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Abstract 
 

All the breweries face daily challenges in order to become more competitive in the 

brewery industry and for this reason new methodologies and new equipment are frequently 

introduced to the beer production process aiming to reduce the production cost per litre of beer. 

The introduction of the new methodologies and new equipment intend also to render a more 

uniform product at the exit of the different steps/processes to avoid the necessity of performing 

frequent alterations to the diverse parameters from batch to batch.  

The aim of the present thesis was to study where would be possible to reduce the 

production cost, either by reducing the waste of beer or by reusing the latter in the production 

sector. Firstly, the reduction of beer waste in the daily temperature measurement in fermentation 

vessels was studied and implemented by changing an analog saccharimeter for a digital 

thermometer; secondly, the reutilization of high gravity beer that was being wasted between 

maturation process and kieselguhr filtration was addressed through the introduction of an 

industrial centrifuge.  

The economic analysis confirms that the new equipment introduced had a positive impact 

in the production sector leading to a reduction of the production cost per litre of beer produced. 

 

 

Keywords: Brewery, beer, production sector, production cost per litre, process economy 

analysis. 
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Resumo 
  

Todas as cervejeiras enfrentam desafios diariamente visando tornar-se mais 

competitivas na indústria da produção de cerveja e graças a isso é necessário e frequente a 

introdução de novas metodologias e de novo equipamento com o intuito de reduzir o custo de 

produção por litro de cerveja. A introdução de novas metodologias e novos equipamentos tem 

também como objetivo obter um produto mais uniforme a sair dos diferentes passos/processos 

para que não seja necessária a alteração frequente de diversos parâmetros, de lote para lote. 

Na tese realizada, foi estudado como seria possível reduzir o custo de produção, seja 

por redução de gasto de cerveja seja pela reutilização no sector de produção. Em primeiro lugar, 

foi estudada a oportunidade de redução do gasto de cerveja devido à medição diária da 

temperatura nas cubas de fermentação; depois, foi estudada a possibilidade de reutilização de 

cerveja de alta densidade que estava a ser desperdiçada entre o processo de maturação e a 

filtração de kieselguhr, devido as purgas realizadas, através da introdução de uma centrifuga 

industrial. 

A analise económica realizada confirma que a introdução dos novos equipamentos teve 

um impacto positivo no sector de produção, levando a uma redução do custo de produção da 

cerveja.  

 

 

Palavras-chave: Cervejeira, cerveja, sector de produção, custo de produção de cerveja, 

análise económica do processo. 
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1. Introduction 
 

1.1  Beginning of the Beer. 
 

The production of beer is presumed to have started in Mesopotamia or Egypt. The making 

of the beer was then taught to the Greeks and Romans by the Egyptians, which was then passed 

throughout Europe (Max, 2005).The beer is known for being the oldest alcoholic drink in the world, 

presenting evidence of the production and use of beer in the Egypt back in the Predynastic era 

(5500-3100 BC). There are references to a few simply prepared and fermented beverages that 

might be the ‘ancestors’ of beer. One of those was known as braga, or bosa, and was mainly 

produced and consumed in the areas between Poland and the Balkans and eastwards to Siberia, 

being produced by soaking millet in water and then heating the mixture. Another beverage that 

had been produced across Europe was kvass and was prepared by (mixing) flour and water then 

heated for 24 hours and left to ferment for an equal period. Both these drinks presented low levels 

of alcohol (Hornsey, 2003). 

The beer industry evolved through the years having a more rigorous procedure and sanitary 

conditions leading to more complex and above all more homogenous beer.  

 

1.2 . Raw materials. 
 

In the pre-Neolithic era, the raw materials for the fermentation (sources of sugar) were found 

in the wild berries (and other fruits), tree sap, honey and possibly in the animals milk, providing 

the sucrose, glucose, fructose and possibly lactose in need for the procedure (Hornsey, 2003). 

Nowadays the sugar extraction occurs from malted barley, thought wheat, maize and rice can 

also be brewing adjuncts from which sugars can be extracted. To produce beer, three more 

components are needed: yeast, hops and water. 

 

1.3 . Malting. 
 

Malting is the term used for the preparation of raw material in the brewery industry, where 

there is a controlled germination of grain in moist air. Barley (Hordeum vulgare) is the most malted 

cereal grain because it has high starch-to-protein ratio and adhering husk that provides a better 

economic yield, ease of processing in brewery and produces the flavour associated with malt for 

this purpose (MacLeod, 2004). The wheat (Triticum aesticum) and sorghum (Sorghum vulgare) 

are also malted in considerable quantity (Briggs, Boulton, Brookes, & Stevens, 2004). 

The main goal of the malting is to convert the physical structure of the barley to allow the 

synthesis or activation of enzymes (which can degrade the polysaccharides in di- or 

monosaccharides) in order to facilitate their use in the following step of the beer production - wort 

fabrication. During this procedure, the hydrolytic enzymes production and release are increased. 
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These enzymes will be responsible for cereal grain cell-wall degradation and protein solubilization 

leading to a situation of minimal starch breakdown. With this aim, it is necessary to both accelerate 

germination and retard embryo growth.(MacLeod, 2004). 

 

Steeping 

 

The storage of the barley is made taking in consideration that the moisture level should be 

between 10% and 14%. Keeping the that level below 14% is beneficial, to avoid the formation of 

mold and germination loss. 

In the steeping, the barley is immersed in water in order to increase the moister level until 

approximately 40%-45%, boosting the grains germination. This step aims at stimulating the 

embryo to respirate and start the hormone activity through the uptake of water and oxygen, which 

involves 2-4 immersion periods in water each time followed by an air-rest period.  

This procedure is also used as a cleaning step where grain shells (outer hull) and impurities 

are removed. 

Normally, steeping takes between 1 and 2 days, depending on the plant design, barley 

characteristics, conditions and the target malt specification (MacLeod, 2004). 

Steeping washes out a wide range of compounds such as phenols, amino acids, sugar, 

mineral and microorganisms. Therefore, the post-steep water is biologically active. Since this 

water inhibits germination it cannot be reused without prior treatment (Fergus G. Priest, 2006, p. 

151). 

 
Germination 

 

After the steeping the barley grains are transferred to germination vessels. This next 

procedure aims to initialize the enzyme synthesis and release, cell-wall breakdown while and 

solubilization of stored nitrogen (proteolysis). 

Nowadays the barley is transferred to a tub (germination compartment) where temperature 

and aeration levels are controlled for 4-6 days. The germination unit involves the germination 

compartment, a plant able to produce cool humidified air and move it through the germinating 

grain. The principal structural characteristic of the germination compartment is its perforated 

stainless floor and a grain turnaround machine.(Ullrich, 2011). 

 During this stage, the moisture in the grains reaches levels above 45%. Throughout this 

stage enzyme accumulation occurs, including α-amylase, dextrinase, α-glucosidade, β-

glucanase, xylanase, lipase and endo- and exo-proteinases (MacLeod, 2004). 
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Kilning 

 

With the purpose of preventing further transformation and losses, the germination is 

interrupted by drying the malt and kilning. The water contend of the grains is decreased from over 

40% to less than 5%, increasing the preservability and the easiness to store (Kunze, 2004). 

Kilning can take between 16 and 60 hours depending on the plant being used and the type of 

malt being produced. During this procedure, the temperature must be carefully controlled in order 

to dry the malt as quickly as possible but without inactivating the enzymes produced during 

malting (Hornsey, 1999, pp. 27–28). After submitting the malt to this step, it becomes friable and 

can be milled for brewery or stored in cool dry conditions. 

Normally, there are three phases of moistures removal during the kilning. In the first phase, 

‘free drying’, the grain’s moisture level drops very fast until below 25% and under relatively low 

temperatures (50-60 ºC). After this step, the malt passes through the ‘intermediate’ phase where 

it will reach levels of moisture around 12% and in the final phase, ‘curing phase’, this level will 

reach its lowest value, 4%. The temperature increases in each phase (MacLeod, 2004). 

 

1.4 Milling  
 

The first process to take place in the brewhouse is milling of the malt and, if necessary, of 

the cereal adjunct as well.  

Milling aim is to give the malt enzymes the opportunity, during mashing, to act on the malt 

contents and break them down, as the latter must be broken into small fragments. The malt used 

for a brew is denominated as grist and the amount used is the charge. 

This step is done immediately before the usage of the malt in order to avoid oxidation. On 

one hand the usage of fine milling favours maximum extractions leading to better yields, on the 

other hand larger grist particles, with higher percentage of intact husks, benefits the lautering 

process. Depending on the separation process downstream, one choses the different methods of 

milling (roller, wet and hammer) (Ullrich, 2011). 

 

1.5 Mashing 
 

This brewing step intends first to convert the malt starch to soluble sugars, which will then 

be used by yeast to produce alcohol through fermentation. At the same time proteins are broken 

down into amino acids that the yeast can use as nutrients. 

The grist is mixed with hot water in the mash tun and the whole mash is kept at approximately 

65 ºC for an hour. This will allow the gelatinization of the malt starch making it more susceptible 

to the enzymes action. Also, in this step, occurs the activation of the malt enzymes. The brewery 

water originated from this procedure (mashing-in) is later filtrated to generate the beer wort (Hui, 

2007). 
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Double mash process 

 

Two of the principal starch-digesting enzymes are obtained through malting, the α- and β-

amylase. The α-amylase activity is important given that it reduces the molecular weight of both 

starch polysaccharides and decrease mash viscosity. On the other hand, β-amylase hydrolysis 

amylose to maltose and a small amount of maltotriose. 

The main factors that regulate the activity of the enzymes are the pH, temperature and 

concentration of the wort.  Temperatures on the range of 60-65ºC maximize the activity of β-

amylase while to maximize the activity of α- amylase a temperature in the range of 65-75ºC is 

necessary (Charles W Bamforth, 2000)(MacGregor, Bazin, Macri, & Babb, 1999). 

Once that the α- and β-amylases activities being of greatest concern to the brewer, the 

temperature control and profile used during the mashing is of a tremendous importance. 

The double mash system features both a cereal cooker and a mash tun. The adjunct mash 

is started first; the adjunct with water is first heated to around 70 ºC and then boiled aiming to 

gelatinize the starch. After temperature decrease, a small portion of malt or microbial amylase is 

added to reduce the viscosity of the adjunct mash. As alternative, pre-gelatinized adjuncts, for 

example flaked maize, or liquid adjuncts, for example corn syrup, can be introduced directly in 

the mash tun and mixed directly in the brew kettle.  

After the cereal adjunct mash operation starts, water and malt are combined in the mash 

tun. The traditional mash-in temperatures range within 40-50 ºC which favours proteolysis. 

Thereafter the boiled cereal mash is transferred to the main mash and the temperature of the total 

mash is raised to around 60-65 ºC, so that the bulk of the maltose can be formed. Considerable 

variation in temperature ramps and rests used by the brewers in mashing can be seen in the 

industry aiming to control the composition and fermentability of the extract. In the final step, called 

mash-off, the temperature is increased to a point where enzymatic activity is stopped, 

approximately 78ºC (Ullrich, 2011, p. 485). 

 

Wort separation 

 

Once the mash has provided all the necessary components for the brew production, the 

separation of the spent grain particles from the liquid extract, wort, is required. In this step one 

can understand the importance of milling degree because, depending on the type of milling, 

different separation processes may become beneficial. For example, for using lauter tun is 

required that the milling operation crush the malt rather than grinding, to keep the malt husk intact. 

On the other hand if is used a mash tun the malt may be finer millet for better extraction (Hardwick, 

1994, pp. 278–291). In this step occurs the recovery of the biggest by-product, dreche, which is 

sold to animal feeding. 
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Introduction of hops. 

 

Hops (Humulus lupulus L.) are added to impart bitterness, odour and aroma. Both hop resins 

and essential oil are found in the lupulin glands of the female flower cone. The essential oil 

comprises the volatile components, usually isolated by distillation (Swift, 2002, pp. 57–83). 

The iso-α-acids, originating from hop resins, are predominantly responsible for bitterness, 

whereas several compounds in the essential oil are responsible for imparting hoppy odour and 

aroma to beer. 

Hops are normally added to wort during the boiling in the kettle in order to extract the 

bitterness and allow the chemical isomerization of the α-acids to the more bitter iso-α-acids. In an 

attempt to minimize evaporation of essential oil to retain aroma compounds, premium aroma hops 

extracts are added at the end of boiling, late hopping, or even in the whirlpool (Benitez et al., 

1997). 

Aside from their role as bittering components of beers, iso-α-acids are also a key component 

of the beer foam. Both cis- and trans-forms of the iso-α-acids contribute in foam formation and 

stabilization, in conjunction with particularly positive charged polypeptides derived from the malt 

and di- or tri-valent metal ions such as manganese and aluminium. The cis-forms of iso-α-acids 

are more bitter and stable when comparing with the trans-forms (Stewart, Russell, & Anstruther, 

2018). 

 

Whirlpool 

 

The whirlpool vessel works as a receiver of the hot wort and is designed to obtain a good 

separation of the trub and spent hops from the liquid extract. Herein, the wort is pumped 

tangentially into the cylindrical vessel walls creating a rotating stream. The solid particles 

suspended in the rotating liquid will separate due to friction (teacup effect), migrate to the bottom 

centre and coalescence to form a cake (Eßlinger & Narziß, 2009). 

 

Wort cooling 

 

Significant energy is expended during the brew kettle boiling period. The energy of 

evaporation can be recovered through vapor collection systems. Wort cooling systems are used 

to bring the wort to a temperature suitable for fermentation (Hardwick, 1994, p. 312). 

Hopped wort, which has been separated from the hop debris and trub, is now chilled before 

being introduced in the fermentation and pitched with yeast. In most breweries, to cool down the 

wort from 80ºC to 8ºC, a plate and frame heat exchanger is used whereby a series of vertical, 

indented, stainless steel plates bearing rubber gaskets are compressed together in a frame. The 

coolant normally used is chilled water in counter-current (Hornsey, 1999, pp. 95–98). 
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Wort aeration 

 

The yeast requires oxygen for the formation of new cells, around 7-8 mg/L corresponding to 

80% saturation of the wort with O2. Meaning that obtaining an optimum aeration of the wort is 

fundamental to achieve a uniform fermentation process. This aeration can be reached through 

the injection of sterile air or oxygen into wort (Hardwick, 1994, p. 313). 

Wort oxygenation is necessary given that the molecular oxygen is necessary for the 

synthesis of sterols and unsaturated fatty acids, which are essential components of cell 

membranes and are fundamental for subsequent yeast growth in anaerobic conditions (Briggs et 

al., 2004, pp. 400–475). 

 

1.6 Fermentation 
 

Fermentation is frequently considered as being the rate-determining step in the beer 

production, leading to a lot of effort to discover news ways of increasing the productivity. In this 

stage the enzymes in the yeast will convert the fermentable sugars present in the wort into alcohol 

and CO2.  

The first step in fermentation is the addition of 0.5-0.7 liters of concentrated yeast slurry per 

hectolitre of wort, corresponding to (15 – 20) * 106 yeast cells per millilitre of cooled and aerated 

wort (Eßlinger & Narziß, 2009). 

There are two types of brewing yeast systems in the fermentation, top and bottom 

fermentation. Normally, the ales are fermented with ‘top yeast’, while the lagers with ‘bottom 

yeast’. The top fermentation is conducted at a higher temperature leading to shorter fermentation 

time when compared with the bottom (Briggs et al., 2004, p. 5). 

 

Extract 

 

The extract has a major importance in the control process and is used in two senses: firstly, 

the potential extract that might be obtained from various brewing raw materials, and secondly, 

real measures of the extract present in the worts, beer or other process liquids such as syrups, 

and so on. 

In order to assess commercial-scale brewery operations, extract measurements are made 

at various stages in the brewing process. Providing accurate measures of the total quantities of 

raw materials used, the volume and concentration of extract obtained provide an indication of the 

efficiency of the process. In any given brewery the standard reference wort for any given product 

is defined as that which is obtained at the completion of the boil when it is ready for transfer from 

the kettle. The wort concentration at this point with reference to the total volume is defined as the 

original extract. With regard to fermentation the total extract present is subdivided into two 
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principal fractions, fermentable and non-fermentable. These describe those wort solids which 

under the conditions employed are either utilised by yeast or which remain in the beer when 

fermentation is completed. The presence of yeast and the resultant formation of ethanol have 

effects on extract measurements that require correction. Since ethanol is less dense than water 

it exerts a depressing effect, and for this reason uncorrected values are referred to as apparent 

extracts. Predictably measurements made after the removal of ethanol by distillation and 

correction for volume and temperature are referred to as real extracts (Boulton, 2013, p. 222). 

 

Yeast pitching 

 

The only way to maintain the integrity of a beer brand is by performing the fermentation with 

reproducibility; one of the vital steps to achieve that reproducibility is the addition of yeast into the 

wort. 

The aim of the inoculation process is to deliver a defined suspended viable yeast count in 

wort at the start of fermentation (Boulton, 2001, pp. 338). 

The yeast is kept in a vessel denominated ‘yeast brinks’, which provides cold and agitation 

in order to preserve a uniform concentration. 

The wort is essentially sterile until proceeding with yeast inoculation, meaning that the 

contamination of pitching yeast must be prevented so that undesirable flavours do not appear in 

the final product.  

Pitching rates, which refers to the number of cells inoculated per millilitre of wort, are 

calculated through the concentration of live cells and which are added in the flowing stream of the 

wort to the fermentation vessels. 

 

Fermentation process  

 

After the pitching step, the mixture of wort with yeast is placed in a fermenter with a 

temperature controlled around 8ºC, so that the temperature does not rise above 13ºC, and then 

is lowered, progressively, until around 5ºC. The temperature rise observed in the fermenter is due 

to the energy released during the fermentation is originated in the formation of adenosine 

triphosphate, ATP, during the consumption of glucose as demonstrated in equation (1). 

 

𝐶6𝐻12𝑂6 + 2𝑃𝑖 + 2𝐴𝐷𝑃 →  2𝐶2𝐻5𝑂𝐻 + 2𝐶𝑂2 + 2𝐴𝑇𝑃 +  2𝐻2 (1) 

 

During this stage, the yeast cells are inoculated with limited amount of nutrients, being the 

most common situation in commercial fermentations. The cells undergo division through three 

distinct phases that are similar for microorganisms that reproduce by cell division, where the time 

of each phase is determined by the cultivation conditions. 
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The first one is lag phase, which represents a period of adaptation when the cells are 

exposed to a new condition, one of the examples is the need to synthetize different enzymes to 

perform the uptake and utilization of the substrate. The next phase is the exponential growth 

where the cells are already adapted to the medium and occurs the logarithmical increase of the 

population; normally this growth stops when there is depletion of an essential component from 

the medium. Following this phase comes the stationary phase during which there is not oscillation 

of biomass (Briggs et al., 2004, pp. 400–475). 

The parameters that will determine the concentration of ethanol produced during the 

fermentation are the initial concentration and spectrum of the fermentable carbohydrates present 

in the wort. On the other hand, the range of carbohydrates that the yeast can ferment and the 

maximum amount of ethanol that it can tolerate is genetically determined. 

During the fermentation other products are produced that will contribute to beer flavour and 

aroma.  

The diacetyl and 2,3-pentanedione, vicinal diketones (VDK), are two of those by-products 

that impact the flavour and are formed in all brewery fermentations. The diacetyl has an intense 

sweet, butterscotch flavour which cannot be tolerated in lager beers and the final concentration 

on the beer should be inferior to 0.1 mg/L. The 2,3-pentanedione has a honey-like flavour. An 

effective way of reducing the concentration of diacetyl and 2,3-pentadione, is by warming a beer 

for a period of 2-3 days at 14-16 ºC rest, then when the concentration decreases until the 

acceptable threshold, a cold shock until 5ºC is applied. The concentration of diacetyl will also 

dictate when is the beer is ready to be filtrated (Briggs et al., 2004, pp. 400–475). 

The cold shock is an important step leading to the sedimentation of the yeast in the bottom 

of the fermenter, in the case of lagers, permitting to separate these yeasts through a pipe in the 

bottom of the fermentation tank (cropping). This separation is necessary because, once there are 

no more sugars to ferment, the cells start the process of autolysis originating the release of 

harmful compounds to the beer. 

The end of fermentation, for most lager fermentations, is the point which is defined in terms 

of achievement of a specified VKD, concentration. Normally, this is linked to the time of cropping 

in order to ensure that enough yeast is available to reabsorb diacetyl and 2,3-pentanedione and, 

possibly, also to the application of cooling (Boulton, 2011). 

 

1.7 Maturation 
 

Once the fermentation is finished, the beer must undergo a period of maturation; since it 

stills contains undesirable flavours compounds and these must be removed by conditioning. In 

the traditional lagering methods, the beer is transferred to a separate tank. Nowadays, the 

maturation occurs in the same vessel as the fermentation. The presence of a relatively small 

portion of yeast which remains in contact with the beer has two effects. Firstly, more carbon 

dioxide is produced leading to carbonating the beer and purging of unwanted volatile compounds. 
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Secondly, the yeast biochemically removes certain other flavour-active compounds, by catalysing 

the reduction of flavour-active vicinal diketones such as diacetyl (Hughes & Baxter, 2001, pp. 11–

12). The total concentration of diacetyl is used to judge the maturity of the beer (Eßlinger & Narziß, 

2009). 

During the maturation there is an aspect to take in consideration, the beer should not be kept 

in the same vessel as the yeast that sediments (only the much less amount of suspended cells is 

adequate), meaning that one must purge it through the bottom pipe of the tank. 

 

1.8 Beer treatment 
 

The most effective beer treatment regarding the haze stability is the storage of beer for about 

a week at -1 to -2 ºC. This procedure allows a reduction of cost in the other beer treatments 

performed to remove potential haze-forming proteins and polyphenols. The formation of colloidal 

haze in beer arises from the formation of protein-polyphenol complexes during beer storage 

(Briggs et al., 2004, p. 557). 

Complementary to low temperatures, polyvinylpolypyrrolidone (PVPP) is added as an 

adsorbent. The PVPP is dosed in the filtered beer and then retained in the filter; the loaded PVPP 

is then reprocessed and reused. (Eßlinger & Narziß, 2009). 

 

1.9 Beer clarification 
 

The final unit operation to take in consideration in the beer processing, prior to the packaging, 

is filtration. The bulk filtration duty in a brewery is a demanding unit operation, as it is essential 

for product clarification and for colloidal stability. Clarification of the beer to a standard that is 

acceptable by the legislation is necessary to introduce the product in the market. This process is 

responsible for the removal of any remaining yeast, precipitated protein and polyphenol haze 

material. 

There are two main modes of filtration, namely surface and depth. Depth filtration describes 

the type of process in which the sieving action is achieved using a bed of material through which 

the fluid to be clarified passes. It is distinct from surface filters, which rely purely on the cut-off of 

the pores in the membrane for their sieving action. Depth filtration relies on a combination of three 

mechanisms. These are the pore size of the surface of the material, which limits the size of particle 

that can enter the filter bed, the ability of the interstices within the bed to trap particles, and 

electrostatic effects, whereby charged particles, which may be smaller than the pore size, become 

bound to components of the filter bed with an opposite charge. Compared with surface filters, 

depth filters have a greater capacity and are therefore suitable for the clarification of feedstocks 

with relatively high solids loadings. Depth cartridge filters are used for cold sterilisation of beer 

and powder filters are used for primary beer filtration and possibly colloidal stabilisation (Boulton, 

2013, p. 174). 
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When aiming at a stable beer for its shelf life, which can be up to 52 weeks from the date of 

packaging, this implies that the concentration of yeast must remain inferior to 0.2 million cells per 

millilitre in the filtrated beer (Briggs et al., 2004, p. 574). 

 

Beer Clarification through centrifugation 

 

Centrifugation represents a measure available to increase the rate of sedimentation. In 

addition, the design of centrifuges is highly effective at minimizing the depth in which particles 

must settle. 

To remove yeast and other particles from beer by centrifugation, the beer must have enough 

residence time in the machine for cells and flocs to fall through the average path length under the 

applied “g” force. Clearly, modern centrifuges are easily capable of achieving this. When smaller 

particle size is considered, the residence time or centrifuge speed become more critical. Disc 

bowl centrifuges can be tailored for beer treatment. These machines contain several disc plates 

onto which the deposited particles collect and then slide into the solids holding area. 

In order to ensure maximum beer yield, minimum oxygen pickup, minimum temperature 

increase and minimum damage to yeast cells, the design and operation of the centrifuge are key 

aspects (Stewart et al., 2018). 

 

Kieselguhr filtration 

 

Kieselguhr, or diatomaceous earths, is a filter aid powder that consist of skeletons of marine 

algae containing silicon dioxide. This compound will act as filter; the finer the kieselguhr the better 

is the promoted clarification, but the speed of filtration will decrease (Freeman & McKechnie, 

2003). However, this substance must be handled carefully, as is considered highly dangerous 

when inhaled giving rise to the silicosis disease. 

 

Beer dilution 

 

Many beers are produced using high-gravity brewing, where a wort of high concentration is 

fermented and then the derived beer is diluted at the end of the process, to reach the common 

beer gravity. The disadvantages that this process represent in beer production are the extra plan 

that is normally required for recycling of wort and for de-aeration of dilution liquor, the potential 

for increased production of flavoursome esters in fermentation and the poor extraction of the hops 

earlier in the brewing process. However, the disadvantages are outweighed by the advantages 

provided that with this process there is a much lower plant capacity requirement upstream of the 

bright beer tank and substantially lower cost of heating in the brewing process and of cooling 

during and after the fermentation. Also, the amount of yeast growth per unit of alcohol produced 

is less in high gravity fermentation (Freeman & McKechnie, 2003). 
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This dilution should be implemented after beer filtration and the quality of water used for this 

process is of the utmost importance; as it will be drunk by the consumer, it must be free from taint, 

sterile and deaerated (Briggs et al., 2004, p. 551). 

 

Beer carbonation 

 

The carbon dioxide is a very important compound of beer once it imparts sparkle, ‘mouth 

feel’ and sharpness associated with its properties as an acid gas. The concentration of this 

constituent must be carefully controlled to provide a consistent product to the consumer. 

All processes after secondary fermentation should be designed to keep carbon dioxide 

solubilized in the beer, thus beer must be kept cold and under suitable pressure of carbon dioxide 

to avoid gas release (Kunze, 2004, pp. 579–581). The carbon dioxide concentration must be then 

readjusted in the beer before packaging but cannot be introduced upstream the filtration given 

that the CO2 (bubbles) would disturb the filter aid layer bed. Normally, is introduced after the 

filtration during the transfer to the bright beer tank (BBT). 

The carbonation is conducted while measuring the amount of dissolved CO2 in the beer and 

passing the information of whether or not more CO2 is needed and, if so, how much more (Briggs 

et al., 2004, p. 564). 

 

1.10. Filling  
 

Before being sold, packaging the beer is necessary. The most important package world-wide 

is the bottle: returnable and non-returnable. Beer can also be filled into cans, kegs and casks. 

Three main aspects should be considered for successful packaging operations: prevent the 

introduction of air into the beer is essential, the beer pressure and temperature must be kept in 

values such that allow maintaining the CO2 in solution and, finally, the cleanliness in the facilities 

and all the equipment must be of high standards (Briggs et al., 2004, p. 584). 

 

1.11 Fermentation vessels for bottom fermentation. 
 

The installation of cylindroconical vessels (CCVs) was particularly prevalent during the 60’s 

and 70’s. Introducing this type of tank was associated to a higher efficiency of lager production 

by combining primary fermentation and cold conditioning in a single tank. 

Originally, the vessels were constructed from aluminium but, once understood the propensity 

of this metal to corrode, the material was exchanged to stainless steel. The essential feature of 

the CCV is the replacement of the lower dished end by a cone. The interior surface of this is highly 

polished in order to reduce the friction and thereby facilitate the yeast cropping. 

Nowadays, the CCV are widely used in the production of lager beers since processing the 

fermentation and maturation in the same tank represents the decrease of operational cost and 
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increase the quality of beer (Boulton & Quain, 2006). The modern forms of this vessels can range 

from 100 to 6000 hL and one of the most important characteristics is an angle of 70º in the cone, 

necessary so that the yeast settle into the base of the tank (Briggs et al., 2004, p. 514). 

 

 

Figure 1 - A schematic drawing of a cylindroconical vessel, adapted from (C. Bamforth, 2003). 

 

Carbon dioxide recovery 

 

The carbon dioxide is an important by-product from the fermentation, as it can be used, for 

example, to re-carbonate the beer after purification. When fermenting and maturing in a CCV the 

CO2 occurs in a concentrated form and can easily be extracted and collected (Briggs et al., 2004, 

p. 514). 

The amount of carbon dioxide that is formed during the fermentation depends on the original 

gravity of the wort. 

A recovery plant for this compound consists in a foam breaker (gas-separator) and a gas 

container, which is used as a reservoir for the collected CO2. The CO2 stream is then freed from 

water-soluble impurities in a gas scrubber (Eßlinger, 2006). 

  

1.12. Yeast cells propagation 
 

In theory, there is no limit to the times that a yeast can be cropped and re-pitched for a 

subsequent fermentation run. In the most modern breweries, there is a limited number of re-

pitching. Therefore, periodically, inoculation (pitching) goes back to the propagation stage from 
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the yeast cell banks, to guarantee a minimal level of identity and purity, when compared to the 

one stocked in the laboratory. These practices are done, mainly, to maintain the low levels of 

contamination and reduce the genetic instability verified in the yeasts after prolonged serial 

fermentations (Briggs et al., 2004, pp. 487–488). 

The major driver for the development of aerobic propagation systems is the dissatisfaction 

with the performance of the ‘first generation’ fermentation. Normally, in ‘traditional’ anaerobic 

propagators, the cell yields are too low to achieve a satisfactory pitching rate (Quain, 2006, p. 

174). 

 

1.13 Flocculation and crop of yeast 
 

Flocculation occurs because of interactions between surface proteins on one cell and 

carbohydrate receptors on another cell (Miki, Poon, James, & Seligy, 1982) and presents itself 

with an enormous importance in the process of brewing. The tendency of yeast to form flocs is 

an integral part of the process of separating the crop from ‘green’ beer, beer that passed through 

the first fermentation but had not passed through the maturation process (Boulton, 2013, p. 65). 

In the case of bottom fermentation, yeast creates flocs that will settle in the base of the vessel. 

The crop that remain in the bottom can be retrieved from the fermenter before the beer is racked.  

Undoubtedly, the conditions experienced in the cone of a large fermenter are hostile to the 

yeast. Apart from adaptation being difficult, ethanol concentration is as high as hydrostatic 

pressure is. An early cropping is desired once that presents benefits to the yeast health (Boulton, 

2011). 

As mentioned before, the formation of flocs is an essential step to the crop formation. If 

occurs an inadequate flocculation, the cropping of yeast will not be enough for the re-pitching and 

the ‘green’ beer will remain with an unacceptably high number of cells.(Briggs et al., 2004, pp. 

377–379). 

 

1.14 Collecting yeast and storage (storage of pitching yeast) 
 

Once fermentation in CCV ends, yeasts are sometimes stored in the cone of CCV due to 

operational reasons. However, there are disadvantages since this method results in the exposure 

of yeast to various stresses such as high temperature, high ethanol levels and undesired pH. 

Cumulative effects of these stress factors may damage the yeast physiological state. 

Normally, the yeast is cooled and transferred directly to the storage container just after 

recovery from the fermentation vessel.  

Between serial fermentations, pitching yeast slurries must be stored in a manner that 

preserves viability and minimizes physiological change. To achieve this goal, the key parameters 

to take in consideration are the maintenance of low temperatures (2-4 ºC), the exclusion from 

oxygen ingress (and microbial contamination) and control of the storage time to no more than one 
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or two days (Boulton, 2011). The purpose of the cooling is to slow down the metabolism of yeast 

to a minimum. 

A stirring system is used to secure yeast homogeneity during the storage. Since that in the 

stationary phase of growth the cells are much less sensitive to mechanical stress, eventual 

damage in the yeast will not be due to the length and intensity of stirring, but due to the actual 

physiological state of yeast and environment’s pH. 

Aiming to maintain yeast slurry without contamination, a step of acid washing is used. The 

most used acids are phosphoric, sulfuric and tartaric acid. This decontamination should be carried 

out at a pH 2.2 for 2-4 hours at 4 ºC (Matoulkov, 2017). 

 

Metabolism 

 

Metabolism is defined by all the chemical processes that occur in the cell and is divided into 

two areas. Catabolism, which include the pathways where the organic molecules are degraded 

liberating energy, and anabolism, including those that use the energy from catabolism to produce 

the synthetic reactions needed for the cell growth and proliferation. 

The carbohydrates are the preferred sources of carbon and energy in the yeast.(Briggs et 

al., 2004, pp. 404–405). 

During respiration the substrate, which is taken up, for example, sugar is totally broken down 

to CO2 and water (equation 2): 

 

𝐶6𝐻12𝑂6 + 6𝑂2 →  6𝐻2𝑂 + 6𝐶𝑂2 (2) 

 

In the presence of sugar, yeasts are the only living organisms which convert it under an 

alcoholic fermentation. In this case, glucose is converted to ethanol and CO2
 (equation 3): 

 

𝐶6𝐻12𝑂6 →  2𝐶2𝐻5𝑂𝐻 + 2𝐶𝑂2 (3) 

 

The conversion of glucose into alcohol, or in the case of respiration, to CO2 and water, results 

from numerous sequential reaction steps. Each reaction step is catalysed by a certain enzyme. 

Thus, the enzymes for glycolysis and alcoholic fermentation are in the cytoplasm, whereas the 

respiration occurs via enzymes in the mitochondria. 

To produce new cell substances, sources of nitrogen are required, which are present in the 

wort mainly as amino acids. Only low molecular weight amino acids with up four C-atoms are 

absorbed (Kunze, 2004, pp. 418–425). 
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1.15 Serial re-pitching 
 

Industrial fermentations performed to produce beer are unique within the alcoholic beverage 

industry in that the yeast is not discarded after use but is maintained and reused several times in 

a process termed ‘serial re-pitching’.  

Normally, yeast is serially re-pitched between 5 and 20 times before is considered 

inappropriate for use in fermentation. The number of times that a yeast suffers the re-pitching 

reflects on the quality of the inoculum. Brewers rely on the activity of these inocula, which should 

be inspected upon microbiological and performance testing of the existing yeast (Briggs et al., 

2004, p. 484). 

The serial re-pitching leads to a gradual deterioration of yeast physiology, which will reflect 

in its performance during the fermentation. In the case of bottom-cropped fermenters, especially 

large-volume cylindroconical, there is a higher change of cropping yeast together with trub. Since 

the brewery industry intends to maximize the revenues, the use of very large vessels and high-

gravity fermentation has increased, and so it has intensified the stress to which produced yeast 

is subject (Boulton & Quain, 2006, p. 475). 

 

1.16 Yeast growth 
 

Yeast growth is the coordinated uptake of nutrients from the medium and subsequent 

metabolism to yield new biomass. The new biomass is generated by increasing the size of 

individual cells and by cellular proliferation. During this proliferation the cells promulgate their 

genotype via the progeny. Since beer is a by-product of yeast growth, the brewer is aiming to 

manipulate process conditions in order to control the growth and metabolism of yeast to produce 

the intended product (Briggs et al., 2004, p. 469). 

 

Ageing of yeast 

 

The yeast has a finite life span measured by the number of divisions and not by chronological 

age. When the division stops, the cell becomes senescent and eventually dies. 

The ageing of yeast presents morphological, metabolic and genetic modifications, altering 

as well the yeast progeny (Powell, Quain, & Smart, 2003), 

During the ageing, the yeast presents changes in its physiology. Morphologically, the cell 

takes on an aged appearance, becoming granular, irregular and wrinkled (Mortimer & Johston, 

1959). 

With the re-pitching of the yeast in a fermentation occurs its ageing, which is accompanied 

with morphological changes, as described before. Is possible to obtain a positive correlation 

between the cell age and cell volume; the senescent cell (950 um3) can be six-fold larger (in size) 

than a young mother cell (163 um3) (Briggs et al., 2004, pp. 481–482)(Barker & Smart, 1996). 
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1.17 Storage and supply of yeast cultures 
 

The storage and assure supply of brewing yeast strains is an important step in the 

propagation cycle. 

There are many ways of storing the yeast for example by sub-culturing, by freeze-drying 

(some as lyophilisation) and by freezing in liquid nitrogen. 

The simplest and more often used method is the periodic sub-culture using agar slopes, that 

consist in small bottles containing medium solidified with agar. Aiming to maximize the contact 

area, the agar is solidified with the bottle placed at a slant. 

In more sophisticated storage methods, as freeze-drying, the storage is achieved by slowing 

down the metabolism and thereby prolonging storage period when comparing to the previous 

method. In lyophilisation, the cultures are rapidly frozen followed by dehydration under vacuum 

such that water is removed by sublimation which originate cultures that can be safely stored for 

several months. A major setback of this technique is the large overall reduction in viability. 

Storage by freezing in liquid nitrogen is the most effective method but also the most 

expensive one. In this process, the cultures must be frozen, until -196 ºC, in a controlled manner. 

Once this is achieved the storage potential is measured in years (Briggs et al., 2004, pp. 485–

486). 

An alternative to in-house yeast supply and storage is to outsource the responsibility to a 

third party, a growing trend nowadays (Quain, 2006). 

 

1.18 Vicinal diketones  
 

Vicinal diketones (VDK) are ketones with two adjacent carbonyl groups. During fermentation, 

these flavour-active compounds are produced as by-products of the synthesis pathway of 

isoleucine, leucine, and valine (ILV pathway) and thus also linked to amino acid metabolism 

(Nakatani, 1984) and the synthesis of higher alcohols. The concentration of two VDKs, diacetyl 

(2,3-butanedione) and 2,3-pentanedione, are of critical importance in the fermentation of lager 

beers because that determines the length of the maturation process. Diacetyl relates to valine 

and 2,3-pentadione relates to isoleucine. Both compounds have strong ‘butterscotch’ or ‘toffee’ 

aromas and tastes. Their presence in lager at concentrations higher than their flavour detection 

thresholds of around 0.15 ppm and 0.9 ppm, respectively, causes and objectionable flavour defect 

(Briggs et al., 2004, pp. 456–457). The ten times lower threshold for the diacetyl highlights the 

need to perform a more controlled monitorization of this compound during fermentation. 

As referred, both VDKs arise as an intermediate of the amino acid biosynthesis. The first 

intermediates in this metabolism are α -acetolactate and α-acetohydroxybutyrate. These 

compounds are released from the cell and undergo an oxidative decarboxylation to form diacetyl 

and 2,3-pentanedione, then the yeast takes-in these substances again and reduces them to 2,3-
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Figure 2 - Pathway of the formation of diacetyl and 2,3-pentanedione. 
Adapted from (Eßlinger, 2006). 

butanediol and 2,3-pentanediol, respectively (C. W. Bamforth & Kanauchi, 2004, pp. 83–93). 

Figure 2 depicts a simplified pathway of the formation of diacetyl and 2,3-pentanedione.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.19 Beer foam characteristics and stability 
 

Beer foams are colloidal systems comprising a continuous liquid phase and a discontinuous 

gas phase. The physical characteristics of beer foam have been studied and researchers 

concluded that foam is determined by four main processes: bubble formation, drainage, 

coalescence and disproportionation (Briggs et al., 2004, pp. 703–704). 

The interactions between iso-α-acids, which are formed during wort boiling from hop-derived 

precursors (α-acids), and barley polypeptides are generally known to be responsible for foam 

stability in beer. Regarding the high gravity beer, it was found that the proteolytic degradation is 

the major factor for the lack of foam stability (high levels of proteinase in yeast). The proteinase 

A, activity under increased wort gravity, is responsible for lack of foam-active hydrophobic 

polypeptides (Brey et al., 2003). 
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2. Materials and methods 
 

The work performed in this study took place at the Empresa de Cervejas da Madeira (ECM), 

Funchal, Portugal, from the 3rd of March until the 31st of August of 2019. 

All the process enhancement opportunities that were investigated focused on the reduction 

of product loss of the beer type produced that represents 90% of the revenues, regarding the beer 

market. 

 

2.1 Temperature measurement analysis 
 

Presently, to measure the temperature of lager beer in fermentation vessels, beer losses 

had to occur, by purging. High gravity beer samples were extracted from a pipe connected to the 

medium height of the fermentation vessel, and the temperature was therefore measured using an 

analog thermometer.  

When the thermometer showed a constant temperature, that value was recorded in the 

temperature registry sheets. The volume withdrawn from the purge, necessary to measure the 

temperature, was recovered in a volumetric cylinder and then also written down in the temperature 

registry sheet. 

 

Comparison of the impact of thermometers selection 

 

Two types of thermometers and three thermometers were studied in order to verify if it was 

possible to reduce the volume of lager beer necessary to measure the temperature. 

An analog thermometer (A), from VLB BERLIM reference 2-1600-35, was used to measure 

the temperature of beer in the fermentation vessel before this study begun. The study of the 

impact of using this thermometer on the losses of beer started in the 11th of March and went until 

the 10th of April of 2019, using the procedure explained above for the temperature measurement. 

The next step was the introduction of a digital thermometer (B), HERTER reference 

010204004, which was kindly borrowed by the University of Madeira. A second digital 

thermometer (C) was then used, this time acquired by the Empresa de Cervejas da Madeira and 

supplied by TFA, reference 010204017.  

More information regarding the thermometers is presented in annex B. 

In order to evaluate how much beer volume would be saved with the substitution of the 

thermometer, all the liters used daily for the measurement were summed with the different 

thermometers. This analysis was extended to all the fermentation vessels in usage each day. The 

average volume of beer lost daily with each thermometer was then calculated. All these volumes 

will have a cost associated, evaluated by multiplying the volumes per the unit production cost 

price of the product. 
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Impact of thermal insulation of the purging tube 

 

Regarding the subject of this study, the influence of the thermal of insulation of the pipe from 

where the beer was recovered was analysed. The fermentation vessels to which purging pipe 

was insulated were numbered 9 and 30. As in the procedure performed in the study referred 

before, the volume of beer was recovered to the volumetric cylinder which provided the volume 

necessary to measure the temperature. The thermometer used for this analysis was the analog 

thermometer for which more data was available from the period without thermal insulation. Figure 

3 shows one of the pipes with thermal insulation. 

 

 

Figure 3 – Insulated pipe (black tube), from where HGB was recovered and its temperature measured. 

 

2.2 Examination of HGB and yeast purges 
 

As explained before, only the type of beer that is produced in more quantity was considered 

object of study. 

Due to the high concentration of suspended solids in the ‘green’ beer, separation of phases 

through sedimentation was necessary. Therefore, ‘green’ beer remained an undetermined 

amount of time so that it could occur. Then all the sedimented yeast was removed from the CCV 

due to its negative effects on the beer, purging it from a pipe in the bottom of the fermentation 

vessel and purging it to an agitation tank (figure 4) through a hose-pipe. 
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The purged feeds recovered were introduced in a tank of 1200 liters with agitation (2700 rpm 

with agitator from SEW-EURODRIVE type RF40DT71D2Z) and kept for one hour aiming to obtain 

a representative sample of all the recovered purge. It is possible to know the volume purged using 

the level indicator of the tank, represented in figure 4. The sample then undergone the procedure 

explained in the 2.2.1 Centrifugation.  

 

 

Figure 4  - Stirring tank used to receive and keep the purged yeast in a homogeneous suspension. 

 

2.2.1 Centrifugation 
 

Aiming to determine the quantity of yeast and HGB that was recovered from the purges a 

separation process, more precisely a laboratorial centrifugation, was used. The laboratorial 

centrifuge used is from Selecta, model Mixtasel-BLT.  

Firstly, the empty centrifugation flask was weighed. The same flask was then filled with 100 

mL of water and the operator marked the meniscus. Then the tube was filled with the sample, 

homogenous solution of the collected purges, until the marked meniscus and weighed. Next, the 

sample underwent a centrifugation with the duration of 12 minutes at 4000 rpm. Once the 

centrifugation was finished the supernatant was withdrawn from the tube. The tube was again 

weighed, this time with the solid, allowing to obtain the fraction of yeast and beer in the studied 

sample. 
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2.2.1.1 Ratio of HGB on the purges 
 

Firstly, it was obtained the weight of HGB present in 100 millilitres of sample. For that, after 

the centrifugation the mass of the flask with the remaining solids was subtracted from the initial 

mass of the flask plus the one hundred millilitres of sample; the calculus explanation is 

represented in equation 4. 

 

𝑀𝑠𝑢𝑝𝑒𝑟𝑛𝑎𝑡𝑎𝑛𝑡(𝑔) =  𝑀𝐹𝑙𝑎𝑠𝑘 + 100𝑚𝐿 𝑠𝑎𝑚𝑝𝑙𝑒(𝑔) − 𝑀𝐹𝑙𝑎𝑠𝑘+𝑅𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑠𝑜𝑙𝑖𝑑𝑠(𝑔) (4) 

 

Once the quantity (grams) of HGB in 100 mL was determined, it was then multiplied by a 

factor of ten to calculate the recovered HGB per unit volume of purge, as is it possible to see in 

the equation 5. 

 

𝐶𝐻𝐺𝐵 (
𝑔

𝐿
) =  𝑀𝑠𝑢𝑝𝑒𝑟𝑛𝑎𝑡𝑎𝑛𝑡 (

𝑔

100𝑚𝐿
) ∗ 10   (5) 

 

2.2.1.2 Quantity of beer and yeast extracted in the purges 
 

The next step was to determine the quantity of beer present in the overall purges and, with 

that purpose, the total mass of HGB was calculated using the HGB ratio of the sample, obtained 

from the equation above (equation 5), and the total volume recovered from the purges, as 

represented in equation 6. 

 

𝑀𝐻𝐺𝐵(𝑘𝑔) =
 𝐶𝐻𝐺𝐵 (𝑔/𝐿) ∗ 𝑉𝑃𝑢𝑟𝑔𝑒𝑑  (𝐿)

1000
 

(6) 

 
One needs to know the volume of purged beer instead of its mass, given that the production 

cost price value is given in euros per litre. For that reason, equation 7 was used to convert the 

mass of purged beer into volume. 

 

𝑉𝐻𝐺𝐵 𝑝𝑢𝑟𝑔𝑒𝑑(𝐿) =
𝑀𝐻𝐺𝐵 (𝑘𝑔)

𝑆𝐺𝐻𝐺𝐵

 
(7) 

 

Where SG is the volumic mass (also known as ‘specific gravity’) of HGB (obtained through 

the equation 22). 

The beer recovered during the purge is high gravity beer meaning that is denser, i.e., more 

concentrated than the commercial product. Since the production cost price is given in accordance 

with the commercialized beer price, one needs to verify how much of this will be obtained after 

dilution of the HGB. For that reason, equation 8 was used. 
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𝑉𝐶𝑜𝑚𝑚𝑒𝑟𝑐𝑖𝑎𝑙 𝑏𝑒𝑒𝑟 𝑝𝑢𝑟𝑔𝑒𝑑(𝐿) = 𝑉𝐻𝐺𝐵 𝑝𝑢𝑟𝑔𝑒𝑑(𝐿) ∗
𝐸𝑊𝑜𝑟𝑡

𝐸𝐹𝑖𝑛𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡

 
(8) 

 

Where the variable EWort and EFinal product represents the original extract from the HGB and 

original extract of the commercialized beer, respectively. 

 

2.2.1.3. Pitching and cropping. 
 

Also, to take in consideration is the HGB that was lost due to dragging during the separation 

of the yeast. This quantity of HGB and yeast collected in yeast cropping is not the total volume 

truly ‘wasted', since in the pitching process both the HGB and yeast are introduced in CCVs for a 

new fermentation. To account for the true loss of HGB, it is firstly necessary to obtain the correct 

mass of suspension of yeast and HGB collected. The latter is obtained by subtracting the quantity 

that enters to the quantity that exits. (equation 9). 

 

𝑀𝑇𝑟𝑢𝑙𝑦 𝑝𝑢𝑟𝑔𝑒𝑑(𝑘𝑔) = 𝑀𝑇𝑜𝑡𝑎𝑙 𝑦𝑒𝑎𝑠𝑡&𝐻𝐺𝐵 𝑐𝑟𝑜𝑝𝑝𝑒𝑑 (𝑘𝑔) − 𝑀𝐼𝑛𝑡𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑖𝑛 𝑝𝑖𝑡𝑐ℎ𝑖𝑛𝑔(𝑘𝑔) (9) 

 

The calculated mass was then transformed into volume using the density of the purge, 

through equation 10. 

𝑉𝑇𝑟𝑢𝑙𝑦 𝑝𝑢𝑟𝑔𝑒𝑑(𝐿) =
𝑀𝑇𝑟𝑢𝑙𝑦 𝑝𝑢𝑟𝑔𝑒𝑑(𝑘𝑔)

𝜌𝑦𝑒𝑎𝑠𝑡&𝐻𝐺𝐵 𝑐𝑟𝑜𝑝𝑝𝑒𝑑 (
𝑘𝑔
𝐿

)
 

(10) 

 

After obtaining this volume and performing the centrifugation to a sample (homogenous 

solution of yeast and HGB cropped), the same computations/procedures were carried as above 

(centrifugation and equation 4 to equation 8) to obtain an equivalent estimated total volume of 

beer with the commercialized original extract wasted due to the dragging. 

 

2.3 Fermentation sheet analyses  
 

2.3.1 Fermentation and maturation days determination 
 

Through the analysis of the fermentation sheets, provided by the company, the average 

number of days needed so that the correct fermentation occurs through the different temperature 

stages was determined. Thereafter, the maturation went on for 4 days at around 0ºC. 

 

2.3.2 Losses associated with the purges. 
 

The next information that was obtained through the treatment of data within the fermentation 

sheet was the quantity of beer that was lost to purges. 
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For this study, one considered that all the losses of product in the purges, performed after 

the fermentation and maturation processes were completed, were due to an insufficient 

sedimentation process, and analyses to the fermentation sheets were performed for acquiring the 

volume of HGB purged. The difference between the liters of fermentation wort that enter the 

fermentation vessel and the liters of HGB that are recovered from the vessel, were then multiplied 

by the ratio of extract value of the wort to the extract value intended for the final beer product, to 

originate the volume that is lost due to all the purges (equation 11). 

 

𝑉𝐿𝑜𝑠𝑠 𝑑𝑢𝑟𝑖𝑛𝑔 𝑝𝑢𝑟𝑔𝑒𝑠 = (𝑉𝐸𝑛𝑡𝑒𝑟𝑒𝑑 𝑖𝑛 𝑡ℎ𝑒 𝑡𝑎𝑛𝑘 − 𝑉𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑡𝑎𝑛𝑘) ∗
𝐸𝑊𝑜𝑟𝑡

𝐸𝐹𝑖𝑛𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡

 
(11) 

 
With the extract value of the wort and the extract value intended in the final product, is 

possible to determine the volume of commercialized beer that is supposed to be produced from 

each tank, by multiplying the total volume entered in the fermentation vessel by the above ratio 

of the extract values (equation 12).  

 

𝑉𝑆𝑢𝑝𝑝𝑜𝑠𝑒𝑑 𝑡𝑜 𝑏𝑒 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑 = 𝑉𝐸𝑛𝑡𝑒𝑟𝑒𝑑 𝑖𝑛 𝑡ℎ𝑒 𝑡𝑎𝑛𝑘 ∗  
𝐸𝑊𝑜𝑟𝑡

𝐸𝐹𝑖𝑛𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡

 
(12) 

 

Calculating the difference between the volume that was supposed to obtain from each 

fermentation vessel and the volume that was actually recovered, one can determine the total 

volume of beer lost during the sedimentation and filtration processes (equation 13). 

 

𝑉𝐿𝑜𝑠𝑠 𝑝𝑢𝑟𝑔𝑒𝑠 & 𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 𝑉𝑆𝑢𝑝𝑝𝑜𝑠𝑒𝑑 𝑡𝑜 𝑏𝑒 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑 − 𝑉𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑 after dilution (13) 

 

From industrial data in fermentation sheets, the fraction of lost beer was estimated and the 

value compared with the company prediction to confirm the veracity of the calculus. For this 

purpose, the volume of beer that was lost in the purges and filtration was divided by the total 

volume that was supposed to be recovered, as described in equation 14. 

 

𝜂𝐿𝑜𝑠𝑠 =  
𝑉𝐿𝑜𝑠𝑠 𝑝𝑢𝑟𝑔𝑒𝑠 & 𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛

𝑉𝑆𝑢𝑝𝑝𝑜𝑠𝑒𝑑 𝑡𝑜 𝑏𝑒 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑

 
(14) 

 

2.4 Evaluation of the gains with centrifuge 
 

To know which portion of beer would be reused with the introduction of an industrial 

centrifuge, the total volume that would be purged from CCVs until the day of the correct 

fermentation and maturation processes cycles was calculated. The process to find the average 

number of days that are need for these processes is explained in the 2.3.1. Once this value is 
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known, the purges that occurred during and before the range of these days, necessary for the 

fermentation/maturation cycles, were recovered and analysed through the procedures described 

in sections 2.2 and 2.2.1, respectively. Then, with the values of the fermentation sheet from the 

respective fermentation vessel, the total volume that was lost in the purges was calculated as 

indicated in section 2.3.2. 

As described in equation 15, the volume lost in the purges before the average days of 

fermentation and maturation, the volume of beer sold to a local company (directly recovered from 

the fermentation vessel) and the volume of beer dragged during the sedimentation, were 

subtracted to the total volume lost in the purges. This made possible the verification of how many 

liters would be saved using the industrial centrifuge; since all the remaining volume lost in the 

purges was due to excessive purging, otherwise unnecessary if the referred equipment after the 

maturation process was in use. 

 

𝑉𝐵𝑒𝑒𝑟 𝑔𝑎𝑖𝑛 = 𝑉𝐿𝑜𝑠𝑠 𝑑𝑢𝑟𝑖𝑛𝑔 𝑝𝑢𝑟𝑔𝑒𝑠 − 𝑉 𝐵𝑒𝑒𝑟 𝑝𝑢𝑟𝑔𝑒𝑑 𝑏𝑒𝑓𝑜𝑟𝑒 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒 𝑚𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 − 𝑉𝑆𝑜𝑙𝑑 𝑡𝑜 𝑙𝑜𝑐𝑎𝑙 𝑐𝑜𝑚𝑝𝑎𝑛𝑦

− 𝑉𝐵𝑒𝑒𝑟 𝑙𝑜𝑠𝑡 𝑏𝑦 𝑑𝑟𝑎𝑔𝑔𝑖𝑛𝑔 

(15) 

 

Aiming to extrapolate the results obtained from the fermentation vessels studied, it was 

pivotal to find a factor which would be able to apply to all the productions of the company even 

for those from which no purges were recovered. Due to that need, the yield of recuperation that 

would be achieved with the use of an industrial centrifuge was calculated (equation 16). 

 

𝜂𝐶𝑒𝑛𝑡𝑟𝑖𝑓𝑢𝑔𝑒 =
𝑉𝐵𝑒𝑒𝑟 𝑔𝑎𝑖𝑛

𝑉𝐿𝑜𝑠𝑠 𝑑𝑢𝑟𝑖𝑛𝑔 𝑝𝑢𝑟𝑔𝑒𝑠

 
(16) 

 

2.4.1 Annual production of beer 
 

With the purpose of discovering the quantity of beer that is purged annually, and could be 

reused with the centrifuge, leading to monetary savings for the company, the procedure explained 

in section 2.3.2 was performed for all the fermentation sheet of a determined year. The total 

volume that was lost due to the purges. The sum performed is explained in equation 17 

 

𝑉 𝑇𝑜𝑡𝑎𝑙 𝑙𝑜𝑠𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑝𝑢𝑟𝑔𝑒𝑠 = ∑ 𝑉 𝐿𝑜𝑠𝑠 𝑑𝑢𝑟𝑖𝑛𝑔 𝑝𝑢𝑟𝑔𝑒𝑠 𝑖𝑛 𝑣𝑒𝑠𝑠𝑒𝑙 𝑛 

𝑉𝑒𝑠𝑠𝑒𝑙 𝑛

𝑉𝑒𝑠𝑠𝑒𝑙 1

 
(17) 

 

Then, the volume that would be possible to recover due to the introduction of the 

centrifugation equipment was obtained by multiplying the yield of recuperation by the centrifuge 

with the total volume lost during the purges (equation 18). 
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𝑉 𝐺𝑎𝑖𝑛𝑒𝑑 𝑤𝑖𝑡ℎ 𝑐𝑒𝑛𝑡𝑟𝑖𝑓𝑢𝑔𝑒 = 𝑉 𝑇𝑜𝑡𝑎𝑙 𝑙𝑜𝑠𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑝𝑢𝑟𝑔𝑒𝑠 ∗ 𝜂𝐶𝑒𝑛𝑡𝑟𝑖𝑓𝑢𝑔𝑒  (18) 

 
Multiplying the volume gained with the centrifuge by the production cost price of the beer 

gives the amount of money that will not be wasted by the purges (equation 19). 

 

𝐶𝑜𝑠𝑡 𝑝𝑟𝑖𝑐𝑒 ∗ 𝑉𝐺𝑎𝑖𝑛𝑒𝑑 𝑤𝑖𝑡ℎ 𝑐𝑒𝑛𝑡𝑟𝑖𝑓𝑢𝑔𝑒 = 𝑀𝑜𝑛𝑒𝑦 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑 (19) 

 

Due to different causes, not all fermentation sheets permitted the procedure described in the 

section 2.3.2, which leads to an incorrect quantity of liters that would be reused with the 

introduction of the equipment. For that reason, a correction factor was introduced which was 

obtained through the division of the total volume of beer accounted in the study for the total volume 

of beer that was produced in the timeline of the study, as represented in equation 20. 

 

𝑓𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 =
𝑉𝐵𝑒𝑒𝑟 𝑎𝑐𝑐𝑜𝑢𝑛𝑡𝑒𝑑 

𝑉𝐵𝑒𝑒𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑

 
(20) 

 

That correction factor was then applied to the amount of money that was previously 

determined as the total money that would be saved in a determined timeline (equation 21). 

 

𝑀𝑜𝑛𝑒𝑦 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑 (𝑡𝑜𝑡𝑎𝑙) =  
𝑀𝑜𝑛𝑒𝑦 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑 (𝑎𝑐𝑐𝑜𝑢𝑛𝑡𝑒𝑑) 

𝑓𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟

 
(21) 

 

2.5 Dilution factor 
 

Since all the volume of beer recovered was HGB, it was necessary to convert all HGB 

volumes to volumes of beer with the commercial original extract (11,25 g/100mL). With this 

purpose, a dilution factor was applied to the volume of high gravity beer, as described in equation 

8. 

All the values of extract provided from the fermentation sheets are indicated in Plato degree 

(˚P) units. However, the original extract of beer should be indicated in g/100mL. To convert the 

Plato degree (g/100g) to g/100 mL, the specific gravity (SG) of the respective wort must be known. 

The specific gravity can be estimated from the Plato degree through equation 22 (Charles W. 

Bamforth, 2016, p. 140) 

 

𝑆𝐺𝑊𝑜𝑟𝑡 𝑜𝑟 𝐻𝐺𝐵 =
˚𝑃

258,6 − [
˚𝑃

258,2
∗ 227.1]

+ 1 
(22) 
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Thought equation 23 it is possible to obtain the desired value of original extract to use in 

equation 8 

 

𝐸𝑊𝑜𝑟𝑡(
𝑔

100
𝑚𝐿) = 𝑆𝐺𝑊𝑜𝑟𝑡 ∗ ˚𝑃 (23) 
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3. Results and discussion 
 

3.1 Daily temperature measurement. 
 

There are two lines of thought about which factors influence, negatively, the quantity of beer 

needed for a correct daily measurement of the temperature of the working fermentation vessels. 

The first one is that the waste is due to the slow time of response from the analog thermometer. 

The other one is that waste is due to the lack of insulation in the pipe, from which the sample is 

collected to read the temperature. In the present study, both hypotheses were studied. Figure 5 

shows in which part of the process this step is located, the complete blocks diagram of the 

company processes is presented in annex A. For both studies, the production cost price of the 

product was assumed to be 0,15 euros per litre, according to the company. 

 

 

Figure 5- Zoom of the blocks diagram, highlighting the location of the purges to measure the temperature during the 
fermentation. 

 

3.1.1 Thermometer study: Analog thermometer comparison with a digital 
thermometer. 
 

The first issue tackled in this thesis, the daily amount of money (in euros) needed in order to 

perform a correct measurement of the fermentation vessels temperature for each one of the 

thermometers, was compared. Firstly, was tested the saccharimeter for beer/wort (thermometer 

A), secondly the thermometer borrowed by the University of Madeira (thermometer B) and finally 

the thermometer acquired by the ECM (thermometer C). Additional information can be found in 

annex B.  

Table 1 shows and compares the price that was being wasted daily by using the 

thermometers A, B and C. One can see that there was an improvement with the introduction of 

the thermometer B as the volume of waste had a significant decrease, around 18% (which is 
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directly proportional to the amount of money wasted). After verifying that the introduction of a 

digital thermometer in the process allowed to decrease the waste associated with the procedure, 

then, thermometer C was purchased and the tests were repeated to see if the results corroborated 

the first analysis. There was still a decrease in the daily waste of beer when compared with the 

thermometer A, this time of around 12%. The reason why the thermometer B was not purchased, 

was that the thermometer C is more precise and accurate.  

 

Table 1- - Daily price that cost to the enterprise in order to measure the daily temperature from all the fermentation 
vessels. 

Measurement 

number 

Thermometer A Thermometer B Thermometer C 

1 12.55 € 10.78 € 13.15 € 

2 13.42 € 10.53 € 11.62 € 

3 11.89 € 9.32 € 11.66 € 

4 12.35 € 10.33 € 11.93 € 

5 11.61 € 8.43 € 12.53 € 

6 12.17 € 10.15 € 13.15 € 

7 12.59 € 10.46 € 14.62 € 

8 11.62 € 10.62 € 11.82 € 

9 9.83 € 10.51 € 12.95 € 

10 13.82 € 11.17 € 12.40 € 

11 10.6 € 10.35 € 10.17 € 

12 11.15 € 10.95 € 10.23 € 

13 12.06 € 10.22 € 11.42 € 

14 11.8 € 9.84 € 11.55 € 

15 13.79 € 9.33 € 9.77 € 

16 13.6 € 11.13 € 10.06 € 

17 15.42 € 11.13 € 9.15 € 

18 14.75 € 10.57 € 9.26 € 

19 14.31 € 12.09 € 9.17 € 

20 13.44 € 10.71 € 11.08 € 

21 13.3 € 13.02 € 11.64 € 

22 9.95 €  10.11 € 

23 17.42 € 11.56 € 

24 12.77 € 11.29 € 

25  11.86 € 

Average value 12.78 € 10.56 € 11.23 € 
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The breakeven point of the thermometer bought by the company was then calculated. For 

that, the amount of money that would be possible to save daily with the new thermometer was 

then estimated, by comparison with the use of thermometer A. The money saved daily would be 

around 1,55€ and the cost of the thermometer C was 26,40 €, meaning that it was possible to 

achieve the breakeven point 17 days after the thermometer was introduced.  

Another hypothesis raised was the calibration of all the existent thermometers in the 

fermentation vessels. With that purpose the TAP team, who performs an annual calibration of all 

the company temperature instruments, was asked which would be the cost of an annual 

calibration of all the 64 thermostat probes already integrated in the 28 working fermentation 

vessels. Each thermometer calibration costs 62 euros, which means that the cost of the annual 

calibration would be 3968 euros. Since this hypothesis was more expensive than the introduction 

of a new digital thermometer, this was not further considered. 

The next step was to verify if the insulation of the pipe, from which the beer is withdrawn to 

measure its temperature, would influence the quantity of beer needed for the daily temperature 

measurement. For this purpose, the pipe was insulated thermally in the fermentation vessel 9 and 

30 and then the situation of these two tanks analysed. The thermometer used to perform this 

study was thermometer A, as that was the one with more data available for comparison (when 

there was no thermal insulation on the pipes). 

 

 
Figure 6- Volume required to measure the temperature with and without thermal insulation of the pipe of the 

fermentation vessel 9. 
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Figure 7- Volume required to measure the temperature with and without thermal insulation of the pipe of the 

fermentation vessel 30. 

From figures 6 and 7, is possible to conclude that the thermal insulation of beer withdrawal 

pipes does not represent a decrease in the volume necessary to obtain the precise temperature 

of the fermentation wort/beer in the vessels. 

Conversely, one can verify and increase in the volumes needed for such measurement. This 

may have been due to the fact that the data which corresponds to the measure of the temperature 

when there was no thermal insulation was performed by a more experienced operator which lead 

to less product waste (perhaps, thanks to acquired knowledge on the behaviour of the 

thermometer). 

 

3.2. Centrifugation study for suspended solids reduction 
 

One of the major challenges verified in the brewery, where the study was performed, was 

the excessive high concentration of suspended solids left in the ‘green’ beer after gravital 

sedimentation, which led to an earlier clogging in the posterior filtration. This problem might be 

solved by introducing a centrifuge between the maturation and filtration processes. 

The utilization of the centrifuge has a main goal - the reduction of the suspended solids in 

the feed stream of the kieselguhr filtration, leading to a significant decrease in the operation time 

and to a decrease in the diatomaceous earth usage per volume of filtrated beer. Because 

quantifying the benefits of such additional operation would be difficult, an economic analysis 

regarding the introduction of the centrifuge was performed. 

 Another prospective benefit linked to the introduction of a centrifuge would be the reduction 

of the utilities cost in the fermentation area, since it would not be needed to keep the ‘green’ beer 

in the fermentation vessels at low temperatures for so long waiting to reach an acceptable 

concentration of the suspended solids to proceed to filtration. 
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Figure 8 highlights the position in the process for the centrifugation step/equipment to be 

introduced. As mentioned before, the complete blocks diagram of the brewery processes is 

present in annex A. In the present study, as in the previous one, the production cost price of the 

beer was considered to be 0,15 euros per litre. 

 

 

Figure 8- Zoom of the blocks diagram, highlighting the place where the centrifuge would be introduced. 

 

3.2.1 Fermentation and maturation days 
 

The first step to comprehend how much beer was wasted due to the excessive purges was 

to discover how much of the purges were necessary, to obtain a beer which had undergone both 

fermentation and maturation processes correctly and then was ready to undergo filtration, 

packaging and commercialization, according to the procedure in section 2.3.1.  

Aiming to achieve this goal, all the fermentations sheets from the year 2018 were studied to 

get to know the average number of days used so that the fermentation and maturation processes 

occurred correctly. This would allow to estimate the number of production days gained if the HGB 

would be sent to the centrifugation, prior to filtration, without compromising the beer quality. 
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Table 2 - Average number of days used for the fermentation and maturation processes with and without interposed 
centrifugation step and production days gained. 

 Months 

of 2018 
jan fev mar abr mai jun jul ago set out nov dez 

A
v

e
ra

g
e

 d
a

y
s

 n
e

e
d

e
d

 f
o

r 

fe
rm

e
n

ta
ti

o
n

 +
 m

a
tu

ra
ti

o
n

 

C
u

rr
e

n
t 
s
e

t-

u
p
 

30.7 39.1 29.82 29.1 28.5 27.1 20.9 29.3 34.6 35.1 43.0 44.8 

S
e

t-
u

p
 w

it
h

 

c
e

n
tr

if
u

g
e
 

18.7 20.0 18.3 20.1 20.2 19.7 19.5 21.1 21.2 20.1 20.5 20.8 

Days gained 12.0 19.1 11.6 9.1 8.3 7.4 1.4 8.2 13.4 15 22.5 24 

 

As represented in table 2, the average number of days needed so that the beer would be 

ready for filtration by interposing a centrifuge ranged between 18 and 21 days. Data in this table 

allows one to understand that all the purges performed without need could be avoided if the 

centrifuge was installed in the factory set-up, as the beer would be automatically ready to be 

filtrated. In order to ease the calculus and the recovery of the samples, all the purges performed 

after the 21st day are considered excessive, meaning that the fermentation and maturation 

processes had proceeded correctly until the referred day. Afterwards, the HGB is left in the CCV 

with the sole purpose of reducing the suspended solids concentration so that is possible to 

execute a filtration with an acceptable efficiency. To clarify, all the purges done after those days 

were only performed to collect the sedimented yeast in the bottom of the fermentation vessel. 

 

3.2.2 Total Purges 
 

The volume of total purges carried out correspond both to the purges done aiming to 

measure the temperature daily and the purges performed to collect the sedimented yeast. The 

volume of product used to daily measure the temperature from each fermentation vessel, previous 

to the period of the study, could not be recovered and this portion was neglected. The accounted 

volume lost in the total purges was only due to the purges done to collect the sedimented yeast. 

This was possible since the total volume of product lost in the temperature measurements is 

significantly lower than the total volume of product lost in the other purges.  

The quantity of total purges necessary is high since the sedimentation was the only 

separation process used prior to the kieselguhr filtration. During this sedimentation there is beer 

dragged with the sedimented yeast then purged through the bottom pipe and, therefore, cannot 

be commercialized. 
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As seen in table 2 and discussed above (section 3.2.1), the beer would be ready for filtration 

between day 18th and 21st, meaning that all the other purges done after these days would be 

needless, reducing this way the volume of beer that would be dragged during the sedimentation 

of the suspended solids in the . 

The next step was to determine the total volume of beer that was wasted in the purges, the 

necessary and the unnecessary if there was a centrifuge, during each fermentation in the diverse 

fermentation vessels. The example which will be presented is the analysis performed to the 

fermentation vessel 28 which started the fermentation in the 28th of March of 2019. 

Firstly, the specific gravity, in Plato degrees (g/100g) was measured and then equations 22 

and 23 were used to convert those units into g/100mL.  

This analysis was carried out throughout the fermentation and registered in the respective 

sheet by the company operators. There, one can acquire important data such as the numbers of 

batches of wort that entered the fermentation vessel and the respective extract. It was also 

possible to know the liters that exit the fermentation vessel, the original extract and the liters that 

were obtained after the dilution. In table 3 the values of the parameters just referred are 

highlighted in the green boxes. 

Using equation 11, and the information from the fermentation sheet, the total volume of 

commercial beer lost during the purges was obtained. The results presented in table 3 are, as 

referred, from the fermentation which started in the 28th of March of 2019 in vessel 28; where the 

total volume of beer lost that could have been commercialized (loss in the purges (L)) due to the 

purges is 4 694,74 liters.  

Equation 12 is used to determine the total liters that should be obtained after the dilution 

(volume that should be obtained (L)) so that one can acquire the total volume lost during the 

purges and filtration (total loss (L)) through equation 13. For that is also necessary the volume 

recovered after the dilution. 

The extract from commercial beer that is used in order to obtain the equivalent beer volume 

from the HGB volume is 11.25 g/100mL. 
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Table 3- Information imported from the fermentation sheet (highlighted in green) and derived using the equations. 
In this case data reports to the fermentation which started the fermentation in the 28 of March of 2019 in vessel 28. 

CCV28 

Entry 

Number of Batch Volume introduced (L) Extract (mg/100mg) 

131 14 800 13.37 

132 14 800 13.46 

133 14 600 13.7 

134 14 600 13.61 

135 14 600 13.68 

Total 73 400 13.56 

Extract (g/100mg) 12.87 

Specific Gravity 1.052 

Extract (g/100mL) 13.54 

Exit 

 Volume that exit (L) Volume after dilution (L) 

1st withdrawn 26 2000 30 000 

2nd withdrawn 43 300 50 000 

Total 69 500 80 000 

Volume that should be obtained (L) 88 357.43 

 

Total loss (L) Loss in the purges (L) Loss in the filtration (L) 

8 357.43 4 694.74 3 662.69 

Percentual product loss (%) 9.46 

 

The percentual production loss was also analysed in order to verify if the respective results 

obtained through the calculus coincide with the information provided by the company. This worked 

as a confirmation that calculation procedures were correct. For that purpose, equations 12, 13 

and 14 were used to all the fermentation sheets. In the case of CCV28, the percentual product 

loss reached 9,46%, which was a similar value when compared with the company’s predictions. 

The fermentation sheet from where was possible to achieve the data from the table above is in 

annex E. 

  

3.2.3. Volume reused with centrifuge  
 

After knowing the total volume of HGB that was being purged, it was necessary to discover 

which portion wouldn’t be purged if there was a centrifuge. This means that all the liters of beer 

purged after the 21st are considered a gain that would be achieved with the equipment 

introduction. 

So, the next object of study was to know the exact quantity of beer that was being wasted in 

the purges performed after the 21st day. Since the production sector works 24 hours a day, and 

the purges can occur in any shift, it was not feasible to be present in all the purges done. For that 

reason, this problem was approached from a different angle. 
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3.2.3.1 Beer lost in the purges before the fermentation and maturation processes were 
concluded 
 

Because the purges carried out before the 21st day are more monitored than the subsequent, 

the approach chosen was to recover all the purges done in the different fermentation vessels 

before the 21st day, since the respective worts entered the fermentation vessels, and then proceed 

with the analysis of the sample. The purges were collected to a tank, as explained in section 2.2. 

Then, a sample was recovered from the tank and the composition of beer and yeast were 

analysed after laboratorial centrifugation, as explained in 2.2.1. 

The procedure will be explained making use of the same example of the fermentation vessel 

28 which started the fermentation in the 28th of March of 2019.  

Firstly, for the present problem two main pieces of information about the purges were 

needed: the volume collected in the purge and the number of days from start of fermentation until 

the referred purge was done in the fermentation vessel. The measurement of the volume was 

conducted with the recovering tank and the counting of the fermentation days was carried out on 

account of the fermentation sheet, the values for the parameters of the example referred above 

are in table 4. 

 

Table 4 -- Information about the purge performed in the 19th day of the fermentation vessel 28 which started the 
fermentation in the 28th of March of 2019. 

CCV28 

Number of days from start of fermentation till the referred 

purge was done 

19th 

Volume collected in the purge (L) 560 

 

Secondly, the necessary data was the mass fraction of beer and yeast present in the purge 

collected, and for that reason the recovered sample underwent a centrifugation, as explained in 

section 2.2.1. 

The results from centrifuging the sample purged of the fermentation vessel 28 on the 19th 

day of fermentation are represented in table 5. 

 

Table 5- Mass fraction obtained from the laboratorial centrifugation of the sample from the purge performed in the 
19th day in the fermentation vessel 28 which started the fermentation in the 28th of March of 2019. 

CCV28 

Flask (g) Flask + 100 mL sample (g) Flask + Remaining solids (g) 

70.13 142.63 95.31 
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Using equations 4 and 5, the concentration of high gravity beer in the purge was calculated, 

which in this case was 473,2 g/L. 

Knowing the concentration of HGB in the purge and the volume that was recovered, one can 

estimate the mass of HGB purged, as explained in equation 6. In the present example, the mass 

obtained was 265 kg, from which was then obtained the volume of high gravity beer through 

equation 7.  

The HGB specific gravity used for the current investigation was equal in all the purges. The 

aforementioned was possible given that all the purges were only performed after the extract had 

achieved a stable value in and around 2.5 P˚, which was then converted in specific gravity using 

the equation 22. The value of the parameter is expressed in table 6. The volume of HGB collected 

in the purge in the referred example was 262,4 L and, finally, to achieve the wasted volume of 

beer with the commercial original extract, which in this case was 315.9 L, equation 8 was used. 

All the results and constants are represented in table 6. 

 

Table 6- Data pertaining to the purge performed in the 19th day in the fermentation vessel 28 which started the 
fermentation in the 28th of March of 2019. 

Mass of HGB recovered (kg) 265 

Specific gravity HGB (g/cm3) 1.01 

Volume of HGB recovered (L) 262.43 

Original extract of HGB 13,53 

Extract from commercial beer (g/100mL) 11.25 

Equivalent volume of commercialized beer 

recovered 

315.91 

 

The volume of commercialized beer that is purged before the complete maturation, before 

the 21th day, is then subtracted from the total volume lost in the purges, as described in equation 

15.  

 

3.2.3.1.1 Beer lost due to the yeast cropping 
 

The next parameter that was studied was the volume of beer that was dragged with the first 

purge, where the goal is to extract the majority of the sedimented yeast after the ‘cold shock’ 

(cropping). 

A centrifugation procedure was performed to a sample from such purge, as explained in the 

section 2.2.1, originating the values represented in the table 7. 
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Table 7- Mass fractions obtained from the laboratorial centrifugation of the sample from the first purge performed 
to extract the total yeast from the fermentation vessel 28 which started the fermentation in the 28th of March of 

2019.  

Recovered yeast 

Flask (g) Flask + 100 mL sample (g) Flask + remaining solids (g) 

70.37 156.78 121.88 

 

Given that the yeast cropped from the fermentation vessel was weighted with the scale 

incorporated in the recovering tank for yeast, this weight had to be converted in volume, in order 

for equations 6, 7 and 8 from the previous section to be used. 

Therefore, it was necessary to obtain the density of the yeast cropped. For that purpose, it 

was recovered a specific volume and weighted, allowing for the value of the parameter to be 

determined, as displayed in table 8. In order to facilitate the calculus, the density for all the first 

purges executed, with the purpose of extracting most of the yeast, were considered constant. It 

was then possible to know the volume of the purge using the mass of the recovered purge and 

the density of the respective purge on account of equation 10. This allowed one to obtain the 

volume of beer that could be commercialized but was dragged with the yeast during the 

sedimentation. 

It was taken in considered that the introduced yeast (pitching) contained also HGB. So, 

aiming to ease the calculus, it was considered that the yeast introduced and the one purged had 

the same composition of beer and yeast, changing only the volume. This was only possible to 

assume since the yeast introduced in one fermentation vessel was in fact a yeast that was purged 

from another fermentation vessel. Taking this into account, the mass of yeast and high gravity 

beer that effectively exit the vessel are obtained through equation 9. 

To obtain all the other values was through the same equations used in the previous chapter, 

where the different parameters represented in table 8 correspond to the example of the 

fermentation vessel 28 which started the fermentation in the 28th of March of 2019. 
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Table 8- Information about the first purge to collect the total yeast of the fermentation vessel 28 that started the 
fermentation in the 28th of March of 2019. 

Mass of purge (kg) 1620 

Mass of yeast and beer pitched (kg) 640 

Mass of yeast and beer that effectively exits 

(kg) 

980 

Specific gravity of first purge (kg/L) 0.92 

Volume of first purge (L) 1065.21 

HGB concentration (g/L) 371.44 

Mass of HGB (kg) 395.81 

Specific gravity of HGB (kg/L) 1.01 

Volume of HGB (L) 391.99 

Original extract (g/100g) 12.87 

Original extract (g/100mL) 13.54 

Equivalent volume of beer with commercial 

original extract (L) 

471.87 

 

The volume of beer with the commercialized original extract lost due to dragging in the first 

purge was also subtracted to the total volume lost in the purges, described in equation 15. 

Because the fermentation vessel in consideration is the same as the one referred in 3.2.2., the 

dilution factor will be the same. 

 

3.2.3.2. Beer sold to a local company 
 

Other parameters that would take part in the study of what would be the gain with the 

introduction of the centrifuge, was the volume of high gravity beer that was sold to a local 

company. This beer was collected directly from the fermentation vessel as a high gravity beer. 

So, in order to account the right volume of beer that appears in the losses as purges but are in 

fact beer that was sold to the local company, equation 8 is needed. Continuing with the example 

given in the previous section for the fermentation vessel 28, 30 barrels of 30 liters of HGB were 

collected from this fermentation vessel. Since the beer was high gravity beer, the dilution factor 

needed to be applied in order to obtain the total volume of beer with the commercial original 

extract.  

 

𝑉𝑆𝑜𝑙𝑑 𝑡𝑜 𝑡ℎ𝑒 𝑙𝑜𝑐𝑎𝑙 𝑐𝑜𝑚𝑝𝑎𝑛𝑦 = 30 ∗ 30 ∗
13,54

11,25
= 1083,4 𝐿 

In this case, the total volume that was sold to the local company was 1083,4 liters which was 

also subtracted to the total volume of beer lost during the purges (equation 15). 
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3.2.3.3. Volume of beer gained with the centrifuge. 
 

After obtaining all the needed parameters - the total volume of beer that was wasted in the 

purges, the volume of commercialized beer that is collected before the 21th day, the volume of 

beer sold to the local company and the volume of beer that was dragged due to the sedimentation 

process - equation 15 could be used to acquire the volume that would be gained if there was a 

centrifuge prior to the kieselguhr filtration and after the maturation process of the ‘green’ beer. 

 

𝑉𝐵𝑒𝑒𝑟 𝑔𝑎𝑖𝑛𝑒𝑑 = 4 694.74 − 315.91 − 1 083.4 − 471.87 = 2 823.56 𝐿  

 

In the case of the fermentation vessel 28, an amount of commercial beer of 2 823.56 liters 

would be saved with the introduction of the industrial centrifugation in the process to substitute 

the yeast sedimentation. Besides the benefits already referred, this will lead also to a more 

uniform product as the income stream of the filtration would always have approximately the same 

concentration of remaining suspended solids. 

 

3.2.3.4 Yield of recuperation with the centrifuge.  
 

Once the quantity of product that would be saved for a singular fermentation vessel was 

discovered, it was necessary to find a viable way to extrapolate the gains with the centrifuge to 

all the other sedimentation processes in the factory. The industrial data was available and could 

be obtained through the fermentation sheets, but that has not been studied yet. 

With that purpose, the fraction of lost beer that would not be purged out once a centrifuge 

had been introduced was calculated using equation 16. In the present example the yield of 

recovery was 60%. 

Thereafter, all the procedures explained in sections 2.2 until 2.4 were performed to another 

24 fermentations vessels operating in the facilities during the present study. The values of yields 

obtained are presented in table 9. The value of yield that was used to extrapolate to all the 

fermentation vessels was the average of the yields obtained from the 25 fermentation vessels, 

i.e. 62% and it is also represented in table 9. 
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Table 9 - Yield of the introduction of the centrifuge for the 25 fermentations studied during the study and the 
average of those values. 

 Beer recovery yield 

0.29 

0.87 

0.74 

0.52 

0.87 

0.33 

0.43 

0.60 

0.70 

0.80 

0.79 

0.64 

0.59 

0.73 

0.51 

0.85 

0.51 

0.55 

0.86 

0.52 

0.80 

0.30 

0.70 

0.15 

0.85 

Average 0.62 

 

It was not possible to observe any tendency in the yield of beer recovery with the 

centrifuge since the process was mainly manual, leading to an enormous oscillation in the data. 

 

3.2.4 Annual loss in the purges 
 

Finally, all the 184 fermentation sheets from the year 2018 were studied in order to obtain 

the volume that was purged during the referred year from each fermentation vessel, aiming to 

apply the yield of centrifugation to all the beer purged so that the total volume that would be 

recovered in a specific timeline with the implementation of this operation could be obtained. 
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So, to obtain the total volume lost in the purges in 2018, equation 17 was used. After 

obtaining the total volume lost in the purges, equation 18 was applied with the goal of acquiring 

the total quantity of beer that would be recovered with the introduction of the centrifuge. 

Thereafter, equation 19 was used in order to achieve the exact amount of money that would be 

saved by the centrifuge. All results are expressed in table 10. 

 

Table 10 – Data from the year 2018 that allowed to calculate the money that would be recovered in the referred 
timeline. 

VTotal volume lost in the purges in 2018 (hL) 5 492.23 

Cost price (€) 0.15 

Price of beer lost due to the purges (€) 82 383.41 

Average yield of recovery with the centrifuge 62% 

Price of beer recovered due to centrifuge (€) 51 062.49 

 

3.2.4.1 Correction factor 
 

Due to various factors, a few parameters necessary for the computations were illegible in 

the fermentation sheets. Therefore, not all the fermentations that took place in 2018 were taken 

in consideration for a correct analysis of the fermentations. So, it was necessary to introduce a 

correction factor and, for that, equation 20 was used. All results obtained are presented in table 

11. 

 

Table 11- Data that allowed the determination of the correction factor for the 2018 year. 

Volume of beer that was accounted (hL) 96 359.40 

Volume of beer that was produced (hL) 107 742.40 

Correction factor 0.89 

 

With the correction factor presented in table 11 and using the equation 21, it was possible 

to estimate that the money that would be recovered in 2018 with the use of centrifuge would be 

57 354.05€. 

The same procedure explained in the present and previous section was done to the year 

2017 and the result obtained was 48 829.47€. In this case it was used the same correction factor 

that was obtained from the year 2018. 
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Increase in the facilities’ efficiency 

 

The introduction of the centrifuge in the process would allow a reduction of product loss 

verified in the production sector. For that reason, the fermentation sheets of the year 2018 were 

analysed in order to obtain the percentage of product loss reduction with the new equipment. 

The values, which correspond to the product loss of the purges and the filtration, for each 

month of 2018, are represented in annex D. The average percentage of product loss due to the 

purges and filtration, as well as the sum of both percentages were calculated. The values for 

these variables are expressed in table 12. 

 

Table 12- Percentage of product loss due to purges, filtration and the total verified in the year 2018. 

Percentage of product loss due to purges (%) 6.47 

Percentage of product loss due to filtration (%) 4.16 

Percentage of total Product loss (%) 10.63 

 

Knowing the recovery yield of product from the centrifuge, it was possible to predict which 

would be the reduction in the percentage of product loss of the purges (table 13). 

 

Table 13 – Percentage of product loss verified in the year 2018 and with the introduction of the centrifuge respective 
reduction. 

Percentage of product loss due to the purges with centrifuge (%) 2.46 

Percentage of product loss due to the filtration (%) 4.16 

Percentage of total product loss with centrifuge (%) 6.62 

Percentage of reduction of the total product loss with 

introduction of centrifuge (%) 
37.74 

 

It would be possible to reduce the total breakage of the production sector from 10.63% to 

6.62%, representing a reduction of 37.74%, for the year 2018. 

The same calculus was performed for the year 2017 and in that year, it would have been 

possible to reduce the percentage of total product loss from 10.1% to 6.93%, representing a 

reduction of 31.42%. 

This reduction presents itself as an important marker to one of the main goals of the 

company: reducing the losses and achieving efficiency levels similar to those verified in the bigger 

breweries.  
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3.2.5 Centrifuge quotation 
 

The next step was to inquire the centrifuge manufacturers about the price of the necessary 

equipment. Several companies who provide this type of equipment were reached out, but only 

two companies answered. 

The first company that which was possible to approach was the Flottweg which redirected 

the question to the Sales Engineer Beverage, who provided an informal quotation through the 

email. The value proposed by the Flottweg was 205 000.00 € for the equipment, 2 500.00 € for 

the transport and 6 000.00 € for the operation start-up for one week with a process technician 

from Germany, having a total cost of 213 500.00 €. 

The second company to which was possible to contact was GEA. From this one, the 

quotation delivered was more formal and is presented in annex C. The price for the centrifuge 

was 228 400.00€ and the costs of transport and start-up were similar (both companies are from 

Germany), performing a total cost of 236 900.00 €. 

Although the quotation from the second company is more expensive, this was the one that 

was chosen for a breakeven point estimation. The choice was based in two factors: firstly, through 

the conversation/negotiation it was possible to see that this company could give a better support 

in Portugal in case of a needed backup; secondly, and even if the breakeven is done with the 

higher equipment cost, it would still be favourable if the cheaper equipment were to be acquired.  

 

3.2.5.1 Breakeven point of the investment 
 

So, supposing that the centrifuge from the company GEA would be chosen, the next step 

was the calculation of the breakeven point to verify how long it would take to get enough earning 

to pay off the investment. Three types of scenarios were thought: the optimistic, the pessimistic 

and the middle ground. 

In the optimistic, the value of beer recovered in the year 2018 was used to calculate the 

breakeven. Accordingly, the investment would be paid off in a time span of 5 years. 

On the other hand, the pessimistic scenario was based on the computation of the breakeven 

with the value of beer recovered in the year 2017. In order to achieve the breakeven point, 

approximately 5 years and 10 months would be needed in this situation.  

In the last scenario, that would be the average value of beer reused in the years 2017 and 

2018 was assumed, and the breakeven point would be accomplished in 5 years and 5 months. 

All scenarios taken in consideration had a security factor of 20% associated to the breakeven 

time.  
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3.3 Centrifuge for hot wort, suspended solids and yeasty beer. 
 

Regarding the introduction of a centrifuge in the process, it was advised by the GEA 

company that instead of the proposed one, a different centrifuge model with a wider range of 

features would be implemented. In this second centrifuge, it would be possible to recover even 

more wort by separating the trub from the hot wort after the wort kettle. It would be possible to 

remove the beer that is dragged during the sedimentation and finally it would also allow to reduce 

the suspended solids in the HGB prior to the kieselguhr filtration although with a lower efficiency 

than that obtained with the previous centrifuge analysed. 

Due to several reasons, this kind of centrifuge was not considered, mainly because in the 

ECM brewery both process – wort production and beer clarification – occur simultaneously. 

 

4. Conclusion and Future work. 
 

During all the study performed, different approaches were discussed and studied which 

would lead to a reduction of product loss in the production sector in the brewery industry. Firstly, 

the main challenges that the company was facing in this sector were investigated. Production loss 

was essentially observed in the volume lost during the daily measurement of temperature from 

the fermentation vessels and in the volume that was being purged from the fermentation vessels 

to reduce the concentration of suspended solids. 

Then, the influence of the analog thermometer used and the thermal insulation of the purging 

pipe, from which was recovered the sample of beer to read the temperature, in the product loss 

verified during the temperature measurement was studied. Regarding the thermometer it was 

determined that the introduction of a digital thermometer provided a decrease of volume loss of 

approximately 12%, leading to a breakeven point of the investment of 17 days. The thermal 

insulation of pipe did not show any impact in the reduction of the volume lost. 

Concerning the product loss due to the excessive purges, the necessary and unnecessary 

purges were discriminated. An alternative separation process to the current set-up plant (just 

sedimentation to separate the HGB from, mainly, the yeast) was analysed. Introduction of an 

industrial centrifuge would be the most interesting equipment to proceed to the separation of high 

gravity beer and yeast prior to the kieselguhr filtration. An economic analysis confirmed that the 

gains with the introduction of the centrifuge would allow an achievement of the breakeven point 

of such investment in approximately 5 years with 20% of security factor, considering the beer that 

would be recovered in the year 2018. 

With the investment chosen, it was possible to estimate that once the equipment is installed 

and working, for production similar to those of the years 2018 and 2017 will be possible to reduce 

the percentage of production loss in the production sector by 37.74% and 31.42%, respectively. 
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As for future work that could be done, a practical study of the introduction of the centrifuge 

is suggested. The alternatively proposed centrifuge, the one with the lower throughput, could also 

be analysed, regarding its ability to clarify the yeasty beer, to reduce the suspended solids 

concentration with lower efficiency and also extract the trub from the wort. Furthermore, the 

change of the wort kettle configuration could also be considered in order to enhance its efficiency. 
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Annex D 
 

01.18 

Volume total 6 751,40 hL 

Perdas totais 697,64 hL 

Percentagem de perdas 10,33 % 

Perdas nas purgas totais 541,60 hL 

Percentagem de perdida na purga 8,02 % 

Perdas na filtração 156,05 hL 

Percentagem de perdida na filtração 2,31 % 

   

Preço total perdido 10 464,62 € 

 

02.18 

Volume total 6 825,00 hL 

Perdas totais 718,26 hL 

Percentagem de perdas 10,52 % 

Perdas nas purgas totais 490,24 hL 

Percentagem de perdida na purga 7,18 % 

Perdas na filtração 228,02 hL 

Percentagem de perdida na filtração 3,34 % 

   

Preço total perdido 10 773,85 € 

 

03.18 

Volume total 5 541,00 hL 

Perdas totais 555,24 hL 

Percentagem de perdas 10,02 % 

Perdas nas purgas totais 363,59 hL 

Percentagem de perdida na purga 6,56 % 

Perdas na filtração 191,65 hL 

Percentagem de perdida na filtração 3,46 % 

   

Preço total perdido 8 328,67 € 

 

04.18 

Volume total 9 864,00 hL 

Perdas totais 998,20 hL 

Percentagem de perdas 10,12 % 

Perdas nas purgas totais 643,04 hL 

Percentagem de perdida na purga 6,52 % 

Perdas na filtração 355,16 hL 

Percentagem de perdida na filtração 3,60% % 

   

Preço total perdido 14 972,96 € 

 

05.18 

Volume total 9 965,00 hL 
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Perdas totais 1 215,74 hL 

Percentagem de perdas 12,20 hL 

Perdas nas purgas totais 861,49 % 

Percentagem de perdida na purga 8,65% hL 

Perdas na filtração 354,24 % 

Percentagem de perdida na filtração 3,55 hL 

  % 

Preço total perdido 18 236,04  

  € 

 

06.18 

Volume total 9 087,00 hL 

Perdas totais 1 095,20 hL 

Percentagem de perdas 12,05 % 

Perdas nas purgas totais 611,94 hL 

Percentagem de perdida na purga 6,73 % 

Perdas na filtração 483,26 hL 

Percentagem de perdida na filtração 5,32 % 

   

Preço total perdido 16 427,96 € 

 

07.18 

Volume total 12 429,00 hL 

Perdas totais 1 191,40 hL 

Percentagem de perdas 9,59 % 

Perdas nas purgas totais 684,17 hL 

Percentagem de perdida na purga 5,50 % 

Perdas na filtração 507,23 hL 

Percentagem de perdida na filtração 4,08% % 

   

Preço total perdido 17 870,98 € 

 

08.18 

Volume total 10 274,00 hL 

Perdas totais 1 126,91 hL 

Percentagem de perdas 10,97 % 

Perdas nas purgas totais 629,67 hL 

Percentagem de perdida na purga 6,13 % 

Perdas na filtração 497,24 hL 

Percentagem de perdida na filtração 4,84 % 

   

Preço total perdido 16 903,65 € 

 

09.18 

Volume total 5 878,00 hL 

Perdas totais 556,45 hL 

Percentagem de perdas 9,47 % 

Perdas nas purgas totais 259,16 hL 

Percentagem de perdida na purga 4,41 % 
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Perdas na filtração 297,29 hL 

Percentagem de perdida na filtração 5,06% % 

   

Preço total perdido 8 346,68 € 

 

10.18 

Volume total 7 861,00 hL 

Perdas totais 780,52 hL 

Percentagem de perdas 9,93 % 

Perdas nas purgas totais 408,00 hL 

Percentagem de perdida na purga 5,19 % 

Perdas na filtração 372,53 hL 

Percentagem de perdida na filtração 4,74 % 

   

Preço total perdido 11 707,83 € 

 

11.18 

Volume total 9 019,00 hL 

Perdas totais 905,17 hL 

Percentagem de perdas 10,04 % 

Perdas nas purgas totais 420,42 hL 

Percentagem de perdida na purga 4,66 % 

Perdas na filtração 484,75 hL 

Percentagem de perdida na filtração 5,37 % 

   

Preço total perdido 13 577,54 € 

 

12.18 

Volume total 2 429,00 hL 

Perdas totais 297,66 hL 

Percentagem de perdas 12,25 % 

Perdas nas purgas totais 195,81 hL 

Percentagem de perdida na purga 8,06 % 

Perdas na filtração 101,85 hL 

Percentagem de perdida na filtração 4,19 % 

   

Preço total perdido 4 464,97 € 
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