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Malting and mashing 

 
Barley is modified through a 3-step process called malting. After germi-
nation is induced, the grains are dried and roasted in a kiln. At this mo-
ment, the malted barley can undergo a series of enzymatic processes co-
llectivelly known as mashing. Enzymatic efficiency is greatly affected by 
temperature and pH. Three main enzymes were taken into consideration 
in order to simplify the simulation in SuperPro Designer ®. 
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Boiling the wort 

Process flow diagram 

During the boiling step, α-acids are isomerized to their 

bitter forms. Due to the high temperature, volatile com-
pounds as well as ~10% water volume can be lost. 

Introduction and objectives 

Main components of beer Process description 

Beer is the most consumed alcoholic beverage worldwide. Its industry generates more than 66 M€/year only in Spain, and this value is 
expected to increase in the coming years. In the project at hand, we describe the design of a small-scale brewery for the production of 
Session India Pale Ale. Our main objective is to achieve an annual production of about 150,000L, which can be translated to about 
450,000 bottles per year. Moreover, we want to transform organic waste from the microbrewery into lactic acid. As a result of computer-
aided design using SuperPro Designer ®,  we will attain a reasonable theoretical yield while supporting sustainable industrial processes. 

S. cerevisiae is a unicellular 
yeast used since ancient Me-
sopotamia. This fungus se-
quentially converts sugars to  
ethanol, glycerol, and CO2. 

z 

H. lupulus, or hops, contribu-
te to aroma and bitterness 
because of their high content 

in α-acids and terpenes.  

Water can be a decisive fac-
tor in the final flavour de-
pending on its ionisation. 
The most important ions 
are Ca2+, Mg2+ and HCO3

-. 

H. vulgare, commonly known 
as barley, is a cereal that pro-
vides sugars to the wort as 
well as colour and flavour.  
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Process Flow Diagram of the upstream section. The contents of each stream are calculated for a single batch. Each 
batch takes 125h (5.2 days), achieves a yield of 64.44% (in weight) and generates a total of 2 metric tonnes of waste. 
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Design of a sustainable microbrewery for  
artisanal Session IPA  production  

Part I: Upstream, enzymatic and chemical processes 
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Organic waste 

Clear wort 

Mashing 

7221.56 L 

15.60h 

Boiling 

5443.78 L 

11.08h 

Malting 

97.41h 

Germination 

860 kg/batch 

 6363 L/batch 

 4762 L/batch 

 1651 kg/batch 

 4192 L/batch 

 349 kg/batch 

Storage  

92.45% boil yield 

95.21% centrifugation yield 

82.07% starch hydrolysis yield 

 4534 L/batch 

Lactic acid Beer 
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