201S
armany | 17214 Novembat

WITHOUT INVEST

ONLY WITH SKILLAND BRAIN

BRAUWELI

5/19 | October | Volume 37 | NUREMBERG

Optimisation potential for ﬁl
maltings is in the air

brew consulting

brew ¢ ing
malting expertise
technology
bMﬁ | t
“ g

www.bmt-weigt.de



BRAUWELT INTERNATIONAL | KNOWLEDGE | RAW MATERIALS

Optimisation potential for
maltings is in the air

MOLLIER DIAGRAM | Energy input in the form of electricity and
heat represents the major cost factor in the malting process —
roughly 40 % of total production costs and more than 60 % of vari-
able costs. It comes as no surprise that the malting industry has

successfully focused on the issue of energy for decades and that

saving potentials are largely exhausted. When further optimisation

potentials will have been identified, it will be necessary to have a

highly developed technological and technical understanding and a

love for details.

MALTING IS NOT POSSIBLE without
air. It is the indispensable assistant of malt-
sters, it introduces oxygen into the germi-
nating material and removes carbon diox-
ide, it humidifies and dries the germinating
material and provides it with heat and dissi-
patessame. Upto 90 % of all energy costsare
accounted for by process air that is used for
circulation, heating and cooling. It would
thus be interesting to have a closer look at
air processes. First of all, the following issue
hastobeaddressed: howisitpossible at all to
characterise the state of air?

Everybody is familiar with air tempera-
ture in degree Celsius as a parameter; it can
be measured easily, exactly and everywhere.
Relative air humidity in % is another impor-
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tant parameter; this indicates the amount
of water vapour contained in the air at a
specific temperature in relation to the maxi-
mum possible vapour content, referred to
as saturation. Simple and reliable measure-
ment systems also exist for standard am-
bient conditions. Measurement becomes
problematic at numerous, interesting
pointsin the process air for maltings in view
of the existing states in terms of moisture,
temperature and corrosive and microbial
attacks, unfavourable for sensory analysis.
It will be explained later thatrelative humid-
ity can be measured very easily indirectly
using the Mollier diagram.

EThe pressure of air

Pressureisanother very important parame-
ter that is frequently not taken into account
in maltings and is significant for character-
ising air. The prevailing atmospheric pres-
sure at the particular location of the opera-
tion has an influence on plant sizing in view
of the geographic altitude of the malting.
The higher the elevation of the plant, the
more unfavourable will be the relationship
between mass flow and volume flow and
thus between defined determining parame-
tersand transport energy for process air due
to decreasing air density. An extreme exam-
pleisamalting in Bogota, Colombia, located
at an elevation of 2600 m above sea level:
normal atmospheric pressure 725 hPa or
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72 % of “our” 1013 hPa and correspond-
ingly lower air density.

Apart from these parameters specified
in relation to location, pressure build-up
for overcoming air resistances of fans has
a major influence on power consumption.
In many plants, operating pressure is usu-
ally recorded only under the kiln floor, if at
all. It takes little effort to record all points
where differential pressures arise in terms
of operational energy monitoring. A simple
U-tube or inclined tube manometer would
do the job. Deposits on filters and, above all,
on heat exchangers, cooling and heating
batteries which have not been removed give
rise to unnecessary differential pressures
and an increase of same not recognised at
the point of origin. From a physical point of
view and, unfortunately, alsoin our case, air
resistances go up and, associated with this,
also power consumptions rise as the square
of the ratio between the rise in air velocity
or a volume flow carried by a channel duct.

Based on this knowledge, it is necessary
to attach importance — when sizing malt-
ings and their components — to provide ad-
equate flow profiles as well as cleanability
and accessibility to heat exchangers. It is
not uncommon that this is not done, due
to limited investment budgets or offers by
manufacturers who would like to gain a
price advantage based on tight sizing. Sen-
sible attention and an honest commitment
to sustainability that is not just posted on a
trade fair booth save money and protect the
environment in the long term.

IThe Mollier diagram helps

Maltsters can use the Mollier diagram as
an excellent tool for characterisation of air
states and description of processes in malt-
ings that involve air. The Mollier diagram
is also dependant on atmospheric pressure
and can reflect different sea levels in some
instances. In our part of the world, suffi-
cient accuracy is obtained when a Mollier
diagram isobar is used for normal atmos-
pheric pressuresof 1013 hPa.
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The Mollier diagram, also referred to as
ixor H-Sdiagram, was developed by Richard
Mollier (1863-1935), Professor of Physics
in Dresden. It is used to determine the states
of air and changes of states of moist air in
a coordinate system with arrays of curves
(fig. 1).

Using the example selected as starting
point, a state of air of 25 °C and 40 % rela-
tive humidity, it is possible to calculate all
other relevant parameters of this state of
air based on these two parameters: water
vapour content 7.9 g/kg, enthalpy 45.3 kJ/
kg, density 1.18 kg/m3. Processes relevant
tomaltings are:

1. Heat added to the air in a duct with a
constant moisture content, in our case
7.9 g/kg, vertically upwards up to the
50°C line, involving an increase in en-
ergy content from 45.3 kJ/kg to 71.0
kJ/kg. For the malting process, heating
of thekiln air.

2. Air cooling, also on a duct with a con-
stant moisture content, vertically
downwards down to the saturation line
at 100 % relative air humidity; the en-
ergy content of the air drops from 45.3
kJ/kg to 30.6 kJ/kg. This intersection
of the two lines describes the dew point
temperature of the starting state of air,
here 10.6 °C. For the malting process:
cooling of air going into the germina-
tion boxes.

3. Adiabatic humidification of the air on
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a constant enthalpy line, here 45.3 kJ/
kg up to the 100 % saturation line. This
intersection of the two lines describes
the cooling limit temperature, also re-
ferred to as wet bulb temperature, here
16.1°C. For the malting process: hu-
midification of air going into the steep
tanks and water removal in the kiln.

I Application examples

The steeping material is too cold

It is a harsh winter. The steeping house is
cold. Cool barley is soaked with cool water.
Temperature does not develop in the steep
tank, with negative consequences: water
uptake by barley is too slow, and after trans-
fer to the germinating box, pregermination
and heat development are delayed. The pre-
set residence time in the germination box
is too short to achieve target modification.
The malting rhythm is disturbed, leading to
capacity and/or quality problems.

Heating the steeping house to remedy
this problem is a solution often encoun-
tered. Will this achieve the desired effect? It
is worthwhile to have a look at the Mollier
diagram (fig. 2):

Ambient air of —5°C and 80 % relative
humidity was selected for this example. This
is heated to 20°C, e.g. with a room or tent
heater, and blown into the steeping house.
Workmen have a sense of well-being and
pipes do not freeze. That is all that has been
achieved. When heated air comes into con-
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tact with the moist cereal in the steeping
tank during dry steeping, adiabatic humidi-
fication willsetinuntilwetbulbtemperature
isreached, in our case 8 °C. Thisis too low to
appreciably start a physiological germina-
tion processes. In theory, the air should be
heated to above 40 °C so that the 16 °C still
reach the steeping material. Even then, the
volume or massflow of the fanisinsufficient
for CO, extraction to obtain the required
enthalpy in the germination material. The
problem can only be solved by heating the
steep water to e.g. 20 °C so that, when mix-
ing with cold barley, the latteris surrounded
by a “comfortable temperature” of around
16 °C.Inanideal case, exhaust heat sources
available should be used. Water-flue gas
heat exchangers e.g. are available that can
transfer the residual energy in the flue gas
after the kiln air heater to the steep water for
exactly thisreason.

Conditioning of germination box entry
air

During germination, it should be ensured
that the germinating material does not dry
out, if possible. This can be done by moisten-
ing the entry air to the germination boxes
with water nozzles up until saturation so
that any desiccation potential in the entry
air cannot remove water unnecessarily.
Care should be taken that the nozzles va-
porise the water as finely as possible and
make do with relatively low pressure and
water quantities. Such technically proven
solutions are installed e.g. in greenhouses.
Nevertheless, such a system utilises water
resources, produces waste water that has to
be treated, uses pump energy and has to be
maintained. Such humidification systems
generally operate the whole year round. Is
thisreally necessary?

However, vaporisation of water into
unsaturated air results in adiabatic water
uptake and cooling down to the wet bulb
temperature. When this is below the desired
entry temperature in the germination box,
air cooling using a refrigerating plant can
be dispensed with and electric power saved
though the ambient air measured isin some
instances significantly higher than the
target temperature at the germination box
entry. When deciding whether water va-
porisation or the refrigerating plant should
be switched on or off, a look at the Mollier
diagram is helpful again.

It is assumed in the following example
thatthe germination box entry temperature



should be 12 °C at 100 % relative humidity

and the exit temperature should be 17 °C,

also saturated to the tune of 100 %. Three
different cases are plotted in the Mollier dia-

gram (fig. 3).

1. The ambient air entering the germina-
tion box is below the target tempera-
ture. Therefrigeration plantis switched
off. The automatic temperature control
for the entry temperature opens the re-
turn airflap and supplies warm exhaust
air from the germination boxes (17 °C
and 100% r.h.) to the incoming fresh
air until the target temperature (12 °C,
100 % r.h.) is reached. When the state
of the ambient air is located below the
red line in the green field of the Mollier
diagram, the air mixture will result in
a saturated air state at the germination
box entry and air humidification can be
switched off. The average state of air in
winter in our part of the world is cur-
rently 3 °Cand 82 %r.h. (blue spot) and
islocated in the green field.

2. Theambient airis above the target tem-
perature and has to be cooled using the
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refrigeration plant. When the moisture
content of the ambient air is above that
of the saturated entry temperature,
in our case 8.7 g/kg, the cooling bat-
tery cools the ambient air down below
dew point temperature and water is re-
moved. The cooled airissaturated to the
tune of 100% and air humidification
can be switched off. This area is located
ontheright-handside, alsoin the green
field, in the Mollier diagram.

3. Inview of the state of the ambient air,
water vaporisation isrequired toreach
a saturation of 100% at the germi-
nation box entry. However, when its
enthalpy is lower than the enthalpy
of the desired air state at the germina-
tion box entry, in our case 34.2 kJ/kg,
water vaporisation will again result in
adiabatic moisture uptake and cooling
of the air down to the wet bulb temper-
ature that is below the target tempera-
ture. The refrigeration plant can be
switched off now. These air states are
located in the yellow field in the Mollier
diagram.
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Modification of desiccation
potential

[tis obvious that knowledge of the air states
— measurement required! — and correct in-
terpretation of same in the Mollier diagram
can provide optimisations and savings.
However, the fear that the germinating ma-
terial in the germination box may dry out
frequently focusses on desiccation brought
about by the desiccation potential of un-
saturated supply air. Even if this potential
exists to a greater or lesser degree based on
the above statements, desiccation will take
place within only a few centimetres in the
bottommost layer of the germination box.
The air is again saturated above this layer.
This can be measured using the difference
of moisture content of the incoming air in
g/kg and the desired state of saturation that
can be tolerable under normal weather con-
ditions and a periodic check. The desicca-
tion potential that has at least the same or-
der of magnitude but is even higher in most
instancesis the difference between moisture
content of the germination box entry and
exitair.

KOREA

BEER
EXPO

in cooperation

with Beviale Family

CR
DR
IN

O

F'T
KS
IA

*[

CONFERENCE & TRADE FAIR

in cooperation
with Beviale Family

Closer to your worldwide markets!

Doemens’l

International Sponsors:

oo
i)

VLB
BERLIN

NURNBERG

@ CRAFT

BEER
CHINA



BRAUWELT INTERNATIONAL | KNOWLEDGE | RAW MATERIALS

Fig.3
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In the above example, the difference in
moisture content between incoming and
outgoing air at 12°C and 17°C is in each
case 3.4 g/kg, with 100 % r.h. This implies
that the air flowing through the germina-
tion box removes 3.4 g/kg of water (density
being converted tomassinkg). With astand-
ard air capacity of the germination box fans
of 400 m’/h and tonne of barley as green
malt, about 40 kg of water per tonne of
barley as green malt are removed daily. Ac-
cordingly, the degree of steeping of assumed
45.0% drops to about 43.5 %. Should the
germination box “thermally run away” in
some instances, caused by insufficient re-
frigerating capacity of the germination box
cooling or other circumstances, and the
exhaust air temperature rises e.g. to 20°C
instead to the target temperature of 17°C,
6.0 g/kg (14.7-8.7 g/kg) instead of 3.4 g/
kg are removed in the “catching phase” and
the degree of steeping dropsto42.5 %in our
example. Such high moisture loss can inter-
fere with the germination process to amuch
greater degree than unsaturated entry air.

10

" 12 13 W4

Ultimately, everything boils down again to
the basic question of sizing, design and in-
vestment costs as well as to control options
and proactive, skilled operation.

Additional optimisation
possibilities

The Mollier diagram is also an excellent tool
for almost all energy considerations when
treating process air. The Mollier diagram
also provides a reading of enthalpy and
density of the air for any air state. When
forming the difference in enthalpy of the
air state upstream and downstream of a
process step, e.g. air cooling or heating, it
is known how much energy in kJ/kg of air
is required. When the volume flow in m*/h,
e.g. as an operating point in the fan charac-
teristic, is known, the mass flow of process
air in kg/h or kg/s can be calculated based
on density in kg/m’ taken from the Mollier
diagram. The product of enthalpy differ-
ence in kJ/kg and mass flow in kg/s results
directly in the required capacity in kW for
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this process step (Attention: 1 kW = 1kJ/s).
It is also very interesting to compare the
effects of various malting variations that
are technologically feasible. For drying e.g.
green malt in the kiln, an existing moisture
quantity has to be removed via the air. The
Mollier diagram shows that the uptake ca-
pacity of the air (delta x in g/kg) goes up in
line with a rising entry temperature. When
it is possible to raise the entry temperature
to the kiln without compromising quality,
the kilning process is immediately short-
ened at the same fan performance. When
this time factor is of no consequence, the
volume flow of the fan could be reduced in
proportion. As described above, power con-
sumption changes significantly in relation
to the square of the change in volume flow.

And for those who would like to know
even more details, itis possible to use the val-
ues in the Mollier diagram to form specific
indices, e.g. the amount of heat to be sup-
plied for the various kilning processes in or-
der to remove a specific water quantity (e.g.
kJ of heat/g of water from the quotient delta
hinkJ/kg and delta xin g/kg).

ISummary
Airplaysasignificantrolein themalting pro-
cess. 90 % of all energy costs, in the form of
electricity and heat, in amalting are used for
treating thisair. Air pressure, during circula-
tion or while standing still, is an important
characteristic for a state of air. Moreover,
air states arising in a malting and processes
such as cooling, heating, humidification
anddrying ata constant pressure are shown
in the Mollier diagram. When individual
processsteps are presented in the Mollier dia-
gram, it is possible to identify technological,
technical or energy optimisation potentials.

It is e.g. possible to show that heating,
usual in the steeping house in winter in or-
der to accelerate sluggish pregermination
processes, is a waste of energy. Based on the
Mollier diagram, itis also an option to define
states of the ambient air that make it pos-
sible to dispense with operation of air hu-
midification nozzles and refrigeration plant
when conditioning germination box entry
air. Looking at the kilning process in the
Mollier diagram, optimisation potentials in
terms of kilning time, power and heat con-
sumption can also be identified from a tech-
nological viewpoint.

In summary: the Mollier diagram is a
valuable tool in maltings and should thus
always be readily available to maltsters. ™



