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Abstract The coffee processing industry is one of the major
agro-based industries contributing significantly in internation-
al and national growth. Coffee fruits are processed by two
methods, wet and dry process. In wet processing, coffee fruits
generate enormous quantities of high strength wastewater re-
quiring systematic treatment prior to disposal. Different meth-
od approach is used to treat the wastewater. Many researchers
have attempted to assess the efficiency of batch aeration as
posttreatment of coffee processing wastewater from an upflow
anaerobic hybrid reactor (UAHR)-continuous and intermittent
aeration system. However, wet coffee processing requires a
high degree of processing know-how and produces large
amounts of effluents which have the potential to damage the
environment. Characteristics of wastewater from coffee pro-
cessing has a biological oxygen demand (BOD) of up to 20,
000 mg/l and a chemical oxygen demand (COD) of up to 50,
000 mg/1 as well as the acidity of pH below 4. In this review
paper, various methods are discussed to treat coffee process-
ing wastewaters; the constitution of wastewater is presented
and the technical solutions for wastewater treatment are
discussed.
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Introduction

Scientifically called as genus Coffea, coffee belongs to a
group of flowering plants whose seeds, called coffee beans,
are used to make coffee. It is a member of the Rubiaceae
family and are shrubs or small trees native to tropical and
southern Africa and tropical Asia (Purseglove 1976). Coffee
contains large amount of caffeine, the effects of which have
always been an important element in the drink’s popularity.
Coffee drinking began in the fifteenth-century in Arabia and it
reached Europe by the mid-seventeenth century and immedi-
ately became hugely popular (Reich 2010). Coffee is the sec-
ond most important commercial product in the world, after oil
(Ponte 2002) and is now consumed by about one third of the
world’s population, thus, there is a growing need to determine
the environmental effects caused by a solid and liquid waste
generated by the processing of coffee. Moreover, majority of
the coffee growers apply fertilizers and agrochemicals that can
easily make the water quality unfavourable if these
chemicals return to streams or infiltrate the groundwater.
In many places of the world, coffee replaces tropical
forests, thus this conversion can be detrimental to wa-
tershed functions, particularly if it contributes to higher
soil erosion (Verbist et al. 2005).

The Central Pollution Control Board (CPCB) of India had
suggested a technical solution based on the National
Environmental Engineering Research Institute (NEERI) de-
sign for treatment of coffee effluents. The CPCB option con-
sists of three phases: a neutralization phase in which the acidic
effluent is neutralized with lime, followed by anaerobic diges-
tion (in the lagoon) and finally an aerobic phase (Narasimha
et al. 2004). Currently, coffee pulp constitutes a source of
serious contamination and environmental problem which
due to lack of technology and bulkiness eventually end up in
polluting rivers, generating offensive odours and encouraging
proliferation of flies (Alemayehu and Devi 2007).

@ Springer



6462

Environ Sci Pollut Res (2015) 22:6461-6472

Types of coffee beans

There are a number of coffee varieties but usually these
are categorized as Coffea arabica and Coffea robusta.
The main varieties of Coffea Arabica have distinct char-
acteristics and are described as having an excellent cup
quality like typica, bourbon, Caturra, Catuai, Pache
comum, Pache colis, Catimor, Kent, Mundo Novo,
Maragogype, Amarello, Blue mountain and some
C. robusta varieties like Indonesian Kopi Luwak and
the Philippine Kape Alamid. Other coffee varieties include
Barako coffee and Coffea liberica. However, only
C. arabica, C. canephora (of which C. robusta is a major
variety) and C. liberica are of commercial importance
(Schenker 2000). Different coffee varieties contribute to the
distinctive aromatic compounds which are unique to each type
or origin of green coffee (Bhumiratana et al. 2011).

Arabica beans have a sweeter, softer taste, with high
amount of sugar, fruit and berries. Their acidity is higher, with
a winey taste that characterizes the coffee with an excellent
acidity. Robusta, however, has a stronger, harsher taste,
with a grain-like overtone and peanutty aftertaste. They
contain twice as much the caffeine as arabica beans, and
they are generally considered to be of inferior quality
compared to arabica. Some robustas, however, are of
high quality and valued especially in espressos for their
deep flavour and good crema. Arabica is more valuable
because it produces a better tasting beverage which is
therefore more expensive than the robusta coffee
(Brohan et al. 2009).

Monsooned coffee is a specialty coffee in which dry green
arabica and robusta seeds of good quality are naturally cured
for 3—4 months by exposure to the moist monsoon winds
prevailing in the west coast of Southern India (Malabar coast),
especially in the regions of Mangalore and Tellicherry
(Variyar et al. 2003; Coffee Board of India 2007). Thus, from
these two main coffee varieties, arabica monsooned and ro-
busta monsooned coffees are processed, which are unique
specialty coffees in the world specialties and are exclusively
prepared and exported from India to cater to the de-
mands of other countries in the world market (Frisullo
et al. 2012). It was also reported that monsooned cof-
fees have markedly different chemical and organoleptic
quality characteristics from that of the natural coffee
(Ahmad and Magan 2002).

Some coffee hybrids have also been developed and it was
found that the chemical composition of hybrid coffee seeds is
similar to that of the parent species. For example, hybrids of
C. arabica and C. canephora are Timor hybrid and Catimor
(cross between Timor hybrid with C. arabica cv. Caturra),
which tends to exhibit intermediate characteristics (Duarte
et al. 2009; Clifford and Ramirez-Martinez 1991, Clifford
and Kazi 1987).
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World production of coffee

The main producers of coffee in the world are Brazil followed
by Vietnam, Columbia, Indonesia, Ethiopia and India
(International Coffee Organization 2014). The total coffee
production has increased from 128,636,000 bags from 2008
to 145,775,000 bags in 2013 (Table 1). In both Australia
(Datamonitor 2010) and Japan (Specialty Coffee Association
of Japan 2010), the demand for specialty coffee has increased
as the global consumer culture has grown. Thus, it can be said
that no national borders exist in the consumer’s demands for a
special experience through superior cup quality. Coffee is a
traded commodity on major futures and commodity ex-
changes, most importantly in London and New York (ICO
2011).

February 2014 had witnessed some significant develop-
ments in the coffee market, with price shooting upwards at a
startling rate. The ICO composite daily price has increased
from under 100 US cents/Ib in November 2013 to a high of
176.37 on 11 March 2014. This has been driven by a serious
drought in Brazil, with several coffee growing regions receiv-
ing little or no rain in the critical development months of
January. There had been a rapid growth in coffee consumption
per capita from 3.00 kg/capita in 2007 to 3.82 kg/capita in
2010 (ICO 2011; World Resources Institute 2011).

Table 1 Country wise production of coffee beans in 2013
(International Coffee Organization 2014)

Country Production in 2013 (1000 bags)
Brazil 49,152
Vietnam 27,500
Colombia 10,900
Indonesia 11,667
Ethiopia 6600
India 5192
Peru 4200
Honduras 4200
Mexico 3900
Uganda 3600
Guatemala 3130
Ivory coast 2100
Nicaragua 1500
Costa Rica 1396
Papua New Guinea 1000
El Salvador 844
Tanzania 750
Ecuador 676
Thailand 638
Dominican Republic 450
Dominican Republic 450
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Arabica accounts for approximately 64 % while robusta
accounts for about 35 % of the world’s production while the
other species with not much commercial value like C. liberica
and Coffea excelsa represent only 1 % (Rubayiza and
Meurens 2005). Moreover, C. arabica is also responsible for
approximately 70 % of the global coffee market, and Coffea
canephora or robusta coffee accounts for the rest
(International Coffee Organization ICO Statistics 2011;
ABIC 2011). From the green robusta coffee beans of around
1 kg, the relevant type in the world manufacture of soluble
coffee, about 0.33 to 0.45 kg of instant coffee (3 % moisture)
is produced. This process generates large amounts of
dark coloured waste (550 to 670 g/kg coffee beans)
known as spent coffee grounds (SCG), which contains
15.2-17.9 % of lipids depending on the coffee species
(Fan and Soccol 2005).

Processing of coffee cherries and wastewater generated
Coffee seeds are generally planted in large beds in shaded

nurseries. After sprouting, the seedlings are removed from
the seed bed to be planted in individual pots in formulated

soils. The coffee cherries are brought in bags to the de-
pulping machines after their grading. In the de-pulping ma-
chines, the cherries are selected based on their size and de-
pulped, which is the process in which the pulp and the outer
skin are removed. There remains a slimy layer around the
coffee bean with a varying thickness of 0.5 to 2 mm. The
separated pulp is then used for a variety of purposes or
discarded as junk after which the grains are transported to a
fermentation reservoir. The coffee is then moved with water to
ceramic-lined bins where they will ferment for 12-48 h. This
water not only moves the coffee but also removes most of the
sticky substance that surrounds each coffee bean. The purpose
of'this process is to remove the slick layer of mucilage (called
the parenchyma) that is still attached to the parchment; while
resting in the tanks, naturally occurring enzymes will cause
this layer to dissolve. Then, the beans are sent for drying and
hulling. The coffee drying process is a fundamental aspect and
determinant for the quality of the beverage, such that critical
care taken cultivation, harvesting and processing of the fruits
may be lost if the drying process is not carried out correctly
(Rendo’n et al. 2013). Figure 1 shows a generalized flowchart
to distinguish between the three processes that take place for
the processing of coffee beans.

Fig. 1 Flowchart showing dry,
semi and wet processing of coffee
beans
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But, although there is a large consumption of this beverage,
yet more than 50 % of the coffee fruit is not used for coffee
production and is discarded during processing (Esquivel and
Jiménez 2012).

Composition of coffee waste

The composition of the coffee waste was studied by Pujol
et al. (2013). They analyzed the coffee waste generated in a
soluble coffee industry and found that exhausted coffee wastes
showed characteristics for various potential applications such
as biodiesel production, as a source of antioxidants and as a
biosorbent of hydrophobic pollutants

Wet coffee processing produces a slightly different by-
product. Pressing the wet fruit through a screen leaves part
of the pulp, the mucilage and the parchment still attached to
the seeds (Belitz et al. 2009). The following (Tables 2, 3 and 4)
show the composition of coffee pulp, mucilage and character-
istics of wastewater but the composition of coffee pulps and
husks can vary depending on the processing mode, cultivar,
soil type and other factors (Pandey et al. 2000).

In most of the coffee processing industries, water is used
for de-pulping and the vast majority of mills use water to
channel the pulp directly into rivers. The oxygen required
for the breakdown of pulp is so high that rivers with high
amounts of pulp can be depleted of oxygen due to decompo-
sition processes. The main component is organic matter, stem-
ming from de-pulping and mucilage removal (Enden et al.
2002a). Generally, 42, 48 and 57 g roasted, ground coffee
are used typically per litre of water in the USA, UK and
Europe, respectively, and some 150 ml of the water are
retained in the spent coffee grounds (ICO 2011).

Moreover, the water waste from coffee is broadly divided
into two forms: the pulping water with a high content of quick-
ly fermenting sugars and the wastewater generated from the
processing applications. The main pollution in coffee

Table 2 Composition of

coffee pulp Contents Proportion (%)
Ether extract 0.48
Crude fibre 21.40
Crude protein 10.10
Ash 1.50
Nitrogen-free extract 31.30
Tannins 7.80
Pectin substances 6.50
Nonreducing sugars 2.00
Reducing sugars 12.40
Chlorogenic acid 2.60
Caffeine 2.30
Total caffeic acid 1.60

Source: GTZ-PPP 2002
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Table 3  Composition of mucilage

Contents Proportion (%)
Water 84.20

Protein 8.00

Sugars

Glucose (reducing) 2.50

Sucrose (nonreducing) 1.60

Pectin 1.00

Ash 1.60

Source: GTZ-PPP 2002

wastewater occurs when the organic matter that set free during
pulping becomes particularly difficult to degrade mucilage
layer surrounding the beans. The mucilage contains mainly
proteins, sugars and pectins and thus adds up to its better
utilization.

Table 5 shows the physico-chemical properties of coffee
wastewater as compared to ISI standards. Other constituents
of wastewater from coffee processing include toxic chemicals
like tannins, caffeine and polyphenols. Thus, the presence of
protein, sugars, minerals and high water contents of wet proc-
essed coffee pulp makes it an excellent substrate for the
growth of microorganisms and fast rate of spoilage (Pandey
et al. 2000).

Thus, some compounds that we can obtain from coffee
waste include the following:

1. Unrefined pectins, (i.e. crude) soluble dietary fibre or
SDF—mainly from the mucilage

2. Naturally occurring coffee fruit sugars—mainly from the
recycled pulping water

3. Antioxidants and flavonoids—mainly from the skins but
also some from the de-esterified mucilage.

4. Extraction of some colour chemicals

Thus, from an industrial point of view the extraction of
these materials could also substantially reduce the wastewater
and pollution problems from our largest factories. Due to the
great demand of this product, large amount of residues are

Table 4  Characteristics of coffee pulping wastewater

Parameter Value

pH 4.27-4.40
COD, mg/ml 9270-14,800
BOD @ 27 °C, mg/L 472-551
Ammonia nitrogen, mg/L 42-57
Nitrate nitrogen, mg/L 3248
Phosphorus, mg/L 60-90
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Table 5  Physico-chemical properties of coffee wastewater (CWW)
compared with ISI standards

S. no Parameters ISI tolerance limits
1 Colour Clear

2 Odour Odourless

3 pH 5.5-9.0

4 EC (dSm-1) <1.00

5 Total solids 2200

6 BOD (mg/l) 30

7 COD (mg/l) 250

8 Total nitrogen (mg/1) 100

generated in the coffee industry, which are toxic and represent
serious environmental effects (Mussatto et al. 2011).

Environmental effects of coffee wastewater

The effluents from washed and semi-washed methods are
loaded with organic matter and are high in toxicity. The results
can lead to degradation of the level of oxygen in water, which
can kill off virtually all aquatic life. Moreover, the total
suspended solids in the effluents are high, in particular, the
digested mucilage, when precipitated out of the solution,
builds a crust on the surface, clogging up waterways and fur-
ther contributing to the anaerobic conditions. Similarly, re-
moval of phosphorus from wastewater is of great interest
due to the limited nutrient status, and its disposal in water
bodies causes adverse effects such as eutrophication
(O’Neill et al. 2011).

Water is degraded when it is used in the fermentation of
cherries, where it becomes highly acidic. It is clear from the
above discussion that water is used for de-pulping, and the
vast majority of mills use water to channel pulp directly into
rivers. The oxygen required for the breakdown of pulp is so
high that rivers with high amounts of pulp can be depleted of
oxygen due to decomposition processes which makes the low
availability of oxygen to the aquatic life and thus reducing the
self purification capacity of rivers making it more pollutant.
Moreover, the amount of oxygen required for biological
breakdown exceeds the oxygen present in water creating an
anaerobic atmosphere which turns out to be a growing place
for health threatening bacteria with bad smell and dark appear-
ance caused by tannins.

The amount of oxygen needed biologically to break down
organic wastes diluted in water, that is, the biological oxygen
demand (BOD), could be as high as 15,000 mg/l, while the
amount of dissolved oxygen required to combine with
chemicals in the wastewater, that is, the chemical oxygen de-
mand (COD), could be between 15,000 and 25,000 mg/1.

Another environmental problem is the high requirement of
water for coffee processing; as much as 15,000 L per tonne of
cherries (coffee fruit) can be used, if there is no recycling and
reuse.

Traditional methods of wastewater treatment

The most obvious and troublesome method of coffee waste-
water management involves simply dumping it into the river.
Another method involves the creation of a large holding tank
where the wastewater is deposited and treated with talc to
reach the desired pH. The major problem with these is that
during the coffee season, the quantity of water is too great for
the size of the tanks, and overflow instantly reaches water
sources. Recycling requires skills because temperature, pH
and bacteria level of the processing water need to be moni-
tored and kept at optimum levels (Enden and Calvert 2002a).
Several studies have also been carried out on the use of coffee
pulp as food for animals (Braham and Bressani 1979; Cabezas
et al. 1987).

Towards a new approach

Coffee wastes and its by-products form a source of severe
contamination and a serious environmental problem. Many
efforts have been made by researchers to develop methods
for its utilization as a raw material for the production of feeds,
beverages, vinegar, biogas, caffeine, pectin, pectic enzymes,
protein and compost. The use of fresh or processed coffee pulp
has been the subject of numerous studies which, in general,
lead to the conclusion that coffee by-products and wastes can
be used in a variety of ways, some of which are summarized
here.

Utilization of coffee wastewater

In a study conducted by Narasimha et al. 2004, they devel-
oped a bioreactor-biogas route of effluent treatment that pro-
vides not only a solution to waste disposal, but also an alter-
native fuel for electricity generation. They considered a waste-
to-energy conversion route for coffee effluent treatment which
includes pH neutralization of the effluents followed by anaer-
obic digestion and collection of the biogas so generated in
gasbags which can be further used as a source of dual-fuel
engines for electricity generation. The flow diagram for this
process can be constructed as in Fig. 2.

The financially quantifiable benefit is the replacement of
diesel with biogas in a dual-fuel engine. Based on the research
work carried out by the IEI (2003), the estimation of the
avoided cost of diesel is represented (Table 6). Based on the
availability of biogas from the processing of 8 t of coffee fruit
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Fig. 2 Flow diagram for Biogas
generation of electricity from Iogas. '0[
coffee wastewater electricity
| Gashags
Input Feey
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Recycling  reduction in BOD/COD
pump
N
Treated water for
Pulping Settlement

per day, the total gas generation possible during the 5-month
season would be about 12,000 m>. Used at 0.918 m’ per
kilowatt-hour, biogas has been shown to replace 77 % of the
diesel required for the generation of electricity. The diesel
replacement by biogas, for the generation of electricity, in-
creases at the rate of 77 % with average use of 0.381 L/kWh.

Similarly, another author (Selvamurugan et al. 2009) de-
veloped an upflow anaerobic hybrid reactor (UAHR) to treat
the coffee processing wastewater which offers the advantage

Table 6 Calculation of avoided costs (for the estate being studied) (IEI
2003)

Item Unit Value

Gas available per day m3 80

Total gas production during the pulping season ~ m3 12,000
(150 days), assumed available for use

Biogas required for generating electricity m3 per kWh 0.918
in dual-fuel mode

Electricity generation possible during the season kWh 13,072

Diesel required for generating electricity in L/kWh 0.381
single-fuel mode

Diesel required along with biogas in dual-fuel ~ L/kWh 0.088
mode

Diesel saving possible during the season L 3,832
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Tank

of both suspended and attached growth anaerobic reactor sys-
tems. A UAHR of 4 mm thick clear acrylic sheet with volume
0f 19.25 L and a gas-liquid-solid separator installed at the top
was constructed. The reactor was then seeded using coffee
pulp and coffee effluent. For initial start-up of the reactor,
coffee wastewater was fed with hydraulic retention time
(HRT) of 24 h continuously and then it was operated at dif-
ferent HRTs as 24, 18, 12 and 6 h and the biomethanation
potential for the reactor was assessed in terms of BOD and
COD reduction, methane and total gas production. As a result
of'this, pH ranged from 3.88 to 4.21 because of the presence of
organic acids in the berry skin and pulp and electrical conduc-
tivity ranged from 0.96 to 1.20 um/cm?, which could be due to
the presence of nutrients. The reactor performed better at HRT
of 18 h with a short period of time. At 18 h retention time,
reduction of chemical oxygen demand, biochemical oxygen
demand and total solids were 61.0, 66.0 and 58.0 %, respec-
tively, with organic loading rate of 9.55 kg/m*/day. The max-
imum quantity of biogas produced was 840, 775 and 430 L/kg
of total solids (TS), BOD and COD removal, respectively;
with the methane content of 60.7 % at HRT of 18 h,
the study revealed the efficiency in treatment of coffee
processing wastewater under different HRT and organic
loading rates (Table 7).
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Table7 Treatment efficiency of coffee processing wastewater—hydraulic retention times (HRT) and organic loading rates (Selvamurugan et al. 2009)

HRT COD loading COD removal BOD removal TS removal Biogas production Biogas production Biogas production

(h)  rate (kg/m*/day) (%) (%) (%) (L/kg of COD reduction) (L/kg of BOD reduction (L/kg of TS reduction)
24 7.01 70 71 64 280 490 535

18 9.55 61 66 58 430 775 840

12 14.23 52 59 49 390 620 690

6 28.41 46 54 42 264 400 440

An attempt was also made by Selvamurugan et al.
(2010) to assess the efficiency of batch aeration as post-
treatment of coffee processing wastewater from a
UAHR by continuous and intermittent aeration system.
Results showed the maximum BOD, COD and TS re-
moval efficiency of 74.5, 68.6 and 49.3 %, respectively,
which were recorded in biomethanated CPWW aerated
continuously (Table 8).

The study was carried out by Mohana et al. (2011) to
characterize the coffee wastewater and to know the effect
of treated and untreated coffee wastewater on growth,
yield and other properties of palmarosa grass. Coffee
wastewater from coffee pulping and processing units were
collected and analyzed for physico-chemical properties like
colour, odour, pH, EC, TSS, TDS, BOD, COD, N, P, K,
Ca, Mg and S. The height, number of tillers/clump, leaf
area, plant spread, leaf to stem ratio, green forage, dry
matter production, chlorophyll content, total crude protein
and total fibre content of the plant was also analyzed. The
study revealed that coffee wastewater can be successfully
utilized for irrigation after suitable treatments and dilutions
because the growth studies indicate that the treated efflu-
ent samples showed better results than the raw effluent
(untreated). As coffec wastewater is highly acidic and pos-
sess all the qualities of polluted water, the quality can be
improved by different ameliorative techniques.

Etiégni et al. (2011) used electrocoagulation technique for
the removal of pollutants from wastewater which involves the
application of current across electrodes in water which causes
the dissolution of the anode to form hydroxides which

complexes with and/or absorb contaminants and precip-
itate out. The precipitate with the contaminants can then
be removed from the wastewater by settling and decan-
tation or filtration. As a result of this, it was found that
the consumption of power decreased by 57 % when
electrocoagulation combined with wood ash leachate
(ELCAS) was applied to the wastewater and 58 % when
electrocoagulation was combined with leachate from
coffee husks ash (ELCHAS).

Teresa et al. (2007) studied the reduction of COD, colour
and turbidity of coffee wastewater using coagulation-
flocculation and photo-degradation processes in which they
first studied the coagulation-flocculation of coffee wastewater
and then tested the photo-oxidation processes under acidic
conditions. The COD of samples was then measured along
with the turbidity and colour. As a result, the initial COD of
raw industrial wastewater was found to be 40004600 mg/L,
which got reduced by 55-60 % when treated using chemical
coagulation-flocculation processes (Table 9). In the case of the
flocculant 6705 with coagulant T-1, the COD is reduced by
approximately 33 %, while use of flocculant 6708 with coag-
ulant T-1 reduced the COD by approximately 34 %. The max-
imum reduction in COD (58 %) was obtained using the floc-
culant 6260 with coagulant T-1, which is the combination
used in the coagulation-flocculation process used in the indus-
trial coffee plant.

It was also found that the combination of lime (1.0 g) and
coagulant T-1 (8 ml) at pH 4.6 gave an even greater reduction
in COD (about 67 %). The use of chemical coagulation-
flocculation treatment in conjunction with UV/H,0O, photo-

Table 8 Showing changes in characteristics of biomethanated CPWW after batch aeration experiment (Selvamurugan et al. 2010)

Parameters Without Continuous Intermediate Intermediate Intermediate
aeration aeration (24 h) aeration (12 h) aeration (6 h) aeration (3 h)

pH 6.51 7.20 6.80 6.78 6.65

EC (dSm™ ") 041 0.23 0.28 0.32 0.35

BOD reduction (%) 30.3 74.5 62.0 544 48.2

COD reduction (%) 24.5 68.6 59.1 52.9 46.6

TS reduction (%) 16.2 493 355 274 22.8
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Table 9 Flocculation with

various flocculants at pH 4.6 for Commercial flocculant Without coagulation With coagulant T-1 (1.5 ml)

COD 0f 4300 mg/L (Teresa et al.

2007) Ecofloc (dissolution 1 %) 6705 (15 ml) 6708 (10 ml) 6705 (15 ml) 6708 (10 ml) 6260 (6 ml)
COD (mg/L) 3812 3496 2884 2820 1820
COD removal (%) 11 19 33 34 58

oxidation achieved an 86 % reduction in COD but required a
long irradiation time of 120 min.

Bio-refining of waste biomass involving the integrated pro-
duction of chemicals, materials and bio-energy is a potential
alternative for adding significant economic value added to the
waste as a bio-resource. Coffee processing done by wet and
dry methods discard away 99 % of the biomass generated by
the coffee plants at different stages from harvesting to con-
sumption level. The waste generated during the process
includes cherry wastes, coffee parchment husks, sliver
skin, coffee spent grounds, coffee leaves and wastewater
that are produced in various stages. Wet processing uses
up to 15 m’ of water to produce 1 t of clean beans
(Hue et al. 2004) and for every ton of beans produced,
about 1 t of husks are generated. It is estimated that
coffee processing is generating about 9,000,000 m® of
wastewater, and 600,000 t of husks annually in the EA
region.

Coffee waste contains high amounts of organic substrates
including carbohydrates, proteins, pectins, fibres and fat for
bioconversion into value added bio-products (Gathuo et al.
1991). However, large-scale utilization and management of
coffee wastes around the world still remains a challenge due
to caffeine, free phenols and tannins (polyphenols) which are
known to be very toxic to many life processes (Fan et al. 2003)
Previous studies have confirmed that toxic materials can be
minimized by hot water pre-treatment, microbial biodeg-
radation and aerobic fermentation (Gaime-Perraud et al.
1993; Martinez-Carrera et al. 2000). To that effect, pro-
duction of bio-products such as silage, biogas, worms,
animal feed, ethanol, vinegar, single-cell protein, en-
zymes, bio-pesticides and probiotics have only been
established at a small scale; thus, demonstration of the
technology at a pilot scale is yet to be achieved (Neves
et al. 2006; Murthy et al. 2012).

The mechanism involved in UV/H,0,/O5 reduction of COD
in coffee wastewater

The photo-oxidation and mineralization of organic pollutants
with hydroxyl radicals involves a mixture of oxidants such as
hydrogen peroxide and ozone in the presence of UV radiation.
H,0, can initiate the decomposition of O3 by electron transfer
(Huang et al. 1993) and the resulting reaction generates OH
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radicals, consuming H,O, and O; as in Equation (1), and
producing a chain mechanism, as shown in Equations from
(2) to (9) (Domenech et al. 2001).

O3 + H;0,—*0OH + O, + HOy* (very slow) (1)
H,0, === HO, + H+ (2)
HO,* === 0, + H+ (3)
HO, +03 —0; + HO»: (4)
0,~ + 05505 + O, ()
O;-+ H + —HO; (6)
HO3— +OH + O, (7)
03 + *OH —0, + HO»: (8)
05 + HO»:—20, + +OH 9)

Good management practice for effective effluent treatment
for coffee wastewater

It can be seen from the flow diagram (Fig. 3) that the coffee
beans are fed into a depulper where the outer shells are re-
moved. The pulp thus obtained can be further used for the
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Fig. 3 A summarized flow
diagram showing management of
coffee wastewater

Compost

Area

Pulp used for
production of
Compost

Effluent
Discharge

production of compost, thus, is sent to the compost area. In the
fermentation unit, most of the sticky substances attached to the
coffee beans are removed and the wastewater is collected in
bins for further treatments of methane gas production. The
treatment unit for effluent treatment plant which comprises
of the neutralization tank, equalization basin and others units
are discussed. In the equalization basin, the flow is reg-
ularized, aerobic and anaerobic treatments are given for
the production of methane and the wastewater is passed
to lagoons which have a biofilter. Here, the influent is
treated in oxidation pond making sure that the BOD and
COD levels are regulated. On the other hand, the water
contains elevated levels of plant nutrients, K and P. This
may be beneficial (irrigation reuse) or detrimental (dis-
posal/discharge).

Thus, the finding of the studies indicated the efficiency of
batch aeration in treating wastewater as posttreatment of pre-
viously treated coffee processing wastewater by the upflow
anaerobic hybrid reactor (UAHR) and is considered as a suit-
able treatment system for the coffee processing wastewater as
an eco-friendly approach.

Electrocoagulation or
Photofenton

Coffee

\

Depulper

Fermentation
unit

Collected wastewater

Neutralization tank

Equalization Tank

Biological
Treatment
(Aerobic)

Anaerobic
Treatment

Microbial

Methane Growth

Pm&

Sludge Drying
Bed

Sludge
Drying Bed

To Lagoons with
Biofilter

Utilization of coffee pulp

The water used for de-pulping of the coffee cherries is known
as pulping water (Enden and Calvert 2002a), and it accounts
for over half of the water used in this process (Enden and
Calvert Ken 2002b). Coffee pulp is the main residue obtained
during wet and semi-dry processing and represents 29 % dry
weight of the whole berry (Murthy and Madhava Naidu 2012)
making it rich in nutrients (Menezes et al. 2013). In a study,
coffee pulp and coffee wastewater were used as a substrate for
the production of ethanol and volatile compounds by using
eight yeast strains for fermentation (Bonilla-Hermosa et al.
2014) as a result of which it was found that yeast strain
H. uvarum UFLACAF76 presented the best fermentation per-
formance and this improvement was achieved with 12 % w/v
of coffee pulp, 1 g/L of yeast extract and 0.3 g/L of
inoculum. Under these conditions, interesting results of
ethanol yield, productivity and efficiency were obtained
which proved that coffee pulp and wastewaters have a
large potential as raw material for bioethanol and vola-
tile compounds production.
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Generally, the effluents from pulps, during the fermentation
process, hold in fermentation tanks and mechanical mucilage
recovery takes place. Sugars will ferment in the presence of
yeasts to alcohol and CO,. In this situation, the alcohol is
quickly converted to vinegar or acetic acid in the fermented
pulping water. Thus, the chemical reaction for biological fer-
mentation of six carbon sugars by yeasts to ethanol is as
follows:

Fructose to ethanol reaction:

C¢H1206 = 2 CH3CH,OH + 2 CO, (1)
(Sugar = 2 Ethanol + 2 Carbon dioxide)

Then, the ethanol formed is quickly broken down by bac-
teria into acetic acids. This complex enzymatic catalyzed re-
action is simplified as follows:

2 CH3;CH,OH + O, =2 CH3COOH 2)
(2 Ethanol + Oxygen = 2 Acetic acid)

The acidification of sugars will drop the pH to around 4,
and the digested mucilage will be precipitated out of the solu-
tion and will build a thick crust on the surface of the waste-
water, black on top and slimy orange/brown in colour. If this is
not separated from the wastewater, this crust will quickly clog
up waterways and further contribute to the anaerobic condi-
tions in the receiving stream.

Kumar et al. (2012) carried on a study to treat coffee pulp
wastewater using Fenton’s oxidation process in which the ef-
fect of different operating conditions like Fenton dosage,
mixing speed, pH and reaction time was evaluated. As a result
of which they evaluated the percentage removal of pollutant
parameters like ammonia nitrogen, nitrate nitrogen and phos-
phorus to be 90.75, 57.5 and 80 %, respectively. This study
was done to minimize the impact of coffee pulping wastewater
discharge on lagoons and natural water courses. Ferrous sul-
phate hepta-hydrate was used as source of iron and performed

Table 10  Fenton treatment of coffee pulp wastewater as studied by
Kumar et al. (2012)

Parameters Before fenton After fenton
treatment treatment

COD, mg/L 4100 640

BOD, mg/L 475 184

BOD/COD 0.051 0.288

Ammonia nitrogen, mg/L 28 2.59

Nitrate nitrogen, mg/L 18 7.65

Phosphorus, mg/L 72 14

pH 6.75 33

Turbidity, NTU 60 15

@ Springer

Table 11 Composition

of mucilage (Carbonell Component % Mucilage
and Vilanova 1974)
Total pectin substances 35.8
Total sugars 45.8
Reducing sugars 30.0
Nonreducing sugars 20.0
Cellulose and ash 17.0

the tests on Fenton dosage varied from of 15, 25 and 50 % of
hydrogen peroxide demand.

Thus, it is clear from Table 10 that there has been a decrease
in the COD and BOD levels after Fenton treatment along with
a decrease in acidity.

Utilization of coffee mucilage

According to (Carbonell and Vilanova 1974), coffee mucilage
contains water, pectins, sugars and organic acids. During mat-
uration, calcium pectate in the middle lamella and protopectin
from the cellular wall converted into pectins by hydrolyzing
result in disintegration of the cellular wall to free. The plasma
which contains sugars and organic acids is derived from me-
tabolism and conversion of starches. Mucilage contains nei-
ther tannins nor caffeine, but contains pectin-degrading en-
zymes that can hydrolyze pectic constituents in this material
and become important in fermentation. Thus, the composition
of mucilage was studied by them as shown in Table 11.

They investigated the prebiotic properties of coffee muci-
lage through batch culture fermentation and fluorescent in situ
hybridization for counting the cells.

Coffee mucilage can also serve as a novel substrate for
hydrogen production (Hernandez et al. 2014). As a result of
this technique, the hydrogen production was improved by a C/
N ratio of 53.4 which indicates a high hydrogen potential
compared to substrates such as POME and wheat starch.
The biogas composition was found to be 0.1, 50.6 and
39.0 % of methane, carbon dioxide and hydrogen, respective-
ly. Hence, this study established a direct relationship between
coffee mucilage, biogas and cumulative hydrogen volume.

Conclusion

Coffee processing water, especially from small-scale facilities
that use the wet fermentation processes, is quite high in BOD.
Such high BOD levels must be lowered to <300 mg L.
Electro Fenton and others such as anaerobic methods are use-
ful for the degradation of organic matters. The removal of the
natural organic matter present in coffee processing wastewater
through chemical coagulation, flocculation and advanced ox-
idation processes (AOP) under acidic conditions was found to
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be an effective treatment. Among the advanced oxidation pro-
cess schemes, the UV/H,0,/05 process was the most effective
in reducing the COD, colour and turbidity of coffee wastewa-
ter. The reduction of COD was 84 %. Finally, the treatment
combined with biological and chemical treatment is the most
effective treatment for coffee waste discharged. This com-
bined method is an effective approach for industrial coffee
wastewaters for reducing COD, and consequently greater deg-
radation of organic material. Moreover, it also presented a
generalized view of utilizing the coffee mucilage and pulp,
which not only forms an essential by-product but also helps
in the reduction of coffee pollutants.
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