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LOW TEMPERATURE CFB GASIFIER, CONCEPTUAL IDEAS, APPLICATIONS AND FIRST TEST RESULTS

By Peder Stoholm', Rasmus Glar Nielsen®, Henrik Nygaard*, Lasse Tobiasen®, Martin W. Fock?, Kai Richardt®and Ulrik Henriksen®.
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ABSTRACT: A nove “Low Temperature Circulating Fluidised Bed” (LT-CFB) gasificaion processfor biomass
and aganic waste materialsis described together with its potential appli cations and the first results from a 50 kW test
plant. One of the ams is to avoid problems due to ash sintering and agglomeration. Thisis redized by pyrolysing the
fuedl at around 600 °C in the CFB chamber and subsequently gasifying the char at around 700 °C in a slowly fluidised
bubbling bed located in the CFB particle re-circulation path. The first tests were performed on Danish whea straw
containing 1.8 % K and 0.6 % Cl and the bed material was dlica sand withou additives. In spite of these severe
condtions, it was posshle to avoid deposition and agglomeration problems during 8 hours of gasification. The
amourt of unconverted char was down to 1.5 % of the fuel massflow, and a high retention of ash, K and probably
aso Cl was achieved by cleaning the uncooled gasin a secondary cyclone.

1. PURPOSE OF THE WORK

The purpose of the work has been to test and further
develop the LT-CFB gasification process and to identify its
potential applications.

2. BACKGROUND

Energy production based on biomassis considered one of the
main options for reducing the emisson d CO, in Denmark.
Straw is the main biomass resource but unfortunately
combustion and gasificaion d straw is known to give
problems auch as process fluctuations, fouling/slagging,
aggomeration and corrosion. Similar problems are seen
when using other types of espedally agricultural biomass
with high content of Si, K and Cl.

Co-firing or gasifying the biomasstogether with coal may
be asolution and this way the larger investment for separate
biomass bailers can be avoided. However, the opportunities
for utilizing the (mixed) ashes may be reduced and a
potential de-NO, catalyst may be deadivated by potassum.

One of severa dlternatives considered is gasifying the
straw in a Circulating Fluidised Bed (CFB) gasifier and
cleaning the raw gas in order to burn it in e.g. large power
plant boilers. The ideas for the new LT-CFB gasifier was in
the first place developed for this purpose but many
applicaionsin much smaller scde seans also feasible.

3. CONCEPTUAL IDEAS

A somewhat simplified version d the LT-CFB concept is
illustrated in  figure 1. The 3 main comporents are;
e A Circulating Fluidized Bed (CFB) pyrolysis chamber.
e A particle separator (cyclone).
e A BubHding Fluidized Bed (BFB) char gasificaion
chamber.
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Figure 1. Illustration of the LT-CFB concept.

One of the main ideas is to avoid problems due to ash
sintering, deposition and agglomeration by gasifying the
fuel a a low temperature level. This is redized by
adhieving a high degree of fuel conversion through fast
pyrolysisin the CFB chamber and by giving the resulting
small and readive char residue ahigh retention time in
the BFB chamber.

The gasificaion agent (usualy air) is added to the BFB
chamber as a fluidizing gas and the resulting low
cdorific char gas is utilized as a carier gas in the CFB
chamber. Therefore, the product gas leaving at arourd
550 °C beames a mixture of the char gas and the much
more energetic and partly condensable pyrolysis gas.



4. ADVANTAGES

The indicaed particle drculation between the two '
chambers carry energy released by the mainly
exothermic readions in the BFB chamber to the
mainly endahermic reactions in the CFB chamber.
Hence the temperature in the BFB char readion
chamber may be cntrolled at e.g. 700 °C by adjusting
the ar addition while the temperature in the CFB
pyrolysis chamber is controlled at around 600 °C by
adjusting the particle drculation. The particle
circulation may be cntrolled by adding “control gas’
to the duct interconneding the two readion chambers.

Further information are included in the patent

applicaion[1].
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Figure2. The50 kW LT-CFB test plat at DTU through 3-D computer

Due to the described charaderistics, a number of

advantages are obtained compared to a single cdhamber type
CFB gasifier :

High char conversion at low temperature.

Improved cagoability of using fuels with low ash
softening temperature.

No/reduced nee for air-preheding and for cooling the
fouling and corrosive raw gas.

No/reduced thermal losses relation to gas cooling and
start up/cooling down.

Low content of gaseous dkaine ad chlorine
comporents in the (uncooled) raw gas, so that these
comporents can be removed by a secondary particle
separator, which in many cases may be areliable and
redily avail able secondary cyclone.

Low sensitivity to fluctuations in fuel feeding.

High heaing value of the product gas and therefore dso
smal spedfic square sections in the riser and dawvn
stream comporents.

Low building height (which is particularly important in
order to avoid an unemnomic shapein smal scde).
Reduced manufaduring and maintenance @sts.

In comparison to severad known two chamber CFBG-

concepts ome typicd differences are:

The low temperaturesin bah of the two chambers.
Simplicity due to usualy only one off-gas line (the char
readion chamber is usually a cmbustor, that liberate
more hea and produce aseparate gas gream).

Increased char hold up dwe to low gas velocity in the
char readion chamber and re-circulating the particles
from the bottom of this chamber (where the
concentration of small easy-to-lose char particles is
lower than in the top).

The previous paper [2] elaborates further on the expeded

advantages.

5. THE50kW LT-CFB TEST PLANT AT DTU

A 50 kW LT-CFB test plant has been buld and

commissoned at ET, DTU. The “credion pocess starting
with a 3-D computer model, through le&k testing and adding
insulation and instrumentation can be followed from left to
right in figure 2. If looking at the last picture, the BFB char
reagion chamber is in the front while the 4 taler insulated
comporents are (from the |eft to the right): the CFB pyrolysis
chamber, the primary cyclone, the secondary cyclone and a

modeling, leak testing and adding insulation and instrumentation.

verticd tube sedion for measurement the gas flow rate
andfor detedion of potential particle deposition.
The insulated componrents except the lower part of the
last mentioned tube sedion can be heaed eledricdly.
The g/linder in the badground to the left is the fuel
silo and finally it cen be mentioned that the total height
of the framework is alittl e lessthan 3m.

6. FIRST TEST RESULTS

6.1 Test work performed in 1999

The 50 KW LT-CFB test plant was operated for several
hours already when fuel was added for the first time in
June 1999. After properly (i.e. manually) adjusting the
valves etc. there was
hardly anything to do
the last hour except
watching very
constant process
signals and a
beautiful straw gas
flame urtil the fuel
silo went empty. The
bright flame and two
of the 3 participating
DTU students are
seaeninfigure 3.

A seond and a
third start up reveded

_ I various problems, that
Figure 3. Thebright straw gas had to be resolved
flame during thefirst start-up of but the fourth test was

again very successful.
Hence, fuel was then
added for 8 hours of well controlled gasificaion.

The four tests were performed on Danish whea straw
containing 1.8 % potassum and Q6 % chlorine (dry
basis). The straw was fed as crushed @ 6 mm pellets
containing a little less than 10 % moisture. The bed
material was ordinary silica sand and no additives were
used.

Three taraderistic temperatures measured duing the
test no. 4 can be seen in figure 4. T3 is measured in the
BFB char readion chamber, while T9 and T14 are
measured in the lower and the upper part of the CFB
pyrolysis chamber respedively. The small periodic
temperature variations, indicaes that the gasifier was
stopped for approx. 10 minutes every approx. 30 minutes

the 50 kW LT-CFB plant at DTU.



of operation. This was to take out samples of cyclone

ash and bed materia etc. and in this way enowgh data
were obtained to set up massand energy balances and
to cdculate important performance data.

C
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6.2 Mass and energy balances

From the acamulating massflow curvesin fig. 5 it
can be seen that for the first few hous only
approximately 1.1 kg of air per kg straw was added as
gasificaion agent. Thereafter 1 kg of steam per hou
and some alditional air was added. The alditiond
relatively high amourt of N, was added

mainly to the bottom of the pyrolysis Kam

30
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Figure4. Characteristic temperaturesfrom test no. 4. T3 is measured
in the BFB and T9/T14 in the lower/upper part of the CFB chamber.

chamber. This was for seaurity reasons

andin order to keep things smple.
25
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The adition of stean was dore
because it was believed that the rather

blakk cyclone @&h was mainly 20
unconverted cabon. However, the

following analysis sowed that the 15
combustible part was down to below 15
% corresponding to only 1.3 % of the

10

fuel mass flow. Moreover, the best
results were achieved prior to adding

steam, which means that it may be
possble to go to even lower air to fuel
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ratios while retaining a low loss of 0
cyclone dhar. 5
A massbalance céculated for the inert
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approximately 10 % of the inert/ash
passng the primary cyclone was lost
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along with the product gas passng
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through the secondary cyclone.
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This good performance of the
secondary cycloneis probably due to the
low process temperatures that make K
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The retention of char in the primary
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cyclone & well as the dhar readivity
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may also benefit from this K-behavior.

The energy streams out of the system
is illustrated in figure 6. It should be
noticed that “ Gas chemicd” is calculated
by difference and therefore it includes
the heaing vaue of char particles
following the product gas through the secondary cyclone.
However, asauming the same low relative lossof char as for
inert/ash through the seacondary cyclone, this further loss of
combustible char isonly around 0.2 % of the fuel massflow.
Hence, the total amount of unconverted char was down to
approximately 1.5 % corresponding to an energy lossof only
2-3 % of the upper heding value of the fuel. Thisisin spite
of the small dimensions of the test plant and many unused
options for optimizing the process E.g. the results may be
further improved by :
= Avoiding therelative large alded stream of N,.
=  Reduced addition d steam and/or air.
= Deaeasing the spedfic hea lossby better insulation and

by scaling up the process

In particular, it is not considered a problem to read the
nominal 50 KW total energy input/output by deaeasing the
gas flows through the system as mentioned above.
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energy flows during test no. 4.

In the same time, it seems redistic to read an upper
heating value of the product gas of around 10 MYNm®. In
combination with the low gas exit temperature, this
corresponds to only abou half the spedfic volume of
product gas compared to using dry biomassfuelsin usual
CFB gasifiers.

6.3 Gas composition

A typicd content of light gas componrents measured by
ortline instruments and haich wise by a mass
spedrometer and a gas chromatograph (MS/GC-FID at
Risg National Laboratory) was:

0O,=0, CO= 8, CO,= 17, Hy= 2, CH4= 2, C;H,= 0.6, CsH,=0.2

(vol % in gas extraced through awater column and two
serial twist filters).



The only measured major impaa of the aldition o 1 kg
steam per hou was that the H, concentration approximately
doubled. This, and other results indicae that the steam is
reacing with the char in spite of the low processtemperature.
Hence the char must be very readive, and it has been
confirmed that, if necessary, steam addition can be used to
control the processtemperature.

As can be seen from the measured gas compasition, the
high cdculated heaing value can not be explained by the
content of light combustible gas comporents. Hence the
explanation must be ahigh content of the heavier (and partly
concensable) comporents known to be present in gas
produced by fast pyrolysis at low temperatures. This part of
charaderizing the gas remains to be done.

6.4 Retention of K and CI

3 measurements of the total (gaseous and solid/condensed)
K and Cl in the hot product gas have been performed based
on asgstance from the CHEC group at DTU. The measured
concentrations corresponds to retentions of 90 - 97 % K and
47-73%Cl, i.e. inthe g/clone ah or bed material.

Also these results are very encouraging considering the use
of only asimple “hat” cyclone for gas cleaning and that no
sorbent material was added. However, espedally the Cl-
measurements are rather uncertain and therefore they must be
confirmed by further measurements.

6.5 Deposition and agglomer ation

The partticle samples from the bottom of the dar
gasificaion chamber and the secondary cyclone did not
contain agglomerates and noother indicaion o ash melting
were deteded duing the test. Therefore, the temperature in
the BFB chamber was dowly increased in the last part of the
test (seeT3in figure4), in order to find atemperature limit.

The first signs of defluidisation in the BFB chamber were
deteded when restarting after the first stop after midnight.
Just before this dop the temperature readed approx. 765 °C.

It isinteresting that thisis very close to the melting point of
pure KCl (771 °C), which is asaumed to be the main K
comporent acaimulating in the bed material. This result is
sea as an indication, that the particularly well controlled
process conditions in the LT-CFB gasifier effedively
courterad the ash melting point suppresson and subsequent
agglomeration dten seen in FB gasifiers using biomassfuels
with ahigh content of salt.

More detail ed test results are reported in [ 3].

7. APPLICATIONS

The work is also focused on identifying the most interesting

applicaions for the LT-CFB processand o developing and

demonstrating proper designs for commercia units. E.g. the

new gasifier may be used for producing hot fuel gasfor e.g.:
Large scde power plant boil ers.

=  Small to medium scde solid fuel bailers (as a solution to
problems concerning combustion quality as well as ash
depasition and corrosion), or which may be replaceal by
chegoer type bail ers.

=  Waste incineration boilers for which e.g. the most salt
containing part of the waste is gasified, so that the steam
data can be improved.

=  Smal to medium scde natura gas and dl fired boilers,
i.e. dlowing firing/co-firing of biomass

=  Industria processs sich as drying and cdcination.
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= |ndirealy fired gasturbines and Stirling engines.
= Fud cdls(with prior or internal gasreforming).

Gas cleaning in simple hat cyclones will be sufficient
for some of these gplicaions while others demand a
more alvanced and lessproven type of filter.

Alternatively or additionally, the heavy tar comporents
in the product gas could be aadked in order to avoid that
they condense when cooling the gas in order to use it in
internad combustion engines or (diredly fired) gas
turbines.

Eventualy, the product gas could also be quenched in
order to produce liquid products sich as “bio-oil” and
more vauable chemicals.

7. CONCLUSION

A 50 kW LT-CFB test plant has been built and operated

on dfficult (high Si, K and Cl) whea straw. Based on

gasifying thisfuel in up to 8 hoursin abed of silicasand

with noadditivesit has been shown that:

= The processis eay and safe to start, control, stop,
and restart.

= The amourt of unconverted char was down to 15 %
of the mass flow of fuel.

= Around 90% inert/ash retention could be adieved
using an ordinary semndary cyclone.

= TheK- and Cl retentions were 90-97 % and 47-73 %
respedively  (however  espeddly the Cl-
measurements are uncertain and must be cnfirmed).

= After 8 hous of gasificaion there was dill a good
margin between the temperature giving an efficient
fuel conversion and the aggomeration temperature.

The good test results have been achieved in spite of the

choice of fuel and bed material, the small scde and nd

using several possble optimization methods. Also due to

a broad range of possble gplicaions, the LT-CFB

gasifier is expeded to open important new opportuniti es

for the dficient utili zation of biomassand aganic waste

materials.
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