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The right temperature all the way is
what gives beer its taste

The correct temperature is what gives each variety of beer its own unique character. Gullmar
Johansson and Mats Sköldestig in the midst of producing this summer’s beer from Åbro.

Beer is a cultural product in two senses – it
is the result both of a long social tradition
and of a yeast culture. In this process,
temperature is a key determinant of both
the beer and its taste.
Åbro in the Swedish town of Vimmerby is one
of the country’s oldest active breweries, dating
back to 1856. In recent years it has expanded
greatly by developing new types of beer and
cider. Exports have also increased and now
constitute 20 per cent of sales. Most exports
go to Sweden’s immediate neighbours but Åbro
products are increasingly also being drunk as
far away as Canada.
“There is a growing interest in beer, which
is reflected in the demand for our premium
products,” explains the company’s deputy CEO,
Mats Sköldestig.
The art of brewing is built upon a live ingredient: the yeast fungus. Åbro uses two kinds of
yeast culture, one German and one Czech. This
is because the brewery produces many different
types of beer, and the yeast is what determines
the character of each beer.
Real temperature
“We produce all our beer using the same
equipment,” explains maintenance manager

Gullmar Johannson. “Yeast can spread very
easily and so between production runs we
must constantly clean the entire production
line all the way from the brew kettle to the
canning division.”
The yeast is killed with the help of temperature, which must rise to almost 90 °C for
a specified period of time. Because yeast is
a live, growing organism, the measured temperature must be accurate for this process to
be successful.
Temperature is also crucial to the result of
the brewing process. There is a widespread
belief that beer brewing is a very hands-on,
old-fashioned technique, of which the German
purity laws are the best-known example.
Cutting-edge technology
Mats Sköldestig says the exact opposite
is true.
“Breweries have always been at the
forefront of technology so they could refine
the quality and taste of their beer.”
The Åbro of today is a very modern facility
that uses the latest measurement technology.
Measurement accuracy is crucially important,
and is becoming even more so as the number
of beer types increases. In addition to the
water, malt and hops, it is the temperature

during the various stages of the process that
determines the beer’s taste. Åbro brews bottom yeast beer that ferments at 5–12 °C and
is stored in a cool location to mature.
Water is another story. Åbro has its own
spring which supplies soft water of the highest quality. The water contains few other
substances and has no unpleasant taste
that must be concealed, which is a problem
for many other breweries. This also means
that Åbro can more easily create new types
of beer.
Award-winning
Swedes used to regard their own domestic
beer as being inferior to imported beers, but
Åbro’s collection of medals from international
competitions proves the error of this belief.
Swedish beer has always been top class but
today there are also many more varieties.
The temperature of beer is also important
to its taste. Swedish beer is served cold in
clean glasses that are only used for beer. When
the head of foam forms on the top of the beer,
this releases the flavours and improves the
taste experience. A good head is a sign of a
good-quality beer.
During the past winter Åbro operated its
brewery at full capacity in order to meet the
upcoming summer demand. The company is
expanding its operations with a new holding
tank with the capacity to fill 70,000 cans an
hour. Every can and its contents must maintain the right temperature in order to provide
a perfect taste experience. It’s a situation
that places high demands on measurement
equipment.

In the background are some of the large
conditioning tanks in which Åbro’s beer is aged
to create the right flavour. In front of Gullmar
Johansson is the system of tubing that ensures
the right beer ends up in the right bottle or can.

Rapid deliveries kept electricity
production going
Last winter in Sweden was a hard test
of Pentronic’s delivery times. On several
occasions new custom-made temperature
sensors were delivered to customers within
24 hours so that they could quickly start up
their back-up power plants.

the only customers to receive quick help during the winter. At a power station in Poland
sensors that monitored bearing temperatures
in one of the turbines broke down. Pentronic
manufactured and delivered replacements
within 24 hours.

Not only did the winter set a new cold record
but at times Sweden’s nuclear power plants
were also operating at half capacity. As a
result, they had to bring in back-up capacity
in the form of gas turbines and oil-fired power
plants. On several occasions faulty temperature sensors were discovered – custom-made
ones that are not in stock anywhere.
“Our committed employees rose to the
occasion and worked evenings, nights and
weekends to solve emergency situations,”
says Pentronic’s CEO Lars Persson.
Swedish nuclear power plants were not

Food in the Philippines
Two other examples: A food factory in the
Philippines was at a standstill due to faulty
sensors. Pentronic manufactured the sensors that were needed so production could
start up again. Another company needed
custom-made sensors for monitoring a furnace. Once again, the sensors were made
and delivered within 24 hours.
These are extreme examples whose
success was based on the willing efforts of
Pentronic’s employees. But the company can
now also manage short delivery times even

as part of its normal production, thanks to
improvement work done over many years.
The first stage of this long-term process
was to focus on quality improvements. The
next was to implement steps to improve delivery reliability. Both of these measures are
linked: producing the right quality at the first
attempt frees up capacity and makes the entire
production process more predictable.
Shorter lead times
In turn, this predictability makes it possible
to fine-tune the production process and
shorten lead times. Pentronic has gone one
step further and has integrated its R&D and
production processes under the leadership of
technical manager Lars Björkvik. The result
is shorter lead times even for custom-made
sensors.
That is why Pentronic had the available
resources to draw on this past winter when
Sweden’s power plants were stretched to
their limits and every kilowatt hour was both
needed by the country and a source of income
for the power company.

New transmitter exceeds expectations
Pentronic’s in-house developed transmitter
with an analogue output signal of 4–20 mA
has been in serial production for more than
a year now. The transmitter is exceeding
expectations and delivering better measurement performance at a lower cost
than conventional “hockey pucks” – that
is, transmitters that are normally installed
inside a terminal head.
“Our transmitter also works in environments
where ordinary transmitters can’t be used,”
says Kurt Eriksson, head of Pentronic’s electronics development section.
The transmitter works so well because it
is very small and has low energy consumption, which in turn means that the transmitter
has low self-heating and can withstand high
temperatures.
When integrated and system calibrated
with a temperature sensor, the transmitter
has excellent measurement performance.
The transmitter’s compact format and M12
connector make for easy installation. The
transmitter is also available in a version for
mounting on a DIN rail.
Highest precision
The transmitter now in serial production is
integrated in a Pt100 sensor. The transmitter
operates with a resolution of thousandths of a
degree Celsius. When system calibrated with
a suitably designed sensor, the measurement
uncertainty for the entire system is a mere
±0.05 °C.
Kurt says the transmitter has three major
application areas, especially when integrated
in a temperature sensor:
• Simpler and better design at the sensor level, giving easier assembly and better
measurement precision
• Streamlined set-up and better performance at the machine/process level, giving

faster/cheaper installation and fewer cables
• Measurement in environments where
normal electronic equipment does not work
due to high temperatures or other difficult
conditions. The sensors with a built-in transmitter that are now in production have IP67
and IP69K protection ratings.
Next generation
“We’ve had our next generation of transmitters in test installations for six months now,”
Kurt says. “It is a digital transmitter whose
low energy requirements mean that a little
contact resistance here and there won’t affect
the measurement process.”
Simple cabling – or even using an existing
cord – is enough to link a number of transmitters with a superior system. Kurt says a
four-core cable similar to a telephone cord is
enough to connect 50 transmitters in a series
without any troublesome voltage drop.
Its low energy consumption also makes
this next-generation transmitter suitable
for explosion-classified environments.
Future generations
of transmitters for
thermocouples
and Pt100/1000
sensors will also be
available in a version
for 120 °C ambient
temperature.

of the next-generation transmitter is its simple
and robust installation with the market’s most
cost-efficient bus, PLB® which stands for Pentronic Low Power Bus. The bus is integrated in
the transmitter, reduces costs and also gives
better performance. The concept is ideal for
machine builders who need small, robust and
cost-efficient measurement systems that are
easy to install.
Researchers at Sweden’s KTH Royal
Institute of Technology and Chalmers
University of Technology are calling for simpler
buses in order to make homes more energy
efficient in the same way as was done with
cars 20 years ago. A data bus that meets
those requirements is already available at
Pentronic.
Conventional buses use too much energy
and are often too expensive a solution for
simple temperature sensors. Using this data
bus it is easy to communicate with superior
control systems or computers via a gateway.
We will provide more information on this bus
after the summer.

What researchers
want
For many customers, though, the
biggest advantage
Pentronic’s miniature transmitter, shown here mounted in Pt100 sensors, is in full production. When
system calibrated it has a measurement uncertainty of ±0.05 °C.

An old-fashioned butter cooler
QUESTION: Before fridges were common in
people’s homes, didn’t they use some sort of
clay pot to keep butter cool? Did such pots
exist and how did they work?
		
				
Anna A
ANSWER: In the old days, people had iceboxes
to keep food cool in their kitchens but that
required access to an icehouse where the ice
was stored during the summer months. [Ref
1]. At the beginning of the 20th century, larger
urban centres also had a well-functioning
system of “icemen” who delivered ice to shops
and homes. In the country it was possible to
have your own icehouse but most people
in Sweden kept their food in a walk-in earth
cellar that was usually built into a hillside. The
temperature and air humidity in such cellars
was well suited to storing food in general,
especially green vegetables and root crops.
The temperature in a well-designed earth cellar
stays about 5 – 8 °C year round.
The evaporation of water requires heat, and
it was possible to exploit this thermodynamic
phenomenon to have chilled food indoors during the summer months. For example, to keep
butter cool, people used a non-glazed clay
vessel filled with water. The clay pot had a lid

and as well as the water it also contained a
porcelain jar for the butter. The water gradually
oozed out through the walls of the clay pot and
evaporated on the outside. The heat required for
the evaporation was drawn partly from the air
and partly from the clay pot. This cooled down
the clay pot and its contents, thereby keeping
the butter at an acceptable temperature.
This refrigeration technique is of course very
environmentally friendly and we can still use
it today in places like summer cottages and
boats that have no fridges. We can also use
the technique to keep drinks cool on a beach
by using a damp towel.
Measures air humidity
If we continuously direct an air flow past a
thermometer that is equipped with a wet sock
we will measure what is known as the wet-bulb
temperature. The wet temperature, which is due
to the air humidity, is lower than the air temperature that we measure with a dry thermometer.
By using a Mollier diagram for humid air we can
determine the air humidity with the help of the
dry and wet temperatures. We can state the air
humidity as relative humidity (RH) in per cent
or as the ratio between the mass of the water
vapour and the mass of the dry air (the vapour
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The water oozes slowly through the walls of the
clay pot and evaporates on the outside, thereby
cooling the pot and its contents.

ratio). By “dry air” we mean all the gases in the
air except the water vapour. [Ref 2]
References see: www.pentronic.se >>Pentronic News
>> Pentronic News archive
[Ref 1] Pentronic News 2009-3 p. 3
[Ref 2] Pentronic News 2009-2 p. 3

If you have comments or questions, contact
Professor Dan Loyd at the Institute of Technology at Linköping University: dan.loyd@liu.see

Now we’re moving the wall without disrupting production
The expansion of Pentronic’s production
facilities is now proceeding at full speed.
The capacity to manufacture temperature
sensors will be doubled without disrupting
ongoing production.
Pentronic has two production facilities, which
are nearby each other on Sweden’s east coast
in Verkebäck and Västervik. The latter facility contains the turning department and the
production of longer series of temperature
sensors, and it is this sensor production section which is now being expanded.
“We’re doubling the area being used for
sensor production,” explains Lars Björkvik,
technical manager at Pentronic.
The expansion is part of ongoing work to
eliminate bottlenecks and improve the production flow. One bottleneck is the assembly of

temperature sensors. This section will now be holidays. The new premises will be fully operaexpanded more than is currently required, so tional in the beginning of September.
that future demand can be quickly met.
The expansion involves moving out
the entire wall along one long side of the
building. The wall will then function as
the outer wall for the new addition. When
the wall is being moved, the production
facility must be closed. This will be done
during the last two weeks of July and
the first week of August, when lower
demand and summer holidays make
it possible to move all production to
nearby Verkebäck.
“The Västervik staff will work in
Verkebäck for a while,” Lars says.
The expansion will not affect deliv“We’ll be making temperature sensors right here
ery times. Production will continue all
in September,” says Jens Jupiter, manager of
Pentronic’s factory in Västervik.
summer without closing for the summer

Straight from the lab

Laboratory open all summer
Pentronic’s accredited calibration laboratory
will be open all summer.
“Some of our customers warned us they
will need calibrations done during Sweden’s
long summer holiday so that their measurement systems will be optimal when they start
up operations again,” explains laboratory
manager Lars Grönlund.
The process industry has always
used the summer stoppage to perform

maintenance and other measures. In recent
years calibration has become an increasingly
important part of that work.
“Having a high quality measurement system in place is contributing more and more to
companies’ profits,” Lars says.
Because the skill and experience of the
laboratory staff are an important part of its
operations, it is not possible just to bring
in summer replacements. Instead, the staff

holidays are scheduled on a rotating basis
throughout the entire summer.
This means that calibrations can take up
to a few days longer than normal and there is
a limited capacity to do on-site calibrations
at customers’ premises.
However, all types of
calibration that the lab
normally performs will
be available during the
summer.
Pentronic’s laboratory
is accredited since 1988
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First, it is important to state that a temperature
sensor in an installation does not have a fixed
response time. The response time varies along
with many factors that can change during the
measuring process. Flow velocity and medium
composition are examples of things that can
change rapidly, whilst deposits and dirt from
the fluid often change more slowly. However,
a temperature sensor can have a specific
measured response time that is the result of
its design and the specific conditions which
prevailed during a specific test event. As we
explained in the previous article, response time
measures the heat transfer to the sensor in
the probe tip. The difference in temperature
is what causes this heat transfer. That is why
a sensor which is in equilibrium with its surroundings – for instance when it is lying on a
warehouse shelf – has no response time.
This assertion may seem strange, at least
to electricians, who have been trained with
regard to RC circuits to delay such things
as relay switches. The time constant RC
(resistance times capacitance) is only marginally affected by external conditions and is
regarded as fixed.
How can we choose from among the
many available sensor types and installation
options in order to reduce a response time?
Of the factors listed in [Ref 1] the following
are the simplest to consider in terms of their
practical aspects:
1. Reducing the mass
2. Improving the heat transfer from the
medium to the sensor in the probe tip
3. Reducing the heat
conduction in the
sensor probe

Figure 1. The wire
thermocouple has
an extremely small
mass with thin wires.
However, its structural
strength is very limited
within flows.

away from the measuring position
4. Using insulated mounting devices on heattransferring walls
5. Creating the best flow around the probe tip

1. Reducing the mass enables the amount of
energy stored in the sensor to change more
rapidly in response to the temperature of the
fluid. Unfortunately, reduced mass usually
also means reduced structural strength. See
Figure 1.
2. Air gaps are effective obstacles to
heat transfer. For a specific sensor design,
the heat transfer to the Pt100 detector or to
the measuring junction in the thermocouple
tip can be improved by bridging the air gaps
to the outer protective tube with heat conducting compound or metallic filling. This is
particularly necessary at low temperatures.
See examples in [Ref 2].
Reduced tip diameter
An alternative method is reduced tips, which
means that the probe tip is given smaller
dimensions while the rest of the measuring
probe is allowed to retain its mechanical
strength. This procedure can also be applied
to thermowells, see Figure 2a.
The tips of conical thermowells can be
turned to the desired dimensions. For straight
protective tubes or probes, you can reduce the
tip by welding on a smaller tube, see Figure
2b. These measures must not be allowed to
jeopardise structural strength.
In some situations it is not possible to
avoid air gaps. At high temperatures, the
presence of air gaps in a sensor is not necessarily a major disadvantage because at these
temperatures, radiation begins to dominate
the heat transfer process. At low temperatures, air gaps are more of a disadvantage
because they worsen thermal conductivity,
which dominates the heat transfer process
at low temperatures. Accordingly, if we are
using the same sensor to measure both high
and low temperatures as part of the same
process, we will get decent response times

Figure 2a. A process sensor
mounted in a conical thermowell with a reduced diameter
tip. The measurement insert
is ø 3.0 mm and the hole in
the thermowell’s tip is ø 3.1
mm. This sensor type is used,
for example, in consumption
meters for district heating
systems.

Figure 2b. A reduced diameter tip on
a straight outer protective tube. In this
situation, heat conducting compound in
the form of a metal bushing or powder
(yellow) can be used to give the Pt100
detector (blue) better thermal contact
with the inner walls of the probe tip.

Pentronic’s products and services
Temperature sensors
Connectors and cables
Temperature transmitters
IR-pyrometers
Temperature indicators
Temperature controllers

Dataloggers
Temperature calibration equipment
Temperature calibration services
Training courses in temperature
Moisture and thickness monitors
Flowmeters

at high temperatures and considerably longer
ones at low temperatures, for instance during
the later stage of a cooling process.
3. The cross-sectional area of wires,
casings, protective tubes and thermowells
influences the heat conduction out from the
sensor. The material of these items is often
some kind of steel alloy but these have very
similar heat conductivity. Reducing this crosssectional area really comes under the heading
of reducing the mass, and it is seldom possible to replace steel with materials that have
lower heat conductivity. It is therefore more
effective to focus on improving the design of
the probe tip (point 2 above).
4. A sensor must be mounted onto
something such as a pipe wall. Threaded
plugs and other types of connection devices
increase the heat capacity of the sensor, which
in extreme cases may need to be thermally
insulated from the plug or pipe wall. In this
situation, physical stresses such as pressure
often place limitations on what can be done.
See Figure 3.
5. In general, you can achieve the absolute
best heat transfer in pipes by mounting the
sensor counter flow in pipe elbows. These
have the space for a long insertion depth and
thereby a reduced heat exchange with the connection device. The efficient flow around the
sensor also means that the sensor becomes
almost self-cleaning from deposits and dirt
emanating from the fluid.
See Figure 4. [Ref 3]

Figure 3. A thin sensor designed to have a short
response time has this response time significantly lengthened due to the large threaded plug.
The response time can be reduced if the thermal
contact with the threaded plug can be insulated.

Figure 4. Insertion
against the flow in the
pipe elbow not only
gives the best heat
transfer but also the longest operating time in
fluids that give off deposits or are dirty. [Ref 3].
References: see: www.pentronic.se >>Pentronic
News>>Technical Articles Archive
[Ref 1] Pentronic News 2010-2 page 4
[Ref 2] Pentronic News 2009-5 page 4
[Ref 3] Pentronic News 2008-1 page 4
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POSITION

The previous article “Calculating response
time for different conditions” [Ref 1] discussed how we can use simplified mathematical models as a starting point to predict
a specific sensor installation’s response
time. In this article we will look at a number of practical changes that can alter the
temperature sensor’s own influence on the
response time.
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Practical ways to influence response times (2)

