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SUMMARY

This paper assesses the potential of slaughterhouse was-
tewater 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 evalua-
te 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 0.78m* of
biogas per m’ of treated water was obtained. Thus, if the
whole of wastewater generated in Mexican slaughterhouses
(8,026,596m°) 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 CO

year could be avoided.
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Introduction

Animal slaughter in abat-
toirs 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 treat-
ment process (Mittal, 2006;
Arvanitoyannis and Ladas,
2008) leading to environmen-
tal and health problems. For
example, the presence of
pathogenic microorganisms
could cause diseases such as
typhoid fever, dysentery,
cholera and hepatitis (Signo-
rini Porchieto et al., 2005;
Signorini, 2008). High con-
centrations of blood, proteins
and fats induce water pollu-
tion, turbidity and even eu-
trophication (Gutiérrez-Sara-
bia et al., 2004; Romero-
Ortiz et al., 2011). Different
cases have been reported des-

cribing real problems arising
from slaughterhouse waste-
water (Signorini, 2008; Padi-
lla Gasca, 2010; Castillo Bor-
ges et al., 2012; Sun et al.,
2017; Marcos et al., 2017).
In Mexico, slaughterhouses
are classified in three catego-
ries depending on their infra-
structure and the inspec-
tion regulations: Ministry
of Health Inspection Type
(MHIT), Federal Inspection
Type (FIT), Private Slaugh-
terhouse Type (PST). Those
of the first type are com-
monly 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 focus-
es on the meat quality. The
FIT slaughterhouses have a
better infrastructure, and be-
sides the basic services they
offer additional ones (meat
packaging, clinical suture,
meat wastes processing). They
are inspected by the Ministry

of Agriculture, Livestock,
Rural Development, Fisheries
and Food (SAGARPA); the ins-
pection 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 valo-
rization of wastes is consid-
ered (Rocha Sanchez, 2006;
Signorini, 2007). The first
FIT was implemented in 1949.
The last category (PST) cor-
responds to slaughterhouses
operated by private compa-
nies; they have mixed MHIT
and FIT characteristics and
are usually inspected by the
Ministry of Health. According
with the Agrifood and Fishe-
ries Sectors Information Ser-
vice, there exist 1151 slaugh-
terhouses in Mexico: 913
MHIT, 97 FIT and 141 Priva-
te (SIAP, 2018).

The production of cattle
meat in Mexico during the
last ten years (2008-2017)
amounted to 18,026,089.66t

from 84,490,490 sacrificed
animals. According with the
Food and Agriculture Orga-
nization (Quiroga Tapias and
Garcia de Siles, 1994) and
some other reports (Warnecke
et al., 2008; Ziara, 2015; Food
Northwest, 2018), the process-
ing of cattle requires around
1000 liters of water per ani-
mal. Based on reference in-
formation (Signorini, 2007),
in this document it is consid-
ered 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
8,026,596.55m°.

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 rep-
resents a high environmental
risk and important challenges
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POTENCIAL DE PRODUCCION DE BIOGAS A PARTIR DE AGUAS RESIDUALES DE RASTRO
Salvador Carlos Hernandez, Lourdes Diaz Jiménez y José Andrés Bueno Garcia

RESUMEN

En este documento se analiza el potencial de produccion de
biogas en México a partir de aguas residuales de rastro. Pri-
mero, se tomaron muestras de un rastro y se usaron directa-
mente en bioreactores anaerobicos de laboratorio que fueron
operados en modo de lotes con bacterias inmovilizadas a fin
de evaluar la produccion de biogas. Después, se estimo la ge-
neracion de energia eléctrica a partir del biogds producido.
Los resultados muestran una remocion de ~90% de la deman-

da quimica de oxigeno y una produccion de 0,78m’ de biogds
por m? de agua residual tratada. De esa manera, si toda el
agua residual de los rastros mexicanos (8.026.596m°) fuese
tratada por digestion anaerobica, el andlisis de produccion
de energia indica que es posible obtener mds de 16.500MWh/
anio considerando biogds con una concentracion de metano de
75%, como la obtenida en este trabajo. En consecuencia, se
puede evitar la emision de alrededor de 8.400t CO,,, /afio.

POTENCIAL DE PRODUCAO DE BIOGAS A PARTIR DE AGUAS RESIDUAIS DE ABATEDOURO
Salvador Carlos Hernandez, Lourdes Diaz Jiménez e José Andrés Bueno Garcia

RESUMEN

Neste documento se analisa o potencial de produgdo de bio-
gads no México a partir de dguas residuais de abatedouro. Pri-
meiro, recolheram-se amostras de um abatedouro e se usaram
diretamente em biorreatores anaerobicos de laboratorio que
foram operados em modo de lotes com bactérias imobilizadas
a fim de avaliar a produgdo de biogds. Depois, se estimou a
geragdo de energia eléctrica a partir do biogas produzido. Os
resultados mostram uma remogdo de ~90% da demanda qui-

mica de oxigénio e uma produgdo de 0,78m3 de biogas por m3
de agua residual tratada. Entdo, se toda a agua residual dos
abatedouros mexicanos (8.026.596m3) fosse tratada por diges-
tdo anaerobica, a andlise de produgdo de energia indica que
seria possivel obter mais de 16.500MWh/ano, considerando
biogds com uma concentragdo de metano de 75%, como a ob-
tida neste trabalho. Em consequéncia, pode ser evitada a emis-
sdo de aproximadamente 8.400t CO2eq /ano.

for government, technologic
and scientific sectors.

In this context, it is well
known that biological processes
offer important benefits concern-
ing the treatment of wastewater.
Anaerobic digestion allows effi-
cient treatment of effluents with
high organic load, transforming
the wastes into biogas. Since
biogas is mainly composed of
methane (CH,) and carbon diox-
ide (CO,), 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 micro-
organisms and to improve the
mass transfer. Different materi-
als, such as synthetic polymers,
zeolites and others, have been

evaluated for its application
(Romero-Giiiza et al., 2016;
Luo et al., 2015; Zheng et al.,
2015). There exist commer-
cial materials for this use; how-
ever, the high cost could be lim-
iting for many users. For this
reason, currently low cost mate-
rials are investigated as solid
support for anaerobic bacteria.
Among these materials, natural
zeolites have been studied show-
ing interesting performance
(Montalvo et al., 2012).

Finally, according to the Na-
tional Energy Balance (SE-
NER, 2017), ~90% of primary
energy in Mexico is provided
by non-renewable sources such
as oil, natural gas, coal and
radioactive materials. Alterna-
tive energies began to be uti-
lized few years ago, including
biogas. Currently biomass con-
tributes 4.7% of the energy.
The government has promoted
the use of cattle farming
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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for the exploitation of biogas
produced in landfills. Besides,
the National Strategy for
Energy (NSE) has been desig-
ned in order to state directives
concerning the generation and
management of the energy. An
important objective is to pro-
duce 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 nat-
ural 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 nat-
ural deposits and they are sold
without added value. The idea
is to propose an alternative for
the valorization of natural zeo-
lites, as its application on the
treatment of complex wastewa-

ter could be of benefit to the
environmental and energy sec-
tors. The second goal is to de-
termine, based on the experi-
mental results, the potential of
energy generation from the
anaerobic treatment of slaugh-
terhouse wastewater in Mexico.
The calorific potential of bio-
gas depends on the CH, con-
centration and this potential
can be transformed into electri-
cal 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 characteriza-
tion of the wastewater samples
was carried out following the
local official regulations as pre-
sented 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 clinoptilo-
lite 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 N, adsorption/de-
sorption using an Autosorb-1C
analyzer. Table II includes the
results obtained. Two particle
sizes were tested (9-10 and 20-
35 mesh) in order to evaluate
their effect on biofilm forma-
tion and on wastewater treat-
ment performance.

Chemical oxygen demand (COD)

During the experiments, the
reaction medium was sampled
at intervals of 48-72h to mea-
sure COD, which was deter-
mined by colorimetry with a
HACH® kit having a detection
range of 20-1500mg-1"\. Dupli-
cate analyzes of samples before
each experiment and during
the biogas production tests
were carried out.

Biogas

The biogas composition was
determined by gas chromatogra-
phy (Agilent Technologies®
6890) with a thermal conductiv-
ity detector (TCD) using He as

carrier. The separation of the
biogas compounds was carried
out using a Supel-Q™ Plot cap-
illary column (30mx0.53mm).
Subsequently, the results from
the biogas samples taken from
the bioreactor were compared
with a gas standard mixture
composed of CH, and CO,.

Experimental set-up

Batch tests were performed
to evaluate the COD removal
and biogas production. Three
kinds of experiments were con-
ducted 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 influ-
ences the treatment of water,
the absence of biofilm implies
there is not bacterial immobili-
zation. Therefore, WOB exper-
iments are considered as being
without bacterial support and
they were taken as the refer-
ence condition. Two experi-
ments were carried out by du-
plicate for each selected zeolite
particle size (four in total).

i1) With biofilm formation at
120ml scale (B120). Two pre-
liminary 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 microorgan-
isms. Three sequential B120
experiments were performed by
duplicate for each selected zeo-
lite particle size (six in total).

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

TABLE I

liter. Measures of pH, tempera-
ture, agitation and biogas pro-
duction were taken each hour.
Every 12h a sample of substrate
was taken so as to evaluate
COD removal. Biogas produc-
tion was measured by liquid
displacement in a graduated bu-
rette. 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 repre-
sentations of the reactors are
presented in Figure 1.

Potential for energy
production and CO, emissions

From the experimental data
obtained, the analysis concern-
ing energy production was
done. Although there exist dif-
ferent alternatives for biogas
transformation, the use of a
biogas internal combustion en-
gine coupled to an electrical
generator was considered since
this is a commercially accessi-
ble and easy to implement tech-
nology (FIRCO, 2007; Sun
et al., 2017; Hakawati et al.,
2017). Figure 2 presents a sche-
matic representation of the elec-
tricity 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  28m?*g!
Apparent density 0.818g'ml!
Microporosity 0.05Icm?-g’!

PHYSICOCHEMICAL CHARACTERISTICS OF THE SLAUGHTERHOUSE WASTEWATER

Item

Value (SD)

Analytic technique

Soluble solids
Total volatile solids
Total solids

33.5 +0.98 (%)
5166 =35 (mg-1")
3387 =19 (mg'1")

Gravimetry: NMX-AA-034-SCFI-2015
Gravimetry: NMX-AA-034-SCFI-2015
Gravimetry: NMX-AA-034-SCFI-2015

pH 8.0-8.5 Electrometric method: NMX-A A-08-SCFI-2016
Fats 1057 =11 (mg'1) Gravimetry: NMX-AA-05-SCFI-2013
Alkalinity (as Ca CO;) 1791 £13 (mg1") Volumetric tritration: NMX-AA-036-SCFI-2001
COD 4500 - 9000 Colorimetry: NMX-AA-030-SCFI1-2001
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different forms of this equation
have been reported in other
works (Gomez et al. 2010;
Surroop and Mohee, 2012;
Hakawati et al., 2017).

P= Yb/wCH4;\'cng )

where y,,,: production yield of
biogas from wastewater, it is
computed with Eq. 2 and de-
pends on the performance of
B7L experiments; CH,: content
of CH, in biogas (%), it is con-
sidered in the range of 50-80%
since these are recommended
values for this kind of applica-
tions (Hakawati et al., 2017); A
low heat value of CH,, a known
constant to determine the energy
content in biogas, A= 10.28kWh
(Gomez et al. 2010; Surroop and
Mohee, 2012); n,: global effi-
ciency for electricity generation,
is taken as 1,=0.35 due to the
feasibility of available technolo-
gy (FIRCO, 2007).

Y - 2
b/w V ()

where V,: volume of produced
biogas (liters) and V,: corre-
sponding volume of treated
wastewater (liters).

On the other side, the reduc-
tion of equivalent CO, emis-
sions (Regy) from the utiliza-
tion of biogas was estimated.
This was done according with
the Green House Gases Me-
xican Program (SEMARNAT,
2014) by using Eq. 3.

RCOZCq =EF,, Py 3)
where EFp,,: last reported emi-
ssion factor for electricity in
Mexico (http://www.geimexico.
org/factor.html), which is
EFpy= 0.4999t CO,,/MWh;
P,y avoided conventional elec-
tricity due to the transforma-
tion of biogas which is equiva-
lent to the estimation done
with Eq. 1.

Results and Discussion

Experiments without biofilm

formation

Figure 3 illustrates the per-
formance for COD removal
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TABLE III
OPERATING CONDITIONS FOR THE
EXPERIMENTAL SET-UP

Name Volume (ml) Temperature  Zeolite Inoculum Biofilm
Nominal ~Substrate (°C) (2) (ml)

NB 120 40 30-32 15 10 No

B120 120 40 30-32 15 - Yes

B7L 7000 4500 35 450 - Yes

Stirring

Substrate sampling

Biogas sampling

system

\

a)

Reaction medium
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< Zeo[ile
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Substrate
Biogas sampling
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b)

Reaction medium

e
Heating jacket

Figure 1. Schematic representation of a bioreactors: a) 120ml, b) 7 liters.
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Figure 3. COD removal and methane production without biofilm (particle

size: 9-10 mesh).

and CH, formation. During the
first four days, more that 95%
of the COD is transformed.
After five days, the concentra-
tion of COD remains almost

constant; that means, the an-
aerobic digestion is practically
finished. These results are con-
sistent with those reported for
treatment of a synthetic swine
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waste, where 80% of COD re-
duction was reached in around
30 days (Montalvo et al., 2006).

In agreement with the COD
consumption, the production of
CH, increases exponentially
until it reaches a maximum
around 2.4g-1" after six days.
According to the methanogene-
sis stage in a normal anaerobic
digestion process, besides CH,,
an exponential formation of
CO, is produced reaching a
maximum in 13 days.

The results do not show a
significant influence of zeolite
particle size on the COD re-
moval efficiency, as can be
appreciated in Figures 3 and 4.
This could be explained as
follows: the total biofilm
formed in the material surface
is similar for each particle size
since the amount of zeolite is
the same (15g) and the microp-
ore size of the zeolite is not
enough to increase the effec-
tive area. This implies that the
effective amount of biofilm is
very similar for both particle
sizes, and therefore the effi-
ciency of the treatment process
is similar.

The tendency of the COD is
similar in both experiments,
as well as the production of
CH, and CO,. The trend of
the CO, formation in both as-
says shows an initial incre-
ment and decreases from day
13; this phenomenon can be
due to an adsorption effect of
the CO, on the zeolite surface,
in agreement with research
about the adsorption of a CO,/
CH, mixture on a natural clino-

ptilolita (Hernandez Huesca
et al., 1999).

At day 20, fresh wastewater
(~5ml) was added to the reac-
tor in order to simulate an in-
crease of COD. The objective
of this action is to analyze the
process behavior concerning
the COD transformation, with
the perspective of a future con-
figuration in continuous mode.
An increment in CH, produc-
tion is remarked without affect-
ing the COD degradation. This
situation allows the expectation
of good results from a continu-
ous-flow configuration.

Experiments with biofilm
formation

The results obtained in as-
says using zeolite with biofilm
formed in 45 days are present-
ed on Figures 5 and 6. An im-
portant difference with respect
to the experiments without bio-
film can be noted: the conver-
sion of COD is faster and a
removal of 95% is reached in
two days. Besides, the biogas
composition is ~77% CH, and
~23% CO,. The CH, formation
follows the same trend, reach-
ing a maximum production of
2.6gl! in eight days. The main
difference in comparison with
the process behavior without
biofilm concerns the CO, for-
mation: a low concentration is
obtained, the maximum is
reached in four days; after that,
a constant production is re-
marked instead of decreasing
as in the previous experiments.
This phenomenon can be ex-
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Figure 4. COD removal and CH, 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).
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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 di-
rect contact between the sub-
strate and the zeolite surface,
reducing the adsorption capac-
ity. However, the concentration
of the produced CO, 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 ob-
served (Figure 6).

Finally, the results obtained
from the assay with 60 day-bio-
film 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 bio-
gas composition is ~77% CH,
and 23% CO,. The maximal
CH, production is reached in
eight days: 2.6 and 3.0g1"! for
the 9-10 and 20-35 mesh parti-
cle 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 re-
moval >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 advantag-
es 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.

Anaerobic digestion in 7 liter
reactor

The initial COD ranged be-
tween 4,100 and 8,100mg-1",

and pH between 7.7 and 10.8
due to the different operating
conditions of the slaughter-
house. The previous experi-
ments show that particle size
does not affect significantly the
process performance; therefore,
the tests on the scaled set up
were performed using a parti-
cle 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: pH,,= 8.1, 8.5, 7.7,
10.9 and 9.0; the more alkaline
samples coincide with a clean-
ing of the slaughterhouse in-
stallations, for which basic sub-
stances are employed. It should
be mentioned that there is no
regulation of pH in the experi-
mental tests. However, approx-
imately on the second day, the
pH reaches its minimum value
and after that it attains a stea-

dy state for each experiment as
follows: pHg,= 7.4, 7.1,7.0, 6.7
and 6.8. This behavior corre-
sponds to the typical perfor-
mance of anaerobic processes
and it suggests that the produc-
tion of acids in the acetogene-
sis 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 CH, pro-
duction starts in a few days.
On the other side, the COD
removal corresponds qualita-
tively 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 condi-
tions, the initial COD is not
the same for each experiment:
COD,,= 4191, 4176, 8070, 4840
and 5240mg-1"l. The samples
were placed directly on the
bioreactor in order to evaluate
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Figure 7. Process performance with biofilm: 60 days (particle size: 9-10 mesh).
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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.
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Figure 10. COD removal from batch experiments in a 7 liter reactor.

the process performances at
different operating conditions.
The final COD for each exper-
iment reached the following
values: CODg;,= 360, 410, 1405,
540 and 606mg-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%) corre-
sponds to the maximal initial
COD (8070mg'1'"), which could
be due to the relation between
the active biomass and the re-
action volume and initial COD:
it is possible that the quantity
of colonized zeolite is not
enough to reach the same dy-
namics as for the other operat-
ing conditions. As an alterna-
tive, 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 present-
ed in Figure 11. The maximal
production is achieved between
the second and the fifth day
for all the experiments; after
that, biogas production decreas-
es fast. In this interval of time,
the process generates an aver-
age production of biogas of 11,
21, 14, 17 and 22ml-h"'. In all
the experiments, the final
amount of biogas was ~3.5 li-
ters, excepting the experiment
3, where it was ~1.5 liters. It
can be remarked that the
smallest and largest biogas for-
mations correspond to the first
and last experiments, respec-
tively. In addition, for the fifth
experiment the production in-
creases faster; a large produc-
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tion is obtained in few days
and after that it decreases very
fast. That means that the an-
aerobic bacteria are better
adapted after several sequential
experiments. Also, a relation
between the pH dynamics and
biogas production can be re-
marked: when pH decreases
very fast, biogas production is
larger than that corresponding
to a slower pH dynamics.

From the previous informa-
tion, it can be concluded that
the natural zeolites used as
bacterial support in anaerobic
processes are an interesting
alternative. A high COD re-
moval is achieved and an at-
tractive biogas production is
generated.

Potential for energy
generation and reduction of
CO,,, emissions

The values for the parame-
ters involved in Eq. 1 were
mentioned above, excepting the
biogas production yield. This is
obtained from data of B7L
experiments:

W
9]

vV, 351
== =0.78
Yb/w VW 5 1

N

In order to facilitate the anal-
ysis of the electricity production
potential, the treatment of 1m?
of wastewater producing 0.78m?
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
Yow= 0.78, CH,= 50%, A=
10.280kWh and n,= 0.35.
Then, the energy potential is:

P=0.78-050-10.28-0.35=14

In addition, considering that
the previous power replaces the
equivalent amount of tradition-
al electricity (P,p), the corre-
sponding Rg,eq is estimated
with Eq. 2 as follows.

Reo,, =0.4999-1.4=0.702

In the best scenario, if the
whole of wastewater generated

from bovine slaughterhouses
(8,026,596.55m?/year) in Me-
xico could be treated by anaer-
obic processes, it could be pos-
sible to produce 16,855.85
MWh/year by considering a
75% of CH, concentration in
biogas, as obtained in this
work. This is equivalent to
avoid the emission of 8,426.24t
CO,,, /year.

On the other side, consider-
ing some more practical situa-
tions, Table IV shows the esti-
mation of energy and emis-
sions reduction potential con-
sidering different scenarios.
Entries in the first column
represent the concentration of
CH, in the biogas. The second
and third columns include the
amount, expressed in m?, of
CH, in the biogas for 1 m* of
treated water and for 50m?,
respectively. The fourth col-
umn corresponds to the poten-
tial of Im?® of wastewater, con-
sidering the characteristics of
the samples used in this work.
Column five indicates the po-
tential of a small slaughter-
house where 55 animals are
sacrificed each day (50m? of
wastewater). Finally, last col-
umns show the Regye, from the
treatment of Im?® and 50m?,
respectively.

Considering the treatment of
Im? of wastewater and a CH,
concentration of 50% in bio-
gas, it is possible to obtain
1.4kWh-m?. If the CH, concen-
tration is 80%, then 2.24kWh
of electricity can be expected
with the current commercial
technology. This alternative for
energy generation implies a
Reoeq Of 702g and 2.24kg for
Im?* and 50m?, respectively. It
seems to be small energy gen-
eration and emissions reduc-
tion; however, these numbers
correspond to the slaughter of
one animal; the larger amounts
of treated water, the more rele-
vant benefits could be ob-
tained. For example, processing
of 55 animals, which is feasi-
ble in most of slaughterhouses
in the country, 50m? of waste-
water are produced; therefore
the production of electricity is
ranged between 70.16 and
112.26kWh, corresponding to
the range of CH, concentration
of 50 and 80%, respectively.
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11. Biogas production from batch experiments in a 7 liter reactor.

TABLE 1V
POTENTIAL FOR ENERGY PRODUCTION AND
REDUCTION OF CO,,, EMISSIONS FROM
SLAUGHTERHOUSE WASTEWATER

Energy

Reduction of
CO,,, emissions

% m'm?® m¥’50m’ kWhm® kWh/50m® kgCO,/m* kgCO,,/50m’

Methane

50 0.39 19.50 1.4

55 043 2145 1.54
60 0.47 23.40 1.68
65 0.51 25.35 1.82
70 0.55 27.30 1.96
75 0.59 29.25 2.10
80 0.62 31.20 2.24

70.16 0.702 35.08
71.18 0.772 38.58
84.20 0.842 42.09
91.21 0.912 45.60
98.23 0.982 49.11
105.25 1.052 52.62
112.26 1.123 56.12

Regarding the emissions reduc-
tion, 35.08kg of CO,,, could be
avoided if CH, is 50% and
56.12kg of CO,,, if it is 80%.
The produced energy can be
used for the slaughterhouse op-
eration, 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 treat-
ment of 50m? of wastewater
producing biogas with 50% of
CH, concentration, it is possi-
ble to obtain 70.16kWh.
Possible scenarios for the use
of this energy in the hypothetic
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slaughterhouse operation are: 1)
all the equipment presented in
Table V during 3.7h; 2) a hy-
draulic pump during a com-
plete work day (8h), able to
provide compressed air to op-
erate a series of pneumatic
equipment such as, stunner,

TABLE V

EXAMPLES OF EQUIPMENT
AND REQUIRED ENERGY

IN SLAUGHTERHOUSES

Time (d)

=><Experiment 4
~o=Experiment 5

small breaking saws, etc.; 3) in
one complete work day: 1
breaking saw, 1 skinner, 1 ru-
men cleaner, 1 hoof removal
and 1 boots cleaner, consider-
ing that the last equipment is
used in small time intervals; or
4) lights and office equipment
and some other energy require-
ment during all the work day.
Therefore, this alternative of-
fers 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 require-
ments in a slaughterhouse.

Conclusions

Experiments at a 120ml sca-
le were performed to allow the
biofilm formation in zeolite
particles during the
treatment of slaughter-
house wastewater. It
was found that particle
size has not representa-

Equipment Req

power (kW)

tive influence on the

uired
treatment performances

Breaking Saw

3 since the total formed
biofilm is similar for

Skinner 1.5 -
Rumen cleaner 15 the tested conditions.
Hoof removal 1.5 At the same bioreac-

Boots cleaner
Hydraulic pump
Lights and office equipment

1.5

2 tors scale, two prelimi-
nary stages for biofilm

2 formation were tested:

45 and 56 days, deducing that
45 days are enough. In addi-
tion, the obtained results show
that the natural zeolite can be
used as support for anaerobic
bacteria in wastewater treat-
ment processes. Removal of
95% of COD and 3g1" of CH,
production was reached.

At a 7 liter scale, a slower
dynamics of COD removal and
CH, 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 perfor-
mance is to increase the amount
of zeolite with biofilm in the
reactor. This leads to have more
active bacteria to transform or-
ganic material in biogas.

On the other hand, the po-
tential for electricity generation
from slaughterhouse wastewa-
ter is enough to manage a rea-
sonable fraction of the abattoir
operation.

More than 16,500MWh/year
could be generated and around
8,400t CO,, /year could be avoid-
ed if all the wastewater was
treated by anaerobic digestion.

More research is required in
order to optimize the process
performance in larger scale reac-
tors and in other operating con-
figurations, such as semi-contin-
uous and continuous mode.
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