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BEER BREWING PROCESS 

Producing beer is a multistep process that includes starch extraction, enzyme activation, 

denaturation, separation, and fermentation through microbial process. Beer making is a work 

of art that requires talented brew masters focused on producing high-quality beer with 

unchanging characteristics, from raw materials with unpredictable seasonal variations in 

biologically varying processes. Due to variations in raw materials and biological variations, 

developing extra tools for the multiphase process will help to control and tune each process 

step and limit the consumption of raw materials, energy and time, while ensuring quality. 

The main processes in beer brewing are  

1. mashing the malt, where starch from the malt is extracted into water (wort) and turned 

into sugars by enzymes. Mashing takes an hour or two.  

2. boiling of wort, which ends the enzymatic activity and sterilizes the wort. Boiling takes 

about an hour at most. 

3. hopping, where hops (and other flavors) are extracted to get taste and antimicrobial 

components. Hopping takes an hour or two at most. 

4. fermentation, where yeast produces ethanol from the sugars. Fermentation takes 

anything from a few days to a couple of weeks. 

In between mashing and boiling of wort and after hopping, solids are extracted from the 

process. The following diagram adapted from 1 shows a typical brewing process in detail. 

 

1 https://www.winemag.com/2021/07/05/bomonti-beer-turkey-history/ 

https://www.winemag.com/2021/07/05/bomonti-beer-turkey-history/
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USING COLLO FOR ONLINE MONITORING OF BEER 

PRODUCTION 

Online monitoring of beer production during the preparation stage (mashing to hopping) 

currently relies on monitoring temperature, dissolved starch, sugars, and turbidity, but a 

comprehensive online view of the processes is nonexistent. As the process involves boiling 

and cooling valuable batches of tens of thousands of tons of liquid, the potential cost savings 

through process optimization are remarkable. The final stage, fermentation, can be followed 

by elaborate devices using a side stream and complex analyzers that mostly follow the pH, 

sugars and dissolved oxygen of the liquid. 

Collo is a robust multipurpose liquid analyzer that reacts to both chemical and physical 

changes in any liquid process. Collo directly integrates into a process, and it gives two main 

variables: CP, that responds to physical changes, and CIV, that reacts to chemical changes. 

Virtually any process gives a quantified response in Collo that can be quantified. 
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This white paper focuses on displaying and discussing our results from mashing, hopping, and 

fermentation process steps highlighted with green squares on the above diagram.  

EXPERIMENTS FROM THE INDUSTRIAL BREWING 

PROCESS 

The experiments were conducted in an industrial brewing process (mashing) or 

a laboratory pilot (entire process). 

Mashing at the industrial production process 

Collo was installed in a mashing vessel. It measured several batches to provide information 

from the extraction of starch and enzyme activity to help the brew master control the process. 

The temperature was increased in steps with a specific dwell time to activate different 

enzymes. 

 

Figure 1 (a) mashing vessel (b) Collo Probe in a mashing vessel. 

The following data set compares two batches from different days. The datasets start from 

malt addition to a 30 °C water, continues with heating the mixture to cause starch and 

enzymes to extract, and finally rinsing the liquid. 
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Focusing on the zoomed area around the mashing, the CIV value from the Collo analyzer 

shows a decreasing and finally stabilizing trend in both batches. This indicates the completion 

of the extraction process and helps understand when the process can go into the next phase. 

The batch displayed by orange line shows an uneven trend during the extraction, likely due to 

incomplete mixing during extraction. The other batch, marked by blue line, shows that the 

extraction was finished early, and the mashing could have stopped sooner. 

A similar test was performed in laboratory conditions. In the experiment, malts were added to 

water in two steps. The mixture was then gradually heated from 30 °C to 50 °C. Graph below 

shows the CIV value (chemical properties) during the mashing. 

 

Due to natural raw materials, each batch is unique. The experiments described above show how 

Collo can be a helpful tool to monitor and control the biochemical activity during the mashing 

process. Too short mashing or incorrect temperature decreases the quality while too long process 

wastes energy. 
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Fermentation 

Collo was installed in a laboratory-sized fermentation vessel with a sour 

ale wort that was fermented with Safale US-05 yeast. 

The fermentation was monitored for fourteen days, and the graph below 

was obtained from Collo. 

 

During the first day of fermentation, the yeast finds itself in suboptimal conditions, and 

immediately starts adjusting the pH of the wort to an optimal level. After a day the conditions 

have reached adequate level, and the yeast starts to consume sugars in the mixture, creating 

ethanol. This activity is seen with the Collo CIV feature. The fermentation of the manufactured 

batch was ended when the CIV change was almost leveled.  

While the fermentation process is relatively easy to control, it has natural variables related to the 

yeast culture's activation and stress levels. The fermentation is often monitored with daily sampling, 

but detailed real-time monitoring of the process would bring immediate insight into the 

fermentation, possible time savings, and the capability to take immediate action on unwanted 

process changes. 

Process simulation from mashing up to fermentation 

Finally, multiple process steps were simulated in a laboratory 

environment where a batch of sour ale beer was prepared. The process steps included: 

adding two malts to water, malting, mixing and filtering, boiling, adding two hops, cooling, and 

adding yeast.  
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The following diagram shows the profile of the analyzed process. Raw material additions, both 

malts and both hops, can be seen. Also, the process dynamics and the values of each process 

step. 

 

Having a process profile of each batch enables to spot out a raw material that misbehaves and 

helps to verify that each process step is orderly finished. A profile of an earlier successful batch can 

be used to confirm that the ongoing process is within the wanted quality perimeters. Collo can 

follow the whole process from malting to fermentation in real-time. 

EFFECT OF ONLINE PROCESS CONTROL IN BEER MAKING 

Online monitoring, in general, provides means to optimize the use of raw materials, energy, 

and time while reducing waste and improving product quality. In addition, it may lead to 

process innovations. The raw materials used in beer production are mostly natural products 

that exhibit seasonal changes. Thus, having access to the dynamics of process per each batch 

enables effective use of malts, hops, and enzymes when the dwell times and process 

conditions can be set based on the actual state of the process, freeing us from a pre-

determined recipe. 
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Savings can be realized through process efficiency when optimal batches can be prepared 

without unnecessary delay and early recognition of process errors is received.  

In numbers, this can lead to remarkable environmental savings. The following table lists the 

ten biggest global brewery companies and their production amounts. These companies own 

720 breweries that are just 6 % of the total amount of breweries worldwide. 

In Finland, the biggest breweries are Sinebrychoff, Olvi, and Hartwall, whose processes are 

highly qualified. 

Company Production 

[million hL] 

Breweries [amt] 

AB Inbev 561 227 

Heineken 241 165 

Chine Res. Snow Breweries 114 74 

Calsberg 112 81 

Molson Coors 92 46 

Tsingtao Group 80 40 

Asahi Group 57 28 

Yanijng 38 19 

BGI/Groupe Castel 36 19 

Efes Group 36 21 

Top 10 total: 1367 720 

Finland 
  

Sinebrychoff 2.5 1 Kerava 

Olvi 2 1 Iisalmi 

Hartwall 2.5 1 Lahti 

Despite high standards, in Finland 6 % of the batches are ruined already in the mashing stage. 

We estimate that the global situation is no better. Avoiding the errors in mashing would mean 

avoiding 1600 hectoliters of wasted beer which equals to the amount of beer that is 

consumed in Finland in 400 years. Based on statistics, Finnish beer production consumes 83 

kilos of CO2 per 1000 liters of beer, so each 1000 liter batch with a 6 % failure rate equals 7 

kilos of wasted CO2. In addition, the failures consume remarkable amounts of chemicals and 

water.  

Eliminating the errors in mashing only in Finland would lead to 2400 tons of CO2 savings. In 

comparison, Finns drive about 18 500 kilometers per year, yielding 16 kilos of CO2 emissions. The 

failures in the mashing process in Finland equal the emissions of 800 Finns driving for one year - 

and Finland produces only 0,5 % of the total amount of beer in the world! 


