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The right temperature reduces costs 
and oil dependency

“On cold days we hit our capacity ceiling even 
with the help of our oil furnaces,” Bengt says.

Important expertise 
Oil is several times more expensive than 
wood chips and particularly than waste ma-
terials. The rates charged to customers are 
based on the use of biofuel, so there can be 
considerable financial losses every time oil is 
used. On such occasions the district heating 
plant pays just under 8 eurocents for energy 
it sells for half that amount.

“Our close proximity to Pentronic and its 
expertise in temperature measurement is an 
advantage for us,” Bengt explains.

Västerviks Miljö & Energi is now investing 
some 35 million euro to expand the plant. A 
pilot operation will begin this autumn and 
the incinerator will be connected to the grid 
in late 2013. 

The new waste incinerator is 20 MW and 
has a steam turbine and a generator for pro-
ducing electricity. The facility is designed to 
supply 15 MW of heat and 5 MW of electricity. 
Stegeholmsverket already has two 10 MW 
waste incinerators, a 20 MW biofuel boiler 
and a 25 MW oil furnace. 

30,000 euro every 24 hours
The investment will lead to a major reduction 
in oil consumption. Stegeholmsverket has a 
strong environmental profile and uses rene-
wable fuels as much as possible. Reduced 

A district heating plant is a perfect example 
of how important it is to have correct and 
reliable temperature measurement.
“An operational disruption can cost us 
almost 30,000 euro for every twenty-four 
hour period,” says Bengt Ankarvall, 
manager of the district heating business 
unit of the Swedish municipal company 
Västerviks Miljö & Energi AB.

Pentronic’s home municipality of Västervik 
was an early adopter of waste and biofuel for 
the production of district heating. The main 
facility is called Stegeholmsverket and was 
commissioned in 1983. The heating plant 
was extremely over dimensioned, with an 
output of 65 MW.

“At start-up, the district heating network 
had fewer than 600 customers connected to 
it,” Bengt says. 

Since then the network has been ex-
panded and two more district heating 
networks have been set up, in the localities 
of Gamleby and Ankarsrum. Today district 
heating reaches 20,000 of the municipality’s 
36,000 inhabitants. A large proportion of the 
municipality’s industries and public sector 
premises also use district heating. Even Ly-
singsbadet, which is one of the Nordic region’s 
biggest campgrounds, with a large pool area, 
shops, restaurants, service buildings and 
cottages, is connected to the system.

oil dependency also saves money, not least 
in the event of operational disruptions.

“If one of our waste incinerators has to 
be replaced by the oil furnace, it costs us 
almost 30,000 euro extra for every 24-hour 
period,” Bengt says. “The facility will once 
again be deliberately over dimensioned. The 
existing incinerators have been rebuilt on two 
separate occasions and are in good condition, 
but reducing their operating times will allow 
us to increase their service life.”

Stegeholmsverket was originally built to 
limit the amount of waste going to landfill. 
Because the plant was located close to a 
built-up area, the engineers chose to use 
what was at that time highly sophisticated 
technology.

Good long-term planning
All the incinerators, even the new one, are 
of the fluidized bed type. These operate at 
higher temperatures, giving more efficient 
combustion with less ash and lower amounts 
of harmful substances in the flue gases. Ho-
wever, this technology places higher demands 
on temperature measurement, not least 
because the EU’s temperature requirements 
for waste combustion must be complied with 
on a documented basis. The requirement is 
850 °C for at least two seconds.

So far Stegeholmsverket has not needed 
to make use of its closeness to Pentronic for 
any emergency assistance. The heating plant 
has extensive preventive maintenance and 
good long-term planning. Both are certainly 
necessary, given that an entire municipality 
depends on the heat being produced there.

“If one of our waste incinerators has to be replaced by oil, the additional cost is almost 
30,000 euro for every 24-hour period,” says Bengt Ankarvall.



At 500 °C new thermocouples can be 
calibrated with a measurement uncer-
tainty that is better than ±0.1 °C. But in 
future it will not be possible to achieve 
that level when the same thermocouple 
is recalibrated after use. 

The reason is a revised stipulation from 
Euromet, the European organisation for 
national calibration laboratories. The 
regulation is based on observations that 
thermocouples’ physical properties are 
altered as a result of use.

 Euromet states that an inhomogeneity 
arises in the material. This causes an 
increase in the possible error, something 
that accredited calibration laboratories 
should factor into their calculations. The 

STRAIGHT FROM THE LAB

Pentronic’s laboratory 
is accredited since 1988

Measurement uncertainty in-
creases in used thermocouples

recommendation for 
class 2 thermocouples 
is to add 20% of the 
error in accordance with 
EN-IEC 60584-2, which 
is the applicable standard for thermocouple 
tolerances. 

The result is that the thermocouples, 
which according to their calibration certifi-
cate remain within ±0.07 °C at 500 °C, can-
not be recalibrated after use with a closer 
measurement uncertainty than ±0.25 °C. 

The recommendation is given in the 
publication EURAMET cg-8, version 2.1. 
The significance is that it can be better to 
insert newly manufactured thermocouples 
than to recalibrate the old ones.

Pentronic grew its market shares in 2012 and is prepa-
red for a market upturn 
The global economy experienced a major 
slowdown in the second half of 2012. But 
Pentronic still managed to maintain the 
same turnover as the previous year. Whate-
ver the economic situation, it is becoming 
more and more important to choose the 
right supplier of key components.

Ever since the 1970s Pentronic has grown 
organically. Its customers have become larger 
and more numerous and the temperature 
field has become ever more important due 
to more stringent environmental, quality and 
economic requirements.
“When I took up my present position in 1990 
we had annual sales of about 3.5 million euro 
– in 2012 the figure was over 15 million,” says 
Managing Director Lars Persson. “Pentronic 
is now the biggest supplier in Sweden. It 
would seem that our customers like how 
we operate. With our entire organisation 
located in the same place, our employees 
can easily share in the knowledge that has 
made Pentronic successful over the years.”

More and more customers
Pentronic has always had balanced growth 
and solid finances. This has enabled the 
company to make ongoing investments in 
product development and more efficient 
production. As a result, Pentronic was able 
to grow along with its customers’ demands 
and more stringent regulations.

In difficult economic times a stable and 
reliable supplier is worth its weight in gold. 

Temperature sensors and auxiliary equipment 
are often key components in a customer’s 
product. Replacing a supplier who ceases 
to operate involves major costs and a lot of 
extra work.
“The economic situation has affected us to the 
same extent as everyone else, in that some of 
our customers have reduced their orders due 
to the global economy. But we’ve also gained 
new customers in compensation,” Lars says.

Increasing exports
The new customers are both in Pentronic’s 
established markets and in new ones, and 
both in Sweden and abroad. Exports have 
increased significantly, especially to China 
despite slower growth there too. Lars says 
this proves China does not plan to remain a 
low-cost manufacturer but intends to follow 
the example of Japan.
“We’re supplying Chinese machinery ma-
nufacturers who are aiming to compete on 
quality. They’re selecting key components 
based on performance, quality and delivery 
reliability, and they value their suppliers’ own 
expertise,” he says.

Reliable deliveries are becoming more and 
more important to customers. Pentronic has 
had an extremely high level of delivery relia-
bility for many years. In 2012 the company’s 
delivery reliability for its contract customers 
was better than 99.3 percent according to 
the delivery notice, calculated on the day 
after the first order acknowledgement. The 
average for all deliveries was 98.9 percent.

Capacity for the upturn 
After the rain comes the sun and just as 
surely the economy will turn upwards again. 
In recent years Pentronic has continued to 
increase its share of a shrinking market and 
is by far the largest temperature specialist 
on the Swedish market. A return to normal 
economic conditions can lead to a strong 
increase in orders. Does Pentronic have the 
capacity to keep up without affecting delivery 
reliability and other important factors? 
“We’ve invested so we can produce conside-
rably larger volumes in future than what we’re 
doing today,” Lars replies. “Our manufactur-
ing is flow oriented and standardised to a great 
extent. There is a long industrial tradition here 
in Västervik. In previous upswings we’ve been 
able to recruit employees quickly.”

Lars Persson.

Temperature sensors 
for high-temperature, 
abrasive environ-
ments   

Pentronic’s 8109 400 model is a tempe-
rature sensor designed for use at high 
temperatures in abrasive measurement 
environments, for example in furnaces 
with sand beds. Sand and particles swirl 
around inside the combustion chamber 
and soon abrade away ordinary thin 
outer protection tubes.

 This sensor is equipped with a 
probe tip that consists of a round bar 
whose hole can take normal ø 6 mm 
measurement inserts. The probe tip 
thereby gains considerably thicker walls 
and can resist the abrasive environment 
for longer.



If you have comments or questions, contact Professor Dan Loyd at the Institute of Techno-
logy at Linköping University: dan.loyd@liu.se

QUESTIONS?
             ANSWERS !

Does the air get colder 
when the wind blows?

QUESTION: In winter I feel it’s much colder 
when the wind is blowing than when it’s still. 
Does the air really get colder when there’s a 
wind, or what’s going on?

Johan H
ANSWER:  We must distinguish between when 
the cooling involves a living body and when it 
happens to an inanimate object. The former case 
is more complex because heat is continually 
being generated in the body, and the body’s heat 
transfer system is complex. The heat flow from 
an unprotected area of skin to its surroundings 
is influenced by radiation and convection. This 
heat flow is matched by an equal heat flow from 
the body’s core to its surface, and this transfer is 
governed by such factors as the body’s control 
mechanisms.

In the case of forced convection, the heat 
flow increases with the wind velocity. The 
heat flow via radiation is influenced by such 
factors as the skin temperature. The air does 
not become colder when the wind blows but 
the heat flow from the body increases with 
the wind velocity. The moisture transfer to 

Table. Effective temperature (Teff) as a function of air temperature (T), and wind 
velocity (v), according to the Swedish Meteorological and Hydrological Institute.

v=10 m/s v=15 m/s v=20 m/s

T= -5 °C

T= -10 °C

T= -15 °C

T= -20 °C

-16 °C

-23 °C

-31 °C

-38 °C

-14 °C

-20 °C

-27 °C

-34 °C

-15 °C

-22 °C

-29 °C

-36 °C

v=5 m/s

-11 °C

-17 °C

-24 °C

-30 °C

mainly by experiment, which means that the 
effective temperature is method dependent. 
An example of Teff = Teff (T, v) is shown in the 
table. Other conditions will give other values 
and recommendations.

A full beard insulates
The body’s temperature sensors can feel when 
the temperature drops – we start to freeze. 
When body tissue gets too cold there is a risk of 
frostbite. If bare skin is exposed for half an hour 
to an effective temperature that is lower than 
about -25 °C there is a great risk of frostbite. If 
bare skin is covered by fabric the heat flow is 
reduced and thereby also the risk of frostbite. A 
bushy beard provides a similar insulating effect.

T v

and from the body can also influence the heat 
transfer. How we experience cold and our risk 
of getting frostbite also varies to some extent 
between individuals.

To characterise the wind’s influence on the 
cooling process, we can use the concept of 
effective temperature (Teff). An air temperature 
(T) and wind velocity (v) means a heat flow (Q). 
If the body is moving at walking speed when 
the air is still, the result is the heat flow (Q) at the 
air temperature (Teff). Determining Teff is done 

Uniquely precise temperature sensors
In food and pharmaceutical production 
there is a very fine line between inade-
quately treated products and ruined ones. 
Pentronic’s temperature sensors which 
feature an integrated miniature transmitter 
can keep companies on the right side of 
that line leading to greater reliability and 
lower cost. This conclusion is confirmed 
by the performance of tens of thousands 
of individual sensors in demanding app-
lications.

The sensors feature a unique transmitter 
developed by Pentronic. It is so tiny it can fit 
on the rear edge of the sensor’s protection 
tube (see images 1 and 2). The result is a 
complete measuring system which transmits 
a signal of between 4 to 20 mA directly to 
the superior system. This design offers two 
major advantages. 

More reliable measurements
First, it reduces the size of measurement 
errors. Each sensor is individually calibrated 
and any deviations are already adjusted for 
during the manufacturing process.

“Any individual differences disappear and 
the sensors become directly interchangeable 
without customers having to make any ad-
justments themselves,” explains Pentronic’s 
sales manager Roland Gullqvist. 
The theoretical measurement uncertainty for 
the entire system can be as low as ±0.05°C. 
The actual measurement uncertainty depends 
on what is being measured, how the sensor 
is applied, and its insert depth.

Low measurement uncertainty means that 
tighter temperature intervals can be measu-
red, which in turn offers considerable savings 
in energy-intensive processes. 

Lower costs
Second, installation and service are both 
simpler. The sensors’ high protection class, 
IP67/IP69K, helps make installation easy. The 
result is lower total costs. The transmitter’s low 
power consumption also enables the sensor 
to be used in higher ambient temperatures.

Proven performance
Pentronic’s well-designed assembly process 
and in-house production means that sensors 

can be customised for their specific measu-
rement task and mounting system. Selected 
models of Pentronic’s Pt100 sensor can also 
be made available approved by the EHEDG, 
the US 3-A sanitary standard 74-03/05 
and the Russian Sanitary-Epidemiological 
Conclusion. 

Pentronic has been supplying this mo-
del of food sensor (see images 1 and 2) to 
world-leading machinery manufacturers for 
a couple of years now. Tens of thousands of 
individual sensors supplied to customers have 
demonstrated that this design is reliable and 
highly stable over time. Above all, they have 
also proven that this system provides correct 
readings in sensitive processes, leading to 
higher product quality, lower energy consump-
tion and reduced costs.

Pentronic has followed its original analog 
transmitter version by developing a digital 
one which is connected via its own local bus 
to a gateway that can be customised to suit 
most buses on the market. More about that 
in a later issue of Pentronic News.

1. The transmitter can be connected directly to 
the temperature sensor or via a cable.
2. Pentronic manufactures large series of pre-
cise temperature sensors for the food industry.
3. Consumers demand that food is handled 
hygienically.

1 2 3
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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

Pentronic’s products and services
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Free subscriptions for your colleagues ?

If you have questions or comments, contact Hans Wenegård: hans.wenegard@pentronic.se

The resistor determines the accuracy of industrial Pt100s
The properties of Pt100 sensors are large-
ly determined by the construction of the 
temperature-sensitive resistor. Non-fixed 
Pt wires and free air admission are neces-
sary to achieve the best accuracy, which 
the best reference sensors always have. 
This article discusses what limitations can 
arise from other priorities.

Reference sensors for precision calibra-
tion (SPRT) are constructed with non-fixed 
wires, for example on ceramic support, and 
free air admission. The reason is that this 
construction design is intended to produce 
a thermometer that can expand or contract 
when heated or cooled without the platinum 
wires stretching and then rubbing or scra-
ping against their support. These reference 
thermometers are usually filled with dry air 
to ensure that the platinum is functioning in 
an oxidising and not a reducing environment.

Industrial platinum thermometers
The most accurate industrial wirewound 
IPRTs conform very closely to the two most 
important above-mentioned requirements 
in SPRTs. The thin wire is pulled through 
laser-drilled sapphire or diamond die plates, 
both of which give repetitive results without 
contaminating the platinum wire. The plati-
num wire is then built into narrow cavities in 
a ceramic body, which minimises the risk of 
additional contamination. All introduction of 
foreign materials risks altering the platinum’s 

sensitivity and thereby causing measurement 
errors. See Figure 1.

At least 30 g
The technique of using supported wire invol-
ves winding the wire in thin coils and inserting 
it into a ceramic body equipped with small 
holes. (Figure 1) The wire is connected to 
sturdy platinum legs that are fixed in place 
with glass or ceramic. The coiled wire runs 
almost equally freely inside the ceramic 
body’s channels as in an SPRT. This allows 
air to circulate around the platinum wire. This 
design combines high vibration resistance 
with high stability (accuracy). The wirewound 
resistors that Pentronic uses as standard 
can withstand a vibration level of 30 g in the 
range 10–1000 Hz.

Thin film resistor
Platinum resistors can be divided into two 
general categories: wirewound and thin film 
resistors. Industrial Pt100 sensors conform 
to IEC 60751:2008, which addresses such 
topics as tolerances, measuring ranges and 
the temperature-resistance ratio, and differen-
tiates between the properties of wirewound 
and thin film resistors. The properties of 
ready-made sensors are also differentiated 
based on resistor type. [Ref. 1]

Modern thin film resistors are equipped 
with a platinum coating that is steamed 
onto a ceramic substrate under vacuum. 
See Figure 2.

However, this construction does not satisfy 

a number of important requirements and the 
areas of use are thereby limited. The pattern 
in the film is fixed to the substrate, in contrast 
to the almost totally free wire in the above-
mentioned case of the supported wire. The 
platinum content is also low in the very thin 
film layer, making it sensitive to contamination 
by coating materials such as glass or ceramic. 

Thin film resistors are so small that there 
is noticeable self heating of the excitation 
current. This risk increases for Pt1000s in 
particular, and such a sensor can be 100 
times more sensitive to self heating than a 
medium-size wirewound resistor.

The link between the film pattern and the 
legs is a known mechanical weakness in thin 
film resistors that is worth taking into account 
when dealing with measurement environme-
nts with a high vibration level. 

The advantages of thin film resistors 
include their suitability for the white goods 
industry and especially for surface measu-
rement thanks to their flat construction. The 
automotive industry is another major user. 
These resistors are most accurate in the range 
of -50 to between 200 and 300 °C.

For measuring in larger temperature 
ranges the wirewound resistor that resembles 
the reference resistor is to date unsurpassed 
in terms of accuracy. It is also mechanically 
strong, easy to adapt to round probe tips, and 
is also easy to build into metal sheathed cable. 

Figure 1. Hypothetical diagram of the technique of using supported 
platinum wire shown on a cutaway diagram of a resistor. Approx. 
20% of each coil of the wire is fixed to the ceramic (Al2O3) body. 
The leads (legs) are well anchored inside the body’s cavity.

Figure 2. Thin film resistors can be made very tiny but do not 
satisfy the requirements of mobility and air supply. High re-
sistance values like those in Pt1000s plus small dimensions 
make the resistors particularly sensitive to self heating.

See www.pentronic.se > News >Pentronic 
News > Pentronic News archive   
[Ref 1]  Pentronic News 2009-4, page 4


