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METHOD FOR MONITORING AND CONTROL OF TORREFACTION
TEMPERATURE

Technical field

The present invention relates to the field of torrefaction of biomass. In particular, it
relates to a method and an arrangement for precise monitoring and control of
torrefaction temperature, which enables accurate control of the quality and properties

of the torrefied material.

Background
To be able to compete with and replace fossil fuel energy carriers such as coal, oll

and natural gas, lignocellulosic biomass would benefit from some form of pre-
treatment method to overcome inherent drawbacks. The pre-treatment method
torrefaction has been shown to improve biomass fuel qualities such as energy
density, water content and milling, feeding and hydrophobic properties [1-4]. These
Improvements establish torrefaction as a key process In facilitating an expanding
market for biomass raw materials. Torrefaction i1s a thermal pre-treatment method
that normally takes place in an substantially inert (oxygen free) atmosphere at a
temperature of about 220-600°C. During the process course a combustible gas
comprising different organic compounds Is produced from the biomass feedstock In
addition to the torrefied biomass.

The process of producing a torrefied material from lignocellulosic biomass can be
sald to Iinclude four stages:
1) a drying step, wherein free water retained in the biomass Is removeq;
2) a heating step In which physically bound water Is released and the temperature of
the material I1s elevated to the desired torrefaction temperature;
3) a torrefaction stage, in which the material is actually torrified and which starts
when the material temperature reaches about 220°C -230°C. During this stage, the
biomass partly decomposes and gives off different types of volatiles, such as hydroxy
acetone, methanol, propanal, short carboxylic acids etc. In particular, the torrefaction
stage I1s characterised by decomposition of hemicellulose at temperatures from
220°C -230°C, and at higher torrefaction temperatures cellulose and lignin also starts
to decompose and give off volatiles; cellulose decomposes at a temperature of 305-

375°C and lignin gradually decomposes over a temperature range of 250-500°C;
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4) a cooling step to terminate the process and facilitate handling. The torrefaction

process Is terminated as soon as the material is cooled below 220°C -230°C

Summary of the present disclosure
The requirements for quality and properties of torrefied products differ considerably

depending of the intended use of the product. The inventors have realized that it Is
crucial to be able to precisely control the torrefaction temperature in order to generate
a torrefied product with desired characteristics. It i1s thus important to be able to
measure the material temperature of a biomass In a torrefaction process in a correct
and reliable manner. Currently, the temperatures in torrefaction processes are
measured by methods relying on measuring the temperature of gases in the
torrefaction arrangements or by measuring the surface temperature of the
torrefaction reactor. The inventors have demonstrated that a measurement of the
temperature of the gases in the torrefaction reactor or the surface temperature of the
torrefaction reactor gives a false indication of the actual temperature of the biomass.
Furthermore the difference between the gas temperature and the material
temperature varies with the kind of lignocellulosic materials that is torrefied. The
iInventors have thus realized a need for improved methods for monitoring and

controlling the process of torrefaction of biomass.

The Inventors have solved the problem described above, with a method of
monitoring a process of torrefaction of a biomass, wherein the surface temperature of
the biomass In the torrefaction arrangement is determined. The invention further
relates to a method of controlling a process of torrefaction of a biomass, comprising
the steps of:

a) monitoring the surface temperature of a biomass In a torrefaction process to
obtain a surface temperature value;

b) comparing the surface temperature value to a reference value; and

If the surface temperature value 1s below the reference value,

c1) Increase a heating of the process, decrease a cooling of the process or
INncrease a residence time of the biomass in the process; and/or

If the surface temperature value 1s above the reference value,

c2) decrease a heating of the process, iIncrease a cooling of the process or

decrease a residence time of the biomass in the process.
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Another aspect of the invention relates to a torrefaction arrangement having a
zone for heating and/or torrefaction, wherein a infrared thermometer iIs arranged at
the zone such that surface temperature of material entering the zone, In the zone or
leaving the zone can be measured and wherein a purge gas outlet is arranged at the
IR thermometer such that purge gas may be supplied to the space between a lens of

the IR thermometer and the material.

Brief description of the figures

Figure 1 shows a torrefaction arrangement comprising IR-thermometers for
measurement of surface temperature Iin the torrefaction arrangement.

Figure 2 shows an IR-thermometer and a purge gas outlet arranged in a common
open-ended pipe, for measurement of surface temperature in a torrefaction
arrangement.

Figure 3 shows IR-thermometer measurements made during the same torrefaction
run, at steady-state conditions using cold nitrogen gas or hot nitrogen gas to remove
|IR-active gases, and to prevent condensation of condensable substances in the
torrefaction gas.

Definitions:

Torrefaction:

A thermal pre-treatment method that takes place in a virtually inert (oxygen-reduced
or oxygen free) atmosphere at a temperature above 220 °C but below 600 °C and
which produces a torrefied biomass and combustional gases. During a torrefaction
stage, parts of the biomass, In particular hemicellulose, decompose and give off
different types of organic volatiles. In a torrefaction process starting from raw
biomass, the actual torrefaction stage Is preceded by a drying stage wherein free
water retained In the biomass Is removed and by a heating stage wherein the
biomass Is heated to the desired torrefaction temperature.
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Heating zone:

A specific region of a compartment In a torrefaction arrangement, located upstream
of a torrefaction zone in relation to a biomass inlet of a torrefaction arrangement,
comprising means for specifically regulating the temperature In said specific region
and wherein the temperature of a biomass Is increased to a temperature near the
desired torrefaction temperature prior to torrefaction.

Torrefaction zone:

A specific region of a compartment In a torrefaction arrangement, located
downstream of a heating zone In relation to a biomass inlet of a torrefaction
arrangement, comprising means for specifically regulating the temperature in said
specific region and wherein the temperature of a previously heated biomass Is kept
virtually constant at the desired torrefaction temperature for a desired torrefaction
time wherein a desired torrefaction temperature is in a range between 220 °C to 600

°C.

Connecting zone

A specific region In a torrefaction arrangement located immediately upstream of a
heating zone and immediately downstream of a torrefaction zone In relation to a
biomass Inlet of said torrefaction arrangement.

Torrefaction time:

The time the temperature of the material i1s kept virtually constant at the torrefaction
temperature. The residence time of the material in the torrefaction zone may be
referred to as the torrefaction time.

Detailed description
Currently, the temperatures in torrefaction processes are measured by methods

relying on measuring the temperature of gases in the torrefaction arrangements or by
measuring the surface temperature of the torrefaction reactor. The inventors here
demonstrate that these kinds of measurements give a false indication of the actual
temperature of the biomass. Moreover, the difference between gas temperature and
the actual material temperature i1s different depending on which kind of lignocellulosic
materials that is torrefied. The inventors further demonstrate that measurement of the
surface temperature of the biomass gives a reliable value of the actual material
temperature and thus that this value can be used to control the torrefaction process
and to generate torrefied material with desired characteristics, see example 1.
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A first aspect of the invention thus relates to a method for monitoring a process of
torrefaction of a biomass, characterized in that the surface temperature of the
biomass In the torrefaction arrangement is determined.

In @ second aspect the Invention relates to method of controlling a process of
torrefaction of a biomass, comprising the steps of:

a) monitoring the surface temperature to obtain a surface temperature value;

b) comparing the surface temperature value to a reference value; and

If the surface temperature value 1s below the reference value,

c1) Increase a heating of the process, decrease a cooling of the process or
INncrease a residence time of the biomass In the process; and

If the surface temperature value is above the reference value,

c2) decrease a heating of the process, Increase a cooling of the process or

decrease a residence time of the biomass In the process.

In one preferred embodiment the surface temperature of the biomass in the
torrefaction arrangement Iis determined using an infrared (IR) thermometer such as a
spot Infrared thermometer or an infrared pyrometer. In one embodiment the IR-
thermometer Is cooled by a cooling media to avoid overheating of the IR-
thermometer. The cooling media could either be In liquid phase or In gaseous phase.
In one embodiment the cooling media Is a liquid such as water or thermal oill and In

another embodiment the cooling media Is a gas or a gas mixture such as air.

The IR-thermometer preferably has a lens in the front, mainly to focus the IR
beam but also to protect the internal electronics. The inventors have realized that
condensable substances from the torrefaction gas may condense on the lens and
Interfere with the IR-radiation from the torrefied material. The inventors have further
realized that several of the gases which the biomass gives off during the torrefaction
process are |IR-active. Thus, such gases may further disturb the IR thermometer
measurement. Therefore, in one preferred embodiment a stream of inert non Iinfrared
active gas I1s supplied Iin the space between the lens of the IR thermometer and the
biomass, to remove the |IR-active gases, and to prevent condensation of

condensable substances in the torrefaction gas on the lens.
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Furthermore, the inventors have realized that If the inert non infrared active
gas I1s not hot enough, condensable substances In the torrefaction gas may
condense In the space between the lens of the IR-thermometer and the biomass.
Therefore, In order to get a reliable measurement the non infrared active gas should
be heated before it Is Introduced In the space between the lens of the IR
thermometer and the biomass. Therefore, In another preferred embodiment the
temperature of the inert non infrared active gas at the purge gas outlet i1s above 150
°C. such as above 200 °C. such as above 250 °C such as above 300 °C, such as
above 350 °C, such as above 400 °C, such as above 450 °C. Preferably, the
temperature of the inert gas in the space between the IR thermometer and the
biomass Is high enough to avoid condensation of torrefaction gases and to avoid
cooling of the biomass. Still the temperature of the gas should not be so high that it
heats the temperature of the biomass In the torrefaction process. Preferably the
temperature of the inert gas in the space between the IR thermometer and the
biomass iIs close to the torrefaction temperature, such as in the range of 150 °C to
750 °C. such as 220 °C to 750 °C, such as 220 °C to 700 °C, such as 220 °C to 600
°C, such as 220-500, such as 220-450, such as 220-400, such as 230-600, such as
230-500, such as 230-450, such as 230-400, such as 240-500 °C, such as 240-400
°C, such as 240-350 °C such as 270-350 °C. Most preferably the temperature of the
inert gas Iin the space between the IR thermometer and the biomass is about 30 °C
higher than the surface temperature of the biomass at the moment of temperature
measurement, such as 5-50 °C higher, such as 10-50 °C higher, such as 10-40 °C
higher, such as 20-40 °C higher. In one preferred embodiment the inert non infrared
active gas I1s nitrogen gas or a noble gas. In a less preferred embodiment, a gas
which 1s not completely IR-Inactive but has a low infrared activity within the IR
thermometers spectral range I1s used instead of the inert non infrared active gas.
Examples of such a gas are CO2, NO2, CO, NO, steam, and different mixtures of

sald gases.

The amount of introduced Inert non Infrared active gas should be high enough
to remove the IR-active gases, and to prevent condensation of condensable
substances in the torrefaction gas on the lens. Said amount of inert non infrared
active gas will vary depending on the torrefaction arrangement, the arrangement of

the IR thermometer and the torrefaction temperature, but may at a pressure of 1 ATM
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for example be In the range of 2-100 I/min such as 2-50 I/min, such as 5-100 [/min,

such as 5-50 I/minutes such as 5-25I/min.

In another embodiment the surface temperature of the biomass at the moment
of temperature measurement is in the range of 220 °C to 600 °C, such as 220-500
°C, such as 220-450, such as 220-400, such as 230-600, such as 230-500, such as
230-450, such as 230-400, preferably 240-500 °C, preferably 240-400 °C, preferably
240-350 °C most preferably 270-350 °C. In one preferred embodiment the biomass

IS represented by lignocellulosic biomass.

Another aspect of the invention relates to a torrefaction arrangement having a
zone for heating and/or torrefaction, wherein a infrared thermometer iIs arranged at
the zone such that surface temperature of material entering the zone, in the zone or
leaving the zone can be measured and wherein a purge gas outlet is arranged at the
IR thermometer such that purge gas (inert non infrared active gas) may be supplied
to the space between a lens of the IR thermometer and the material. In one
embodiment, the lens of the infrared thermometer and the purge gas outlet are
arranged In a common open-ended pipe, which extends into the zone such that the
open end faces the material. Thus, the purge gas will flow out through the open end
of the pipe during operation.

In one other embodiment the torrefaction arrangement comprises at least one
heating zone and at least one torrefaction zone and the torrefaction arrangement
comprises material transport arrangements such as that the residence time of the
material in the torrefaction zone(s) can be controlled separately from the residence
time In the heating zone(s) and wherein the torrefaction zone(s) i1s/are located in a
different compartment than the heating zone(s) and wherein the two compartments
are connected by a connecting zone and wherein the infrared thermometer Is
arranged In said connecting zone.

In one embodiment the Infrared thermometer 1s a spot infrared thermometer or
an Infrared pyrometer.

In another embodiment the material transport in the connecting zone iIs
mediated by gravity or by mechanical measures. In another embodiment the
connecting zone Is located In a compartment of the torrefaction arrangement which is
not represented by a rotating compartment. In one embodiment the material transport

IN the connecting zone Is not mediated by rotation of the compartment inclosing the
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connecting zone. In one embodiment the purge gas outlet Is connected to a gas
cylinder comprising the said inert non infrared active gas. In another embodiment the

sald cylinder comprises nitrogen gas or a noble gas.

Detailed description of exemplary embodiments
Figure 1 shows a torrefaction arrangement having a biomass inlet (1), a heating zone

(2) (arranged In a drum) where the material iIs heated to a temperature near the
torrefaction temperature and a torrefaction zone (4) (also arranged in a drum) where
the biomass Is torrefied. The transport of the biomass in the heating zone (2) Is
mediated by a heating zone transport screw which Is driven by a heating zone
transport screw engine (3). The transport of the biomass In the torrefation zone (4) Is
mediated by a torrefation zone transport screw which is driven by torrefation zone
transport screw engine (5). The transport screw engines (3,5) may be arranged to
rotate the whole drums, In which case the screws are fixed to the drums, or only the
screws. lTorrefled material leaves the torrefaction zone through a biomass exit (6)
and Is thereafter quench cooled at the means for qguench cooling (7), such as water
application devices, and further cooled by means for further cooling (8) which can be
a screw cooler. Torrefaction gases from the heating zone (2) and torrefaction zone
(4) 1s collected from the torrefaction gas outlet (9) for combustion or processing. The
surface temperature of the biomass within the torrefaction arrangement is measured
at different positions within the torrefaction arrangement using IR-thermometers (10,
11, 12). Afirst IR-thermometer(10) I1s arranged In the connection zone located In
between the heating zone and the torrefaction zone. This IR-thermometer can be
adjusted to measure the surface temperature of the biomass in the end of the heating
zone, In the connection zone or In the beginning of the torrefaction zone. A second
IR-thermometer (11) Is located In the biomass exit (6) and can be adjusted to
measure the surface temperature of the biomass in the biomass exit or in the end of
the torrefaction zone. A third IR-thermometer (12) i1s located after the means for
gquench cooling (/) and prior to the means for further cooling (8). This IR-thermometer
can measure the surface temperature of the quench cooled biomass prior to the
further cooling.

Figure 2 shows an IR-thermometer (21) for measuring the temperature of a biomass
(32), such as wood chips, In a torrefaction arrangement. The IR thermometer (21)
comprises a lens (22) in the front, mainly to focus the IR beam but also to protect the
Internal electronics. The lens (22) I1s located In an open-ended pipe (23) which
extends Into the interior of the torrefaction arrangement, such as into a torrefaction
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zone, through a torrefaction arrangement wall (33), such that the open end (34) of
the pipe (23) faces the biomass (32). A stream of inert non infrared active purge gas
IS Introduced In a purge gas Inlet (27) of a purge gas heater (24). Before the gas
enters the open-ended pipe (23) via a purge gas outlet (28), the gas Is heated to
above 150 °C in the purge gas heater (24). The purge gas heater (24) comprises a
heating media Inlet (25) and a heating media outlet (26). The purge gas flows
through the open-ended pipe (23) and may be further heated by the heat in the
torrefaction arrangment as it moves towards the open end (34).- At the open-end (34)
of the open-ended pipe (23) the temperature of the purge gas Is normally close to the
torrefaction temperature. When the purge gas enters the space In between the
biomass (32) and the open end (34), IR-active gases given off from the biomass (32)
are displaced and the surface temperature of the biomass (32) I1s detected by the IR-
thermometer (21). To avoid overheating of the IR-therometer (21), the IR-
thermometer (21) 1s cooled by introduction of a cooling media in to a cooling zone
(29) of the IR-thermometer (21) through a cooling media inlet (31). Cooling media
exits the cooler (29) through a cooling media outlet (30).

Figure 3 shows IR-thermometer measurements made during the same torrefaction
run, at steady-state conditions using hot and cold nitrogen gas to remove |IR-active
gases, and to prevent condensation of condensable substances In the torrefaction
gas. It Is demonstrated that IR-thermometer measurements are much more precise
when the protective gas Is hot. The average temperature of the cold gas
measurements Is lower than that of the hot gas measurements, probably because of
the condensation of substances in the torrefaction gas when the cold gas Is
employed.
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Examples
Example 1
Temp IR- Temp IR-
Residence Set point Atmosphere Reactor thermometer (°C), thermometer (°C), Diff #1 * Diff #2 ** Diff #3 **
Biomass time (min) temperature (°C) temperature (°C) surface (°C) cold protection gas  hot protection gas (°C) (°C) (°
Spruce 25 300 329 332 300 318 -11 -14 1
Spruce 16,5 270 277 294 271 273 -4 -21
Eucalyptus 16,5 270 267 272 - 269 2 -4
Eucalyptus 8 270 272 300 - 271 -1 -29

* Diff #1 = IR-thermometer (with hot protective gas) - Atmosphere temperature
** Diff #2 = IR-thermometer (with hot protective gas) - Reactor surface temperature
*** Diff #3 = IR-thermometer (with hot protective gas) - IRT (with cold protective gas)

The table above shows results from four different torrefaction experiments
performed In a continuous torrefaction pilot plant with a rotating drum as a reactor.
During the same experiment the atmosphere temperature (i.e. the temperature of the
gases In the torrefaction reactor), the reactor wall surface temperature and the
biomass surface temperature was measured. Atmosphere temperature was
measured 10 cm from the reactor end and about 5-10 cm up from the biomass with
an thermocouple type N. Reactor surface temperature was measured outside of the
rotating reactor with thermocouple type N. Biomass surface temperature was
measured with an IR-thermometer (Heitronics CTO9, spectral range 8-14 um), in all

cases with hot nitrogen gas and in two cases also with cold nitrogen gas.

Conclusion 1: Diff #1 in the table shows that atmosphere temperature (i.e. the
temperature of the gases in the torrefaction reactor) is not useful for determine
torrefaction temperature because the measurement deviates irregularly from the

biomass surface temperature (IR-thermometer with hot nitrogen gas).

Conclusion 2: Diff #2 shows that measurement of reactor surface temperature
IS not useful for determine torrefaction temperature because the measurement
deviates Irregularly from the biomass surface temperature (IR-thermometer with hot

nitrogen gas)

Conclusion 3: Diff #3 shows that the IR-thermometer measurement deviates
Irregularly between hot and cold nitrogen gas. Together with the information In
example 2 it Is clear that the use of hot nitrogen gas Is to be preferred over cold

nitrogen gas for determination of torrefaction temperature.
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Example 2

Figure 3 shows IR-thermometer measurements made during the same torrefaction
run, at steady-state conditions. Cold gas measurements were made approximate 3 h
before the hot gas measurements. Cold gas has a temperature of 30°C and the hot
gas Is in this case about 320°C at the purge gas outlet. Use of cold nitrogen gas
gives an uncertainty of about 40-50°C and the measurement can differ up to 32°C
between each 10ms reading. While using hot gas limits the measuring span to below
10°C and the measurement can differ up 6°C between each 10ms reading. Most of
the temperature span when using hot gas can be attributed to the fact that the IR-
thermometer at some seconds each rotation of the drum Is measuring on the steel
drum and not on torrefied wood. The cold gas 1s cooling the torrefaction gas so that
condensable substances condense In the gas and thereby give false readings. From
the experiments described above It Is clear that IR-thermometer measurements are
much more precise when the nitrogen gas Is hot and therefore Is It possible to explain
most of the variation in the measurement. The average of cold gas measurement is
lower than for the hot gas measurement probably because of the condensable

substances In the torrefaction gas.
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CLAIMS

Claim 1

A method for monitoring a process of torrefaction of a biomass, characterized
INn that the surface temperature of the biomass in the torrefaction arrangement is
determined using an IR-thermometer and wherein a stream of inert non infrared
active gas I1s supplied in the space between a lens of the IR-thermometer and the
biomass and wherein the temperature of the inert non infrared active gas at a purge

gas outlet is above 150 °C, such as above 200 °C, such as above 250 °C such as
above 300 °C, such as above 350 °C, such as above 400 °C, such as above 450 °C

Claim 2

A method of controlling a process of torrefaction of a biomass, comprising the

steps of:
a) monitoring the surface temperature according to claim 1 to obtain a surface

temperature value;

b) comparing the surface temperature value to a reference value; and

If the surface temperature value 1s below the reference value,

c1) Increase a heating of the process, decrease a cooling of the process or
Increase a residence time of the biomass in the process; and/or

If the surface temperature value Is above the reference value,

c2) decrease a heating of the process, iIncrease a cooling of the process or

decrease a residence time of the biomass In the process.

Claim 3

A method according to claims 1-2 wherein the inert non infrared active gas Is

nitrogen gas or a noble gas.

Claim 4

A method according to claim 3 wherein the inert non infrared active gas Is

nitrogen gas.



CA (02834326 2013-10-25
WO 2012/158114 13 PCT/SE2012/050529

Claim 5

A method according to claim 1-4 wherein the surface temperature of the
biomass at the moment of temperature measurement is in the range between 220 °C
and 600 °C, such as 220-500 °C, such as 220-450 °C, such as 220-400 °C, such as
230-600 °C, such as 230-500 °C, such as 230-450 °C, such as 230-400 °C,

preferably 240-500 °C, preferably 240-400 °C, preferably 240-350 °C, most
preferably 270-350 °C

Claim 6

A method according to claim 1-5 wherein the biomass Is lignocellulosic

biomass, such as wood chips.

Claim 7

A torrefaction arrangement having a zone for heating and/or torrefaction,
wherein a Infrared thermometer Is arranged at the zone such that surface
temperature of material entering the zone, In the zone or leaving the zone can be

measured and wherein a purge gas outlet I1s arranged at the IR thermometer such
that a inert non Infrared active gas may be supplied to the space between a lens of

the IR thermometer and the material.

Claim 8
The torrefaction arrangement according to claim 7 wherein the lens of the
Infrared thermometer and the purge gas outlet are arranged in a common open-

ended pipe, which extends Iinto the zone such that the open end faces the material.

Claim 9
A torrefaction arrangement according to claims /-8 wherein said purge gas

outlet Is connected to a gas container, such as a cylinder, comprising said inert non

iInfrared active gas.

Claim 10

A torrefaction arrangement according to claim 9 wherein said gas container

comprises nitrogen gas or a noble gas.

Claim 11
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A torrefaction arrangement according to claims 7-10 comprising at least one
heating zone and at least one torrefaction zone and wherein the torrefaction
arrangement comprises material transport arrangements such as that the residence
time of the material in the torrefaction zones can be controlled separately from the
residence time In the heating zone(s) and wherein the torrefaction zones are located
IN a different compartment than the heating zones and wherein the two
compartments are connected by a connecting zone and wherein the infrared

thermometer Is arranged In said connecting zone.

Claim 12

A torrefaction arrangement according to claim 11 wherein the connecting zone
IS located In a compartment of the torrefaction arrangement which is not represented
by a rotating compartment and wherein the material transport in the connecting zone

IS not mediated by rotation of the compartment inclosing the connecting zone.
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