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SUMMARY
This paper assesses the potential of slaughterhouse wastewater as raw material for biogas production in Mexico.
First, wastewater from an abattoir is directly treated in
lab scale anaerobic bioreactors; batch configuration with
immobilized biomass was implemented in order to evaluate the biogas production. After that, an estimation of the
energy generation from the produced biogas is carried
out. From the experimental assays, ~90% of the chemical

oxygen demand was removed and a production of 0.78m3 of
biogas per m3 of treated water was obtained. Thus, if the
whole of wastewater generated in Mexican slaughterhouses
(8,026,596m3) was treated by anaerobic processes, more
than 16,500MWh/year could be generated by considering a
75% of methane concentration in biogas, as obtained in this
work. In consequence, the emission of around 8,400t CO2eq/
year could be avoided.

Introduction

of Agriculture, Livestock,
Rural Development, Fisheries
and Food (SAGARPA); the inspection includes meat quality,
infrastructure and processes.
The quality standards are
higher and they are oriented
to industrialize their products
for large metropolitan areas or
for export; also, a basic valorization of wastes is considered (Rocha Sánchez, 2006;
Signorini, 2007). The first
FIT was implemented in 1949.
The last category (PST) corresponds to slaughterhouses
operated by private companies; they have mixed MHIT
and FIT characteristics and
are usually inspected by the
Ministry of Health. According
with the Agrifood and Fisheries Sectors Information Service, there exist 1151 slaughterhouses in Mexico: 913
MHIT, 97 FIT and 141 Private (SIAP, 2018).
The production of cattle
meat in Mexico during the
last ten years (2008-2017)
amounted to 18,026,089.66t

Animal slaughter in abattoirs produces different kinds
of wastes: fat, blood, sludge,
bones, and wastewater. Some
wastes are used to synthesize
other products (Hejnfelt and
Angelidaki, 2009; Seck and
Gueye, 2010; Galanakis,
2012), but in many cases,
they are directly rejected
without an adequate treatment process (Mittal, 2006;
Arvanitoyannis and Ladas,
2008) leading to environmental and health problems. For
example, the presence of
pathogenic microorganisms
could cause diseases such as
t y phoid fever, dysenter y,
cholera and hepatitis (Signorini Porchieto et al., 2005;
Signorini, 2008). High concentrations of blood, proteins
and fats induce water pollution, turbidity and even eutrophication (Gutiérrez-Sarabia et al., 2004; RomeroOrtiz et al., 2011). Different
cases have been reported des-

cribing real problems arising
from slaughterhouse wastewater (Signorini, 2008; Padilla Gasca, 2010; Castillo Borges et al., 2012; Sun et al.,
2017; Marcos et al., 2017).
In Mexico, slaughterhouses
are classified in three categories depending on their infrastr ucture and the inspection regulations: Ministr y
of Health Inspection Type
(MHIT), Federal Inspection
Type (FIT), Private Slaughterhouse Type (PST). Those
of the f irst type are commonly known as Municipal
Slaughterhouses; they have
limited equipment and offer
the basic services (slaughter,
meat cut and direct sale); the
inspection is done by the
Ministry of Health and focuses on the meat quality. The
FIT slaughterhouses have a
better infrastructure, and besides the basic services they
offer additional ones (meat
packaging, clinical suture,
meat wastes processing). They
are inspected by the Ministry

from 84,490,490 sacrificed
animals. According with the
Food and Agriculture Organization (Quiroga Tapias and
García de Siles, 1994) and
some other reports (Warnecke
et al., 2008; Ziara, 2015; Food
Northwest, 2018), the processing of cattle requires around
1000 liters of water per animal. Based on reference information (Signorini, 2007),
in this document it is considered that 95% of the water
becomes wastewater and the
other 5% is lost mainly by
evaporation. Therefore, the
annual average generation
of wastewater from cattle
slaughtering is estimated on
8,026,596.55m3.
On the other side, official
statistics indicates that around
37% of the wastewater from
slaughterhouses in México is
treated and 63% is sent to
municipal sewage systems,
streams, rivers or septic
tanks. This situation represents a high environmental
risk and important challenges
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POTENCIAL DE PRODUCCIÓN DE BIOGÁS A PARTIR DE AGUAS RESIDUALES DE RASTRO
Salvador Carlos Hernández, Lourdes Díaz Jiménez y José Andrés Bueno García
RESUMEN
En este documento se analiza el potencial de producción de
biogás en México a partir de aguas residuales de rastro. Primero, se tomaron muestras de un rastro y se usaron directamente en bioreactores anaeróbicos de laboratorio que fueron
operados en modo de lotes con bacterias inmovilizadas a fin
de evaluar la producción de biogás. Después, se estimó la generación de energía eléctrica a partir del biogás producido.
Los resultados muestran una remoción de ~90% de la deman-

da química de oxígeno y una producción de 0,78m3 de biogás
por m3 de agua residual tratada. De esa manera, si toda el
agua residual de los rastros mexicanos (8.026.596m3) fuese
tratada por digestión anaeróbica, el análisis de producción
de energía indica que es posible obtener más de 16.500MWh/
año considerando biogás con una concentración de metano de
75%, como la obtenida en este trabajo. En consecuencia, se
puede evitar la emisión de alrededor de 8.400t CO2eq /año.

POTENCIAL DE PRODUÇÃO DE BIOGÁS A PARTIR DE ÁGUAS RESIDUAIS DE ABATEDOURO
Salvador Carlos Hernández, Lourdes Díaz Jiménez e José Andrés Bueno García
RESUMEN
Neste documento se analisa o potencial de produção de biogás no México a partir de águas residuais de abatedouro. Primeiro, recolheram-se amostras de um abatedouro e se usaram
diretamente em biorreatores anaeróbicos de laboratório que
foram operados em modo de lotes com bactérias imobilizadas
a fim de avaliar a produção de biogás. Depois, se estimou a
geração de energia eléctrica a partir do biogás produzido. Os
resultados mostram uma remoção de ~90% da demanda quí-

for government, technologic
and scientific sectors.
In this context, it is well
known that biological processes
offer important benefits concerning the treatment of wastewater.
Anaerobic digestion allows efficient treatment of effluents with
high organic load, transforming
the wastes into biogas. Since
biogas is mainly composed of
methane (CH4) and carbon dioxide (CO2), it can be used as an
alternative source of energy. In
different reports it is concluded
that anaerobic processes are well
suited to degrade slaughterhouse
effluents and to obtain biogas
(Salminen and Rintala, 2002;
Saddoud and Sayadi, 2007;
Battimelli et al., 2010; Palatsi
et al., 2011; Bayr et al., 2012;
Marcos et al., 2012) even though
some aspects of the process are
amenable to improvements. For
example, bacteria immobilization
is an alternative to accelerate the
biological reactions, as it allows
to concentrate the active microorganisms and to improve the
mass transfer. Different materials, such as synthetic polymers,
zeolites and others, have been

evaluated for its application
(Romero-Güiza et al., 2016;
Luo et al., 2015; Zheng et al.,
2015). There exist commercial materials for this use; however, the high cost could be limiting for many users. For this
reason, currently low cost materials are investigated as solid
support for anaerobic bacteria.
Among these materials, natural
zeolites have been studied showing interesting performance
(Montalvo et al., 2012).
Finally, according to the National Energy Balance (SENER, 2017), ~90% of primary
energy in Mexico is provided
by non-renewable sources such
as oil, natural gas, coal and
radioactive materials. Alternative energies began to be utilized few years ago, including
biogas. Currently biomass contributes 4.7% of the energy.
The government has promoted
the use of cattle far ming
wastes to produce electricity
and heat; also, some industries
use biogas to provide part of
the energy required in their
processes. Moreover, some
projects have been developed
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mica de oxigênio e uma produção de 0,78m3 de biogás por m3
de água residual tratada. Então, se toda a água residual dos
abatedouros mexicanos (8.026.596m3) fosse tratada por digestão anaeróbica, a análise de produção de energia indica que
seria possível obter mais de 16.500MWh/ano, considerando
biogás com uma concentração de metano de 75%, como a obtida neste trabalho. Em consequência, pode ser evitada a emissão de aproximadamente 8.400t CO2eq /ano.

for the exploitation of biogas
produced in landfills. Besides,
the National Strategy for
Energy (NSE) has been designed in order to state directives
concerning the generation and
management of the energy. An
important objective is to produce 35% of energy from clean
technologies by 2024 (SENER,
2014). This goal implies great
challenges from a scientific
and technologic viewpoint.
Thus, diverse raw materials for
production of biogas are being
studied.
The first goal of the paper is
to show that the application of
an anaerobic treatment with
immobilized bacteria in a natural zeolite contributes to the
efficient removal of the organic
pollutants in slaughterhouse
effluents. Natural zeolites are
abundant in Mexico, but they
are little used; these minerals
are usually extracted from natural deposits and they are sold
without added value. The idea
is to propose an alternative for
the valorization of natural zeolites, as its application on the
treatment of complex wastewa-

ter could be of benefit to the
environmental and energy sectors. The second goal is to determine, based on the experimental results, the potential of
energy generation from the
anaerobic treatment of slaughterhouse wastewater in Mexico.
The calorific potential of biogas depends on the CH4 concentration and this potential
can be transformed into electrical energy.
Materials and Methods
Characterization of raw
materials and products
Substrate
The substrate for anaerobic
digestion was obtained from an
abattoir situated at Saltillo,
Coahuila, Mexico, according
with the official regulation
(NMX-AA-03-1980), and was
used in the experiments without
any additional treatment. The
samples were collected from a
homogenization tank were
wastewater is stocked before
aerobic treatment. Depending
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on the experimentation time
(2-8 weeks), 10 liter samples of
wastewater were used for each
experiment. The characterization of the wastewater samples
was carried out following the
local official regulations as presented in Table I.
The inoculum used in the
experimental tests was obtained
from a brewery wastewater
treatment plant.
Bacterial support
The natural zeolite used in
the experiments is a clinoptilolite provided by Zeomex S.A.
de C.V. The identification of
the zeolite was determined by
X-ray diffraction using a
Phillips X´Pert equipment. The
surface characteristics were
obtained by N2 adsorption/desorption using an Autosorb-1C
analyzer. Table II includes the
results obtained. Two particle
sizes were tested (9-10 and 2035 mesh) in order to evaluate
their effect on biofilm formation and on wastewater treatment performance.
Chemical oxygen demand (COD)
During the experiments, the
reaction medium was sampled
at intervals of 48-72h to measure COD, which was determined by colorimetry with a
HACH® kit having a detection
range of 20-1500mg·l-1. Duplicate analyzes of samples before
each experiment and during
the biogas production tests
were carried out.

carrier. The separation of the
biogas compounds was carried
out using a Supel-QTM Plot capillary column (30m×0.53mm).
Subsequently, the results from
the biogas samples taken from
the bioreactor were compared
with a gas standard mixture
composed of CH4 and CO2.
Experimental set-up
Batch tests were performed
to evaluate the COD removal
and biogas production. Three
kinds of experiments were conducted in order to evaluate
process performance:
i) Without biofilm formation
(WOB). The main objective of
these experiments was to allow
the biofilm formation over the
zeolite particles. Although the
presence of clinoptilolite influences the treatment of water,
the absence of biofilm implies
there is not bacterial immobilization. Therefore, WOB experiments are considered as being
without bacterial support and
they were taken as the reference condition. Two experiments were carried out by duplicate for each selected zeolite
particle size (four in total).

Biogas

ii) With biofilm formation at
120ml scale (B120). Two preliminary stages for the biofilm
formation were considered: 45
and 60 days. In this period,
anaerobic bacteria are adapted
to the substrate as the zeolite is
colonized by the microorganisms. Three sequential B120
experiments were performed by
duplicate for each selected zeolite particle size (six in total).

The biogas composition was
determined by gas chromatography (Agilent Technologies®
6890) with a thermal conductivity detector (TCD) using He as

iii) With biofilm formation at 7
liter scale (B7L). Once the best
particle size had been identified,
the experimental set up was
scaled up to a bioreactor of 7

liter. Measures of pH, temperature, agitation and biogas production were taken each hour.
Every 12h a sample of substrate
was taken so as to evaluate
COD removal. Biogas production was measured by liquid
displacement in a graduated burette. Five single sequential B7L
experiments were performed.
The operating conditions were
selected following bibliographic
recommendations (Rodriguez
et al., 2002) and are presented in
Table III. Also, schematic representations of the reactors are
presented in Figure 1.
Potential for energy
production and CO2 emissions
From the experimental data
obtained, the analysis concerning energy production was
done. Although there exist different alternatives for biogas
transformation, the use of a
biogas internal combustion engine coupled to an electrical
generator was considered since
this is a commercially accessible and easy to implement technology (FIRCO, 2007; Sun
et al., 2017; Hakawati et al.,
2017). Figure 2 presents a schematic representation of the electricity production from biogas.
Eq. (1) was used to compute
the potential for electricity
generation (P; kWh) from the
slaughterhouse wastewater. It
was deduced from the biogas
availability and the theoretical
energy content of biogas. Some
TABLE II
STRUCTURAL PROPERTIES
OF THE NATURAL
ZEOLITE
Property
Value
Specific surface area
28m2·g-1
Apparent density
0.818g·ml-1
Microporosity
0.051cm3·g-1

TABLE I
PHYSICOCHEMICAL CHARACTERISTICS OF THE SLAUGHTERHOUSE WASTEWATER
Item
Soluble solids
Total volatile solids
Total solids
pH
Fats
Alkalinity (as Ca CO3)
COD
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Value (SD)
33.5 ±0.98 (%)
5166 ±35 (mg·l-1)
3387 ±19 (mg·l-1)
8.0-8.5
1057 ±11 (mg·l-1)
1791 ±13 (mg·l-1)
4500 - 9000

Analytic technique
Gravimetry: NMX-AA-034-SCFI-2015
Gravimetry: NMX-AA-034-SCFI-2015
Gravimetry: NMX-AA-034-SCFI-2015
Electrometric method: NMX-AA-08-SCFI-2016
Gravimetry: NMX-AA-05-SCFI-2013
Volumetric tritration: NMX-AA-036-SCFI-2001
Colorimetry: NMX-AA-030-SCFI-2001

different forms of this equation
have been reported in other
works (Gomez et al. 2010;
Sur roop and Mohee, 2012;
Hakawati et al., 2017).
P = γ b/wCH 4 λ c ηg

(1)

where gb/w: production yield of
biogas from wastewater, it is
computed with Eq. 2 and depends on the performance of
B7L experiments; CH4: content
of CH4 in biogas (%), it is considered in the range of 50-80%
since these are recommended
values for this kind of applications (Hakawati et al., 2017); lc:
low heat value of CH4, a known
constant to determine the energy
content in biogas, lc= 10.28kWh
(Gomez et al. 2010; Surroop and
Mohee, 2012); hg: global efficiency for electricity generation,
is taken as hg=0.35 due to the
feasibility of available technology (FIRCO, 2007).
γ b/w =

Vb
Vw

(2)

where V b: volume of produced
biogas (liters) and Vw: corresponding volume of treated
wastewater (liters).
On the other side, the reduction of equivalent CO2 emissions (RCO2eq ) from the utilization of biogas was estimated.
This was done according with
the Green House Gases Mexican Program (SEMARNAT,
2014) by using Eq. 3.
R CO2 eq = EFEM ⋅ PAB

(3)

where EFEM: last reported emission factor for electricity in
Mexico (http://www.geimexico.
org/factor.html), which is
EF EM = 0.4999t CO 2eq /MWh;
PAB: avoided conventional electricity due to the transformation of biogas which is equivalent to the estimation done
with Eq. 1.
Results and Discussion
Experiments without biofilm
formation
Figure 3 illustrates the perfor mance for COD removal
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TABLE III
OPERATING CONDITIONS FOR THE
EXPERIMENTAL SET-UP
Name
NB
B120
B7L

Volume (ml)
Temperature Zeolite Inoculum Biofilm
(ºC)
(g)
(ml)
Nominal Substrate
120
40
30-32
15
10
No
120
40
30-32
15
Yes
7000
4500
   35
450
Yes

Figure 1. Schematic representation of a bioreactors: a) 120ml, b) 7 liters.

Figure 2. Schematic representation of a biogas electrical plant.

waste, where 80% of COD reduction was reached in around
30 days (Montalvo et al., 2006).
In agreement with the COD
consumption, the production of
CH 4 increases exponentially
until it reaches a maximum
around 2.4g·l-1 after six days.
According to the methanogenesis stage in a normal anaerobic
digestion process, besides CH4,
an exponential formation of
CO 2 is produced reaching a
maximum in 13 days.
The results do not show a
significant influence of zeolite
particle size on the COD removal eff iciency, as can be
appreciated in Figures 3 and 4.
This could be explained as
follows: the total biof ilm
formed in the material surface
is similar for each particle size
since the amount of zeolite is
the same (15g) and the micropore size of the zeolite is not
enough to increase the effective area. This implies that the
effective amount of biofilm is
very similar for both particle
sizes, and therefore the efficiency of the treatment process
is similar.
The tendency of the COD is
similar in both experiments,
as well as the production of
CH 4 and CO 2 . The trend of
the CO2 formation in both assays shows an initial increment and decreases from day
13; this phenomenon can be
due to an adsorption effect of
the CO2 on the zeolite surface,
in agreement with research
about the adsorption of a CO2/
CH4 mixture on a natural clino-

ptilolita (Hernandez Huesca
et al., 1999).
At day 20, fresh wastewater
(~5ml) was added to the reactor in order to simulate an increase of COD. The objective
of this action is to analyze the
process behavior concerning
the COD transformation, with
the perspective of a future configuration in continuous mode.
An increment in CH4 production is remarked without affecting the COD degradation. This
situation allows the expectation
of good results from a continuous-flow configuration.
Experiments with biofilm
formation
The results obtained in assays using zeolite with biofilm
formed in 45 days are presented on Figures 5 and 6. An important difference with respect
to the experiments without biofilm can be noted: the conversion of COD is faster and a
removal of 95% is reached in
two days. Besides, the biogas
composition is ~77% CH4 and
~23% CO2. The CH4 formation
follows the same trend, reaching a maximum production of
2.6gl-1 in eight days. The main
difference in comparison with
the process behavior without
biofilm concerns the CO2 formation: a low concentration is
obtained, the maximum is
reached in four days; after that,
a constant production is remarked instead of decreasing
as in the previous experiments.
This phenomenon can be ex-

Figure 3. COD removal and methane production without biofilm (particle
size: 9-10 mesh).

and CH4 formation. During the
first four days, more that 95%
of the COD is transformed.
After five days, the concentration of COD remains almost

constant; that means, the anaerobic digestion is practically
finished. These results are consistent with those reported for
treatment of a synthetic swine
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Figure 4. COD removal and CH4 production without biofilm (particle
size: 20-35 mesh).
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Figure 5. Process performance with biofilm: 45 days (particle size: 9-10 mesh).

and pH between 7.7 and 10.8
due to the different operating
conditions of the slaughterhouse. The previous experiments show that particle size
does not affect significantly the
process performance; therefore,
the tests on the scaled set up
were performed using a particle size of 20-35 mesh, as it
was easier to handle.
The results are presented in
Figures 9 to 11. As can be
seen in Figure 9, the values of
initial pH are different for each
experiment: pHini= 8.1, 8.5, 7.7,
10.9 and 9.0; the more alkaline
samples coincide with a cleaning of the slaughterhouse installations, for which basic substances are employed. It should
be mentioned that there is no
regulation of pH in the experimental tests. However, approximately on the second day, the
pH reaches its minimum value
and after that it attains a stea-

dy state for each experiment as
follows: pHfin= 7.4, 7.1,7.0, 6.7
and 6.8. This behavior corresponds to the typical performance of anaerobic processes
and it suggests that the production of acids in the acetogenesis stage is fast, as reported in
the specialized literature
(Angelidaki et al. 1999; Beteau
et al., 2005; Hu et al., 2018).
This implies that the CH4 production starts in a few days.
On the other side, the COD
removal corresponds qualitatively to the previous series of
experiments, regardless of the
initial conditions (Figure 10).
Since the wastewater samples
were collected in different days
at different operating conditions, the initial COD is not
the same for each experiment:
CODini= 4191, 4176, 8070, 4840
and 5240mg·l -1. The samples
were placed directly on the
bioreactor in order to evaluate

Figure 6. Process performance with biofilm: 45 days (particle size: 20-35 mesh).

plained by the zeolite porosity
occlusion; it means that the
formed biofilm prevents a direct contact between the substrate and the zeolite surface,
reducing the adsorption capacity. However, the concentration
of the produced CO2 is always
lower than in the case of
Figures 3 and 4. Concerning
the effect of zeolite dimension,
no significant influence on the
process performances is observed (Figure 6).
Finally, the results obtained
from the assay with 60 day-biofilm are presented on Figures 7
and 8. The COD removal is
~95% in 48h, as for the assays
with 45 days-biofilm. As for the
previous experiments, the biogas composition is ~77% CH4
and 23% CO 2 . The maximal
CH4 production is reached in
eight days: 2.6 and 3.0g·l-1 for
the 9-10 and 20-35 mesh particle size, respectively. The
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particle size does not affect
considerably the COD removal.
In addition, it is deduced that
45 days as preliminary stage
are enough for the biofilm
formation.
At small scale, a COD removal >95% was observed in
an interval of 2-4 days. These
results are similar to the ones
obtained in other studies
(Bowman, 2003; Tada et al.,
2005). This supposes advantages of natural Mexican zeolite
for the immobilization of the
bacterial consortium. As stated
before, even if the presence of
the zeolite could influence the
COD removal, the absence of
biofilm implies there is not
bacterial immobilization.

Figure 7. Process performance with biofilm: 60 days (particle size: 9-10 mesh).

Anaerobic digestion in 7 liter
reactor
The initial COD ranged between 4,100 and 8,100mg·l -1,

Figure 8. Process performance with biofilm: 60 days (particle size: 20-35 mesh).
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Figure 9. pH trends for batch experiments in a 7 liter reactor.

tion is obtained in few days
and after that it decreases very
fast. That means that the anaerobic bacteria are better
adapted after several sequential
experiments. Also, a relation
between the pH dynamics and
biogas production can be remarked: when pH decreases
very fast, biogas production is
larger than that corresponding
to a slower pH dynamics.
From the previous information, it can be concluded that
the natural zeolites used as
bacterial support in anaerobic
processes are an interesting
alternative. A high COD removal is achieved and an attractive biogas production is
generated.
Potential for energy
generation and reduction of
CO2eq emissions
The values for the parameters involved in Eq. 1 were
mentioned above, excepting the
biogas production yield. This is
obtained from data of B7L
experiments:

γ b/w =
Figure 10. COD removal from batch experiments in a 7 liter reactor.

the process performances at
different operating conditions.
The final COD for each experiment reached the following
values: CODfin= 360, 410, 1405,
540 and 606mg·l-1. As can be
remarked, a large percentage of
COD removal is attained:
COD % = 91.41, 90.18, 82.58,
88.84 and 88.43%. The worst
performance (82.58%) corresponds to the maximal initial
COD (8070mg·l-1), which could
be due to the relation between
the active biomass and the reaction volume and initial COD:
it is possible that the quantity
of colonized zeolite is not
enough to reach the same dynamics as for the other operating conditions. As an alternative, this situation could be
solved either increasing the
quantity of colonized zeolite
inside the reactor or increasing
the residence time. For the

other cases, the performance is
~90%. Even if it is lower than
that obtained in the small scale
experiments, the performance
can be considered as high.
Biogas production is presented in Figure 11. The maximal
production is achieved between
the second and the fifth day
for all the experiments; after
that, biogas production decreases fast. In this interval of time,
the process generates an average production of biogas of 11,
21, 14, 17 and 22ml·h -1. In all
the experiments, the f inal
amount of biogas was ~3.5 liters, excepting the experiment
3, where it was ~1.5 liters. It
can be remarked that the
smallest and largest biogas formations correspond to the first
and last experiments, respectively. In addition, for the fifth
experiment the production increases faster; a large produc-
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Vb 3.5 l
=
= 0.78
Vw 4.5 l

In order to facilitate the analysis of the electricity production
potential, the treatment of 1m3
of wastewater producing 0.78m3
of biogas, according with the
obtained yield, is assumed as a
basis for the computation.
An example of the use of
Eq. 1 to estimate the energy
potential is presented hereafter.
The considered parameters are
g b/w = 0.78, CH 4 = 50%, l c =
10.280kWh and h g = 0.35.
Then, the energy potential is:
P = 0.78 ⋅ 0.50 ⋅10.28 ⋅ 0.35 = 1.4
In addition, considering that
the previous power replaces the
equivalent amount of traditional electricity (PAB), the corresponding RCO2eq is estimated
with Eq. 2 as follows.
R CO2 eq = 0.4999 ⋅1.4 = 0.702
In the best scenario, if the
whole of wastewater generated

from bovine slaughterhouses
(8,026,596.55m 3/year) in Mexico could be treated by anaerobic processes, it could be possible to produce 16,855.85
MWh/year by considering a
75% of CH4 concentration in
biogas, as obtained in this
work. This is equivalent to
avoid the emission of 8,426.24t
CO2eq /year.
On the other side, considering some more practical situations, Table IV shows the estimation of energy and emissions reduction potential considering different scenarios.
Entries in the f irst column
represent the concentration of
CH4 in the biogas. The second
and third columns include the
amount, expressed in m 3, of
CH4 in the biogas for 1 m 3 of
treated water and for 50m 3 ,
respectively. The fourth column corresponds to the potential of 1m3 of wastewater, considering the characteristics of
the samples used in this work.
Column five indicates the potential of a small slaughterhouse where 55 animals are
sacrificed each day (50m 3 of
wastewater). Finally, last columns show the RCO2eq from the
treatment of 1m 3 and 50m 3 ,
respectively.
Considering the treatment of
1m 3 of wastewater and a CH4
concentration of 50% in biogas, it is possible to obtain
1.4kWh·m-3. If the CH4 concentration is 80%, then 2.24kWh
of electricity can be expected
with the current commercial
technology. This alternative for
energy generation implies a
RCO2eq of 702g and 2.24kg for
1m 3 and 50m 3, respectively. It
seems to be small energy generation and emissions reduction; however, these numbers
correspond to the slaughter of
one animal; the larger amounts
of treated water, the more relevant benef its could be obtained. For example, processing
of 55 animals, which is feasible in most of slaughterhouses
in the country, 50m3 of wastewater are produced; therefore
the production of electricity is
ranged between 70.16 and
112.26kWh, corresponding to
the range of CH4 concentration
of 50 and 80%, respectively.
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Figure 11. Biogas production from batch experiments in a 7 liter reactor.

TABLE IV
POTENTIAL FOR ENERGY PRODUCTION AND
REDUCTION OF CO2eq EMISSIONS FROM
SLAUGHTERHOUSE WASTEWATER
Methane
%
50
55
60
65
70
75
80

Energy

m3·m-3 m3/50m3 kWh·m-3 kWh/50m-3
0.39
19.50
1.4
70.16
0.43
21.45
1.54
77.18
0.47
23.40
1.68
84.20
0.51
25.35
1.82
91.21
0.55
27.30
1.96
98.23
0.59
29.25
2.10
105.25
0.62
31.20
2.24
112.26

Regarding the emissions reduction, 35.08kg of CO2eq could be
avoided if CH 4 is 50% and
56.12kg of CO2eq if it is 80%.
The produced energy can be
used for the slaughterhouse operation, reducing the energy
consumption from the grid. For
example, the required power for
some common equipment used
in slaughterhouses is presented
in Table V. The corresponding
data are taken from technical
specifications of commercial
products (Aseragro, 2018).
Considering the worst case,
which corresponds to the treatment of 50m 3 of wastewater
producing biogas with 50% of
CH4 concentration, it is possible to obtain 70.16kWh.
Possible scenarios for the use
of this energy in the hypothetic
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Reduction of
CO2eq emissions
kgCO2eq/m3 kgCO2eq/50m3
0.702
35.08
0.772
38.58
0.842
42.09
0.912
45.60
0.982
49.11
1.052
52.62
1.123
56.12

slaughterhouse operation are: 1)
all the equipment presented in
Table V during 3.7h; 2) a hydraulic pump during a complete work day (8h), able to
provide compressed air to operate a series of pneumatic
equipment such as, stunner,

small breaking saws, etc.; 3) in
one complete work day: 1
breaking saw, 1 skinner, 1 rumen cleaner, 1 hoof removal
and 1 boots cleaner, considering that the last equipment is
used in small time intervals; or
4) lights and office equipment
and some other energy requirement during all the work day.
Therefore, this alternative offers environmental benefits since
anaerobic digestion reduces the
organic pollutants in wastewater,
at the same time that it allows
the production of electricity,
which can be used to provide a
fraction of the energy requirements in a slaughterhouse.
Conclusions

Experiments at a 120ml scale were performed to allow the
biofilm formation in zeolite
par ticles during the
treatment of slaughterTABLE V
house wastewater. It
EXAMPLES OF EQUIPMENT
was found that particle
AND REQUIRED ENERGY
size has not representaIN SLAUGHTERHOUSES
tive inf luence on the
Required
Equipment
power (kW) treatment performances
since the total formed
Breaking Saw
3
biofilm is similar for
Skinner
1.5
the tested conditions.
Rumen cleaner
1.5
At the same bioreacHoof removal
1.5
Boots cleaner
2
tors scale, two prelimiHydraulic pump
7.5
nary stages for biofilm
Lights and office equipment
2
formation were tested:

45 and 56 days, deducing that
45 days are enough. In addition, the obtained results show
that the natural zeolite can be
used as support for anaerobic
bacteria in wastewater treatment processes. Removal of
95% of COD and 3g·l-1 of CH4
production was reached.
At a 7 liter scale, a slower
dynamics of COD removal and
CH4 production was observed.
Nevertheless, a biogas yield
production biogas/wastewater of
0.78 was obtained and 90% of
COD removal. An alternative to
improve the process performance is to increase the amount
of zeolite with biofilm in the
reactor. This leads to have more
active bacteria to transform organic material in biogas.
On the other hand, the potential for electricity generation
from slaughterhouse wastewater is enough to manage a reasonable fraction of the abattoir
operation.
More than 16,500MWh/year
could be generated and around
8,400t CO2eq/year could be avoided if all the wastewater was
treated by anaerobic digestion.
More research is required in
order to optimize the process
performance in larger scale reactors and in other operating configurations, such as semi-continuous and continuous mode.
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