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Fast response crucial when detoxifying hazardous waste

Temperature measurement helps SAKAB to cleanse the environment of hazardous substances like dioxin and PCBs. From left: Roger Öhman, Hanna Eriksen and Daniel Rodin.

Since the early 1980s, SAKAB has been
Sweden’s most complete and differentiated processor of hazardous waste. The
company’s treatment facility is located
near Kumla, 200 kilometers west of
Stockholm. But even though the facility’s
smokestack clearly shows that waste
incineration is being done there, that is
not the company’s primary focus.
“We split long chains of molecules into shorter
ones in order to transform stable, environmentally hazardous substances into less harmful,
biodegradable ones,” explains the company’s
environmental manager Hanna Eriksen.
One of Sweden’s biggest environmental
struggles in the 1970s was over the building
of this processing facility. Opponents, led
by Swedish author and environmentalist
Björn Gillberg, called the planned facility a
‘poison factory’.
“That made the politicians place very
tough demands on our operations – something which is now a major advantage for
us,” Hanna says.
When SAKAB recently celebrated its 40th
anniversary, its former opponent, Björn Gillberg, stated that the facility is a success and
is necessary in order to detoxify the closedloop environmental cycle. There must be an
end station where environmentally hazardous
waste is treated in a safe way, he said.

Response time is crucial
The treatment method involves incinerating
the waste in Sweden’s only rotating furnace
of its kind. When the temperature passes
1100 °C, environmentally hazardous substances such as PCBs and dioxin are rendered
harmless. The molecular chains are broken
up and the end product is less hazardous and
is biodegradable. The incineration residue
is subsequently stored at Sweden’s only
covered Category 1 landfill site.
It is impossible to measure the temperature
inside the rotating furnace.
“Instead, we take the readings in the afterburner,” explains Roger Öhman, manager of
the electrical & instrumentation department.
The temperature inside the afterburner
must be at least 1100°C, which means that
the temperature inside the furnace itself is
between 1200 and 1400°C. In other words,
there is a significant safety margin. Measurement accuracy is therefore not the most
important factor.
“It’s the response time that’s crucial for us,”
Roger says.
IR pyrometers are fast enough
The reason is the varying types of fuel. The
fuel shifts from extremes ranging from halon,
a non-combustible fire extinguishant, to metal
drums filled with waste oil. The temperature
can rise by several hundred degrees within

Vol. 4 No. 2 2011

a few seconds, and if the process is allowed
to continue uncontrolled there is a risk of
damage to the furnace.
The solution is to combine the various
material flows in order to keep the temperature somewhat stable. But this requires very
rapid measurement responses. Originally,
thermocouples were used but they have been
replaced by two IR pyrometers (infrared) and
are now only used as a backup.
“Thermocouples can’t keep up with the rapid
sequence of events,” engineer Daniel Rodin
explains, pointing to a computer log of a measurement sequence.
The log shows readings from both the IR
pyrometers and the thermocouples. The IR
pyrometers record any changes in a fraction
of a second. The thermocouples take a couple
of minutes to record the processes, by which
time the entire thermal shock event is over. As
a result, thermocouples are not fast enough
to record the temperature peak.
“Without the IR pyrometers we wouldn’t know
that the furnace was overheating until we did
the annual audit,” Roger Öhman explains.
Well-planned installation
This is a highly challenging environment for
IR pyrometers. Pentronic’s equipment has a
unique ability to calculate the correct readings
when measuring gases. The equipment is also
very robust, a property that Daniel Rodin has
further improved by designing his own system
that uses blasts of compressed air from an
accumulator tank to clean away obstructions
from in front of the lens system.
“Slag builds up inside the furnace and can
obscure the IR pyrometer,” he says. “That’s
why we use two IR pyrometers to complement each other. When the readings drop on
one, the other takes over, and meanwhile the
system automatically blows the slag away
from the lens.”
The IR pyrometers guarantee that the temperature is always high enough to incinerate
hazardous substances. In addition, the rapid
measurements reduce the risk of damage
to the facility, thereby also reducing costs.
SAKAB also has a conventional roasting
furnace for the combustion of household
and business waste. The reason is that the
company supplies energy to the district
heating network in the nearby municipalities
of Kumla, Hallsberg and Örebro, thereby benefiting the environment by replacing fossil
fuel consumption.

Expanded factory is fully operational
After only six months the results of
Pentronic’s decision to expand its factory
in Västervik are already clear.
“Without this investment we could not have
handled our current production volumes,”
says technical manager Lars Björkvik.
The decision to expand was made at the
beginning of last year. At that time, the future
of the world economy was very unclear. What
was obvious was that the investment was
necessary in order for Pentronic to continue
on its path of continual improvement.
“We needed a new layout for our production
flow in order to progress,” Lars says.
Pentronic has two factories. The original
one in Verkebäck south of Västervik is increasingly focused on R&D, custom orders and
short series. The other, in Västervik, handles
volume production.

sheathed thermocouples with a moulded
connector will also be coming.
However, Lars says that the most important change is not the larger premises and
new machines. Rather, it is the industrialisation of what has traditionally been a handcraft.
Pentronic has long focused on making this
major transition, and has now accomplished
it by applying flow orientation to the entire
volume production process. That process
was studied down to its smallest detail and
the best methods were selected to become
the new standard.
Despite this industrialisation, one single
worker still retains full responsibility for an
order right up to and including the final inspection. Lars emphasises that it is extremely
important to retain this individual personal
responsibility even in an industrial process.

From a handcraft to an industrial
process
In concrete terms, the expansion involved
doubling the area used for assembly and
investing in equipment: ranging from hand
tools and desks to increasing the number
of laser welders from one to three. A new
injection moulding machine for producing

Fractions of a percent
The new flow process has been operational
for six months and Pentronic is constantly
working to improve it further. Only fractions of
one percent now remain before the company
will achieve 100 percent delivery reliability
– which at Pentronic is measured daily, not
weekly like many companies do.

Production at Pentronic accelerated during
the autumn of 2010 and the Västervik factory
is now fully operational and can easily increase
its capacity further.
“The way the factory was before, bringing
in more staff wouldn’t have helped,” Lars
says. “They would just have gotten in each
other’s way and our productivity would have
decreased.”
The factory’s premises and flow are now
dimensioned to handle considerably higher
volumes. True, that will require training new
employees but the start-up time will be
considerably quicker than if investments in
physical assets had also been required.
Constant improvement
Lars says there is still potential to develop the
production process even more. Everything –
large or small – can be done faster and better,
and Pentronic will intensify its work to find
new opportunities to improve.
“As a relatively new employee, I’m impressed by how far Pentronic has already come
and by the considerable expertise that exists
within the company, but I’m convinced we
still have a lot of potential to improve even
further,” Lars concludes.

New transmitters exhibited for the first time
The new transmitters from Pentronic are
something that most people have only
read about in this newsletter.
On 13-14 April they will be on display at the
Automation 2011 trade fair at Baltiska Hallen/
Isstadion in Malmö.
Pentronic will be an exhibitor and will
present a number of interesting products.
The emphasis will be on temperature sensors
and pyrometers with ancillary instruments.
However, the company will also be exhibiting

equipment for the non-contact measurement
of moisture content and thickness.
The big innovation from Pentronic is its
new transmitters, which were primarily developed for machine builders. The transmitters
come in both analog and digital versions.
The latter includes a newly developed digital
bus that can be docked to existing standard
buses.
The biggest advantages of the new
measuring transducer are that it is small,
perfect for use as a built-in component of

temperature sensors, and has a high level of
measurement performance – down to 0.05
°C accuracy. This transducer reduces the
cost of installation, service and calibration.
The possibilities it offers are so great that the
chance to see it close up is definitely worth
a visit to Pentronic’s stand P213.
For free admission to the trade fair, register
at Pentronic’s
website, www.
pentronic.se.
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Temperature in
an air jet
QUESTION: In one of our test rigs we release
hot air into the environment via a long and wellinsulated pipe with an inner diameter of 100
mm. We use a ø 2 mm sheathed thermocouple
to measure the air temperature at the centre
of the the pipe. On one occasion I used the
same type of thermocouple to measure the
temperature at the centre of the air flow and
approximately 20 cm outside the mouth of the
pipe. The temperature inside the pipe was 220
°C and in the air jet it was approximately 10 °C
lower. What can cause this discrepancy? When
I took the readings the flow meter displayed
360 m3/h?
				
Jesper A
ANSWER: The thermocouple inside the pipe
is only marginally affected by the radiation
exchange with the pipe wall. This is because
the pipe’s good insulation means that the pipe
wall adopts a temperature that is close to the
air temperature.
In contrast, the reading taken in the air flow
outside the mouth of the pipe is affected by
the radiation exchange between the thermocouple and the significantly colder external
environment. The heat flow via radiation
from the thermocouple to the surroundings,
Qradiation, lowers the sensor temperature below
the air jet temperature. A heat flow, conv, is
then added to the thermocouple from the air jet
via convection. Under stationary conditions
Qconv = Qradiation and from this equation we
can now estimate the temperature that is being
measured by the thermocouple.

QUESTIONS
ANSWERS

The convective heat flow to the thermocouple is
determined by the relationship emissivity conv = αA (Tair – T), where α is the heat
transfer coefficient in W/(m2K), A is the heat
transferring area in m2, Tair is the air flow
temperature in K and T is the thermocouple
temperature in K. The heat flow via radiation
can be calculated from the relationship
Q radiation = εAσ(T4 – Tsurroundings4), where ε is the
thermocouple’s emissivity, σ is Stefan-Boltzmann’s constant (5.67 • 10-8 W/(m2 K4)) and
Tsurroundings is the ambient temperature in K.
The solution requires determining of α and assumptions about ε and Tsurroundings.
An air flow of 360 m3/h gives an average
velocity in the pipe of 12.7 m/s. The air flow in
the pipe is turbulent and we can therefore estimate the speed at the centre to be 12.7/0.82
= 15.5 m/s. If we regard the thermocouple as

1

being a long cylinder with airflow normal to the
cylinder , we can calculate the heat transfer
coefficient to be 280 W/(m2 K) [Ref 1]. We
can assume the surrounding temperature to
be 10 °C (283 K) and assume that ε = 0.95
is a reasonable value for the thermocouple’s
emissivity. Based on these assumptions,
the thermocouple temperature is then 484 K
(211 °C), i.e. approximately 10 °C lower than
the temperature inside the pipe.
In this case, the radiation to the surroundings is the primary reason why the measured
value is too low. Because the calculation is
based on a number of assumptions, the result
should be used with caution. This particular
measurement was taken 20 cm (2 pipe diameters) downstream from the pipe mouth and
in the core flow, in which the velocity is the
same as that inside the pipe. If we take the
measurement downstream from the core jet
or outside the outer edge of the core jet, the
air velocity will be lower and the measurement
error will therefore increase. We will discuss
temperature measurement in jets more in a
future article.
In some countries the character h is used
instead of a for convective heat transfer
coefficient.
1 = the core jet and
2 = the mixed flow
area where the
core flow combines
2
with the ambient air
outside the outer
edge of the jet.
See www.pentronic.se >
Kundtidningen > arkiv:
[Ref 1] StoPextra 1998-6,
p 4 (in Swedish)

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

STRAIGHT FROM THE LAB

Consistent track record means
fewer inspections
Swedac is extending the interval between its
inspections of accredited laboratories that have
documented evidence of their consistent performance. Despite this, Pentronic’s accredited
laboratory has chosen to retain the one-year
interval between its own in-house calibrations.
Swedac monitors the quality system of
Pentronic’s laboratory. Until now, the interval
between such inspections has been one year.
This has now been extended to 18 months,
although the performance requirements for the
laboratory remain unchanged.
“This move reflects how calibration works in
general,” explains laboratory manager Lars
Grönlund.
A laboratory’s level of performance is based on
its track record. If for a number of years in a row
the lab has produced consistent measurements
within the intervals specified by its accreditation,
it is possible to extend the intervals between
the lab’s own in-house inspections. Swedac
is now following this same line of reasoning

by extending the interval between its own inspections of a
laboratory’s quality systems from Pentronic’s laboratory
is accredited since 1988
12 to 18 months.
Pentronic’s laboratory could
extend the intervals for its in-house inspections,
primarily its calibration of the reference equipment
used in the lab. However, the lab has chosen to
retain the 12-month interval.
“Even laboratory equipment can deviate, despite
having a history of being consistent,” Lars explains.
“And the longer one waits between calibrations,
the more this deviation can increase. We therefore
recommend that our customers do an annual
calibration of critical equipment, and we follow
that advice ourselves.”
In his view, Swedac’s new decision indicates
that the operations in Pentronic’s laboratory are
functioning so well that the Swedish supervisory
authority does not have to inspect them any more
frequently.

See us at easyFairs April 13-14 in
Malmö, Sweden. You will find us at
stand P213.
We will show:Temperature sensors,
integrated transmitters, on-line NIR
moisture, fat and protein measuring
systems.
Welcome!
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Recent years have seen a large increase in
the number of outdoor temperature measurements being taken with thermocouples.
The extension cables used to take these
readings are affected by the ambient temperatures, which in their turn can vary widely
due to the season or time of day. One such
situation is the monitoring of piles of wood
chips or pellets, as the piles become warm
and can spontaneously combust. Other situations involve monitoring controlled drying
processes or chemical reactors in which the
signals travel outdoors en route to the electronic signal conditioning systems. Another
such industry is power generation, where
measurement errors can lead to large costs.
Often, mandatory regulations lie behind the
necessity to take these readings.
Temperature distribution
Figure 1 shows a typical installation for measuring the temperature inside a pile of wood
chips. Indicator A is placed inside a control
cabinet heated by power circuits and Indicator B is connected in parallel with A and
is located outdoors. The diagram in Figure 1
also shows how the temperature is distributed across the thermocouples, connectors,
extension cables, and the indicators where
compensation occurs for the temperature of

the “cold junction”. The diagram is very useful
for localising critical parts of the measurement
chain. We present the calculations in more
detail in the sidebar.
Dramatic measurement errors
The measurement process functions correctly
if we use the correct extension cables. In such
a case, only insignificant measurement errors
can arise due to the allowed tolerances in
the measurement chain. Let us assume now
that we replace KX with a copper cable, Cu/
Cu, from A to B. The relative sensitivity of
two identical cables is 0 μV/°C. The diagram
shows that the temperature difference between A and B is 30 °C. Instrument B does not
recognise the signal but compensates for a
temperature of 10 °C. Indicator A shows the
correct temperature of 90 °C whilst B shows
60 °C. We can say that B’s reference junction
has been moved to A’s control cabinet but
the temperature compensation occurs at B.
Cannot be calibrated away
One approach would be to calibrate away
the temperature differences. However, this
is not possible because calibration requires
constant conditions over time. It is easiest
to get things right from the beginning. This
approach also makes it possible to handle
extreme conditions like those in deserts or on
tundras. Read the sidebar and then test your
knowledge by letting Indicator B sit in -10 °C
connected with a copper cable!
Another incorrect connection that can
occur is to combine different thermocouple
materials, e.g. type N connected to a KX
cable. In this case the errors described in the
above example will be smaller, the smaller
the differences there are between the sensitivities [Ref 1].

FAC T S
In general, the sensitivity of the thermocouple
material (the Seebeck coefficient) is multiplied by
the temperature difference across the same zone.
These terms are then added up along the entire
measurement chain from the measuring junction to
the reference junction to get the total temperature
signal in microvolts (See Figure 1). If we apply this
to Indicator A we get:
V(TA) = SK [(T1 – T2) + (T2 – T3)] + SKX [(T3 – T4)
+ (T4 – T5) + (T5 – 0)]
Because we are accepting normal tolerance differences we can use SK = SKX in the equations given
below. The blue term is the compensation for the
temperature of the reference junction: the procedure is to add the temperature difference to 0 °C.
For Indicator A the equation is:
V(TA) = SK [(90 – 80) + (80 – 10) + (10 – 10) +
(10 – 40) + (40 – 0)]		
V(TA) = SK • 90
For Indicator B the equation is:
V(TB) = SK [(90 – 80) + (80 – 10) + (10 – 10) +
(10 – 40) + (40 – 10) + ( 10 – 10) + (10 – 0)]
V(TB) = SK • 90
Both the indicators display the expected value. Let
us now replace the cable between A and B with
copper wires. SCU = 0 °C because two identical
materials cannot create a Seebeck voltage. The sensitivity here is therefore 0 µV/°C. See the red term.
V(TB) = SK [(90 – 80) + (80 – 10) + (10 – 10) +
(10 – 40)] + SCu [(40 – 10) + ( 10 – 10)] +
SK (10 – 0)
V(TB) = SK [(90 – 40)] + 0 + SK (10 – 0)
V(TB) = SK • 60 and Indicator B reads 30 degrees
too low.

See www.pentronic.se > Pentronic News > PN archive:
[Ref 1] Pentronic News 2010-6, p 4

Figure 1

Figure 1. Temperature measurement inside a pile of wood
chips. Indicator A is located indoors inside a warm control
cabinet whilst B is outdoors. Both indicators display the
same temperature because the installation has been correctly
designed using a KX extension cable and the indicators have
both been compensated for the temperatures of their respective reference junctions. What happens if an ordinary Cu/Cu
signal cable is used to connect the indicators?

If you have questions or comments, contact
Hans Wenegård: hans.wenegard@pentronic.se
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More and more industries are starting to
measure temperature in order to increase
the efficiency of their energy consumption or to meet mandatory regulations. It
is important to use the correct extension
cable with thermocouples, especially when
the cables pass through different temperature zones. In such instances there can
be dramatic measurement errors, as we
see in this article.
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The right extension cable is important when measuring outdoors

