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Process Engineering In
Brewing Science — Part 1:
Brewhouse Fundamentals

EXPLORING THE PROCESSES OF BREWING | This article is the
first installment in a series of articles summarizing selected funda-

mental principles and essential elements of process engineering.

For purposes of clarity, the field of study will be divided into the

disciplines of mechanical and thermal process engineering, and

substances and processes commonly encountered in each disci-

pline will be explained with regard to their impact on brewing. The

objective is to give the reader insight into the challenges inherent

to process engineering in both general applications and in brewing,

but also to offer approaches for developing solutions.

IN PART ONE of this series, a distinction
will be drawn between what belongs in the
realm of technology and in process engi-
neering with the goal of providing the read-
er with an overview of each and the scope
they both encompass. The most important
tool a brewmaster or brewing engineer can
possess is the knowledge and understand-
ing of the process. Control of the process is
only possible by gaining an understanding
of it. Obviously, a process must first be clear-
ly understood before it can be optimized and
improved.

However, “understanding” can have a
very broad meaning. In order to illustrate
the process and make it comprehensible,
two simple questions must be posed:

B What happens during the brewing pro-
cess?
B How doesit happen?
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The first question comes under the head-
ing of brewing technology while the second
falls under the rubric of process engineer-
ing.

BrewingTechnology or Process
Engineering in Brewing?

Brewing technology seeks to define the limits
of what is possible in a brewery by identify-
ing and describing the transformation of the
raw materialsinto beer. The first question de-

What? How?

(technology)

(process engineering)

lineates the starting point: “What happens
in the brewing process?” The answer leads to
reaction paths in which raw materials, inter-
mediate products and final products are in-
terwoven. The focus of brewing technology
is on the substance beer, and therefore it is
dependent on the material employed.

Process engineering, on the other hand,
does not focus on intermediate and final
products; rather it is concerned with the
physical methods for bringing about the
transformation of the raw materials to in-
termediate and final products. This usu-
ally begins with the question “How does it
happen?” The mechanism or function is the
purpose of the enquiry. The process is inde-
pendent of a specific substance, and there-
fore process engineering is generally viewed
as independent of the materials used in the
process. Only when this is rendered inappli-
cableto the transformation of raw materials
into beer doesits content become dependent
on the raw materials. Therefore, beer-relat-
ed process technology is referred to as brew-
ing technology.

Technology generally sets goals and
intermediate objectives while process en-
gineering describes ways to achieve them.
Viewed separately, each yields limited re-

Understanding

of the
Process

Fig. 1 Overview of technology and process engineering
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Fig. 2 lllustration of particles in a conglomerate

sults, but together they form a deeper un-
derstanding of the process that is greater
than the simple sum of the two (fig. 1). Such
a level of understanding is accompanied by
great potential for optimization which fos-
ters new developments and improves exist-
ing techniques.

The CentralTenet of Process
Engineering

Process engineering itself is a very general
form of engineering science. Its universal
applicability is evident in the use of basic op-
erations (alsoknown as “unit operations” or
“operation units”). As a rule, process engi-
neering isdivided into mechanical and ther-
mal operations. A unit operation at its most
can be viewed as a form of material trans-
formation which is implemented in a single
step at a brewery. Examples are provided in
Table 1. For instance, lautering is a process
step comprising the unit operations of sedi-
mentation, cake filtration, screen filtration
and depth filtration.

What is the Advantage of
Universal Applicability?

This approach is fundamental to process en-
gineering and boasts a distinct advantage:
its universal applicability. When addressing
a difficult and yet unresolved issue in brew-
ing, itisadvisabletofirstlook toanotherfield
to ascertain whether or not a comparable is-
sue hasbeenresolved there. This exemplifies
the great advantage of process engineering,
namely its universal nature. This approach
found application, for instance, in optimiz-
ing the evaporation of aroma compounds
during the wort boiling process.
Aglanceatthe towering rectification col-
umns employed by the chemical industry in
Ludwigshafen, Germany, raises the ques-

Fig. 3 Representation of a two-phase system

tion of why evaporation is performed us-
ing equipment that is so different than that
found in the brewing industry. To answer
this question, the unit operation of evapo-
ration must be considered in terms of the
principles of process technology. This must
then be applied to the substance beer and its
production in the brewing process. Should
this be successful, the solution would then
be evaluated from a technological perspec-
tive. One possible outcome could be the rec-
ommendation that rectification columns
should be employed in the field of brewing
as they are in chemistry, in order to recover
the heat of evaporation and thus conserve
primary energy. Another outcome could be
to dismiss this reasoning, since rectification
might alter the flavor of the beer, negatively
impacting product quality.
Independent of the

with them in lectures, meetings with con-
sultants or short articles without the occa-
sion to familiarize oneself beforehand with
them and what they mean. New equations
are rarely self-explanatory, and their con-
tent remains hidden at first glance. Howev-
er, their value is in the compact expression
of functional relationships, allowing a pro-
cess to be accurately represented with little
effort. Moreover, by solving the equation, a
solution can also be found for the process,
allowing predictions to be made about it.
To achieve this, using words to express a
functional relationship in a conventional
manner is not the goal, since they are inher-
ently imprecise. Like a picture, “afunction is
worth a thousand words”.

Thus, mathematical expressions and for-
mulae are necessary to capture and describe

outcome generated by

I OVERVIEW: UNIT OPERATIONS
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the occurrence of a process. For the sake of
better understanding, however, it should
be emphasized that certain structures in
equations appear repeatedly, for instance,
in heat and mass transport. The respective
equations have the same structure, but the
variables are selected based on the type of
problem to be solved. Heat transport is car-
ried out along a temperature gradient while
mass transport occurs along a concentra-
tion gradient, and their formula structure
indicates a similar relationship. On this ba-
sis, a novel material transport problem can
be approached and solved in the same way
another was previously if the correspond-
ing parameters already exist. This is a fur-
ther example of how the modus operandi of
process engineering provides a considerable
edge in solving problems of this nature.
Unit operations in process engineering
canbedivided into two categories: mechani-
cal and thermal. Mechanical process tech-
nology focuses on individual particles and
particle conglomerates. Thermal process
technology deals with the energetic state of
material systems which may be composed
of one or more types of molecules. A brief
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description of mechanical and thermal pro-
cess technology is included below. Each will
be examined more closely and examples will
be provided later in this series.

IMechanical Process Engineering

In mechanical process engineering, the
mixing and the separation of particles and
particle conglomerates are considered. The
term “particle” is used when the phase be-
ing studied is present in single, discrete piec-
es, e.g. materials such as stones, dust, malt
kernels and hop cones. If numerous parti-
clesare present as a collective, then the term
particle conglomerate is applied. It should
benoted that a conglomerate generally con-
sists of many different types of particles as
depicted in figure 2.

The figure clearly shows one of the pri-
mary challenges of mechanical process
technology. Particle conglomerates are
usually very irregular and characterization
of a conglomerate is of the utmost impor-
tance if unit operations are to be calculated
based on these data. If a conglomerate can-
not be characterized and defined, then the
only choice is to work with very rough ap-
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proximations or not work with them at all.
Irregularity in the particles with respect to
number, size, shape, volume and density
makes characterization more difficult. This
problem can beillustrated by examining the
characterization of malt or hops from the
perspective of process engineering. Each
malt kernel and hop cone is different, and
theirrespective physical attributes comprise
acorresponding number of units, each with
natural and individual variation.

In order to characterize these kinds of
particle conglomerates or even just the one
shown in figure 2, the different particles
must be classified on the basis of acommon,
defined, physical attribute. This attribute
mustbe measurable, thatis, it must be a geo-
metric dimension or quantity (length, sur-
face area, volume). However, the decision
to find measurable physical attributes of
particles, which can be used to characterize
their dispersity, is only the first step. The
second step is to select a suitable method
for quantifying the characterization of the
particles. With information regarding the
measure of dispersity and the method by
which this is determined, the particle con-
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glomerate can then be described in terms of
adistribution.

A suitable example would be the sort-
ing of malt grist into fractions by means of
a sieve analysis, known in brewing circles
from standards such as DIN 4188. Gristis a
combination of variousparticles, which can
be separated into different fractions accord-
ing to their size (flour, fine flour, etc.). The
individual fractions are recovered by pass-
ing the particles through a series of sieves.
The corresponding mass fraction (i.e. the
mass of a fraction to the total mass) is deter-
mined by weighing. In this example, the at-
tribute employed to measure of dispersity is
the mesh size of the respective sieve, and the

method for measuring the dispersity is the
mass fraction determined by weight. The re-
sulting distribution can be expressed, for ex-
ample, in tabular form orasabar graph. The
grist can also be characterized on the basis
of values which allow a comparison with
other grist samples to be performed.
Detailed explanations will be provided
in subsequent installments in this series.
An important observation should be made
at this point: if different sieves are used for
sorting the grist into fractions, for example,
with a Pfungstiddter Plansifter sieving de-
vice instead of using the procedure outlined
in DIN 4188, a different distribution will be
obtained. This yields two different results,
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both of which describe the same grist quali-
ty!In order to avoid false interpretations and
complaints, particle size distribution results
should always include the attribute used
to measure the dispersity (screen size(s))
and the method (mass determination by
weight). If two different methods for meas-
uring a particular attribute were employed,
it may be possible to modify or adapt these
results so that they are applicable to an-
other method. However, it isimportant to be
aware that these differences exist.

IThermal Process Engineering

Separating and combining processes are
also described in thermal process engineer-



ing, but they apply directly to molecules and
systems of molecules. Mechanical process
technology has the advantage of being
comparatively clear: despite the challenges
associated with their irregular shapes, the
particles are, for the most part, visible and
their behavior can be observed.

By its very nature, thermal process en-
gineering is generally more challenging to
visualize. The idea of invisible molecules
is hard to grasp. The behavior of the mol-
ecules, influenced by fluctuant interactions
which cannot be directly observed, makes
thermal processes much more difficult to
understand. However, one advantage of
thermal processes is the uniformity of the
molecules. In contrast to mechanical pro-
cessengineering, particle size distribution is
not required to characterize a phase. Tem-
perature and pressure are often sufficient to
describe the state of a system of molecules.
Consequently, equations expressing the
state of a system are fundamental to this
field of process engineering. A system of lig-
uid and steam isillustrated in figure 3.

Liquid and gaseous phases can be seen.
The molecules in the liquid phase are in-
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teracting with one another. If the heat of
evaporation is applied to the system, these
interactions among the molecules are over-
come and the molecules gain enough ener-
gy to escape the liquid phase, forming a gas
phase.

A phase can be described with terms,
such astemperature and pressure. These are
also variables in equations expressing the
state of a system. The best-known equation
of this kind is the ideal gas equation which,
if expanded, can also be applied to fluids. For
pure substances, this can be accomplished
in a relatively simple manner and can be
used to describe molecules of interest. Here,
interactions among the molecules have a
significant influence on the state of the sys-
tem and determine, for instance, how much
energy is required to turn liquid to vapor.

A common example is the evaporation
of the ethanol in beer. Since a compara-
tively large amount of ethanol is present
and it mixes well with water, a great deal
of input in the form of energy is required
to evaporate the ethanol. As a result, flavor
compounds are also lost in the evaporation
process, altering the flavor of the beer.
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ISummary

This article is the first in a series designed to
first provide a general overview of process
engineering. The discipline can be divided
into mechanical and thermal process engi-
neering. Mechanical process engineering is
concerned with the separation and combi-
nation of particles and particle conglomer-
ates, while the focus of thermal process en-
gineering is the separation and aggregation
of molecules and systems of molecules. Unit
operations are the relevant tools for both
types of process engineering. It isimportant
to emphasize that process engineering and
technology are not mutually exclusive. On
the contrary, only by sharing viewpoints
on technology and process engineering
will it be possible to gain the necessary un-
derstanding for achieving substantial leaps
forward in brewing science as well as in the
brewing industry. Some of the most com-
plex problems facing process engineers are
in the food industry. In later installments,
the fundamentals of mechanical and ther-
mal process engineering will be explored
using relevant examples from the brewing
industry. L
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