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Climate change, population growth, and urbanization have depleted water resources and
increased the amount of wastewater, leading to growing water stress worldwide. Water is
the main raw material of the beverage industry, which is why it is also one of the largest
industries producing wastewater. For environmental and economic reasons, the beverage
industry is increasingly seeking ways to reduce freshwater consumption and minimize
wastewater either by treating it for reuse or by reducing its volume.

Wastewater in beverage industry is generated from the cleaning and rinsing of equipment,
pipelines, and floors, as well as from heating and cooling systems. The wastewater also
contains raw materials used in beverage production, such as various sugars, ethanol, fruit
concentrates, malts, hops, syrups, acids, and mineral salts. The final product also ends up in
the sewer, for example, during the start and end of production. Due to the raw materials used
in beverages the concentration of organic matter is typically high in the wastewater. Typical
quality characteristics analysed from beverage industry wastewater are organic matter, total
suspended solids, total nitrogen and total phosphorus.

The experimental part of the thesis was conducted for Hartwall. It investigated the reasons
for the varying quality characteristics of Hartwall's wastewater and aimed to find methods
to treat and reduce the wastewater. Four different wastewater streams were investigated for
their quality characteristics and possible treatment methods. Based on the research, it would
be most profitable to direct the wastewater from wort production to an existing biogas plant.
For the treatment of the total wastewater, a UASB reactor was proposed, but this would still
require detailed cost estimates. The most likely cause for the varying of quality
characteristics was reduction of water usage, which concentrates the wastewater.
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Ilmastonmuutos, vdestonkasvu ja kaupungistuminen ovat kuluttaneet vesivaroja ja lisinneet
jateveden médrdd, mikd on johtanut kasvavaan vesistressiin maailmanlaajuisesti. Vesi on
juomateollisuuden pairaaka-aine, jonka vuoksi se on yksi suurimmista jatevetta tuottavista
teollisuudenaloista. Ympdristollisistd ja taloudellisista syistd juomateollisuus etsii yhi
enemmain keinoja vdhentdd veden kulutusta ja jiteveden syntymistd ja sen mahdollista
kierrattdmista.

Jatevettd syntyy laitteiden, putkistojen ja lattioiden puhdistuksesta ja huuhteluista, sekd
lammitys- ja jddhdytysjérjestelmissd. Jatevesi sisdltdd myds juomien valmistuksessa
kiytettyjd raaka-aineita, kuten erilaisia sokereita, etanolia, hedelmaétiivisteitd, maltaita,
humalaa, siirappeja, happoja ja kivenniissuoloja. My0s valmista lopputuotetta paétyy
viemdriin esimerkiksi tuotannon aloituksissa ja lopetuksissa. Juomissa kdytettyjen raaka-
aineiden vuoksi jiteveden orgaanisen aineen pitoisuus on tyypillisesti korkea. Tyypillisid
juomateollisuuden jdtevesistd analysoituja laatuominaisuuksia ovat orgaaninen aines,
kiintoainepitoisuus, kokonaistyppi ja kokonaisfosfori.

Opinniytetyon kokeellinen osa tehtiin Hartwallille. Tavoitteena oli selvittd syitd Hartwallin
jatevesistd mitattujen laatuominaisuuksien vaihtelulle, sekd pyrkid 10ytdmédn menetelmid
jateveden kasittelyyn ja vdhentdmiseen. Tydtd varten tutkittiin neljdd eri jatevesivirtaa
niiden laatuominaisuuksien ja mahdollisten kisittelymenetelmien osalta. Tutkimuksen
perusteella kannattavinta olisi ohjata vierteen valmistuksessa syntyvit jétevedet olemassa
olevalle biokaasulaitokselle. Kokonaisjdtevesien kasittelyyn ehdotettiin UASB-reaktoria,
mutta se vaatisi silti  yksityiskohtaisia kustannusarvioita. Todenndkdisin  syy
laatuominaisuuksien vaihteluun oli veden kdyton viheneminen, joka vikevoittda jateveden.
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SYMBOLS AND ABBREVIATIONS

Abbreviations
AD Anaerobic digestion

AnMBR Anaerobic membrane bioreactor

BAT Best available techniques
CAS Conventional activated sludge
BOD Biochemical oxygen demand
COD Chemical oxygen demand
DO Dissolved oxygen

EGSB Expanded granular sludge bed
IC Internal circulation

MBBR Moving bed biofilm reactor

MBR Membrane bioreactor

MF Micro filtration

NF Nano filtration

RO Reverse osmosis

RTD Ready to drink

SS Suspended solids

SOC Synthetic organic compound
TDS Total dissolved solids

N Total nitrogen

TOC Total organic carbon

TP Total phosphorus



TS Total solids
TSS Total suspended solids
UASB Upflow anaerobic sludge blanket

UF Ultra filtration
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1 Introduction

Climate change, growing population growth and urbanization have led to depletion of water
resources and increase in the amount of wastewater. This leads to water stress, a situation
where there is not enough qualify water to meet the needs of people and the environment.
Water stress already affects 30 % of the European population every year. Therefore,
reducing, reusing and recycling water is very important to prevent and reduce water stress.

(Garg, 2019; Zal, et al., 2021)

Water is the main raw material in beverage industry, and it is used in almost all production
steps, making the industry highly depended on water. Therefore, the depletion of water
resources poses a significant threat to it globally. Beverage industry also produces a lot of
wastewater, making it one of the largest wastewater producing industry. In many parts of the
world beverage industry among other industries discharge untreated wastewater in the
environment. This practise causes serious environmental risks by polluting and
eutrophicating water bodies, and it has led to stringent of wastewater regulations and
legislations. For environmental and economic reasons, the beverage industry is increasingly
seeking ways to reduce the consumption of fresh water and minimize wastewater, either by

treating it for reuse or by reducing its quantity. (Garg, 2019)

The literature part of this thesis discusses industrial wastewater legislation and the quality
characteristics of beverage industry wastewater and the factors affecting them. At the end of
literature part is reviewed possible wastewater treatment methods for the beverage industry

wastewater.

The experimental part of this thesis was conducted for Hartwall, one of Finland’s largest
beverage manufacturers. The quality characteristics of Hartwall’s wastewater have varied
greatly between different years. Especially the values measured in 2023 were exceptionally
high. There was also great variation between different substances, with increases in
concentrations differing by up to 20 %. The first object of this study is to identify the reasons
for the variations of wastewater characteristics. The second object of this study is to find
ways to reduce and treat generated wastewater, which would lead to economic savings and

enhance Hartwall’s sustainability.
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2 Literature review

The first chapter of the literature review discusses the legislation related to industrial
wastewater and the increased wastewater fee. In the second chapter reviews, the quality
characteristics of wastewater, focusing on food industry wastewater. In the last two chapters,
the typical characteristics of beverage industry wastewater and their possible treatment

methods are reviewed.

2.1 Regulation of industrial wastewater

Industrial wastewater refers to the wastewater from property used for industrial production
and other business activities, which is neither domestic wastewater nor run-off rainwater
(Government Decree 88/2006, 2006). The composition between wastewaters from different
industries can differ considerably from each other and from domestic wastewater. Also,
wastewater quality and flow rates can vary significantly even within a day, which makes it
difficult to determine typical operational conditions for industrial wastewater. For these
reasons, industrial wastewater must be characterized to identify the constituent
concentrations and mass load, and to determine the need for pretreatment. (Tchobanoglous,

et al., 2014).

In Finland industrial wastewater is regulated by national laws and regulations.
Environmental Protection Decree (713/2014) sets requirements for industrial wastewater.
Industrial wastewater must be pretreated before it is discharged to sewer to prevent harm to
the environment and meet the standards for receiving water bodies. This pretreatment
ensures the safe and environmentally acceptable utilization and final treatment of the sludge.
Additionally, it protects the health of the sewage network and treatment plant operators, to
prevent the operation of wastewater and sludge treatment process to becoming more
difficult, and to avoid damage to the sewage network, treatment plants and related
equipment. If the requirements are not met, the water treatment plant can refuse to receive
wastewater. The most important substances that cause water pollution are listed in table 1.

(Government Decree 713/2014, 2014).
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Table 1 The most important substances that cause water pollution (Government Decree
713/2014, 2014)

organic halogen compounds and substances that can form such
compounds in the aquatic environment

organophosphorus compounds

organic tin compounds

substances and preparations that are shown to have carcinogenic,
mutagenic, or reproductive properties

persistent hydrocarbons and persistent and bioaccumulative toxic
organic substances

cyanides and fluorides

metals and their compounds

arsenic and its compounds

biocides and plant protection agents

suspended substances

eutrophication-causing substances, especially nitrates and phosphates

substances that adversely affect the oxygen balance

The Environmental Protection Act (527/2014) lists the activities for which an environmental
permit is required. The environmental permit considers the wastewater discharged into the
sewer network and determines the necessary limit values for emissions of polluting
substances and other regulations for industrial wastewater. The Environmental Protection
Act also provides that the best available techniques (BAT) must be used in operation; the
energy use of operations must be efficient, emissions from operations must be monitored,
information on waste generated and processed from operations must be submitted to the
authorities, and the operator must have necessary expertise in relation to the quality of the

operation. (Act 2014/527, 2014)

The industrial facility enters into an industrial wastewater agreement with the wastewater
treatment plant, where the industrial wastewater fee is defined for the wastewater load that
differs from domestic wastewater. The right to collect the increased wastewater fee is
provided in the Water Management Act (2001/119). The presence and concentration of the

substances, listed in the Government Decree on Substances dangerous and hazardous to the
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aquatic environment (1022/2006), must be defined in the industrial wastewater agreement,

these substances are listed in table 2. (VVY, 2018; Act 2001/119, 2001)

Table 2 Substances that must not be released to the sewer network (2006/1022)

Substances that must not be released to the sewer network
1,2 dichloroethane

aldrin

dieldrin

endrin

isodrin

dichlorodiphenyltrichloroethane (DDT)
hexachlorobenzene

hexachlorobutadiene

hexachlorocyclohexane

carbon tetrachloride

pentachlorophenol

tetrachloroethene (tetrachloroethylene)

trichlorobenzene (1,2,4 trichlorobenzene)

trichloroethene (trichloroethylene)

trichloromethane (chloroform)

The highest permitted emission limit values in concentration
values

mercury and its compounds, chloroalkane industry 50 pg/l
mercury and its compounds, other industry 5 ug/l
cadmium and its compounds 10 ug/l

The increased wastewater fee can be calculated using equation 1, where the increase factor

k is defined by which the normal fee is multiplied.
k=14+ax*Tx(L—-1), (1)
where,

k = the increase coefficient of the fee for use

a = the share of the wastewater treatment costs in the wastewater treatment plant’s costs,
typically varying between 0.4 — 0.6.

T = the rate structure coefficient, i.e. proceeds from wastewater usage fees and basic fees
divided by the proceeds received from wastewater usage fees.

L = the quality coefficient, i.e. the corrective coefficient that takes into account the impact
of higher concentrations of the industrial wastewater on costs compared to domestic
wastewater.
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The equations for calculating the coefficient a and T can be found from Finnish industrial
wastewater guide. The coefficient L can be calculated from equation 2.

L= by (§) 4 bae () + b= (55) + 20+ (7). @

where,
b1 = weighting coefficient of the cost factor calculated for suspended solids

s = concentration of suspended solids in wastewater conveyed to the sewer network from
operator’s property (mg/l)

S = reference concentration of suspended solids (mg/1)

b, = weighting coefficient of the cost factor calculated for nitrogen

n = concentration of total nitrogen in wastewater conveyed to the sewer
network from the operator’s property (mg/1)

N = reference concentration of total nitrogen (mg/1)

bs = weighting coefficient of the cost factor calculated for biological oxygen
demand (BOD)

bod; = biological oxygen consumption of wastewater conveyed to the sewer network from
the operator's property BODatu (mg O2/1)

BOD7 = is the reference concentration of biological oxygen consumption
BODartu (mgO2/1)

bs = weighting coefficient of the cost factor calculated for phosphorus

p = concentration of total phosphorus in wastewater conveyed to the sewer
network from the operator’s property (mg/l)

P = reference concentration of total phosphorus (mg/l).

The reference concentrations are typically calculated from the discharge data of the
treatment plant during the dry period and from the average influent flow. In the weighting
coefficients, the relative cost share of the removed substances in the total costs of the
treatment plant is considered, and therefore type of process used in the treatment plant affects

them. (VVY, 2018)
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2.2 Monitored characteristics from wastewater

Wastewater from food and beverage industries usually contains large amounts of solids,
organic matter, and oily substances. Wastewater also contains residues from detergents and
disinfectants. Food and beverage industries wastewater usually contain only few toxic
compounds and is non-toxic to environment. The subsections describe in more detail the

different characteristics that are monitored from food and beverage industries wastewaters.

2.2.1 Solids

Wastewater contains various solids, which can be classified according to their size and
whether they are organic or inorganic. If the solid matter is not removed from the wastewater,
it can cause turbidity and silting in the receiving water bodies, and also eutrophication
because the solid matter contains phosphorus and organic matter. Solids also affect the
operations of wastewater treatments plants and pumping stations by accumulating in sewer
pipes and dry wells and by increasing the amount of sludge in the treatment process. (VVY,

2018; Laitinen, et al., 2014)

Solids are classified into total solids (TS), total dissolved solids (TDS) and total suspended
solids (TSS). TS is the residue that remains when the sample is dried to a constant weight in
an oven (103 — 105 C°), TS includes TDS and TSS. TDS is obtained by filtering the sample
with a filter of 2.0 um nominal pore size or smaller, after which the filtered sample is
evaporated at 180 C°. TSS is obtained by filtering the sample through a glass fibre filter and
drying the residue left on the filter to constant weight at 103 — 105 C°. TSS can be divided
to fixed suspended solid (FSS) and volatile suspended solid (VSS). TSS and TDS can be
divided into volatile and fixed fraction by burning it at 500°C. The fractions that burn during
the combustion are called volatile suspended solids (VSS) and volatile dissolved solid
(VDS). The fractions that remain after combustion are called fixed suspended solid (FSS)
and fixed dissolved solid (FDS). The volatile fractions consist of organic substances and the

fixed fractions of minerals. Figure 1 describes the relations between different solids.

(Bahadori & Smith, 2016; Tchobanoglous, et al., 2014).
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Figure 1 The relations between different solids (modified from Tchobanoglous, et al.,
2014)

2.2.2 Organic matter

The organic matter in wastewater usually consists of proteins, carbohydrates, oils, and fats,
and in addition to these, it contains various synthetic organic compound that end up in
wastewater, for example through medicine and cleaning products. If organic matter is
released untreated into the environment, it can cause the depletion of natural oxygen
resources and the development of anaerobic conditions when oxidized in the water body into
which it released. Anaerobic conditions lead to the increase of anaerobic bacteria, which
produce by-products such as methane and ammonia when they break down organic matter.
These by-products can be toxic to aquatic organisms. A high concentration of organic matter
can also cause anaerobic conditions in the sewage system, which can lead to the formation
of methane, causing an explosion hazard as well as odour emissions. (Tchobanoglous, et al.,

2014; VVY, 2018).

The organic load of wastewater is determined in three ways: total organic carbon (TOC),
chemical oxygen demand (COD) and biochemical oxygen demand (BOD), of which the
most commonly used are BOD and COD measurements. TOC is directly related to the
potential of food in the wastewater for bacteria and micro-organisms, while BOD measures
the oxygen demand of microorganisms when stabilizing organic matter, and COD measures

the amount of oxygen consumed in the chemical reactions of organic and oxidizable
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inorganic matter. The relations between TOC, COD and BOD are described in figure 2.
(Bahadori & Smith, 2016; Baird & Smith, 2022)

TOC
Not oxidizable COD
Not biologically BOD
degradable
Hard BOD Soft BOD
Large molecules Small molecules
May take hours/days to degrade Taken up directly

Figure 2 The relations between TOC, COD and BOD (Davies, 2005).

In the BOD process, a sample of wastewater is seeded with a small number of
microorganisms, and the amount of dissolved oxygen (DO) is determined. The sample is
incubated at 20 C° for a certain time, usually 5 days (BODs), but in Scandinavia, for example,
the incubation time is 7 days (BOD7). After incubation, DO is determined again from the
sample. BOD is obtained from the DO difference between before incubation and after. The
limiting factors of BOD test is the high need for active acclimated seed bacteria, pre-
treatment for toxic waste and for reducing the effect of nitrifying organisms, it measures
only biodegradable organics, and it takes relatively long time to get the test results. The result
of the BOD test does not guarantee that all the organic matter has been consumed in the
incubation time, presenting a significant limitation to the reliability of the results.

(Tchobanoglous, et al., 2014; Baird & Smith, 2022).

The COD test is usually done by measuring the oxygen equivalent of organic matter using
dichromate as an oxidizer (COD.). The main advantage of the COD test is that it can be

completed in 2-3 hours. The COD test does not give the same information as the BOD test.
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The COD test values are higher because some organic materials are difficult to oxidize
biologically but they can be oxidized chemically. Inorganic substances oxidized by
dichromats also increase the apparent organic concentration of the sample. A correlation
between BOD and COD can be obtained for specific wastewater streams, but the same
BOD/COD ratio does not apply to wastewater generated in another process. The BOD/COD
ratio indicates the biodegradability of wastewater, if it is greater than 0.4 the wastewater is
easily biodegradable. If the BOD/COD ratio is under 0.3 it may indicate that the wastewater
has toxic compounds. (Bahadori & Smith, 2016; Tchobanoglous, et al., 2014)

In the TOC test, organic carbon is determined from the oxidation of organic matter into
carbon dioxide by utilizing heat and oxygen, ultraviolet radiation, and chemical oxidants.
The advantage of TOC test is that it can be completed in 10-15 minutes, which makes it
suitable process control parameter for example monitoring the efficiency of wastewater
treatment plant. TOC differs from BOD and COD in that it directly measures the amount of
organic carbon in the water sample, but it also includes organic compounds that are not

biodegradable. (Baird & Smith, 2022; Tchobanoglous, et al., 2014)

2.2.3 Nutrients

Nitrogen and phosphorus are the main nutrients for growth of microorganisms, including
algae, which makes nitrogen and phosphorus the main cause of eutrophication of freshwater.
Therefore, they must be removed from the wastewater before it is released into the

environment. (Tchobanoglous, et al., 2014)

Total nitrogen (TN) of wastewater includes ammonia, nitrite, nitrate, and organic nitrogen,
which consists of complex mixture of compounds such as amino acid, amino sugar, and
proteins. Combination of organic nitrogen and ammonia nitrogen can be measured by using
the Kjeldahl method which includes digestion of the sample in which the organic nitrogen
is converted to ammonia, following distillation, and determination of ammonia from the
distillate. Nitrite is an oxidized intermediate form of nitrogen, nitrite oxidized to nitrate,
which is the most oxidized form of nitrogen in wastewater. (Tchobanoglous, et al., 2014;

Bahadori & Smith, 2016)
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Nitrogen removal can be done by physical, chemical, or biological methods, and also by
using combinations of the methods. Physical methods include ammonia stripping, ion
exchange and adsorption. Possible chemical nitrogen removal methods are chlorination and
precipitation. Physical and chemical methods are expensive and need further treatment.
Nitrogen is usually removed from wastewater using biological methods based on
nitrification in aerobic medium and denitrification in anoxic medium. In aerobic phase the
autotrophic nitrifying bacteria convert nitrogen from ammonium form into nitrate via nitrite.
In anoxic phase, heterotrophic denitrification bacteria reduce the produced nitrate to nitrogen
gas which is released into the atmosphere. The process is significantly affected by pH,
temperature, DO concentration, C/N ratio, hydraulic retention time and toxic chemicals. In
figure 3 is described transformation of nitrogen in biological treatment process. (Mishra, et

al., 2022; Kabuba, et al., 2022)

Organic Nitrogen
(proteins, urea)

Bacterial
decomposition
and hydrolysis
A
Ammonia dehib i Organic Nitrogen | Organic Nitrogen
Nitrogen (bacterial cells) (net growth)
—
0y Lysis and autooxidation
—_—
A
c
2 Nitrite (NO3)
S =
5
z 02
B —
: Denitrification Nit
. _ itrogen gas
~— Nitrate (NO3) > geng
‘I (N2)

Organic Carbon

Figure 3 Nitrogen transformation in biological treatment process (Tchobanoglous, et al.,
2014)

The composition of total phosphorus (TP) varies a lot between different industrial

wastewaters. The main forms of phosphorus in wastewater are orthophosphates, condensed
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phosphates, organic phosphorus, and chemically bound phosphorus. Phosphorous can occur
in wastewater in two fractions, particulate and soluble, which can be divided further into
reactive and non-reactive. The non-reactive phosphorus can be divided to acid hydrolysable
phosphorus and organic phosphorus. Reactive form of phosphorus reacts to colorimetric
tests without preliminary hydrolysis or oxidative digestion. In figure 4 is described different

phosphorus fractions. (Gu, et al., 2014; Tchobanoglous, et al., 2014)

Total P

Total Soluble Total Particulate
P P
Soluble Soluble non Particulate Particulate non
reactive P reactive P reactive P reactive P
Soluble acid- Soluble organic Particulate acid- Particulate
hydrolysable P P hydrolysable P organic P

Figure 4 Different fractions of phosphorus (modified from Gu, et al., 2014)

Phosphorus can be removed from wastewater biologically and chemically, and by using
combinations of these. Chemical phosphorus removal is most used, and it is based on
precipitation, which is achieved by reactions between phosphorus and chemical compounds,
usually polyvalent metal ions. Precipitates are removed from the liquid by solids separation
processes. Biological phosphorus removal is based on microbes, which store phosphorus to
their cells as polyphosphate. The biological process needs a variation of aerobic and

anaerobic conditions. (Gu, et al., 2014; Tchobanoglous, et al., 2014)

2.2.4 Temperature, pH and conductivity

Temperature has a great influence on the biological processes. The optimal temperature for
biological activity is 25 — 35 C°, and at the temperature above 50 C° aerobic digestion and
nitrification stops. At the temperature below 15 C°, the methane-producing bacteria are

inactive, and at 5 C°, the autotrophic-nitrifying bacteria stop functioning. Temperature also
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affects chemical reactions and reaction rates. Temperature changes can also damage concrete
and plastic pipes, and high temperatures (> 40 C°) can cause corrosion in sewer networks.

(Tchobanoglous, et al., 2014; VVY, 2018)

The pH value affects also the biological process of the wastewater treatment plant, especially
the large fluctuations, typical of industrial wastewater, disturb the micro-organisms.
Therefore, industrial wastewater needs to be neutralized before releasing to the sewage
network. The ideal pH for biological processes is 7 — 8. A low pH level can also cause

corrosion in concrete sewer network and pumping stations. (VVY, 2018)

Ions conduct electricity in water, therefore when the amount of the ions increases the
electrical conductivity increases. Conductivity is affected, for example, by hydrogen and
hydroxide ions, and phosphates and nitrates. Conductivity can be used to monitor wastewater
treatment processes, for example, to determine the salinity of wastewater. (Tchobanoglous,

et al., 2014; Levlin, 2007)

2.3 Typical characteristics of beverage industry wastewater

Approximately 30 % of the fresh water used by the beverage industry is used for the final
product, the rest of the water used goes to the sewer as wastewater. Wastewater is generated
from washing and rinsing of the equipment, pipelines, and facilities, and also in heating and
cooling systems. One of the biggest causes of wastewater from the beverage industry is
washing of reusable glass bottles, which can cause up to 50 % of total wastewater produced
by beverage industry. Wastewater also contains raw materials used in the manufacture of the
beverages such as different kind of sugars, ethanol, fruit concentrates, malt, hops, syrups,
acids and mineral salts. Also, small amounts of finished product can end up in the sewer.

(Barbera & Gurnari, 2018; VVY, 2018; Fuentes, et al., 2021)

Beverage industry wastewater is classified as high-strength wastewater, meaning it contains
higher levels of organic matter, TSS and nutrients, or higher levels of all of these, compared
to municipal wastewater. In terms of COD, wastewater with a COD higher than 2000 mg/1
is classified high-strength wastewater. The concentrations of beverage industry wastewater
vary depending on the types of beverages produced, the production quantities and the

efficiency of water use. Typical quality characteristics measured from beverage industry
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wastewater are BOD, COD, suspended solids (SS), TP and TN. Table 3 shows the
concentrations of wastewater from the soft drink industry and from the brewery industry
found from literature. Due to the raw materials, especially sugars, used in beverages, the
concentration of organic matter is typically high. The amount of TN and TP can vary
depending on the chemicals used, for example, nitric acid, phosphorus acid and sodium
hydroxide. Brewery industry wastewater usually has higher TSS concentrations than soft-
drink industry wastewater because it contains residues of malt, additives and yeast. These
residues also increase the concentrations of TP and TN. (Fuentes, et al., 2021; Olajire, 2020;

Zacharof, 2021)

Table 3 Characteristics of soft-drink and brewery industries wastewaters

Soft drink Brewery
industry industry
Parameter | wastewater* wastewater ** | References
COoD 1358-3850(1) 2000-60004 ICuff, 3et al., 2018; *Fuentes, et al.,
_ 2) ~ (5) 2021; “Peixoto, et al., 2011;
[mg/l] 5549 3285(53) 2000(56)000 “Taiyeola & Bwapwa, 2016:
1616-3434 1250 5Zacharof, 2021; ®Olajire
BOD 940-1335W 1200-3000) ;Peixoto, etal, 2011;
~ (384) Jaiyeola & Bwapwa, 2016;
[me/1] 1200-3600 3Zacharof, 2021; *Olajire, 2020
TSS [mg/l] | - 200-10000) 'Jaiyeola & Bwapwa, 2016;
2901-3000%) 2Zacharof, 2021; 3Olajire, 2020
500
TN [mg/l] | 11-431) 25-8003) ICuff, 3et al., 2018; *Peixoto, et al.,
_20(2) _an(4) 2011; °Jaiyeola & Bwapwa, 2016;
2243 25-80 4Zacharof, 2021; Olajire, 2020
24065)
TP [mg/l] | 0,02-9,96) 10-50@ ICuff, 3et al., 2018; *Fuentes, et al.,
_7(2) £n(5) 2021; “Peixoto, et al., 2011,
0,3 7(3) 10-50 4Jaiyeola & Bwapwa, 2016;
4-13 3Zacharof, 2021

In Finland, especially large breweries, produce besides beer also ciders, long drinks, soft-
drinks, functional drinks and mineral waters. In table 4 is listed measured quality
characteristics from Finland’s three largest beverage manufacturers. The information has
been collected from companies’ environmental permits. The environmental permits are from
the time when refillable bottles were still in use, which use now have been abandoned in
Finland. As a result, bottle washing machines are no longer in use, which has likely reduced

the amount of wastewater. This change has probably changed the wastewater composition,
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with lower nitrogen and phosphorus concentrations due to decreased use of washing

chemicals. (Barbera & Gurnari, 2018; VVY, 2018)

Table 4 The quality characteristics from the environmental permits of Olvi, Sinebrychoff

and Hartwall
Olvi Sinebrychoff Hartwall

Characteristic [kg/d] | [mg/l] | [kg/d] | [mg/l] |[kg/d] | [mg/l]
BOD 7 atu 1940 1652 4484 1900 5094 2103
COD dichromate 7316 3100 7449 3075
total nitrogen 51 8,3 99 42 77 32
total phosphorus 47 61 26 50 21
Solids 520 220 618 255
Wastewater volume

[m?¥/a] 396 000 860 000 872 000

2.4 Wastewater treatment methods

Wastewater from food and beverage industry is one of the best industrial wastewater types
as it contains few toxic compounds. The main problem with these wastewaters is that they
contain large amounts of certain impurities such as organic matter, ammonia salts, and
minerals, which municipal wastewater treatment plants may not be able to process without
pretreatment before discharged into sewer. The most suitable treatment process is decided
based on biological and chemical tests performed on the wastewater. The choice of treatment
method is also influenced by intended use of the purified water, such as whether it will be
reused in the food industry. It is necessary to determine the desired level of purification for
different impurities, as well as the economic viability of the treatment process. (Barbera &

Gurnari, 2018)

Wastewater treatment methods can be divided into four categories: pre-treatments, primary
treatments, secondary treatments and tertiary/advanced treatments. The aim of the pre-
treatments is to remove coarse material, which could damage the wastewater treatment
process, such as grid. The main aim of the primary treatments is to separate SS. The aim of
the secondary treatments is to reduce organic matter and remaining solids, and in the tertiary

treatment the aim is to purify the wastewater further, for example, to meet reuse requirements
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usually by removing nitrogen and phosphorus. (Barbera & Gurnari, 2018; Bahadori & Smith,
2016)

Treatment processes are either physical, chemical or biological or combinations of these.
Physical treatments are solid-liquid separations, and they are used in pre-treatments and
primary treatments, for example, screening, filter media and sedimentation. Chemical
treatments are used usually in primary and tertiary treatments, and they include treatment
processes involving chemical addition, for example, coagulation, precipitation and
flocculation. Biological treatments are used in secondary treatments to remove organic
matter and nutrients, for example, by anaerobic digestion and activated sludge process. In
figure 5 is shown the main processes in wastewater treatment. (Barbera & Gurnari, 2018;

Bahadori & Smith, 2016)

pretreated treated post-treated water
wastewater effluent effluent effluent discharge
Physical- Physical- Biological e Physical
chemical chemical treatment techniques
methods methods
Mechanical Chemical Physical- Chemical
methods methods » chemical < methods
methods
step 1 step 2 step 3 (step 4)

1. PRETREATMENT 2. PRIMARY TREATMENT 3. SECONDARY 4. TERTIARY
(sedimentation, (coagulation, precipitation, TREATMENT TREATMENT
coagulation...) flocculation...) (biodegradation, filtration, (oxidation, membrane

adsorption...) filtration...)

step 5

< >

TREATMENT of the SLUDGE

(supervised tipping, recycling, incineration...)

Figure 5 The main processes for wastewater treatment (Crini & Lichtfouse, 2019)

Due to the content of high organic matter in the beverage industry wastewater, it is
traditionally treated with biological methods such as anaerobic digestion (AD), up-flow
anaerobic blanket (UASB) and membrane biological reactors (MBR). One reason to use
anaerobic methods is that they produce biogas that can be used as an energy source in
production processes. The use of biogas reduces the need for external energy and improves

the sustainability of production. Beverage industry wastewater, especially from brewing
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industry, can also contain large amount of TSS, which is important to consider when

choosing treatment processes. (Jia, et al., 2020; Mannina, et al., 2018)

2.4.1 Solid-liquid separation methods

Various solid-liquid separation methods are used in wastewater treatment generally in the
pre-treatment and preliminary stages to remove suspended solids. The dissolved solids are
removed with biological methods. Typical solid-liquid separation methods in beverage
wastewater treatment include screening, sedimentation, coagulation, flocculation and

filtration. (Olajire, 2020; Tchobanoglous, et al., 2014)

Screening and filtration are both based on physical barrier that removes solid matter from
the liquid. Screens can be divided into two main types: coarse screens and fine screens.
Coarse screens are used to remove coarse material such as grains and malts, and packaging
materials such as broken glass, labels and caps. Fine screens are used when greater removal
rate is needed, for example, before MBR, and they are usually placed after coarse screens.
There are also micro screens which are used mainly in removal of residual solids from treated
effluent. The screens are classified according to the size of the openings, with coarse screens
the opening size is > 6 mm, with fine screens 0.5 — 6 mm, and with micro screens < 0.5 mm.
Membrane filtration is discussed further in chapter 2.4.3. (Olajire, 2020; Tchobanoglous, et
al., 2014)

Sedimentation is based on gravitation, and it removes easily settling solids and floating
materials. Primary sedimentation is usually the first step of wastewater treatment, after
which coarse material and grit is removed. The shape, rectangular or circular, and material,
concrete or steel, of the sedimentation tank is affected by the amount of wastewater treated.
With a well-designed and operated sedimentation tank, up to 50 — 70 % of SS and 20 — 40%
BOD can be removed. (Tchobanoglous, et al., 2014; Water Environment Federation, 2021)

Chemical coagulation is used to agglomerate colloidal particles, that cannot be removed by
sedimentation in reasonable amount of time, into flocs. Colloidal particles usually have a
negative surface charge that is greater than the interparticle attraction. Coagulants neutralize

the electrical charge, allowing the particles to get closer and form flocs. Flocculation
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increases the size of the flocs, which improves the separation of solids from liquids.

(Tchobanoglous, et al., 2014; Bahadori & Smith, 2016)

2.4.2 Biological methods

Biological wastewater treatment methods use microorganisms to convert dissolved and
particulate organic matter into simple end-products and biomass. Biological treatment
processes can be divided into aerobic and anaerobic processes, depending on whether
oxygen/air is present in the process. Besides oxygen, biological processes are affected by
food and nutrient availability, pH and temperature, also possible toxic compounds in
wastewater needs to be taken account when designing the process. In aerobic treatment, the
optimal ratio of organics to nutrients (COD:N:P) to ensure nutrient adequacy is typically
100:5:1. Anaerobic treatment needs fewer nutrients than aerobic, because the growth rate of
is slower and they produce less sludge. For anaerobic treatment the typical COD:N:P ratio

is 250:5:1. (Tchobanoglous, et al., 2014)

Aerobic wastewater treatment processes are well known and used. Aerobic processes always
take place in the presence of air/oxygen. When aerobic micro-organisms degrade organic
matter from wastewater, carbon dioxide, water and biomass are mainly produced. Aerobic
treatment methods can be dived in two; suspended growth processes and attached growth
processes. In suspended growth process, microorganisms are suspended within a liquid
medium inside a rector, where microbial flocs are grown and sustained. Typical suspended
growth processes are conventional activated sludge (CAS) process. (Tchobanoglous, et al.,

2014)

Conventional activated sludge (CAS) process is one of the most used and researched
wastewater treatment methods. In CAS process, wastewater treatment is performed by
different heterotrophic, and autotrophic organisms. Heterotrophic organisms, such as
bacteria, break down mainly organic compounds. Autotrophic organisms, such as nitrifying
bacteria, are mainly involved in nitrification process. Activated sludge is created when
organisms grow in the presence of dissolved oxygen in an aeration tank. These organisms
have different kind of tasks such as removal of organic matter, nitrification and
denitrification, and biological phosphorus removal. CAS process consists of three basic

components: 1. bioreactor/aeration tank, where the micro-organisms are suspension and
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aired, 2. solid-liquid separation tank, usually sedimentation tank, 3. recycling system, which
returns the separated solid back to the reactor. The CAS process is described in figure 6.

(Shah, 2023; Bahadori & Smith, 2016; Tchobanoglous, et al., 2014)

Settling Tank/
Aerator Tank Secondary Clarifier
Influent (From
Primary Clarifier) ' Effluent
A > > >

A A A A A A

Actlivated sludge
Air Diffusers

Return Activated y Waste Activated
Sludge (RAS) Sludge (WAS)

Figure 6 Schematic of CAS process (Deepak & Rustum, 2023)

Different variations of the CAS process have been developed, e.g. plug-flow process and
complete-mix process. Plug-flow and complete-mix processes differ from each other in the
shape of the aeration tank and the mixing system. In the plug-flow process the aeration tank
is narrower, length-width ratio >10:1, and in the complete-mix process, the aeration tank is
square in cross-section. In the plug-flow process the particles don’t mix with the liquid
evenly, which is why the aeration is greater at the beginning of the tank and decreases
towards the end. In complete-mix process the particles mix with the liquid immediately and
the aeration is uniform throughout the tank. Complete-mix process is more suitable for the
treatment of industrial wastewaters, due to its quick mixing, it tolerates better varying high
loads and toxic chemicals. The CAS process is also used in many hybrid processes e.g. with

membrane filtration in MBR. (Tchobanoglous, et al., 2014; Shah, 2023)

In attached growth process, the microorganisms are attached to inert medium e.g. rocks,
slags, or ceramic or plastic granules that are specifically designed for the process. Typical
attached growth process is trickling filter where the wastewater is distributed continuously
over the bed of media, which conventionally consists of rocks, but plastic can also be used.

Biofilm, which results from the removal of BOD, forms on the surface of the media, the
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solids detached from biofilm are removed with settling tank. The separated sludge is not
recycled back into the process as in CAS but goes to the sludge treatment plant. Trickling
filters are usually no longer installed in new treatment processes but have been replaced by
other fixed film technologies. (Tchobanoglous, et al., 2014; Water Environment Federation,

2021)

In anaerobic digestion, microorganisms break down organic matter into methane, carbon
dioxide and biomass. The process is divided into four main steps: hydrolysis, acidogenesis,
acetogenesis and methanogenesis (figure 7). In hydrolysis high-molecular-weight organic
compounds, proteins, carbohydrates and fats, are broken down to low-molecular-weight
organic compounds, amino acids, sugars and fatty acids, by enzymes produced by hydrolysis
bacteria. In acidogenesis phase fermenting bacteria break down sugars, amino acids and fatty
acids into organic acids, carbon dioxide, hydrogen, volatile fatty acids (VFA), such as
propionate and butyrate, and alcohol. In the acetogenesis phase the organic acids and
alcohols produced are converted by acetogenic bacteria in acetate, hydrogen and carbon
dioxide. Acetogenic bacteria usually work in symbiosis with methanogens, which in the
methanogenesis phase produce methane from acetate and hydrogen. (Kyméildinen &

Pakarinen, 2015; Lay, et al., 2019)

Organic matter
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Hydrolysis
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Figure 7 Four phases of biodegrading in anaerobic digestion.
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Typically, all four phases take place in one reactor, such as the upflow anaerobic sludge
blanket (UASB) reactor and the expanded granular sludge bed (EGSB) reactor. In some
cases, several phased reactors can be used where, for example, the methanogenic and non-
methanogenic phases are divided into different reactors. Several phased reactors can enhance

the overall performance. (Tchobanoglous, et al., 2014)

2.4.3 Membrane technologies

Membrane filtration is used in wastewater treatment to remove physical and chemical
components from wastewater. In wastewater treatment pressure driven membrane processes
are usually used, which are divided according to pore size into microfiltration (MF),
ultrafiltration (UF), nanofiltration (NF), and reverse osmosis (RO). MF and UF is often used
as pretreatment in many membrane filtration processes to reduce and remove contaminants
that may cause problems in following steps, for example, in NF and RO. NF can remove
small impurities such as dyes and organic biological particles as well as divalent ions such
as magnesium and calcium up to 95 %, which enables it to be used for water softening and
desalination. In RO, an external pressure is higher than natural osmotic pressure is used to
remove salt from water, therefore RO is used as a treatment for water to be reused.

(Karchiyappan, et al., 2022; Madhav, et al., 2022)

In wastewater treatment membrane filtration is mainly used in connection with the biological
process or after it. The common way is to integrate membrane filtration directly into the
bioreactor, creating a hybrid membrane process, for example, MBR and AnMBR. RO
filtration is usually used as tertiary treatment to polish wastewater when the wastewater is to

be reused. (Madhav, et al., 2022)

2.4.4 Different reactor types to treat wastewater

Wastewater from food and beverage industry is mainly treated with different types of
reactors because they take less footprint and are mainly more resistant to variations in
wastewater. Below are presented and compared the different reactor types that are used in

the food and beverage industry.
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Moving bed biofilm reactor (MBBR)

MBBR can be used under aerobic and anaerobic conditions. MBBR is a combination of
attached and suspended growth process. In MBBR, biofilm is forms on the surface of moving
carriers as they adsorb macromolecules and nutrients from wastewater. The movement of
the carriers is achieved in the aerobic process by aeration and in the anaerobic process by
mechanical mixing (figure 8). The carriers are usually made from polyethylene or
polypropylene, and their density is slightly lower than water density, making them almost
buoyant. The carriers significantly increase the surface area for biomass to attach, so the
biomass per volume unit is greater than in the CAS process, which results in the MBBR
process needing less footprint. (Maurya, et al., 2023; Saidulu, et al., 2021; Water

Environment Federation, 2021)
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Figure 8 Operating principal of aerobic and anoxic MBBR (Kawan, et al., 2016)

MBBR is suitable for the treatment of various types of wastewater from food and beverage
industry and can achieve the same removal efficiencies as CAS for organic substances and
nutrients, especially when combining aerobic and anoxic reactors. The advantage of MBBR
compared to CAS is that it does not need sludge recycling and disposal. Disadvantages of
MBBR are high energy demand due to oxygen demand, need to use proprietary media, and
the system also needs screens to keep the media in the reactor, which cause additional

hydraulic pressure loss. (Maurya, et al., 2023; Water Environment Federation, 2021)
Upflow anaerobic sludge blanket (UASB) reactor

UASB reactor is mainly used for treating high-strength wastewater because its ability to take

high organic and hydraulic loading rates. The UASB reactor (figure 9) contains a sludge bed,
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a sludge blanket and a liquid-gas-solid separator. Wastewater is pumped into UASB rector
through the bottom from where it flows upwards through a sludge blanket formed by a
granular sludge bed. The active granules of the sludge blanket break down the pollutants
from the wastewater. (Mainardis, et al., 2020; Tchobanoglous, et al., 2014)

l—v Biogas

I Effluent

> - » Deflector baffle

—— Gas-Liquid-Solid separator

Sludge blanket

T— Influent

Figure 9 Schematic of UASB reactor (Mariraj Mohan & Swathi, 2022)

One of the most important factors of the UASB reactor’s efficient operation is the contact
surface between the sludge bed and the wastewater. The wastewater and the sludge bed are
mixed by the flow of the wastewater, but also the biogas produced facilitates the mixing.
The quality of the granular sludge bed is another important factor in the reactor, and it can
take months to do it, the time can be shortened by seeding sludge from another UASB
reactor. Granules typically have a layered structure with hydrolytic and acidifying bacteria
in the outer layer and methanogens in the inner layer. Metabolites, substrates and gases can
pass between the layers through the holes in the granules. (Mainardis, et al., 2020;
Tchobanoglous, et al., 2014)

UASB reactor is well suited for the treatment of industrial wastewater such as brewery
wastewater, dairy wastewater and paper mill wastewater, which have high COD and

biodegradability. Compared to aerobic processes USAB reactor has lower energy
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consumption, it produces less sludge and needs less macro- and micro-nutrients, takes less
footprint, and produces biogas. Disadvantages of the USAB reactor are high capital costs, it
degrades nutrients, nitrogen and phosphorus, poorly and for that reason the effluent may
need further treatment. UASB reactor is also sensitive for lower temperatures and high TSS
concentration. In these cases, the use of two-phase reactor can be considered, which allows
the upflow velocity to be lower and therefore steadier operation of the reactor. (Mainardis,

et al., 2020; Tchobanoglous, et al., 2014)
Expanded granular sludge bed (EGSB) reactor and Internal circulation (IC) reactor

EGSB and IC reactors are, like the UASB reactor, upflow anaerobic reactors whose
wastewater treatment is based on granular sludge bed. EGSB differs from UASB reactor in
that the granules are partially fluidized, while in UASB reactor they are more tightly packed.
The granule fluidizing requires a higher upflow velocity, which can be 6 m/h for EGSB
compared to 0,1-1 m/h for UASB. The higher upflow velocity increases the contact surface
between granules and wastewater, which improves the efficiency of the reactor, and that is
the main reason why EGSB reactors are developed. (D'Bastiani, et al., 2023; Sheldon &
Erdogan, 2016)

IC reactors has also expanded sludge bed, but it differs from EGSB since it has internal
circulation. The IC reactor consists of two reactor chambers which each have three-phase
separators in the upper part that lead the biogas thorough riser to the degassing tank. The
treated wastewater exits from the top of the upper part of the reactor. The liquid-sludge
mixture returns to the reactor tank through the downer inside the reactor, creating an internal
circulation that makes the IC reactor one of the most efficient anaerobic reactors. (D'Bastiani,

etal., 2023; Li, et al., 2022)
Membrane bioreactor (MBR) and Anaerobic membrane bioreactors (AnMBR)

In MBR, the biological process is combined with membrane filtration. The membrane
filtration can replace the sedimentation tank of the CAS process using MF and or UF. MBR
has two different layouts; side-stream MBR, where the membrane unit is outside of the
bioreactor and immersed MBR, where the membrane unit is inside the bioreactor (figure 10).
The MBR typically consists of mechanical screen for pretreatment, an anoxic, aerobic or
anaerobic bioreactor, a sludge recirculation, a chemical dosing system and a cleaning tank

for the membranes. (Rahman, et al., 2023; Mannina, et al., 2018)
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Figure 10 The schematic of the side-stream MBR (left) and the immersed MBR (right).
(Simate, et al., 2011)

The use of MBR in wastewater treatment is increasing because of stricter legislation for
effluent. Compared to the CAS process, with MBR the effluent quality is significantly better
in terms of BOD, SS and turbidity. The advantages of MBR are also that it takes less
footprint and can be retrofitted to CAS process. Disadvantages of MBR are membrane
fouling and higher costs, mainly due to membrane installation and maintenance, higher
energy consumption and higher level of automation. (Rahman, et al., 2023; Mannina, et al.,

2018)

AnMBR can also be side-stream or immersed (figure 10). Side-stream AnMBR is usually
used for high-strength industrial wastewater and immersed AnMBR for low-strength
municipal wastewater. Compared to MBR AnMBR produces less sludge and consumes less
energy because it doesn’t need aeration and the biogas produced can be used as an energy
source for the process. The use of AnMBR is increasing but its technology is not yet as
advanced as that of MBR and it still needs further development and research. (Robles, et al.,
2018; Mannina, et al., 2018)
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Figure 11 Schematic of side-stream AnMBR and Immersed AnMBR. (Robles, et al., 2018)

2.4.5 Comparison of different reactor types

The treatment of beverage industry wastewater is relatively understudied. Most studies are
found for MBR and its hybrid methods. Table 5 summarize the removal efficiency of
different treatment methods for beverage industry wastewater collected from studies found

from literature.



Table 5 Removal efficiency for different treatment methods
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Treatment T £ wastewater Influent Removal efficiency Reference
method ype of wastewate composition [%]
COD 4200 (di Biase, et
MBBR Brewery wastewater | BOD 3500 COD 70 -90 al 2018),
TSS 200 i
COD 2006 .
UASB Brewery wastewater | BOD 1877 ggg ;g gllinggrll,sft
TSS 2449 i
Synthetic brewery - (Krayzelova,
UASB wastewater COD 89 et al., 2014)
D COD 2107
TP 3.2
D COD 722 COD 94 .
v |Sondmkiose opxa poper | Hasie
TOC 194 TOC 94 i
MBR Food and beverage | COD 1710/3000 | COD 80 — 95 (Ng, et al.,
industry wastewater | TSS 140/250 TSS 80 —95 2021)
MABR* + - COD 89 (Tian, et al
C/F** Brewery wastewater TN 67 ’ °
2023)
preprocess TP 91
- (Chen, et al.,
AnMBR Brewery wastewater COD >98 2016)
Multi-stage | Soft drink industry COD 5140 COD up t(.) 93 (Sheldon &
EGSB/MBR | wastewater T.N & TP in Erdogan,
discharge standard | 2016)

*membrane-aerated biofilm reactor **coagulation/flocculation

For MBBR, UASB and EGSB reactors, mainly the organic matter removal has been studied

for beverage wastewater with results typically ranging between 70 — 90 %. With MBR and
AnMBR, COD and BOD removal efficiency is up to 98 %, varying from 98 % to 80 %.
MBR and AnMBR are also more suitable for removing TSS, TP and TN, with removal
efficiencies 80 — 95 %, 90 % and 67 %, than UASB and ESGB. The disadvantage of MBR

are its already mentioned high operating costs and membrane fouling. To reduce these

problems, it can be beneficial to pretreat the wastewater before the MBR with some other

reactor. A viable option is to use UASB or EGSB as a pre-treatment for MBR. An advantage

of this kind of hybrid process is that UASB and EGSB produce biogas, which increase the

profitability of the method.
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3 Case study: Hartwall

There have been significant variations in quality characteristics measured from Hartwall’s
wastewater in recent years complicating the prediction of the industrial wastewater fee. In
2023, all quality characteristics increased significantly compared to the previous year. There
was also great variation between different substances, with increases in concentrations
differing by up to 20 %. The aim of this study is to investigate the cause of the increase of
the wastewater quality characteristics BOD, COD, TSS, TN and TP, and to find possible
treatment methods to reduce the values and reuse the wastewater, which could achieve

significant financial savings, but also improve the sustainability of Hartwall.

Wastewater is generated in the process mainly from beer and beverage production, filling
lines, clean-in-place (CIP) - washing, and external washing of the floors and the equipment.
All wastewater generated in the processes is directed to the neutralization plant’s
equalization tank, from where it moves to the contact basin. In the contact basin, the pH is
adjusted to approximately 10 by adding either an alkaline or sulfuric acid. Current

wastewater treatment process is described in figure 12.

Sulfuric

Alkali acid

. . Neutralized
Process ———| Equalization tank Contact basin > .
wastewater wastewater basin

A4

Ali-Juhakkala

Figure 12 Current wastewater treatment process of Hartwall

After the pH is adjusted, the wastewater is transferred further treatment to the Kariniemi or
Ali-Juhakkala wastewater treatment plants. Wastewater treatment plants utilize the activated
sludge process, and excess sludge is converted into biogas through anaerobic digestion. The

treated water is discharged into the Porvoo river.
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Currently, a 24-hour composite sample is taken once a month from the neutralization plant
from the total wastewater. To determine the cause of the increase in quality characteristics,
it is necessary to analyse contents of different wastewater streams and how they affect the

total wastewater loads.

3.1 Materials and methods

Samples were taken from four different sampling points that were selected according to the
amount and quality of wastewater generated in each point. The aim was to obtain the most
comprehensive sample of the various wastewater streams of the processes. The four

sampling points were:
1. pressure tank cellar matrix drain (PT-cellar drain),
2. clean-in-place (CIP)-process balance tank (Balance tank),
3. wort kettle (merlin) and whirlpool tank floor drain (Merlin/Whirlpool drain),
4. mash tun floor drain (Mash tun drain).

Samples from PT-cellar drain consists of the initial and final discharges from the filling lines,
beer filtration, cider and alcoholic ready to drink (RTD) beverage production, and also the
residues of detergents from CIP washing. Samples of balance tank consists of residues of
cleaning chemicals used in CIP washing, and residues of final products and raw materials
used in the production of beverages. Samples from Merlin/Whirlpool drain, and Mash tun
drain consists of the raw materials used in beer production, and also residues of detergents
from CIP washing. All operations that generate wastewater during samplings will be referred

to as activities later in this thesis.

Before the sampling the expectation was that the balance tank would produce the most
amount of wastewater, the PT-cellar drain wastewater would mainly consist of detergent and
product residues, and the Merlin/Whirlpool drain, and mash tun drain wastewater contains

the most solids and organic matter.

All the samples taken from each sampling points were 24-hour composite samples, and all
the samples were taken on different days. Samples were taken with Hach Lange AS 950

portable sampler, which were programmed to take a 150 ml sample every 15 minutes. When
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the sample was ready it was mixed well, and three litre sample was taken from it and

delivered during the same day to the Eurofins laboratory. The samples were analysed for

BOD7 (atu), COD¢r, TN, TP and TSS. The analysis methods used are listed in table 6.

Table 6 The analysis methods

Parameter Measurement Determination Method
uncertainty limit

Solids (GF/A) 17 % (>2.9 mg/l) 1 mg/l SFS-EN 872:2005 mod.
0.5 mg/1 (<2.9
mg/l)

BOD; (ATU) 25 % (<50 mg/l) 0.5 mg/l SFS-EN 1899-1:1998; SFS-
20 % (>5) EN 1899-2:1998

CODex 35 % (<50 mg/l) 15 mg 02/1 ISO 15705:2002
20 % (>50 mg/1)

Total nitrogen 0.1mg (<0,5 mg/l) | 0.2 mg/l SFS-EN ISO 11905-1:1998
20 % (>0.5 mg/l)

Total phosphorus | 15 % 0.02 mg/1 SFS-EN ISO 17294-2:2016

From the PT-cellar drain and balance tank the samples were planned to take on two

Mondays, Wednesdays and Fridays to see if the loads vary during the week. Due to

scheduling reasons, the first Monday sample from PT-cellar drain had to be taken on

Tuesday. Samplings started on Monday and Wednesday at 7:00, sampling on all Fridays was

started on Thursday at 13:30 so that the samples could be delivered to the laboratory on

Friday afternoon. Brewing is not done every day therefore sampling was planned for

merlin/whirlpool drain and mash tun drain according to production days so that three

samples would be taken from each sampling point. For production reasons only two samples

were obtained from mash tun drain. The completed schedule is presented on table 7. During

the sampling period, all activities that affected the sample were recorded. The activities are

shown in appendices 1.




Table 7 Completed sampling schedule

Sampling Sample | Sampling start | Weekday
point no. | Sampling point no. time
1 PT-cellar drain 1 [21.2.20248:00 | Wednesday
1 PT-cellar drain 2 22.2.2024 13:30 | Friday
1 PT-cellar drain 3 5.3.2024 7:00 Tuesday
1 PT-cellar drain 4 6.3.2024 7:00 Wednesday
1 PT-cellar drain 5 7.3.2024 13:30 | Friday
1 PT-cellar drain 6 |11.3.20247:00 | Monday
2 Balance tank 1 13.3.2024 7:00 | Wednesday
2 Balance tank 2 14.3.2024 13:30 | Friday
2 Balance tank 3 18.3.2024 7:00 | Monday
2 Balance tank 4 20.3.2024 7:00 | Wednesday
2 Balance tank 5 21.3.2024 13:30 | Friday
2 Balance tank 6 |253.20247:00 | Monday
3 Merlin/Whirlpool drain 1 2.4.2024 10:00 | Tuesday
3 Merlin/Whirlpool drain 2 3.4.2024 10:00 | Wednesday
3 Merlin/Whirlpool drain 3 4.4.2024 10:10 | Thursday
4 Mash tun drain 1 29.4.2024 1:00 | Monday
4 Mash tun drain 2 2.5.2024 1:00 Thursday

3.2 Results and discussion
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The results are reviewed for each sampling point, after which possible treatment methods

and their profitability for the different wastewater streams are discussed. At the end of this

chapter the possible reasons for the quality characteristics variations are discussed.

3.2.1 Sampling point 1. PT-cellar drain

The results of the PT-cellar drain analysis are presented in table 8. Analysis results shows

that the concentrations vary greatly between different days. TSS varies from 4.2 to 80 mg/I,
BOD from 17000 to 31000 mg/l, COD from 27000 to 45000 mg/l, TN from 0.2 to 62 mg/1
and TP from 30 to 70 mg/l. The BOD/COD ratio is on average 0.8 which shows that

wastewater is easily biodegradable. The average value for COD:N:P ratio shows that

wastewater does not have enough nutrients for biological treatment.



40

When comparing the analysis results with the values given in the environmental permit (table
8), it is notable that the organic load is significantly higher, with the BOD load being
approximately 12 times higher and COD 11 times higher. The amount of TP is also almost
3 times higher than in the environmental permit. The amount of TSS is more than 7 times
than and TN more than 1.5 lower than the values given in the environmental permit. So, it
can be concluded that the wastewater from the PT-cellar drain is considerably stronger than
the total wastewater from which the values of the environmental permit have been measured.
Also, when comparing to the analysis results to the concentrations found from the literature

(table 3), BOD and COD are significantly higher than in most studies, and also TP is slightly

higher.
Table 8 Analysis results from PT-cellar drain
TSS BOD COD TN TP BOD/COD | COD:N:P

Sample [mg/l] | [mg/l] [mg/1] [mg/1] [mg/1] ratio ratio

1 29.0 26000 27000 21.0 61.0 0.96 | 443:0.3:1

2 27.0 19000 27000 19.0 30.0 0.70 | 900:0.6:1

3 80.0 17000 24000 62.0 62.0 0.71 387:1:1

4 68.0 27000 45000 3.8 55.0 0.60 | 818:0.1:1

5 4.2 31000 41000 5.2 59.0 0.76 | 695:0.1:1

6 5.0 30000 38000 0.2 70.0 0.79 | 543:0.003:1
Average 35.5 25000 33666 18.5 56.2 0.79 | 399:0.3:1
Environmental
permit 255 2105 3075 32 21 0,68 146:3:1

Table 9 presents how much load is generated in kilograms per day, and the amount of flow
during the sampling in PT-cellar drain. The flow rates also vary between days, averaging
approximately 19 m3/d. The flow rate does not directly correlate with the amount of daily
loads are generated, for example, the TSS load, 0.1 kg/d, is lowest in sample 4, where the
flow is highest, 25 m3/d. Only the amount of organic matter shows some correlation with the

flow rate.



Table 9 Daily loads from PT-cellar drain
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TSS BOD COD TN TP Flow

Sample | [kg/d] [ke/d] [ke/d] [ke/d] | [keg/d] | [mP/d]
1 0.7 601.7 624.8 0.5 1.4 23.1
2 0.3 227.0 322.6 0.2 0.4 11.9
3 1.1 235.9 333.1 0.9 0.9 13.9
4 1.3 498.7 831.2 0.1 1.0 18.5
5 0.1 802.8 1061.8 0.1 1.5 25.9
6 0.1 632.1 800.7 0.0 1.5 21.1

Average 0.6 499.7 662.4 0.3 1.1 19.1

One objective of the sampling was to investigate the impact of the weekday on the substance

loads. Figures 13 and 14 shows the variations of the substance loads on different weekdays

in PT-cellar drain. Based on the results, the day of the week has no significant effect on the

concentrations. Samples should be taken over longer period of time to potentially observe

the influence of the weekday on the concentrations, because there is great variation in

production also between different weeks.
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Figure 13 Variations of BOD and COD between different weekdays from

PT-cellar drain
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Figure 14 Variations of TSS, TN and TP between different weekdays from PT-cellar drain

During the sampling period, all activities of PT-cellar drain were recorded. The highest
amount of wastewater was generated from the product changes on the filling lines and the
resulting initial and final discharges. Figure 15 shows the daily starts and endings of different
products on the filling lines. The samples also consisted of the initial and final discharges of
the production of cider and RTD drinks and beer filtration as well as CIP-washes, which

amounts are shown in figure 16.

There were the most activities PT-cellar drain during the first and fifth sampling in, 51 and
50. The first sampling had the most product starts and ends on the filling lines, 31, and the
second sampling had the least amount, 16, the average of starts and endings for the filling
lines was 23. The amount beer filtered varied between 0 and 5, the most beer filtered was
during the fifth sampling and the least during the third sampling. The most cider and RTD
drink mixing was done during the fourth sampling, 6, and the least during the second
sampling, 2. The amount of light CIP washes varied between 9, during the first sampling,
and 3, during the third sampling. The most amount of normal CIP washes, 9, was done during

second sampling, and the least during first sampling, 4.
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Figure 15 Number of starts and ends of different products on the filling lines per sampling
in PT-cellar drain
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Figure 16 Number of beer filtering, cider and RTD mixing and CIP washes per sampling in
PT-cellar drain
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The number of initial and final discharges has the highest impact on the loads of the sample,
for example, during the second and third samplings, there were only a total of 16 and 18
initial and final discharges, and in both samples all the daily loads are below the average.
The number of CIP washes, beer filtering and cider and RTD mixing did not show such a

clear connection.

3.2.2 Sampling point 2. Balance tank

The results of the balance tank analysis are presented in table 10. The analysis results show
that the concentrations are mainly lower than in the PT-cellar drain samples (Table 8), except
for TSS with an average of 98 mg/l. TSS varies from 36 to 280 mg/l, BOD from 360 to 880
mg/l, COD from 540 to 1400 mg/l, TN from 3.8 to 16 mg/l and TP from 2.1 to 5.3 mg/l. In
the results should be noted that especially TSS, TN and TP are clearly higher in sample 6
than in other samples. But even if the values of sample 6 are not included in the TSS average,
it is still higher than the PT-cellar drain average. The wastewater from the balance tank is
also easily biodegradable, with average BOD/COD ratio of 0.68. The average value for
COD:N:P ratio shows that wastewater would be suitable for anaerobic treatment, only
nitrogen is below the ideal value 5.The concentrations of all substances are lower compared
to the values given in environmental permit (table 10). BOD, COD and TN being
approximately 3.5, TP 6 and TSS 1.7 times lower. When comparing the concentrations found
from the literature (table 3), BOD, COD and TSS are lower, TN and TP have no significant

difference.



Table 10 Analysis results from balance tank
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TSS BOD COD TN TP BOD/COD | COD:N:P
Sample [mg/1] [mg/1] [mg/1] [mg/1] [mg/1] ratio ratio
1 56.0 360.0 590.0 11.0 2.7 0.61 219:4:1
2 56.0 370.0 540.0 6.7 3.1 0.69 174:2:1
3 120.0 480.0 710.0 13.0 3.7 0.68 192:4:1
4 36.0 710.0 910.0 3.8 2.1 0.78 433:2:1
5 40.0 780.0 1100.0 6.5 3.9 0.71 282:2:1
6 280.0 880.0 1400.0 16.0 53 0.63 264:3:1
Average 98.0 596.7 875.0 9.5 3.5 0.68 | 252:3:1
Environmental
permit 255 2105 3075 32 21 0,68 146:3:1

The daily loads and flow rates of balance tank are presented in table 11. The flow rate varies

between 90 to 186.2 m3/d, with an average of 133.4 m?/d. Only TP shows some correlation

to the flow rate.

Table 11 Daily loads from balance tank

TSS BOD COD TN TP Flow

Sample | [kg/d] [kg/d] [kg/d] [kg/d] [kg/d] [m?/d]

1 5.0 32.4 53.1 1.0 0.2 90.0

2 10.4 68.9 100.5 1.2 0.6 186.2

3 15.5 62.1 91.9 1.7 0.5 129.4

4 3.9 77.0 98.6 0.4 0.2 108.4

5 5.2 100.5 141.8 0.8 0.5 128.9

6 44.1 138.6 220.5 2.5 0.8 157.5
Average 14.0 79.9 117.7 1.3 0.5 133.4

Figures 17 and 18 shows the variations of the substance loads on different weekdays on

balance tank. The amount of BOD and COD seems to increase every day, in order to find a

correlation with the weekday a longer measurement period would be needed to find out when

the load starts to decrease. TSS, TN and TP have the highest loads on both Mondays.
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Figure 18 Variations of TN and TP between different weekdays in balance
tank

The balance tank activities consist of six different types of CIP washes: strong, normal, light,

rinse, sterilization and disinfection. Strong wash includes acid, alkaline and disinfection

steps. Normal wash includes alkaline and disinfection steps. Light wash includes the same
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steps as strong wash, but with shorter times. Disinfection wash has only disinfection step.
Rinse and sterilization washes are done only with water. In the acid step the main chemical
used is nitric acid, in alkaline step the main chemical used is sodium hydroxide, in
disinfection step is used mainly hydrogen peroxide and acetic acid. The number of different
CIP washes per sample is shown in figure 19. On average, all wash types in total were done
during one sampling 53 times. The most amount of CIP washes were done during the second
sampling, 63, and the least amount during the fourth and sixth samplings, 49. The most
common wash type was the normal wash, which was performed an average of 40 times per
sample. The most amount of normal washes were done during the second sampling, 52, and
the least amount during the sixth sampling, 31. Sterilization and disinfection washes were

done the least, on average only 0.8 and 0.3 times per sample.
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Figure 19 Number of different CIP washes per sampling in balance tank

There is no direct correlation between the number of CIP washes and the daily loads.
Throughout all sampling, over 100 different objects were washed. These include, for
example, all the filling lines, syrup tanks, pressure tanks, brewing kettles, and all the lines
that transfers the different products and raw materials. The daily load is affected by the object
undergoing CIP washing, and what the object contained before washing. During the different

samplings the different CIP washing objects varied a lot, and due to the large number of
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washing objects, it is impossible to determine which specific one impacts the loads. It should
be noted that CIP cleaning chemicals are renewed on Mondays, which increases the
concentrations of the cleaning chemicals and also raises the levels of nitrogen and

phosphorus in the wastewater (table 10).

3.2.3 Sampling points 3. Merlin/Whirlpool drain and 4. Mash tun drain

The analysis results of the Merlin/Whirlpool drain, and mash tun drain are presented in table
12, and the activities during the samplings are described in figure 20. Merlin/Whirlpool drain
first and second samples consist only of wastewater produced during the production of beer
wort. The third sample consists of one beer wort production and one CIP wash, which is why
the concentrations of the sample is lower, being only approximately 10 to 20 % of the results
of the first and second sampling. The BOD and COD concentrations in the first and second
sampling are at the same level as in the PT-cellar drain (table 8), but the TSS, TN and TP
concentrations are significantly higher. For TSS the highest concentration was 2900 mg/1,
for TN 360 mg/1 and for TP 120 mg/l. The average BOD/COD ratio of the Merlin/Whirlpool
drain samples was 0.60 and the mash tun drain 0.55, being lower than in PT-cellar drain and
balance tank samples, but still easily biodegradable. When comparing the concentrations
with the brewery wastewater concentrations found from the literature (table 3), BOD, COD,
TN and TP were significantly higher in first two samplings. The concentrations of the third

sampling are at the same level as the results in the studies (table 3).

In the sampling of the mash tun drain, no sample were obtained that contained only beer
wort production. The first sample consists of the production of three beer wort batches and
two wine wort batches, and one CIP wash. The second sample consists of three beer wort
batches production, three CIP washes, and the discharge of weak wort tank. The BOD and
COD concentrations, 94 and 220 mg/1 of the first sampling are the lowest of all the analysed
samples. The TSS, mg/l, TN, and TP concentrations were significantly lower than in the
samples taken from the Whirlpool/Merlin drain. The CIP wash has somewhat reduced the
values. The concentrations of second sampling is higher which is mostly due to discharge of

the weak wort tank.



Table 12 Analysis results from Merlin/Whirlpool drain and Mash tun drain
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Sampling TSS BOD [COD |TN TP BOD/COD | COD:N:P

point Sample | [mg/l] | [mg/l] [mg/1] [mg/l] | [mg/l] | ratio ratio
3 1 1600 | 23000 | 47000 320 100 0.49 | 470:3:1
3 2 2900 | 24000 | 36000 360 120 0.67 | 300:3:1
3 3 320 2300 3500 90 11 0.66 | 318:8:1
3 Average | 1606.7 | 16433.3 | 28833.3 | 256.7 77.0 0.60 | 374:3:1
4 1 18 94 220 2.3 4.4 0.43 | 50:0.5:1
4 2 89 1900 2800 30 9.9 0.68 | 283:3:1
4 Average 53.5| 997.0| 1510.0 16.2 7.2 0.55 | 210:2:1
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Figure 20 Number activities during the sampling of Merlin/Whirlpool drain and Mash tun

drain

Since the number of wort batch produced per day and week varies, the daily load was not

calculated from the results, instead it was determined how much load on average is generated

from the production of one wort batch to Merlin/Whirlpool drain and mash tun drain

combined. The load was calculated using the average of the values of the first and second

samplings of the Merlin/Whirlpool drain, which both consisted of beer wort production.

From the mash tun sampling only the values of the first sampling was used, because

discharge of the weak wort tank, which is not part of the wort production process, affected

the results of the second sampling. The calculations are presented in table 13.




Table 13 Average amount of load generated per wort
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Sampling TSS BOD COD TN TP
point Sample [mg/1] [mg/1] [mg/1] [mg/1] [mg/1]

3 Avg. 1 &2 2250 23500 41500 340 110

4 1 18 94 220 2.3 4.4

TSS BOD COD TN TP Flow

Sampling [kg/wort | [kg/wort | [kg/wort | [kg/wort | [kg/wort | [m?/wort
point Sample batch] batch] batch] batch] batch] batch]

3 Avg. 1&2 15.8 164.5 290.5 2.38 0.77 7

4 1 0.018 0.094 0.22 0.0023 0.0044 1

Sum. 15.77 164.59 290.72 2.38 0.77 8

3.2.4 Possible treatment methods

Possible treatment methods were considered for the investigated wastewater streams and for

the total wastewater generated in production. When comparing the different treatment

methods, it is important to determine the share of flow for each wastewater stream in relation

to the total wastewater flow, and also the share of the loads caused by them. The shares of

loads and flow rates from the total wastewater is presented in table 14.

Table 14 The shares of loads and flow rates of the different sampling points from the total

wastewater
Merlin/Whirlpool
PT-cellar Balance drain and Mash

drain tank tun drain Sum

[%] [%] [%0] [%]
TSS 0.3 6.1 6.2 12.5
BOD 15.8 2.4 8.2 26.4
COD 14.2 2.4 10.4 27.0
TN 0.5 33 7.8 11.6
TP 8.9 4.1 7.6 20.6
Flow 1.3 9.0 1.0 11.4
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The share of wastewater from the PT-cellar drain is only 1.3 % of the total wastewater, but
the share of organic matter corresponds to 16 % for BOD and 14 % for COD. The share of
phosphorus, 9 %, of the total wastewater load is also significant. Therefore, by reducing the
concentrations of the substances from the PT-cellar drain wastewater, the concentrations of
total wastewater would be significantly reduced. Treating the PT-cellar drain wastewater as
its own stream is probably not practical because its quantity is small, and its composition
varies a lot depending on what products are in production. So, probably the most reasonable
option is to optimize the process itself. As previously stated, the initial and final discharges
of product changes of filling lines affect the PT-cellar drain wastewater the most, therefore
it would be beneficial to investigate whether these could be shortened, in which case the

wastewater load could be reduced.

The share of balance tank flow in the total amount of wastewater flow is 9 %. In balance
tank TSS has the largest share of total wastewater load with 6 %. The share of BOD and
COD is 2.4 %, and the share of TN and TP are 3 % and 4 % from total wastewater load. It
is more difficult to find direct correlations between the activities and concentrations in the
balance tank and the fluctuations in concentrations. However, optimizing the cleaning
processes could also lead to a decrease in concentrations and the amount of wastewater, for
example, by investigating whether the amount of cleaning chemicals and water used could
be reduced. The flow rate of the balance tank is the largest and the wastewater generated
from it has already been collected in one place, so treating it as its own stream would be the
easiest of the three studied stream. A possible treatment method for wastewater from balance
tank could be membrane filtration. The purified water could be used in heating and cooling
systems or returned to the CIP washing, in which case RO membranes are needed, since the
washed items are in contact with the beverages. Braeken et al. (2004) investigated a
nanofiltration of brewery wastewater for four different wastewater streams. The COD
concentrations of the investigated wastewater streams varied from 43 mg/I from biologically
treated wastewater to 3692 mg/1 from the rinse water of clear beer tank. Their study showed
that nanofiltration suited only for biologically treated wastewater for COD removal. The
COD concentration of the balance tank wastewater is many times higher compared to
biologically treated wastewater in the study, from which can be concluded that the
wastewater should first be filtered with coarser membrane such as MF or UF before it can

be filtered with a RO membrane. It may also be necessary to perform solid-liquid separation
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on the wastewater before filtration, which need to be taken in account when selecting the

treatment method.

The share of wastewater from Merlin/Whirlpool drain and mash tun drain is only 1.0 %, but
the concentrations of all substances are high varying between 6.2 to 10.4 %. Therefore,
treating the wastewater as a separate stream would probably be most beneficial among all
the three studied stream. In order to treat the generated wastewater, it must first be collected
in one place, where it could be directed to treatment. Because the wastewater generated in
these two sampling points has very high concentrations of TSS and organic matter, it would
have to be pre-treated before any further treatment methods. A suitable pre-treatment could
be sedimentation, which could remove up to 70 % of SS and up to 40 % of BOD
(Tchobanoglous, et al., 2014). The most cost-effective way to treat the generated wastewater
would most likely be to direct to it to the existing biogas plant, which is currently used to
process mash from beer production. The wastewater from Merlin/Whirlpool drain and mash
tun drain could be mixed with the mash going to the biogas plant, in which case there would

be no need to remove solids from it.

The current COD:N:P ratio in total wastewater is on average 280:3:1 and the BOD/COD
ratio is on average 0.70, indicating that the total wastewater could be suitable for anaerobic
treatment. An anaerobic reactor such as UASB or ESGB reactor could be a possibility for
the treatment of the total wastewater. Anaerobic reactors take less footprint and produce less
sludge, and they are easier to operate than aerobic methods. Aerobic methods consume more
energy due to aeration than anaerobic methods. Anaerobic reactors also produce biogas,
which increases their profitability. Anaerobic reactors are generally used for the removal of
organic matter, but they are not suitable for removal of nutrients, which typically also
requires an aerobic phase. But this would not be a problem since the wastewater goes to the
municipal wastewater treatment plant and the nutrients would be removed there. If the aim
is to remove also the nutrients, UASB or EGSB reactor could act as a pre-treatment followed
by MBR, which would remove the nutrients. If the wastewater were to be reused, RO
filtration would also be needed. (Enitan, et al., 2015; Sheldon & Erdogan, 2016; Ashraf, et
al., 2021)
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3.2.5 Profitability of the treatment methods

The profitability of different treatment methods was compared through the quality
coefficient (L), which is used to calculate the increased wastewater fee. The equations for
calculating the increased wastewater fee (equation 1) and quality coefficient (equation 2) are
presented in chapter 2.1. The weighting coefficients and reference concentrations used in
calculations are presented in table 15. The calculations were made based on the average

concentrations of Hartwall’s total wastewater in 2023, resulting in a value for L 2.68.

Table 15 Weighting coefficient and reference concentrations used in L coefficient

calculations
Weighting Reference concentrations
coefficient [mg/1]
TSS 0.25 280
TN 0.3 49
BOD 0.25 350
TP 0.2 8.4

The options chosen for comparison were the removal of balance tank and Merlin/Whirlpool
and mash tun drains streams from the total wastewater, and the treatment of the total
wastewater with a UASB reactor. The effect of removing balance tank wastewater and
Merlin/Whirlpool and mash tun wastewater on the L-value was calculated based on the
percentages of loads in table 14. For UASB, 80 % removal rate was used, based on a study

made by Enitan et al. (2015). The values of L and the difference in percentages are presented

in table 16.

Table 16 L coefficients and differences for different treatment options

L Difference
value [%]
2023 2.68
Balance tank 2.60 -3
Merlin/whirlpool &
mash tun 2.47 -8
UASB 1.21 -55
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Removing the balance tank wastewater from the total wastewater would reduce the L value
only by 3%. The value does not take in account that the retentate produced in the membrane
filtration would be discharged as wastewater. In addition to the reduction in the L value,
water reuse would decrease the use of fresh water, which should be considered in the

feasibility assessment, as well as the investment costs for the equipment.

By removing the wastewater generated in merlin /whirlpool drain and mash tun drain from
the total wastewater, the L value would decrease by 8 %. Since the wastewater would go to
the biogas plant, no new wastewater would be generated. Also, because the biogas plant

already exists, an investment would only be needed in the wastewater collection system.

Treating the total wastewater with a UASB reactor would have the biggest effect on the L
value, decreasing it by 55 %. The investment cost for UASB reactor would be the highest of
three alternatives compared, but the biogas it produces would improve its profitability
considerably, especially after the investment payback period. Kumar et al. (2024) was
estimated in their study a payback period of 3.2 years for a pilot-scale UASB reactor, for a

full-scale reactor the payback time would be longer.

3.2.6 Quality characteristics variations

One of the goals of this study was to investigate the reason for the increase in wastewater
quality characteristics. The main reason for the increase in values is the optimization of water
usage. In 2023, approximately 10 % less wastewater was generated per litre of final product.
The wastewater load has not decreased, only the amount of water used, in which case the
concentration of substances have increased. However, the increases in loads between
different substances are not proportionally the same, with difference of up to 20 % between
them. This indicates that there are other reasons for the increase in the values that were not

revealed in this study.

The compositions and flow rates of different wastewater streams should be studied further
to identify additional reasons for the increase in values. Possible streams to investigate could
be beer filtration process and fermentation cellar. Both of these streams are likely similar to
the wastewater from wort production. The difference would be that in filtration and

fermentation the product contains yeast, so through these streams could be seen how yeast
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affects the quality of the wastewater. Yeast usually contains a lot of nitrogen and phosphorus,

so it can be assumed that TP and TN levels would be higher (Olajire, 2020).
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4 Conclusions

The objectives of this study were to find reasons for the variations in Hartwall’s wastewater
quality characteristics and to find method to treat and reduce the wastewater generated in
production. Four different wastewater streams from the production were studied for their
composition, flow rate, and potential treatment options. The four wastewater streams were
from PT-cellar drain, balance tank and two were from wort production drains. As was
expected before the sampling, the balance tank produced the most amount wastewater, the
PT-cellar drain mainly contained detergent and product residues, and the wort production

generated suspended solids and organic matter.

The amount of wastewater produced in PT-cellar drain was so low, and the composition was
very variable, that treating it as its own stream was not considered profitable. The wastewater
from balance tank would have been the easiest to process, because it has already been
collected in the separate tank. Possible treatment method could be membrane filtration, in
which case the water could be reused, depending on the filter, either in CIP washing or in
heat and cooling systems. In this case, further research on the financial viability would be
needed, as the membrane filtration requires pre-treatment before it can be carried out. The
amount wastewater generated in wort production was also small, but the all the substance
concentrations were reasonably high, therefore treating it as its own stream can be profitable.
A possible treatment method could be to collect the wastewater produced in the wort
production together and direct it to the existing biogas plant along the mash. The only major

investment would be building the collection system.

Anaerobic reactor was considered for the total wastewater treatment based on the COD:N:P
and BOD/COD ratios, both of which indicate that the wastewater is suitable for anaerobic
treatment. The UASB reactor was chosen because it has been successfully used for treating
beverage industry wastewater and it has mature technology. UASB would reduce the
industrial wastewater fee the most, but it would also have the highest investment costs.
Before starting to treat the total wastewater with UASB reactor it would be essential to
identify the primary reasons for concentration fluctuations, because they affect the operation

of the reactor. It would be beneficial to simultaneously measure measurements the total
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wastewater and different wastewater streams to gain clearer understanding of what

influences the total wastewater composition.

Based on the examined wastewater streams, no reason was found for the variations of the
wastewater quality characteristics. The most likely cause for it is the reduction of water
usage, which concentrates the wastewater. The amount of wastewater per litre of final

product had decreased by approximately 10 %.

The examined wastewater streams corresponded to approximately 11 % of the amount of the
total wastewater. So, more research is needed to get more detailed picture where the
wastewater loads and flows are coming from. Also, should be investigated if it would be
possible to find wastewater streams that could be combined and treated together, in which
case the treatment would be more profitable. For example, in beer production could be
investigated whether there are other wastewater streams that could be combined with ones
that are generated in wort production. Streams that could be combined with the balance tank

wastewater could include wastewaters generated from various rinsing processes.
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Appendix 1. Activities sampling point 1 and 2

Table 17 Activities from sampling point 2

Filling lines .
Cider &
Sampling | Sample Soft drink Mineral water Beer Cider & RTD Beer RTD CIP washing
point no. no. Start End Start End Start End Start End filtering | mixing | Light Normal
1 1 8 7 2 2 5 4 2 1 4 3 9 4
1 2 6 5 1 1 0 0 2 1 1 2 5 9
1 3 4 3 2 2 2 1 2 2 0 3 3 6
1 4 3 3 0 1 3 4 3 3 1 6 7 5
1 5 8 7 1 0 1 3 4 4 5 4 7 6
1 6 6 6 1 0 5 4 2 3 3 4 9 5
Table 18 Activities from sampling point 2
CIP washing
Sampling | Sample
point no. | no. Strong | Normal Light | Rinse Sterilization | Disinfection
2 1 2 40 6 2
2 2 2 52 8 1
2 3 1 38 10 4 1 2
2 4 2 35 5 6 1
2 5 46 2 3 1
2 6 31 12 4 2




