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Abstract

This study introduces a new methodology for characterisation of
wastewater in the brewing industry. Wastewater from the brewery
industry has complex characteristics and is a challenge for envi-
ronmental engineers in their search for treatment and reuse. The
main objective of this study is to compare the physicochemical
- characteristics of wastewater from the brewery industry in Mo-
zambique and other African countries. The choice is due to the
large volumes of water used by the brewery industry in its pro-
duction processes, as well as the efluent management model that
must be adopted. For this study, samples were collected, and their
physical and chemical parameters analysed. The results were com-
pared with different breweries industries in other countries in the
area, the legislation in force in Mozambique and the values esti-
mated in the different articles considered in the literature. With the
results obtained, it was possible to characterise the wastewater
from the brewery industry in Mozambique to find the best method
of treating these effluents in a more environmentally friendly way.
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1. INTRODUCTION

In recent years, with the development of the global economy, en-
ergy shortages and environmental pollution have become two
major issues facing humanity. The development of efficient and



clean combustion of fossil energy, the comprehensive utilisation
of renewable fuels and the reduction of environmental pollution
have become unavoidable requirements for sustainable social
development [1], [2]. Water pollution is a major problem facing so-
cieties, which have been degrading the environment at an ever-
increasing rate for several decades [3], [4]. Industrial wastewater
constitutes an environmental pressure, even though this water is,
in some cases, collected by a local sewage network, treated in an
urban wastewater treatment plant (WWTP) and subsequently re-
leased into the environment [3]. It should be noted that the envi-
ronmental degradation caused by the discharge of industrial ef-
fluents has increased sharply in Africa and around the world [4].
Mozambican legislation (Law No. 18/91) in its Chapter IV, Section
I, Article 51, establishes that water contamination consists of the
action and effect of introducing materials, forms of energy or the
creation of conditions that, directly or indirectly, imply a detrimen-
tal alteration of its quality in relation to subsequent uses orits eco-
logical function. The brewing industries, despite being a vital part
of the economy of the producing country, consume large volumes
of water during the production processes, and subsequently re-
lease around 70 per cent of it as wastewater [1]. The production of
1 litre of beer consumes 10 litres of water and around 7 litres end
up as waste water. The amount of water used can fall below the
figures mentioned in larger breweries or if advanced technology is
used (2.2-3.3 hL of water for 1 hL of beer), but the disposal of brew-
ery wastewater is still a major challenge [5]. The brewery waste-
water component, such as surplus yeast grains, produced in two
main stages of beer production (brewing and packaging), are the
main contributors to environmental pollution when mixed with ef-
fluent [3], [4], [6]In terms of composition, brewery wastewater has
high chemical oxygen demand (COD), along with 5-day biochemi-
cal oxygen demand, total solids, nitrogen and phosphorus pollut-
ants, volatile fatty acids, etc. However, nitrogen and phosphorus
concentrations depend on the type of chemicals that are used in
the brewery, as well as the amount of yeast used in the effluent [7].
However, studies show that this effluent is dangerous when ex-
posed to the environment without prior treatment. This phenom-
enon points to the need to find treatment mechanisms that lead
not only to the reduction of this waste, but also to the return of
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purer water to the environment, combined with the reuse of water
in various applications [8], [?]. The main environmental concerns
raised by brewery operations include water consumption, waste-
water, solid waste and by-product generation, energy use and at-
mospheric emissions. This phenomenon leads to environmental
problems such as water scarcity, excessive growth of undesirable
microbes that cause loss of aquatic life forms and health-related
problems in the communities around the discharge areas [1]. [8].
[9]. As a way of minimising the pollutant load, there are two types
of wastewater treatment systems, namely conventional and non-
conventional treatment systems [10]. In the non-conventional sys-
tem we can find anaerobic digestion [1], [10]. Systematic research
and a deeper understanding of the anaerobic process have led
to anaerobic digestion (AD), a biological process in which organic
matter is converted into CH, e CO, has become a more attractive
technology for wastewater treatment due to its low capital and op-
erating costs compared to other technologies available in recent
decades [3]. [11]. Today, anaerobic techniques are generally used in
industries with a high level of soluble and easily biodegradable or-
ganic material[3]. This work aims to provide new knowledge about
the characteristics of the wastewater generated in a brewery in
Mozambique. However, characterisation will help in the develop-
ment and design of an optimal wastewater treatment system ca-
pable of significantly reducing pollutants.

2. MATERIALS AND METHODS

The process of taking samples of the brewery’s wastewater
was based on the identification of a converging point (INLET
SUMP 100-TK-101 tank) where the water is found in its raw
state, originating from the various stages and activities, most
notably the manufacturing, filling and logistics processes [15-19].
Samples were taken over several days in order to provide better
characterisation, and the same samples were analysed in the
laboratory, followed by analyses of the main standard parameters,
namely: pH, Temperature, Alkalinity, Conductivity, TDS, Turbidity,
Phosphate, Nitrogen, BOD and COD. The analysis of pH, conductivity
and TDS was based on the use of the HQ40d equipment, and the
temperature and alkalinity parameters were analysed using the



titration technique [20-27]. The 2100 turbidimeter was used to
analyse turbidity and finally the parameters Phosphate, Nitrogen,
BOD and COD were analysed using the DR6000 equipment. The
water from the various activities flows into a tank made up of a
grid to remove coarse solids, after which it passes through a filter
tank to remove some solids whose granulometry does not allow
them to pass through the pores. A container is attached to this
filter tank to deposit the solids retained in the filter. The system has
several automatic control valves, one of which controls the level
of pH in the water after the filtration process, and when it is high it
has a tank called a calamity tank which corrects the P" by adding a
specific acid to stabilise it. In addition to the tanks, there is a later
tank called the lung tank, followed by two tanks with anaerobic
bacteria (emergency tank and DACS reactor) where anaerobic
biological treatment takes place. The system also has two tanks
with aerobic bacteria in sequence (MBBR1and MBBR2), a decanter
with a bottom for removing sludge. After sedimentation there is a
sand filter and a chlorine dosing tank.

3. DISCUSSION

Table 2 presents a comparative numerical assessment of the data
obtained from the different laboratory analyses of the samples
taken at the Mozambican brewery for the present study and
compared with the results obtained in past studies by different

authors.

Parameter Sample Analisys [5] [7]

pH 51-64 3-12 4.4.-12.2
Temperature (°C) 18 - 20 18- 40 25.3 - 37
Alkalinity (mg/1) 240 - 265 - —
Condutivity (uS/cm) 2120 - 3480 _ 1893 - 6017
TDS (mg/1) 2335 - 3246 2020 - 5940 1043 - 2572
Turbidity (NTU) 53.42 - 34992 187 - 2000 303 -1039
Phosphate (mg/I) 1512 - 37.22 10 - 50 —
Nitrogen (mg/1) 22.03 - 35.09 25-80 13.7 - 106
DBO (mg/1) 1490 - 3241 1200 - 3600 —

DQO (mg/1) 2670 - 3798 2000 - 6000 3447 - 11813

Table 2: Comparative data for the different parameters.
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According to the laboratory results of the different samples tak-
en at the Mozambican brewery, the effluent shows a varied acidic
level with a weak tendency, with reference to the pH values. The
characteristic weak acidic variation of the wastewater from the
Mozambican brewery originates from the use of strong and mod-
erate acids (nitric and phosphoric acid) in the cleaning and sani-
tising process and is buffered from the drainage of a strong base
(caustic soda) used in the filling process.

Regarding the alkalinity parameter, it should be emphasised that
it represents the quantitative capacity of the acid to be absorbed
without altering the pH. According to the sample data relating to
this parameter, it shows a high buffering capacity and is less af-
fected when something acidic is added. On the other hand, it re-
sists changing the P" when a small amount of a strong acid or base
is added.

When it comes to conductivity, the tributary analysed has a lower
dissolved salt content, although this is directly proportional to its
conductivity. About dissolved solids, the values obtained indicate
a high rate. The wastewater has a high concentration of Biochemi-
cal Oxygen Demand (BOD) due to the presence of carbohydrates
and proteins used in beer production. In this study it has been
compared the wastewater from the brewing industries of Mozam-
bique to other references [5] and [7]. It is shown the COD analysed
in Mozambique is in the same range of the others, a bit lower than
them. BOD is also in the same Intervale of the others. Turbidity is
lower than in the other references [5, 7], but still in the range. In the
case of Phosphate and Niitrogen, they are also in the interval of
the brewing industries waste water. COD Indicates the amount of
oxygen required to decompose organic matter through chemical
oxidation [15], [16]. However, the comparison with [5] and [7] shows
a linearity in the values due to the standardisation of the raw ma-
terials used and the work project. The main source of turbidity in
wastewater is the presence of solid particles in the medium, which
can be an indicator of pollutants and also make it difficult to visu-
alise the effluent [17], [18], [19]. The water analysed in the project
has a low turbidity content compared to [5] and [7], which shows
that there is little emission of solid particles in the Mozambican
brewery.Phosphate is an essential compound for the development
of processes of biological origin, but in excessive quantities in ef-
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fluents it can cause the phenomenon of eutrophication, where
there is excessive growth of algae and thus a reduction in the oxy-
gen necessary for the survival of aquatic beings [19], [20].

Graph 1: Comparative evaluation of the average data for the different parameters
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It should be noted that the number found in the project shows a -
high value compared to [5], raising concern in order to minimise
the situation of lack of survival and forcing the repair of regula-
tory standards for the minimum parameters necessary for waste-
water to be allowed to leak into a receiving water body.Nitrogen
manifests an indirect characterisation of proteins present in
wastewater, and wastewater from a brewery will always contain
the substance in question due to the characteristics of the main
raw materials used in the brewing process [12], [19]. On average,
the value found in the project is low compared to [5] and [7]. In all
cases, the values obtained by the different authors and the current
study are consistent. There is no great discrepancy in the values,
which means that in terms of the work project and the products
used, there is a close approximation. In this paper, after study-
ing all the data taken and comparing with the wastewater from the
brewing industries of Mozambique and other references [5] and
[7], itis shown the following:

- COD analysed in Mozambique is in the same range as the other
references, a bit lower than them.



86

- BOD s also in the same range as the others.

«  Turbidity is lower than in the other references [5, 7], but still in
the range.

- Phosphate and Nitrogen, they are also in the interval of the
brewing industries wastewater.
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