22

Atrticle Journal of Experimental Systems
December, 2021 Vol.8 No.25 22-29

Design, construction and testing of a floating hood biodigester prototype for
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Abstract

This paper documented the design, construction and
operation test of a floating hood biodigester prototype,
using organic residues (ruminal content, blood, bovine
excreta and viscera) from the municipal trail of Ciudad
Valles, S.L.P., with the purpose of generating biogas. The
components of the biodigester system considered were:
loading duct, concrete biodigester tank, biogas pipeline,
floating hood, gas reservoir, discharge duct and discharge
tank. A biodigester with storage capacity in the 0.178 m3
floating hood was designed for a 30-day trial operation and
storage of 0.120 m® of organic waste mixture in the
biodigester tank. As of day 17 of operation the daily
average of biogas generated was 0.1801 ms. The
composition of the biogas at day 30 of operation, showed
a content of 59.4% of CH4. When performing the flame
test, an intense blue coloration was obtained, which
indicates that the biogas produced has a high calorific
value that will allow heating and flammability.

Biodigester, Floating hood, Organic waste, Municipal
trail

Resumen

En este trabajo se documentd el disefio, construccién y
prueba de funcionamiento de prototipo biodigestor de
campana flotante, utilizando residuos organicos
(contenido ruminal, sangre, excretas de ganado bovino y
trozos de visceras) del rastro municipal de Ciudad Valles,
S.L.P.,, con la finalidad de generar biogds. Los
componentes del sistema biodigestor considerados fueron:
conducto de carga, tanque biodigestor de concreto, tuberia
de conduccién de biogés, campana flotante, reservorio
para gas, conducto de descarga y tanque de descarga. Se
disefid un biodigestor con capacidad de almacenamiento
en la campana flotante de 0.178 m3 para una operacion de
30 dias de prueba y almacenamiento de 0.120 m® de
mezcla de residuos organicos en tanque biodigestor. A
partir del dia 17 de operacidn el promedio diario de biogas
generado fue de 0.1801 m®. La composicidn del biogas al
dia 30 de operacién, mostr6 un contenido de 59.4% de
CH4. Al realizar la prueba de Ilama, se obtuvo una
coloracion azul intensa, lo que indica que el biogas
producido posee un alto poder calorifico que permitira el
calentamiento e inflamabilidad.

Biodigestor, Campana flotante, Residuos organicos
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1. Introduction

In meat production, slaughterhouses are an
important link in the production chain. In
Mexico, there are 864 slaughterhouses and/or
slaughter centers and 464 TIF slaughterhouses.
Of these, in the State of San Luis Potosi there are
23 municipal slaughterhouses, two private
slaughterhouses and eight TIF slaughterhouses
(SENASICA, 2020).

The municipal slaughterhouse in Ciudad
Valles, S.L.P. currently provides public
slaughter services for cattle and swine. During
slaughter, significant amounts of liquid and solid
waste are generated, such as blood, urine, milk,
gastrointestinal contents, bile, pieces of tissue,
fat, hair, hooves, horns, etc., which are dragged
with the water used for washing during and after
slaughter to the collection and separation
systems for solids, resulting in the presence of a
variety of contaminants: physical, chemical,
biological and microbiological.

According to a waste quantification
study previously conducted at the municipal
slaughterhouse, it was estimated that 21,388 kg
of organic waste were generated per month,
which represents 1,336.7 kg per day (16 days of
waste generation), mainly a mixture of manure,
bovine and pig blood, and bovine rumen content,
so it is feasible to produce up to 1,625.95 m3 of
biogas per month (Vidal, 2021).

It was identified that liquid waste (water
and blood) is sent to the municipal wastewater
treatment plant and solid waste from rumen,
manure, hoof, tail and horns are taken to the
sanitary landfill; this situation represents, in
addition to the obvious environmental damage, a
great waste of resources that can be valorized for
biogas generation or can be considered a
byproduct of slaughter. Due to the physical and
chemical characteristics of the organic wastes
derived from the slaughterhouse, they can be
used and exploited for the generation of biogas.

The purpose of this work was to design
and build a prototype floating hood biodigester
to test the operation of organic waste digestion
and evaluate its performance.
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The reason why the study of the
operation of this type of biodigester is required
is because of the advantages it represents for the
specific case of the municipal slaughterhouse of
Ciudad Valles, considering that it has a limited
space in the extension of land for the
implementation of a taiwan or lagoon type
biodigester. The floating bell biodigester has
several advantages such as: years of useful life,
smaller space requirement, vertical location,
ease of maintenance and more durable
construction materials (Hernandez, A. 2013),
which could be considered when implementing
a project of this type in the field.

Methodology to be developed

For the design, construction and testing of the
floating bell biodigester prototype, it was
necessary to carry out four methodological
stages:

Stage 1. Design of the prototype floating hood
biodigester

For the realization of the prototype design, the
ideation of the system was considered, and the
following components were determined to
degrade the biomass in single phase:

1. Loading duct: allows the biomass to
enter from the load to the digester.
2. Concrete biodigester tank: where the

decomposition of the biomass will be
carried out according to the established
retention time in the total absence of

oxygen.

3. Biogas conduction piping: to transport
the biogas from the digester to the
floating bell.

4. Floating hood: made of galvanized sheet
to allow the handling of biogas recovery.

5. Gas reservoir: bag for storage of the
biogas generated.

6. Discharge duct: allows the exit of the

stabilized material (sludge) after having
completed the retention time inside the
digester.

7. Discharge tank: this tank allows the
accumulation of effluent and sludge as
by-products of biomass biodegradation
for later use.
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Once the system components were
identified, the dimensions of the prototype were
determined based on the mixing ratio to be used
in the biodigester for a 30-day test operation. For
this purpose, the calculations suggested by
Garcia, J. and Ledn E. 2015 were used.

The design of the floating bell
biodigester prototype considered its operation
with a daily load in a 1:3 ratio of 1 kg of organic
waste  obtained from the  municipal
slaughterhouse of Ciudad Valles and 3 | of water.
The volume of the biodigester tank was sized to
allow the digestion of 4 kg of mixture per day in
30 days of operation according to the following
equation:

Vth = CD * TR (1)

Where:

Vtb =Volume of the biodigester tank (m?).

CD =Daily load (kg)

TR = Time in which the mixture remains inside
the biodigester (days)

4kg 1m3mix

Vib = (day 1000 I mix

)30 days = 0.12m?

The mixture to be deposited in the
loading tank will have a volume of 0.120 m3 in
30 days of operation. But it must be considered
that this mixture will occupy 75% and the
remaining 25% will be occupied by the biogas
generated. Therefore, a calculation was made to
determine the total volume required with
equation 2:

Vnb = Vtb + Vtb + (Z) )
Where:

Vnb = net volume of the biodigester tank (m3).
Vtb = biodigester tank volume (m?®)

25% = remaining percentage to be taken up by
the biogas generated

Vnb = 0.120m* + 0.120m* * (=>)=0.150 m®

The net volume of the biodigester tank
necessary to deposit the raw material for 30 days
was calculated at 0.150 m3. In the case of this
prototype, a concrete pipe was used as a
biodigester tank. The calculated volume of the
concrete pipe purchased and used for the
biodigester meets the volume required to
conserve the organic mixture.
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For the sizing of the floating hood, the
measurements of the biodigester tank were
considered, calculating the diameter of the hood
with the following equation:

@ hood = @ biodigester tan — 0.02m  (3)

Where:

@ hood= hood diameter (m)

@ biodigester tank = biodigester  tank
diameter (m)

0.02 = decrease to biodigester tank diameter (m)

@ hood = 0.44m — 0.02 m=0.42m

The diameter of the bell was calculated
to be 0.42 m. In addition, the height of the
floating hood was determined to be 0.30 m, less
than the total height of the biodigester tank, that
iS, 1.15 min height from its base to the beginning
of the dome and 0.21 m the height of the floating
hood dome, to obtain by equation 4, the total
height of the floating hood from the following
equation:

HTho0a = Hhooa + Haome (4)

Where:
HTy,04= floating hood height (m)
Hiome = floating hood dome height (m)

HThooq = 115+ 0.21 = 1.36 m
With these data, the radius of curvature
of the dome was obtained by the following

equation:

_ (Thood)2 +(hdome)2

Rcurv N z(hdome) (5)

Where:
Thooa= hood radius (m)
hgome= dome height (m)

R _(0.21)%2+(0.21)2
curv — 2(0.21)

=021m

The radius of curvature of the dome was
calculated to be 0.21 m. To obtain the volume of
the bell and the volume of the bell dome,
equations 6 and 7 were applied:

Vhooa = Tthr? (6)

Where:
h=height of the hood (m)
r= hood radius a (m)
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Viooa = m(1.15)(0.21)% = 0.159 m3

hCu
Vaome = T[(hcup)z(Rcurv - Tp) (7)

Where:

hgome= height of the dome (m).
R,,= radius of curvature (m)
a= 3 constant value

0.21
Vaome = m(0.21)2(0.21 —==) =

0.0193 m?

The volume of the bell and the dome
were calculated as 0.159 m® and 0.0193 m?®
respectively. With these data obtained, the total
volume of the floating bell according to the
following equation was considered to be:

Vthooda = Vhooa + Vaome (8)

Vtnooa = 0.159 + 0.0193 = 0.178 m®

The design of the hood considers a total
storage volume of 0.178 m?®, which will be
sufficient to cover the calculated theoretical
daily capacity of 0.0760 m? of biogas generated
from municipal slaughterhouse waste. With this
data, the design and dimensions of the
biodigester prototype were elaborated in
AutoCAD.

Stage 2 Construction of the floating bell
biodigester prototype

The construction of this biodigester prototype
was carried out within the Ciudad Valles
Campus, where space, water and security were
provided for access to it. The nursery area of the
Campus was chosen with an extension of 330
m?, the site was cleaned by removing the weeds,
the area of approximately 58.9 m2 was delimited
for the construction of the prototype and the land
was excavated with the support of hand tools,
considering a vertical area of 1m for the
subsequent placement of the biodigester.

For the construction of the biodigester
tank, a 1.45 m long concrete pipe with a diameter
of 0.44 m and a thickness of 3 inches was
prepared; two 0.08 m diameter holes were drilled
to allow the biomass to enter the biodigester and
the effluents to exit.
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Subsequently, the bottom of the
excavation was tiled using wire mesh, cement,
gravel and sand to lay the base of the concrete
pipe, waiting for it to set for 24 hours, after
which the sealing was verified. The concrete
structure was waterproofed internally and
externally to prevent future leaks during the
operation (see Figure 1).

Figure 1 Tiling and placement of the concrete pipe
Own Source

The biodigester tank was also fitted with
3-inch PVC pipes sealed with silicone and white
cement to supply and discharge the effluents. A
straight slope was considered in the ducts to
prevent the materials from clogging and thus
facilitate maintenance during operation (see
Figure 2). A 20-liter container connected to the
duct was used as a discharge tank.

Figure 2 Placement of loading and unloading ducts
Own Source

For the construction of the biodigester's
floating hood, 28-gauge galvanized steel sheet
with a conical finish was used, with a total height
of the hood of 1.36 m (1.15 m hood height and
0.21 m dome height), and a diameter of 0.42 m.
The separation between the walls of the
biodigester and the dome was 0.42 m.
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The separation between the walls of the
biodigester and the body of the floating hood
was aligned at 0.02 m, in order to allow it to rise
and fall normally once the biodigestion process
generates biogas. The floating hood was also
waterproofed internally and externally to avoid
possible leaks. Once finished, it was inserted
into the biodigester (see Figure 3).

SRV 4 - A
‘ fi.‘:x,’
(L& k. L7er
mﬁ!w g

S

Figure 3 Placement of the floating hood
Own Source

The biogas conduction pipe was installed
from the floating hood, using a ¥2" PVC pipe,
0.40 m long, which was connected to a %" valve
to control the gas outlet directly from the hood.
The connection to the reservoir was made with a
%" by 0.40 m long hose for the conduction of
biogas from the floating bell to the reservoir. A
geomembrane was considered for the reservoir
with a storage capacity of 0.178 m3. For the
water column meter, a 2" by 0.10 m long PVC
pipe, a ¥%" coupling and a 2" by 0.02 m long
PVC pipe were connected to measure the
pressure of the biodigester system.

Finally, a hydrostatic test was performed
to verify possible leaks in the biodigester, where
the biodigester was filled with water and all of
its elements were checked. Each connection was
reinforced with insulating tape to avoid possible
leaks that could alter the gas transport. (See
figure 4).
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Figure 4 Floating hood biodigester prototype
Own Source

Stage 3 Monitoring of operating conditions
during waste degradation

Organic  waste  from the  municipal
slaughterhouse was fed for 30 consecutive days
starting on June 8, 2021. To feed the biodigester,
a 1:3 mixture was made, 1 kg of organic waste
obtained from the municipal slaughterhouse
(rumen content, blood, cattle excrement and
pieces of viscera), and 3 | of water, which was
homogenized to enter through the biodigester
loading duct (see Figure 5). A daily record was
made of the amount of mixture loaded into the
biodigester, pH and daily temperature to monitor
the conditions of biogas production, the
measurements were made with OAKTON
PCD650 multiparametric equipment.

Figure 5 Preparation of organic waste and loading to
biodigester
Own Source
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The water column (mmWC) was also
measured to calculate the biogas production
generated from day 14 of operation. A Multitec
model 540 device was used to measure biogas
quality on day 30 of biodigester operation (see
Figure 6).

Figure 6 Biogas quality monitoring
Own Source

The  following physical-chemical
parameters of the rumen content mixture to be
used in biodigestion were also analyzed: pH, %
moisture, % total solids, % ash, % volatile solids,
% lipids, % carbon, % nitrogen, carbon/nitrogen
ratio.

Stage 4. Flame test

After 15 days of the initial load, it is
recommended to start verifying the beginning of
biogas production (CO2 and CH4 in similar
proportion), by means of the "biogas burning"
verification. (FAO, 2011), so a flame test was
performed.

3. Results

The results of each of the stages of the research
were as follows:

Stage 1 and 2. Design and construction of
prototype floating bell biodigester

A biodigester was designed with a storage
capacity in the floating hood of 0.178 m3 for a
30-day test operation and storage of 0.120 m3 of
organic waste mixture in the biodigester tank;
considering that 1.0 kg of waste theoretically
generates 0.0760 m3 of biogas per day.
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Stage 3 Monitoring of operating conditions
during waste degradation

A record of the amount of mixture poured into
the biodigester, pH and daily temperature was
made to monitor the biogas production
conditions. Table 1 shows the results of the
records observed. It should be noted that in this
prototype biogas production began on day 14 of
feeding, during which time the pressure was
measured in mmCA and the volume of biogas
generated in liters for 17 days, exceeding
expectations of biogas production with an
average of 0.1801 m3, so that the biodigester
was depressurized on a daily basis. The results
are shown in Table 2.

kg feed: 1kg Temperature
Day beef/3 | water pH °C

08/06/2021 4 7.11 24.6
09/06/2021 4 7.08 21.7
10/06/2021 4 7.09 25.7
11/06/2021 4 7.08 25.6
12/06/2021 4 7.09 24.8
13/06/2021 4 7.1 29.4
14/06/2021 4 7.1 26.2
15/06/2021 4 7.11 24.7
16/06/2021 4 7.1 27.3
17/06/2021 4 7.08 26.6
18/06/2021 4 7.12 27.2
19/06/2021 4 7.13 28
20/06/2021 4 7.14 25.8
21/06/2021 4 7.15 31.6
22/06/2021 4 7.15 25.5
23/06/2021 4 7.14 23.6
24/06/2021 4 7.14 23.4
25/06/2021 4 7.12 25.1
26/06/2021 4 7.04 24.5
27/06/2021 4 7.08 24.6
28/06/2021 4 7.13 21.1
29/06/2021 4 7.13 271.5
30/06/2021 4 7.15 24.6
01/07/2021 4 7.13 24.5
02/07/2021 4 7.13 25.2
03/07/2021 4 7.12 26.2
04/07/2021 4 7.13 23.8
05/07/2021 4 7.12 23.2
06/07/2021 4 7.12 224
07/07/2021 4 7.11 24.8
Average 4 7.114 25.50

Table 1 Quantities of organic matter introduced into the
biodigester
Own Source
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Day - mmCA | m? biogas produced

21/06/2021 52 0.1794
22/06/2021 34 0.1790
23/06/2021 138 0.1810
24/06/2021 66 0.1796
25/06/2021 150 0.1812
26/06/2021 126 0.1807
27/06/2021 136 0.1809
28/06/2021 140 0.1810
29/06/2021 128 0.1808
30/06/2021 116 0.1805
01/07/2021 108 0.1804
02/07/2021 98 0.1802
03/07/2021 86 0.1800
04/07/2021 72 0.1797
05/07/2021 60 0.1795
06/07/2021 44 0.1792
07/07/2021 20 0.1787

Average | 92.5883 0.1801

Table 2 Monitoring of mmCA and calculation of m?
biogas produced
Own source

On the 30th day of operation, a biogas
quality measurement was carried out with a
Multitec model 540 meter, where the biogas
composition was identified. The results are
shown in Table 3.

Biogas Results Biogas Results

composition composition
Methane 59.4% Methane 59.4%
(CHa) (CHy)
Carbon 37% Carbon 37%
dioxide (CO,) dioxide (CO,)
Hydrogen 0.20% | Hydrogen 0.20 %
sulfide (H»S) sulfide (H»S)

Table 3 Composition of biogas measured with Multitec
model 540

According to Varnero and Arellano
(1991), for the process to develop satisfactorily,
the pH value in the digester not only determines
the biogas production but also its composition
(pH should not fall below 6.0 or rise above 8.0).
A pH value below 6 indicates that the biogas
generated is very poor in methane and therefore
has lower energetic qualities. When the biogas
has a methane content higher than 45%, it is
flammable (FAO, 2011). Table 1 shows pH
conditions that allow methane generation, and
Table 3 shows the composition of the biogas at
day 30 of operation, showing 59.4% CHa, which
indicates flammability. The results of the
physical-chemical parameters performed to the
rumen content mixture of  municipal
slaughterhouse, are very close to the references
of Falla, 1995 and Gonzalez, 2018.
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The rumen content of the municipal
slaughterhouse presented a pH of 7.11 close to
neutrality, which is a determining factor in the
methanogenic process. The calculated moisture
percentage was 88.15%, the percentage of solid
matter (ST) was 11.85% and volatile solids (SV)
were quantified at 87.2%. The ratio of carbon
and nitrogen content is 22/1, which increases the
production of bacteria to generate optimal
conditions for biogas production.

Rumen content

Parameter Mix Reference
6.5-

oH 711 75 Falla, L.

% Humidity | 88.15 85 Falla, L.
Gonzélez,

% ST 11.85 14.63 R.

% Ash 12.8 27.06 Falla, L.
Gonzalez,

% SV 87.2 81.16 R.

% Lipids 4,54 9.60 Falla, L.

% C 22 20 Falla, L.

% N 1 1 Falla, L.

CIN 22/1 20/1 Falla, L.

Table 4 Physicochemical parameters of rumen content at
the municipal slaughterhouse
Own Source

Stage 4. Flame test

A small burner was attached to the biogas outlet
hose, testing its ignition. Figure 7 shows the
intense blue coloration obtained from the flame
on the 30th day of operation of the biodigester,
which indicates that the biogas has a high
calorific value, which will allow heating and
flammability. If the gas burns with a bluish flame
and good consistency, normal use of the biogas
can be initiated (FAO, 2011).

Figure 7 Flame test, intense blue coloration
Own Source
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5. Conclusions

The floating bell biodigester prototype
demonstrated that the organic waste (rumen
content, blood, cattle excreta and viscera pieces)
from the municipal slaughterhouse generates an
important percentage of methane (CHa) in the
anaerobic digestion process, and can be captured
in a reservoir to be used later in the water heating
processes for carcass dressing and cleaning of
the facilities. In addition, the characteristics of
this biodigester system are adapted to the
situation of lack of space in the municipal
slaughterhouse.

The average daily biogas production of
0.180m? obtained in this prototype demonstrates
that it is possible to obtain a higher percentage of
biogas production with organic waste. Once
these results are obtained, a feasibility study is
expected to be carried out for a floating bell
biodigester system according to the amount of
organic waste generated monthly at the
municipal slaughterhouse that considers the
implementation costs of a project of this
magnitude.
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