones, away from the
commercial electric networks, since they supply power for
activities such cooking, heating and power generation.
The also mention that a regular farm of approximately 2.3
ha (170 dairy cows, 20 veils and 2 bulls) have a daily
requirement for light and motors consumption (water and
charge) of 32.73 kWh™, which may be supplied by 5 m?
of biogas, with a 67% content of methane, in a 16 m?
plant, and a production of 3.2 m® day® of biogas.
Mohseni et al. (2012) report that biogas is considered as
a first generation fuel, because of the simplicity of the
process to producing it, without specific chemical
processes. What makes it attractive to users of this type
of technology is its easy operation and maintenance,
because there are very expensive and complex biogas
plants, which are being rejected in rural zones. Arthur et
al. (2011) stated that Puxin® biogas plant is a pressure
digester and hydraulic seal, build with concrete and used
in rural regions of India, where it has been widely
accepted. A common activity in Mexico's southeast
ranches is to improperly dispose organic waste which
causes water, soil and air pollution.

In Mexico’s southeast, the construction of anaerobic
biodigestor is a practice that is just beginning to be
developed. This work presents the construction and
operation of a floating dome “Biodigester” in a ranch
located in Mexico’s southeast, in addition to the analysis
of produced biogas and its electric energy generation,
which offers a sustainable option for farmers to

dispose organic waste.

MATERIALS AND METHODS
Biodigester construction

Puxin® adapted biogas plant is described in Figure 1. To build the
10 m® Puxin® biogas plant, the following activities were performed:

Prospective view

A visit to “El Rodeo”, a ranch located in the municipality of Jalapa,
in Tabasco, Mexico, was made to define, based on the land
topography project functionality, the area where the biogas plant
was built.

Site suitability

Works of site cleaning, stroke and leveling were completed. Later
on an excavation of 4.00 x 4.00 x 3.00 m was made.

Reactor construction

A simple concrete base was built to receive the Biodigester
structure: Before starting with the construction of the biogas plan,
a F'c = 100 kg cm™ concrete base was built with the purpose of
isolating the foundation area from mud and water puddles, which
may contaminate concrete when pouring it for the biodigester base.

Pouring biodigester structure:

1. Lenticular slab: An important part of the structure. From this
section depends the structure works as a whole in a stable form. It
is circular, 3.00 m in diameter. It was made out of F'c = 250 kgcm
concrete and reinforced with 6-6/4-4” electro-welded steel mesh.
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Figure 3. Operation phase. (1) Feeding; (2) Placement of Dome; (3) Utilization of biogas.

3/8” steel bars were placed all around the perimeter, with 20 cm?
separation with the “stomach and shoulder”. The purpose of the
steel bar is to join monolithically the slab, stomach, and shoulder
(Figure 1).

2. Stomach and shoulder: The wood frame was set to hand the
“stomach and shoulder”. Vegetable oil was used to facilitate
separation. Inside the “stomach” wood frame, 3/8” steel bars were
placed every 20 cm on the perimeter of the slab, in square shape
(90°), with the purpose of tying together both sides of the
biodigester (slab and stomach). The stomach and shoulder
structure was built with F'c = 250 kgecm™ concrete and reinforced
with 6-6/ 4-4” electro-welded steel mesh. The final structure was
built monolithically (Figure 2).

3. Neck: A wood frame was prepared to build the neck. F'c = 250
kgem™ concrete and reinforced with 6-6/ 4-4” electro-welded steel
mesh was used, and was monolithically poured. On the top section
of this structure, a flange was made to receive the dome that shall
be the biodigester cap. (Figure 3).

4. Input and output of registers: On the biodigester shoulder, two 6”
PVC tubes were attached in symmetric line, which shall be used as
structures for feeding and releasing the biodigestate. Input and
output tubes were cut at a length of 1.50 m and were placed with a
separation of 0.50 m from the bottom of the biodigester. The
measures of the inlet and outlet are 1.00 x 0.80 m, block walls,

matching its height at neck level.

5. Biogas plant finishing works: For internal finishing plaster of
stomach and shoulder, a 1:12:1 mix (cement, sand and water
respectively) was used. Once constructions activities of the
biodigester were completed, soil from excavation was spread and
flattened to field natural level.

6. Biodigestate reception cell: At output register, a pipe was
adapted to lead “digestate” through a syphon to a digested liquids
reception tank, with measurements 3.22 x 1.67 x 1.24 m and a
volume of 5.31 m® This particular system automatically sends
exceeding liquids to a reception cell by means of gravity.

7. Mixer: A devise measuring 1.00 x 1.00 x 1.00 m and a volume of
1 m® was built, with the purpose of mixing upstream substrata.

It is worth mentioning that structure reinforcement, implementation
of the digestate reception tank and the uses of higher F'c were
adaptations made during the construction of the biodigester.

Glass fiber dome: The dome used was fiber glass based with 6
mm thickness. It also counts with a 1” PVC biogas outlet. Three
metal structures of a triangular shape were place in the basement,
and triangular metal supports placed over the circumference of the
dome base, in order to keep it suspended while gathering the
biogas.
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Figure 4. Motor-generator.

Biodegester operation

A total of 160 kg of substrata were introduced in the mixer (120 kg
of sheep manure and 40 kg of aquatic fern (Salvinia molesta)).
Forty liters of residual sludge from fish tanks as inoculum, plus
more than 9800 L of water from a deep well (organic load rate of
11.14 kg SV m™ day™) (Figure 1). This mix was sent by gravity to
the input register, slowly filling the stomach and the neck. The
biogas outlet was intentionally left open to avoid the formation of air
bubbles under the dome (Figure 2). Hydraulic retention time (HRT)
exceeded 90 days. The first time the dome was fully filled with
biogas, it was used in a Puxin® stove (Figure 3).

Substrata analysis

Humidity was determined (SCFI, 1985); total solids were calculated

from the difference of 100% humidity (Mahar et al., 2012), volatile
solids (SCFI, 2015) and ashes (SCFI, 1984). Also, the elemental
analysis of carbon, hydrogen, oxygen, nitrogen and sulfur (Analyzer
Perkin EImer® model: PE 2400). The chemical equation for sheep
excreta and water fern was calculated.

Biogas analysis

From the start date of the project, an analysis of generated biogas
was completed every week in a 5 cm length gas cell with KBr
windows, using the “transmittance” technique, in a Thermo Nicolet
(Nexus 670-FTIR) spectrometer, equipped with a Deuterated
Triglycine Sulfate (DTGS) detector. Spectrums of 64 sweeps
average were gathered for each sample, at a spectral resolution of
4 cm™, between 400 and 4000 cmtintervals.

Biodigestate analysis

For the biodigestate, a Hanna® 9828 equipment was used to
measure oxygen dissolved, pH, temperature atmospheric pressure,
resistivity, conductivity, true conductivity, total dissolved solids,
salinity, oxide reduction potential (REDOX) and oxygen dissolved
(% of saturation) in the field; and in the laboratory, nitrogen,
phosphor and potassium were measure with a HANNA® HI83225
equipment, as well as the chemical oxygen demand (COD) from the
beginning to the end, with a HANNA® C99 equipment.

Electric energy generation

The theoretical estimation of electric energy generated was
calculated based on the amounts of biogas produced by each
substrata used. For this purpose the Akbulut (2012) and Dach et al.
(2014) equations were adapted as follows:

Eeteatric= (total amount of biogas, m* )+ (% Eficiency)"(Yield,W\th
m

An Energetic® power generation equipment was used, with a
generation capacity of 4.2 kWh m?* (Figure 4). A theoretical
efficiency of 42% was taken, as reported by Dach et al. (2014).

RESULTS

Table 1 shows the substrata analysis of sheep manure
and aquatic fern used in the process. Table 2 shows the
values for carbon, hydrogen, oxygen, nitrogen and sulfur,
as well as it chemical formula, anaerobic reaction and
energy potential for sheep manure and aquatic fern.

An estimate of the total biogas generation was made
with both substrata, and results are described in Table 3.

Figure 5 shows infra-red spectrum of biogas from
sheep manure, aquatic fern and residual sludge in fish
tanks generated at the floating dome type plant located at
“El Rodeo” ranch.

It also, shows the presence of two CH, narrow bands.
One corresponds to an active IR signal of 3019 cm™
assigned to a stretch (triple degeneration) and the other
to an active IR signal of 1306 cm™ assigned to strain
(triple degeneration). Along with these bands, two groups
of very fine signals between 2800 a 3200 cm™ are found:;
they correspond to the vibrations assigned to NHs.
Another two bands also observe, which correspond to an
active IR signal of 1391 cm™ assigned to an asymmetric
stretch gdouble degeneration) of NH; and the other, of
530 cm™, assigned to an asymmetric deformation (double
degeneration). It can also be observed, a very small band
all over spectrum 1A and 4A, corresponding to active IR
signals of 450 cm™ assigned to a symmetric deformation
of NHs;. Other bands observed in the spectrum are the
ones corresponding to active IR of CO, of 2349 cm™,
assigned to asymmetric stretch, and the active IR signals
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Table 1. Energy potential produced by sheep manure and aquatic fern.

Waste Humidity (%) ST (%) SV (%) Ashes (%)
Sheep manure 49.35 87.49 82.12 12.51
Aguatic Fern 79.16 69.91 57.24 30.09

Table 2. Determination of total theoretical Biogas

Sheep maure Aquatic fern Chemical formulas Anaerobic reactions Energy potential (m3 kg'l SV)
C 37.05 C 32.03 Sheep manure Sheep manure Aquatic fern
H 5.32 H 4.27 CuasHa10156N12S 4C183H3120155N12S+148H,0 CHa 0.399 0.514
o 41.79 @] 31.34 348CH4+384C0O2+48NH3+4H,S CO; 0.438 0.523
N 2.78 N 1.84 Aquatic fern NHs 0.060 0.056
S 0.54 S 0.43 o OL4BNLS 4C01H310014sN16S+221H,0 H,S 0.005 0.006
Total 87.49 69.91 20177819 10 398CH4+407CO,+40NHg+ 4H,S Biogas 0.902 1.100

Table 3. Determination of total theoretical biogas.

Parameter Amount Parameter Amount
Sheep manure (kg) 120.000 Aquatic plant (kg) 40.000
ST (kg) 60.760 ST (kg) 8.330
SV (kg) 49.860 SV (kg) 4.780
Biogas kg™ SV (m°) 0.902 Biogas kg™ SV (m®) 1.100
Biogas (m?) 44.960 Biogas (m?®) 5.250
Biogas total (m°) 44.960 +5.250 = 50.210

Table 4. Group frequency for gases.

Gas Group frequency (cm'l) Assignment

CHg4 1306 / 3019 Deformation (triply degenerate) / Stretch (triply degenerate)®

CO; 667 /2349 In and Out-of-plane bend / Asymmetric stretch in plain®

NH 450/530/1200-1400/  Symmetric deformation / Asymmetric deformation (doubly degenerate) / Asymmetric
8 2800-3200 stretch (doubly degenerate) / Very Sharpa'b

®Housecroft and Sharpe (2008); "Stine (1975).
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Figure 5. Infra-red spectrum of gases gathered by the reactor.
Table 5. Hydraulic retention time.
Gas Hydraulic retention time (days)
30 45 60 75 90
CHg4 38.50 49.73 56.48 55.77 51.51
CO2 41.77 29.84 25.68 20.13 29.05
NH3z 17.36 18.25 17.39 22.06 17.20
CHOH 1.03 0.92 0.00 0.94 0.86
CH.OH 1.34 1.26 0.45 1.10 1.38

shown of 667 cm™ assigned to a deformation out of the
plane and deformation in the plane at the same
frequency. It is also observed in the spectrums two
double bands in the region of 3550 to 3750 cm™ which
correspond to primary alcohols -CH,OH and secondary
alcohols = CHOH.

In the Table 4, are shown group frequencies for
principal gases in the biogas.

Table 5 shows the percent composition of CH4, CO,,
NH;, CHOH and CH,OH -calculated based on the
intensities of the absorbance bands. Each percentage
concentration resulted from the ratio of the absorbance of
each band divided by the total absorbance of all
interferogram bands. Figure 6 shows how the methane
values increase as the hydraulic retention time increases
and the carbon dioxide values decrease as time passes.

Table 6 shows average values with their corresponding
standard deviation of physicochemical parameters of
biodigestate, measured in field and in laboratory.

Electric generation was determined from the generated
theoretical biogas total value, 1.00 m?, applying the
following equation:

kWh
me

Eetectric= (1.00 m3)*(0.42)*(4.2 J =1.76 kWh

After completing pilot tests using the electric generator, it
was possible to achieve the generation of 110 and 220 V
of energy, for 51.21 min, using 1 m® of biogas (Table 7).
The total generation of electric power was 3.58 kWh.
Figure 7 shows the use of energy to start a power drill.
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Figure 6. Composition of biogas trough time.
Table 6. Biodigestate physicochemical parameters.
Parameter Average DS
DO (ppm) 0.7750 0.5362
pH 7.2700 0.1906
pH (mV) -26.3250 11.1674
Temperature (°C) 23.0300 8.5413
Atmospheric pressure (mBar) 1012.1500 9.1219
Resistivity (mQcm) 0.0015 0.0002
Conductivity (uS/cm) 691.1250 90.3840
Conductivity (uS/cm?) 703.7500 85.5299
Total dissolved solids (ppm) 345.6250 45.2609
Salinity (Sal) 0.3363 0.0457
Oxide reduction potential (mV) -258.6875 62.1730
Dissolved oxygen (% of saturation) 9.6875 6.8620
Nitrates (NOz’) (mg/L) 2779.5238 2080.8267
Phosphor (mg/L) 662.9762 183.3848
Potassium (mg/L) 1830.7692 471.2496
COD initial (mg/L) 1649.000 463.3368
COD final (mg/L) 196.0714 122.4440

DISCUSSION

The organic load rate is much higher than the range
reported by Alvarez and Lidén (2009) of 4 and 6 kg of SV
m* day'l, however, the methane yield of 0.399 is higher
than the range of 0.7 to 0.14 m® kg™ SV.

Regardless the season of the year, as Kalia and
Kanwar (1998), Cantrell et al. (2008) mention, methanogen
biogas production rate is sensitive to changes in influence

material, pH, temperature, organic load velocity and
hydraulic retention time (HRT), and they shall be
controlled with the objective of maximizing the same
biogas production.

Average temperature of the plant was always lower
than environment temperature, as reported by Kalia and
Kanwar (1998).

Mohammed et al. (2013) mention that organic compost
from animals, is mostly treated by anaerobic digestion for
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Table 7. Electric energy generation during a day.

Hour Biogas volume (ms) proELecctti:Jlﬁ zrrferg(?/nin) Yield (KWh/ms) geri?gttir(l)z %strlﬂymg)
6:00 AM 1.00 51.21 4.2 3.58
12:00 PM 1.00 51.24 4.2 3.59
18:00 PM 1.00 52.16 4.2 3.65
12:00 AM 1.00 50.23 4.2 3.52
Mean 51.21 3.58

Figure 7. Generation of electric energy. (a) 110 V; (b) 220 V; (c) Using a power drill.

energy production, and it is a product that may benefit
farmers in different manners.

The FTIR provided reasonable precision with a root
mean square error of 10% using partial least squares
analysis (Hepburn et al., 2015).

Conclusions

A Puxin® adapted biogas plant, floating dome type works
for the southeast of Mexico. The mixes of substrata used
represent a new opportunity for energy conversion when
treating livestock wastes for a benefitted center (Cantrell
et al., 2008). A floating dome has been redesigned and a
new element has been included for biodigestate
gathering (reception cell), along with the modification in
material proportions. It is important to continue working in
the reduction of the hydraulic retention time (HRT) as
Cantrell et al. (2008) mentions. Other substrata generated
in farms must be considered. And also assess the
technology using for instance the analytical hierarchical
process, appointed by Rao et al. (2014). Muller et al.
(2007) which mentions that taking biofuel at a farm scale
offers a great opportunity for the agricultural sector to
reduce their dependency from imported fossil fuels, and
at the same time, soil, water and air quality improve.
According to Mohammed et al. (2013) the (%) of biomass

contribution rate around the world for a final energy
consumption, where Latin America is positioned in an
intermediate place with a 18.20%, in comparison with
Africa (60%) and the Middle East (0.30%), showing that
agricultural biomass exploitation is not properly used and
must be supported by government and other interested
parties, through a pertinent program of support and
incentive provisions specifically for transferring the focus
on resources such as forestry for other bio-energy
wastes. Our current study indicates that we can use the
mix of substrata; however, improvement in biogas quality
and production is highly desirable, therefore further
studies about different mix of substrate will be made. In
addition, longer-term examinations will be continued on
the efficacy of the best process to enrich the biogas and
to produce electric energy.
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