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ABSTRACT. The present work shows the results obtained in the anaerobic digestion process of coffee wet wastewater processing. An UASB
anaerobic reactor was operated in single-stage in mesophilic temperature controlled conditions (37+1°C). The effect of both organic loading rate
(OLR) and hydraulic retention time (HRT) in the anaerobic digestion of coffee wet wastewater was investigated. The OLR values considered
in the single-stage UASB reactor varied in a range of 3,6-4,1 kg COD m?d" and the HRT stayed in a range of 21,5-15,5 hours. The evaluation
results show that the best performance of UASB reactor in single-stage was obtained at OLR of 3,6 kg COD m>d"' with an average value of
total and soluble COD removal of 77,2% and 83,4%, respectively, and average methane concentration in biogas of 61%. The present study
suggests that the anaerobic digestion is suitable to treating coffee wet wastewater.

Keywords: Anaerobic digestion, coffee wet wastewater, UASB reactor.

RESUMEN. El siguiente trabajo muestra los resultados alcanzados en el proceso de digestion anaerobia de las aguas residuales del beneficiado
himedo de café. Un reactor anaerobio UASB fue operado en una etapa en condiciones controladas de temperatura mesofilica (37+1°C). Se
investigo el efecto de la carga organica volumétrica (COV) y el tiempo de retencion hidraulico (TRH) sobre el proceso de digestion anaerobia
de las aguas residuales del beneficiado himedo de café. Los valores de COV considerados en el sistema UASB en una etapa variaron en un
intervalo de 3,6-4,1 kg COD m=d!y los de TRH estuvieron en un intervalo de 21,1-15,5 horas. Los resultados de la validacion mostraron que
el mejor funcionamiento fue alcanzado a una COV de 3,6 kg COD m=d™! con un valor promedio de eficiencia de eliminacion de DQO total y
soluble de 77,2% y 83,4%, respectivamente, y una concentracion de metano en el biogas de 61%. El actual estudio demuestra que la digestion
anaerobia es adecuada para tratar las aguas residuales del beneficiado himedo de café.

Palabras clave: Digestion anaerobia, aguas residuales de café, reactor UASB.

INTRODUCTION

There are two types of processing: dry and wet. Wet processing

World coffee production reached the figure of 7.9 million
tons in 2010 and it is major economic activity in several tropical
countries. The coffee bean, which is the portion of the cherry
useful for human consumption, represents 20% of the total
volume of the cherry. The bean extraction process is called in
Latin America “Beneficio”, and generates waste accounting
for 80% of total raw volume processed (Orozco et al., 2005).

is the most widely used treatment method in coffee producing
countries. The method emerged as an alternative to solve the
problem of rapid and excessive fermentation of the cherries in
tropical regions. After the harvest, the external components of
the cherry are removed and the beans are placed in fermenta-
tion tanks to release the mucilage by hydrolysis. The process
consumes large amounts of water that are sometimes poured

35



36

Revista Ciencias Técnicas Agropecuarias, ISSN -1010-2760, RNPS-0111, Vol. 22, No. 3 (julio-agosto-septiembre, pp. 35-41), 2013

without any adequate treatment to the surface waters. This
situation causes a significant environmental impact since
these wastewaters have high organic contamination ranging
from 2400 to 21900 mgCOD L, large amount of suspended
solids, and their turbidity results in unpleasant odors and in
a loss of visual quality (Bello-Mendoza and Castillo-Rivera,
1998, Houbron et al., 2003, Narasimba et al., 2004, Devi et al.,
2008, Selvamurugan et al., 2010a, Fia et al., 2012). Since coffee
wastewaters have high carbohydrate concentration biological
processes, either aerobic or anaerobic digestion, are suitable
for their treatment.

Anaerobic treatment has some advantages over conven-
tional aerobic treatment such as: greater removal efficiency of
the chemical oxygen demand (COD), reduced sludge produc-
tion, low power consumption, reduced space requirements,
a relatively simple construction, low nutrient requirements
and generation of a gas with a high calorific power (methane).
However, some other aspects like long start-up, low nutrient
and pathogen removal, possible generation of odors and the
need for a post-treatment have had a negative impact on the
implementation of the anaerobic process (Ward et al., 2008).

High-rate anaerobic reactors have the ability to handle
high organic loading rates (OLR), high up-flow velocities, and
low hydraulic retention times (HRT). Therefore, a reactor of
smaller volume is required even to produce large amounts of
biogas. Upflow anaerobic sludge blanket (UASB) reactor and the
upflow anaerobic filter (UAF) reactor are examples of high-rate
reactors that have been used in the treatment of several types
of wastewater.

Some experiments conducted with several types of coffee
wastewaters have faced difficulties in obtaining a stable per-
formance of the anaerobic digestion due to the acidity and low
alkalinity of these wastewaters, and the presence in the latter
of the inhibitory compounds of the process (Hajipakkos, 1992,
Fernandez and Foster, 1993, Dinsdale et al., 1997a, Dinsdale et
al., 1996, Dinsdale et al., 1997b, Neves et al., 2006, Guardia-
Puebla et al., 2010). Furthermore, the coffee wet wastewaters
have large amounts of organic matter of easy hydrolysis that
causes a high VFA production. An accumulation of VFA in the
reactor affects negatively the methanogenic bacteria due to a
pH drop (Bouallagui et al., 2004).

The literature suggests that the anaerobic digestion of the
coffee wet wastewaters is possible. The main aim of this study
was to evaluate the potential of a UASB reactor treating coffee
wet wastewaters. The behavior of UASB system was assessed
considering five variables: total and soluble COD removal ef-
ficiencies, VFA concentration, biogas production and methane
concentration.

METHODS
Reactor

Figure 1 shows a scheme of the configurations of the labora-
tory scale anaerobic system that were used, which consisted of
a UASB reactor. The reactor was kept at mesophilic tempera-
ture (37£1°C) in a constant-temperature room. UASB system

consisted on a glass cylindrical reactor of 0,40 m of height and
0,09 m of diameter, with a nominal volume of 2,5 L. It was
equipped with a Masterflex® L/S® variable-speed modular
drive (model HV-07553-75, 6-600 rpm), which provided a
variable flow for the residual income and the effluent recycle.

Feed and seed

The inoculum used was granular sludge coming from an
industrial scale UASB reactor that processed canned juice
wastewaters having a volatile suspended solid (VSS) concentra-
tion of 73,5 g L. The laboratory reactor was fed with coffee
wet processing wastewater, located in Ixhuatlan community,
Veracruz, Mexico. The composition of the wastewater is shown
in Table 1. As the coffee wet processing wastewater was acid
its pH had to be adjusted using sodium bicarbonate (NaHCO,).
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FIGURE 1. Experimental setup of the UASB system.

Experimental procedure

UASB system was inoculated with 0,4 L of granular sludge.
The start-up procedure was carried out by the OLR gradual
rise, increasing weekly the COD concentration from influent
until the evaluation conditions. This process was continuously
carried out for four weeks. The system evaluation was analyzed
when the start-up of the reactor finished. Pseudo-steady-state
condition was considered attained when finished the week four.
The OLR was subsequently step increased to the next higher
rate through shortening of HRT. The OLR evaluated in each
system (calls Runl, Run2 and Run3) are detailed in Table 2.
The evaluation periods from each OLR used were three weeks.
The recycle internal rate (recycle of the effluent to the inlet
stream) applied to the UASB in a stage throughout the period
of experimentation was 1,0.
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TABLE 1. Characteristics of the coffee wet wastewater

Parameters

Wastewater

Total COD (mg L)
Soluble COD (mg L)
pH

ST (mg L)

TVS (mg L)

SST (mg L)

SSV (mg L)

2545+142(60)

2302+175(60)

3,79+0,21(60)
1228.5
1141,6
315,7
271,2

TABLE 2. Operating parameters of UASB system

System Parameters Runl Run2 Run3
HRT total (h) 21,5 18,5 15,5
Flow (L h") 0,15 0,16 0,17

UASB
OLR (kg COD m* d") 3,6+0,1(15) 3,8+0,2(15) 4,1+0,1(15)
Recycle rate 1,0 1,0
Analytical methods RESULTS AND DISCUSSION
Total suspended solids (TSS), volatile suspended solids | pH and alpha index

(VSS), pH and alkalinity were determined according to the
Standard Methods for the Examination of Water and Wastewater
(APHA, 1995). The alpha index was calculated as the quotient
of partial alkalinity at pH 5,75 and total alkalinity at pH 4,30.
Total and soluble chemical oxygen demand (COD) analyses
were carried out using a HACH COD reactor (digestion at 150°C
for 2 h) according to the closed reflux colorimetric method
described in Standard Methods for the Examination of Water
and Wastewater (APHA, 1995).

Volatile Fatty Acids (VFA) were analyzed with a gas
chromatograph (Chromatograph SRI 8610 model, with a
flame detector, Zebron column, and Helium gas carrier to
30 psi). Two millilitres samples were taken from the reactor
with a syringe and deposited in the Eppendorf tube, and two
drops of hydrochlorate acid were added (solution 1:1). The
samples were centrifuged by half an hour at a 3500 rpm in a
micro-centrifuge Eppendorf. The supernatant were filtered
through Wathman paper (0,22 um), and conserved at 4°C
until being used.

The biogas production was daily quantified by dis-
placement of the liquid column placed in each of the reac-
tors gas meters. The methane concentration in biogas was
measured by gas chromatography (Chromatograph Fisher
Gas Partitioner Model 1200, equipped with a detector of
thermal conductivity, double column Porapack Q and mesh
molecular SA, with Helium gas carrier flow of 25 mL min-
). Molar fractions of methane from analyzed samples were
determined by comparing the peak areas of the component
with pure methane.

The pH behavior observed during the evaluation period of
the UASB reactor can be seen in Figure 2a. When the inflow
wastewater pH was adjusted at 7,0, the UASB reactor showed
a stable performance, with a pH interval of 7,8-8,4 and an
average value of 8,1+0,15. Occurrence of the anaerobic diges-
tion requires a pH interval of 6,5-8,2 (Speece, 1996). Values
of this parameter below 6,5 favor acidification, especially in
this type of wastewater with pH values <4,0. This fact inhibits
the methanogenic population and, therefore, the efficiency of
the anaerobic treatment is reduced. Considering the alkaline
values of the effluent and the cost incurred in the neutralization
of the wastewater with sodium bicarbonate, a pH adjustment
to a value of 6,5 was done in the wastewater to treat from day
64 onwards (i.e. in the course of Run2). These new conditions
favored pH values of the effluent in the interval 6,5-7,1, with
an average value of 6,9+0,2, until the end of the experiment.
Given the characteristics of this coffee wastewater, and even
though the pH values stayed within in the appropriate interval,
it is recommendable, in order to prevent possible destabiliza-
tions in the reactor, to reach values of the pH near to those
measured in Runl, which were obtained after adjusting to
pH 7,0 the wastewater to treat.

An aspect related to pH is alkalinity, where the alpha index
indicates the absorbing capacity of the system to any abrupt
pH change in the reactor. In this study a quick increase in the
alkalinity from 1612 and 2192 mgCaCO, L™ was observed in
the start-up stage. A similar behavior was observed when the
pH in the inflow wastewater was kept constant and equal to

37



38

Revista Ciencias Técnicas Agropecuarias, ISSN -1010-2760, RNPS-0111, Vol. 22, No. 3 (julio-agosto-septiembre, pp. 35-41), 2013

7,0, with an alkalinity average value of 1935+128 mgCaCO, L.
Therefore, pH increases above the optimal interval were observed
although the wastewater to treat had been neutralized. When the
pH was readjusted to 6,5, the alkalinity decreased to a value of
1355467 mgCaCO, L. Whenever the pH value of the wastewater
was 7,0 and its average alkalinity 1935+128 mgCaCO, L", the
reactor behavior was similar to that observed in the start-up
stage. Similarly, this so high value of the alkalinity favored
increases of the pH above the optimal interval even though the
wastewater to be treated had been neutralized.

Some authors have suggested that the larger the alpha
index value the better the buffering capacity of the system.
Jenkins et al. (1983), recommended that the alpha index val-
ues should be larger than 0,5. As a rule of thumb, this figure
shows a good performance of the reactor. As it can be seen
in Figure 2b, the alpha index reached an average value very
close to the optimal, 0,51+0,02, after the first week of the
start-up stage. However, when the pH in the inflow was ad-
justed to 6,5 the average alpha value decreased to 0,48+0,02.
This decrease in the alpha value with the pH is associated
to an accumulation of acid species in the reactor that could
cause system instability. pH is not a sensitive indicator, since
it could conceal the increase of the H" concentration even
though it could show suitable values. Therefore, to carry out
a continuous monitoring of an anaerobic processes, and even
to make decisions, the alpha index is a better option (Pérez
and Torres, 2008).

One of the main problems of the anaerobic biological
degradation of this type of wastewater is the high content
of easily fermentable organic matter. Organic matter com-
pounds cause a fast acidification of the wastewater that
results in a high production of VFA and, therefore, it is neces-
sary the addition of an alkaline substance to increase the pH.
In order to prevent the accumulation of VFA, it is advisable
to recycle the treated effluent with the aim of re-use the
alkalinity of the anaerobic process to reduce the consump-
tion alkaline substances (Romli et al., 1994). In addition, the
recycle can be used to maintain a suitable hydraulic load in
the anaerobic reactors when high concentrated wastewaters
are being treated (Lier, 2008).

VFA concentration

Total VFA concentration was considered as the sum of
the acetic, propionic and butyric acids concentrations. It was
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observed a tendency to increase VFA concentrations in the ef-
fluent with increasing OLR values (Figure 2c). In an overloaded
anaerobic system it can be observed an accumulation of VFA
because the methanogenic bacteria can not remove the hydrogen
and VFA produced (Nagao et al., 2012).

Therefore, the VFA increase in the effluent reveals an
increase in the load applied to the system. As expected, Run 1
resulted in the lowest VFA concentration in the effluent, with
an average value of 220+18 mg L', although not significant
differences were observed between Runl and Run2. However,
Figure 2¢ shows that in Run2 the concentration of these acids
increased. These results indicated that the HRT did not affect
the relative composition of the organic acids in the effluent, but
their concentration increased when the OLR increased. Acetic
acid reached the higher proportion (60%) followed by propi-
onic acid (28%) and butyric acid (12%), with concentrations of
13110 mg L, 63+£7 mg L"and 26+2 mg L, respectively. These
percentages reveal an adequate proportion of these acids in the
effluent that avoids the inhibition of the anaerobic digestion by
VFA (Speece, 1996).

Total and soluble COD removal efficiency

Total COD removal efficiency with the increase in the
applied OLR can be seen in Figure 2d. Significant differences
were observed between the efficiencies in all the treatments
compared, with average values of 77,2%, 72,1% and 59,2% for
Runl, Run2 and Run3, respectively (p-value>0,05). These re-
sults confirm that when the load applied to the system increases,
the methanogenic bacteria can not completely degrade the VFA
produced; therefore the efficiency and stability of the reactor
are affected negatively (Wang et al., 2009). For the first OLR
evaluated (Runl), the soluble COD removal efficiency exhibited
a high value (83,4%), indicating a successful treatment of the
wastewater in study.

Biogas production and methane concentration generated
in the UASB system are shown in Figure 2e. The largest bio-
gas productions were obtained in Runl. Although, significant
differences (p-value<0,05) were observed between the biogas
obtained in Runl and Run2, their respective average values were
similar. The total biogas production fluctuated in the range of
0,186-0,346 m*kgCOD" _d", revealing that the effect of the
HRT in the conversion of the organic residual to biogas was not
significant. According to Lin et al. (1986), the biogas produc-
tion is independent of the HRT and the substrate concentration.
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FIGURE 2. Performance of the UASB system; a) pH; b) Alpha index; ¢) VFA concentration; d) total and soluble COD removal efficiency;
e) Biogas production and methane concentration.

Biogas production and methane concentration

Methane concentration decreased in Run3. The highest
methane concentration values were achieved both in Runl and
Run2 (61%). This circumstance indicated an indirect correlation
between the VFA concentration and methane concentration be-
cause methane production decreased when the VFA concentration
increased. These results coincide with those reported by Dogan et
al. (2005), who studied the effect of the variety and concentration
of the VFA in a UASB reactor, and concluded that these factors
have a significant effect on the methanogenic activity, besides
their synergy with other products. Nevertheless, the main factor
affecting the single-stage system was the pH, because when it was
adjusted to 6,5 in the wastewater to treat (day 64) a decrease in
the methane concentration values were observed. Other authors

have also reported an increase in the CO, concentration in the
biogas with a pH drop (Chen et al., 2008, Leitao et al., 2006,
Singh and Prerna, 2009, Bengtsson et al., 2008).

Final discussion

Table 3 shows a summary of the results of multiple range
analysis test (Duncan). In UASB system, the VFA concentration
in the treated effluent increased slightly, and not significantly,
with OLR increase. In Runl, total and soluble COD removal
efficiencies were higher (above 75%). The effect of the OLR in
the UASB system was no significant in the biogas production;
therefore increasing the OLR did not imply any increase in the
amount of biogas produced. However, significant differences
were observed in the methane concentration.

TABLE 3. Duncan’s multiple range

Reactor OLR, HRT, Temperat., COD. removal Methane References
kgCOD m3 d?! h °C efficiency, % concentrate, %
UAF 4 24 37-55 63 70 Fernandez
& Foster (1993)
UAF 3,33 - 37 65 55 McDougall et al.
(1993)
CSTR 1,3-1,6 20-25* 35-55 60 65-70 Dinsdale et al. (1996)
Hybrid UASB-UAF 1,89 22 - 77,2 - Bello-Mendoza &
Castillo-Rivera (1998)
UASB 0,59 69 - 78 - Silva & Campos
(2005)
UASB - - 22-27 70-82 48-68 Calil et al. (2010)
Hybrid UASB-UAF 9,55 18 - 61 58 Selvamurugan
etal (2010a)
Hybrid UASB-UAF 7,01 24 - 70 60 Selvamurugan
et al.(2010b)
AFBR 4,41 25,4 6,4-32,9 80 - Fia et al. (2012)
UASB (This study) 3,6 21,5 35 77,2 58
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A summary of publications related to the anaerobic
treatment of coffee processing wastewaters is presented in
Table 4. In our study, a UASB reactor, operated at an OLR
of 3,6 kgCOD m= d, achieved a total and soluble COD re-
moval efficiency of 77,2+2,9% and 83,5+1,87%, respectively,
and a methane concentration of 58+2,5%. These results are
comparable with those reported by other authors. Fernandez
and Foster (1993), operating two anaerobic filters at 37°C and
55°C, with an OLR of 4,0 kgCOD m~ d', observed a COD
removal efficiency of 63%, treating a synthetic wastewater

made up of coffee bean extract. Silva and Campos (2005)
studied the feasibility of a laboratory scale UASB reactor
that was used to treat coffee wet wastewater. The wastewater
pollutant load was 3250 mg L, the system operating condi-
tions were adjusted to an HRT of 69 hours and an OLR of
0,59 kgCODm™ d”!, and the COD removal efficiency achieved
was 78%. Recently, Fia ef al. (2012) evaluated three differ-
ent support materials in an AFBR anaerobic reactor and the
largest COD removal efficiency, 80%, was obtained at an
OLR of 4,4 kgCOD m* d".

TABLE 4. Summary of some publications related to the anaerobic digestion of the coffee wastewatersprocessing

Variables response

OLR, VFA Biogas Methane
kgCOD m*d' concentration, Total COP Soluble C?D removal, production, concentration,
mg L removal, % ) m*kgCOD"__d- %
Runl 210,5+18 B 77,2£2,93 A 83,4+1,87 A 0,25+0,03 A 58,3+0,03 A
Run2 216,317 B 72,1£2,73 B 79,4+2.35 B 0,24+0,03 A 45,3+0,07 B
Run3 237,817 A 59,2+2.93 C 69,1£3,31 C 0,27+0,04 A 41,3+0,02 C

For each variable, means in each column followed by the same upper case letter are not significantly different between OLR and HRT (p-value<0.05)

CONCLUSIONS

* Coffee wet wastewaters were successfully treated in a
single-stage UASB reactor. Both total and soluble COD
removal efficiencies observed were higher than 75% and
80%, respectively, at an OLR of 3.6 kgCOD m? d"!, whereas
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