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Fig. 8-35 shows the relationship between the bed temperature and the
desulfurizing efficiency by both the total sulfur base (T.5. Base) and the
combustible sulfur base (C.5.Base). The increase of the Ca/S molax rétio from
3 to 4, further added to the increase in the desulfurizing efficiency. In
comparison with conventional coal, much higher desulfurizing efficiency,

namely, 98% on the T.S base, was obtained.

Fig. 8-36 shows the relationship between the bed_tempefature and NOx.. The NOx
increased as the teﬁperature rose. It also decreased by about.SO ppm.when.the
air ratio was reduced from 1.20 to 1.10, Furthermore, increasihg the Ca/s
from 2, to 3, generatéd a considerable increase in NOx emission. 'Fufther

increasing the Caf$ to &, however, caused no increase at all in the NOx.

Fig. 8-37 shows the relation between the bed temperature and the combustion
efficiency. As the bed temperature increased, the combustion efficiency
increased remarkably. Also, as the air ratio inside.the bed decreased, the
‘combustion efficiency equally decreased. With the bed £emperature 850°C and
the air ratio 1.20 inside the fluidized bed, we found thaf any efficiency

higher than 987 could be obtained.

8.5.3 Combustion Pérformance Test for Krabi Lignite

Table 8-9 shows the results of the combustion performance test conducted on
Krabi lignité. Explanations here are about the results of the Krabi
combustion performance tests in comparison with results of similar tests on

.Sin Pun lignite. '

Fig. 8-38 shows the relation between the bed temperature and SOXx. In
comparison with Sin Pun lignite, the Krabi lignite had a lower sulfur content
in the fuel ({(namely ahout a .iﬁitd of ‘whatzrtﬁe Sin_'ﬁﬁﬁf-lignite hady.,
Nevertheless, the_30x 1e§el showed a highér value. This tendency was npticed
especially in the higher temperature zones. Wéfjudge that this is associated
with the kinds and'braﬁds of coal and limestone that were used. A possibility
also exists that the delicate interaction of the cqal-and limestone caused

this tendency.
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Fig. 8-39 shows the charactaeristics of the desulfurizing efficiency in
relation to the bed temperatures. Under the optimum_condition of the bed
temperature of 850°C at the Ca/S molar ratio 3 and the air ratio 1.20 inside
the fluidized bed, the resulting desulfurization ratio was 83%, which wa$
lower than that of Sin Pun coal. A further increase in the molar ratio to 4,
as shown in Fig. 8-41, did not cause the desulfurizing efficiency to reach the

90Z level on the T.S8. base.

Fig. 8-42 shows the NOx emission classified by. kinds of coals. Under
dlfferent bed temperatures and air ratios 1n51de fluidized bed the NOx
emission of Krabi lignite showed higher values than NOox in the Sln Pun

lignite. The NOx conversion ratio was 0.13~0.18 for the 8in Pun lignite and

0.1~0.13 for the Krabi lignite.

Fig. 8-43 shows combustion efficiéncy. The Sin Pun lignite again showed
better performance in this area. Thus it was verified that the S5in Pun
lignite was superior to the Krabi lignite im all respects, including

desulfurization, NOx emission and combustion efficiency.

8.6 Evailuation of the Results
8.6.1 Characteristics of a Bench Scale Combustion Test Apparatus

The characteristics of the furnace $100 were evaluated on the basis of past

“‘record.

Fig. 8-44 compares the sizes of the current test apparé;us_with those of other
test apparaiuses. The $100 furnace had an inside diameter of iQO'ﬁmh'and its
height was about 2.5 m. The test was conducted by using a fluidized bed

height of .about 200 mm.

The 20 t/h pilot plant and the 50 MW démonstration plaﬁt'témé in the sizes
shown in Fig. 8-44. Their fluidizéd bed height was 1.2~1.5 m, which is differ
from that of a bench scale test furnace. In the ‘actual evaluation, it is

planned to consider the effect of this difference in the fluidized bed height

by the pilot scale combustion test.
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Fig. B-45 shows the characteristics of desulfurizing performance in relation
to bed temperatures. It is based on the Elmelo coal combustion test results.
What is indicated in the figure is & close similarity between results
involving the $100 furnace and the 20 t/h pilot plant. The 50 MW
demonstration plant showed an improvement in the desulfurization when compared
with the $100 furnace. This improvement is presumably attributed to the heat-
transfer pipes laid out in much higher density, enabling a better prohibitory
effect against thé limestone scattering. Although the structure of low-
temperature pipes must be considered when the absolute values are evaluated,
considerable coincidence with a large furnace was observed not only in
correlation to thé.bed temperatures, but also in the operatlonal conditions,

the kinds of coal, and the tendency values of limestone brands.

Fig. 8-46 shows the NOx characteristics in relation to the bed temperatures.
The evaluation is based on the same Elmelo coal.  However, a big difference
waé‘noticed in the NOx values between the large and small furnaces, unlike the
desulfurizing characteristics. This difference is presumed to be attributable
to such factors as the slow NOx reduction process inside the fluidized bed
because of the lower fluidized bed height and because'of the NOx reduction
:going on at a relativéiy émaller scale in the free board zone. Another cause
for this differenee was possibly the gas teﬁperatUre in free board zone of the
small furnace, which was much lower than in the large furhace; as shown in
Fig. B8-47. Most of ﬁhe tests’ conducted fpr'NOx, therefore, focused on the
‘basic aspects, with special emphasis on_understandihg_the tendency values in
relation to a variety of influence factors, such aé.operationai conditions,

kinds of coals, and brand of limestone.
8.6.2 Performance Presume to the Actual Equipment
(1) Desulfurizing Performance
1) Bed Temperature
Concarninngcurrentf'dESuifurizing performance of the Sin Pun

lignite and ﬁhe Krabi lignite produced-in Thailand, the optimum

_ “point was obtained in the bed-temperature range of about 850°C,
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which was 40° higher in comparison with the generally accepted
best point for the bitiminous coal in Japan. The characteristics
of the bench scale furnace’s desulfﬁri;ation in relation to the
bed rtemperatures corresponded in many ways to those of the large
furnaces. The point around 850°C, therefore, was judged most
likely to be the optimum temperature point for the scale of
operation run by the actual equipment. However, this should be
further verified through combustion tests conducted in a pilot
scale combustion test. The factors that pushed the optimum point
to higher degrees are the next subject to be dealt with in this

section.

The following three points were unique to the present combustion
tests in comparison with the tests already conducted in Japan.
It was studied how this affects decarbonization reaction,
desulfurization and Cas0, de-assembling related to

desulfurization.

i. Brand of liméstone
2. Coal with high S content
3. Coal with high volatility

For item 1, the brand of limestone was not to be the cause
because the same phenomena were noticed in comparison with tests

conducted on limestone produced in Funao and Sekinoyama.

For item 2, the high sulfur content would increase both the
supply volume of limestone and the oxygen volume required for
desulfuriéétion. This would naturally cause the air supply to
increase at the same time, thus affecting the characteristics of
desulfurization. Since the increase in the volume of limestone
~equally increased ‘the ~‘emission of (0; as a  result of
decarboxylation, the relation between the CO, ambient density and
the deénsity of decarbonization was investigated, as shown in
Fig..8—48. Fig. 8-49 shows the results of estimate calculation,
whicﬁ.is.ihtended to defermiﬁé the temperature rise caused by the

.decarboxylation. The figure thus obtained indicated a rise of
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about 10°C, which we concluded would never be the cause for the
high optimum point. To find out possible causes, the molar ratio
of Ca/S was changed and the Krabi lignite of the lower sulfur
content was used. All these tests, however, brought about the
same phenomena, suggesting.that such factors were not directly

related to the higher optimum peint.

In regard to an %ncrease in oxygen :volﬂwe, ‘the estimate
calculation shows that the alr volume being blasted with the
combustion atr ratio of 1.20 (equivalént to 0, denéity of 3.57 at
the $100 furnace oﬁtlet) corresponds to about 1.24 in terms of
the fuel, including the oxygen volume absorhed during the
desulfurizing reaction. Because of this, it is préSumed that the
regeneration reaction to (Ca0+50,41/20,) from the 'CaSQ4 was
hindered at the high temperdture side, and as a result the
desulfurizing performance was  maintained despite the high
: temperatufe. This reasoning is'Sﬁpported by test results of the
combustion performance of Sin Pun lignite in Fig. 8-34, which
‘shows thé tendency of higher optimum tempefaturgs ds the air

ratio increases.

In the demonstration tests conducted in Japan usiﬁg higher air
ratios, the phenomenon of thenoptimﬁm desulfurizing temperature
changing in relation to.air rati@'was not observed. However,
with the present coal that had such'high”volatility,.the portion
around the coal supply nozzle would preéumably be closér to the
'excessively'réducing atmosphere, therebf establishing conditions

for this phenomenon to occur,

Because of the faster cbmbuétion-prbcess'at.the coal supply
portion and the.factor of higﬁ:volati;ity, it is presumed that
the atmosphere will contain €0, of higher density around the fuel
and limestone pouring in comparison with conventional coals. It
is also presumed that the increase in the decarboxylating

temperature was another factor causing the present phenomenon.
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2)

To investigate the 50, generation side, the generation
characteristics of 850, were studied by using the macro
thermobalance. As Fig. 8-50 shows, no particular phenomena were

noticed for Sin Pun lignite or Krabi lignite.

To summarize, our presumption is that the cause of the shift of
the optimum desulfurizing reaction point to higher temperatures
was the duplication of two factors: wvery high sulfur content and

high volatility.
CafS molar ratio

The present results of the $in Pun coal combustion performance

tests show that the initial target SOx<700 ppm is subject to

.change depending on the coal supply methods. The difference as

described below will be equivalent to 1, which is obtained by

relatively converting Ga/S to the molar ratio:

Over coal feed system: moplar ratio > 3 owaaIS

2 of CalS

v

Under coal feed system: molar ratio

As the relation between the molar ratio and the 50x at the outlet
of the fluidized bed shows in Fig. 8-51, both are correlated

almost lineafly on a logarithm table.

Also, the Ca0 content ratio in the B;M. and the SOx density at
the outlet are closely interrelated as shown in Fig. 8-52. With
the under coal feed systeh, the 50x density of less than 700 ppm
at the outlet can be maintained at around the Ca0 content ratio
of 257 by the molar ratio of Ca/S. The Sin Pun lignite, if
combined with the limestone produced in Thailand, will exhibit

excellent desulfurizing performance.

With_:he over coal feed system, the feeded coal scatters and

burns before it enters the fluidized bed. It raises the SOx

‘density. only at the outlet without really contacting the BM,

which works as a desulfurizing agent. Despite the Ca0 content
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3

ratio of about 30% in the B.M. by injecting limestona with the
molar ratio 3, the 50x emission density turns to a level of about

700 ppm.

Because of the aboﬁe; the feeded coal must be removed from the
over coal feed system and a new method of supplying coal to the
lower fluidized bed must then be considered (the ash recycle
system is the one included in the bed). A facility must be
developed that can maintain high desulfurization ratios even when

the molar ratio of Ca/S is lowered.

Another consideration should be directed at the higher content of
Ca0 and CaCQy in the fly ashes. These desulfurizing agents that
have not completed the reaction process should bhe recycled so
that further reduction in the consumption of limestone can be

expected.

Using the combustion tests of a pilot scale, the material balance
of the ash recycle facility should be confirmed and reflected in
the economical design of the FBC system.

Space Velocity

With the present tests, the desulfurization performance was

conéiderably affected by the space velocity. It was found that

- a speed of less than.1.2 m/s was required to achieve 50x emission

700 ppm_with the over coal feed system. A limitation was evident
in the scope of definable parameters for the present test because

coal of much finer grain size than coal used in the actual

" equipment had to be used. This factor is understood to have

greatly affected the test results. It is'necessary to verify to
what degree the S0x emission volume is affected by the space

velocit}-by conducting'pilot—scale tests,
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NOx

As against the 400~600 ppm NOx observed in the demonstration tests
conducted in Japan, the NOx obtained with both Sin Pun lignite and
Krabi - lignite of Thailand was recorded to 200~300ppm, which is less

than half the emission level in our knowledge during the demonstration

test in Japan., It is understood that the cause for this was twofold:

1. The coal used for the test caused the gas temperature at the free
board =zone to rise very high as shown in Flg 8-53, thereby
facilitating the reaction of NOx reduction in the free board zone. 2.
The volatility that was unusually high accelerated the reaction of NOx

reduction in the fluidized bed at the coal supply portion.

With the present tests, according to the results of Fig, 8-27, a
different coal feed system was tried and the phenomenon was noticed
that a different coal feed system could provide a contrary result,

depending on the air ratio. Here we will analyze the cause for thisg.

Fig. 8- 53 shows the gas temperature dlStrlbutan characteristics that
were plotted by using the data of the coal supply methods and the air
ratios. With the over coal feed system, a remarkable rise in gas -
temperature is noticed in comparison with ﬁhe under- coal feed system.
Although this is presumably due to the cumbustion‘goiﬁg'on at the upper

level of the fluidized bed, it is also presumed that the over feed

system along with the air blast (about 15% of the total air used in the

.8ystem) to prevent cloggxng in the -coal supply plpes prompted

combustion at the upper level and, at the same time, the NOx conversion

process.

The air volume at the upper bed is stable régardless of the air ratio
because it is supplied only in the flow rate -regquired for coal
conveyance. This. leads to the undérstanding that the NOx emission

volume is also stable at the upper bed no matter the air ratio.
Supposing that a certain NOx value . is established that always.

contributes to higher tendency values, the rate at which NOx increases

with the increase of air ratios inside the fluidized bed should become
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smaller. In other words, the rate, at which NOx increases with the
increase of air ratios inside the fluidized bed will become relatively
smaller under conditions of the over coal feed system than it will
under those of the under coal feed.system. It is présﬁméd, therefore,
that this explains why the reversed phenomena took place, as shown in

Fig., 8-27.

With the NOx generated by the actual equipment, the ekhaust volﬁme
varies depending on the reduction processes going on either inside the
fluidized bed or on the fluidized bed. If the reduction inside the bed
constitutes a major factor for the lower NOx, the NOx:will tend to
decrease when this particqlar_coal is used with thé actual machine. If.
the reduction on the bed causes the lower NOx, the NOx will not

decrease with the actual equipment because the equipment already has

higher gas temperatures. This point, however, needs to be further

analyzed by evaluating the results of the pilot scale tests, which have
temperature conditions of the free board zone much closer to those of

the actual equipmeﬁt.

Because the record shows that NOx volume of the actdal equipment will
never exceed that of bench scale furnaces, it is understobd that
500 ppm or less may be achieved, which is the value proposed as the NOx

emisgion target.

Combustion Efficiency -

The present test results using the ¢100 furnace shows that a combustlon
efficiency greater than 987 was obtained with both the over and under
coal feed system. In terms of standard correlat1v1ty w1th the actual
equipment as previously explained the combustion efflclency of the
actual equipment will eventually fall below that of the teé; apparatus.

Nevertheless, it is estimated that.the combustion efficiency may still

'be maintained at better than 987. We believe that this presumption can

be verified by using the absolute values of combustion efficiency in
pilot scale tests, which -have temperature conditions in the free board

zone and grajin size conditions closer to those of the actual equipment.,
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(1}

Fig. 8-54 shows distribution of the gas temperature density inside the

furnace in the lateral direction. The temperature inside the furnace

.as already explained tends to go higher at the upper coal supply

portion in the over coal feeding conditions than in the under coal

feeding conditions.

0; is almost stabilized over the 1,000 mm area on the distribution

plate, which indicates completion of the combustion.

Judging_from the measurement results of 0, density distribution, it is
noted that the combustion for over coal feed system is completed at a
relatively lower position. - The good contact efficiency between high-
volatility coal and the air is presﬁméd to have been realized by the
sufficient air supplied from both the internal bed and the bed surface,
thereby enabling higher combustion efficiency. However, this seems
more dependent on the émall size'qf'the apparatus and also on the large

volume of air suﬁply from around the bed surface.

Fig. 8-55 shows the NOx density distributions inside the fluidized bed.
The tendency of decreasing from the upper bed to the free board zone is
seen with NOx, and NOx reduction is under way at_the'free board zone.
In the over cosal feed.éysiem, this reaction is completed over an area
of about 800 mm on the distribution plate. In the under coal feed
systeﬁ, however, fhe area further expands over the area by as long as
about 1,500 mm. ngaﬁse bf the difference discussed previéusly in the
0, density_distributibn; the'insufficient'contact between the fuel and

air 'is presumed to have caused the dull combustion process, or there

_existed many reducing substances such as charcoal on the bed, which

facilitated the reaction of NOx. reduction.
Summary and Problems to be Solved

The desulfurizing performance has turned out to be in its optimum level

at the bed temperature of approximately 850°C.
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(2}

(3)

(4)

(5}

(6)

(7)

Based on the results of the pilot scale tests, these results must be
reflected in the selection of standard bed temperatures in the designs

of actual machines.

Goncerning the brand of limestone, Khao Tham Hora is superior to Thung

Song in the desulfurizing performance.

Under the present target of 50x<700 ppm, the CalS molar ratio is 2 for
the under coal feed system énd 3 for the over coal feed system. In the
under coal feed system, the limestone was reduced  to an amount
equivalent to the molar ratio 1 of Ca/S. It is further necessary to
study the proper CélS moiar ratios on the grounds of the test results
of a pilot scale combustion test. In consideration of this, the survey
of candidate sites and the layout of the power generation station were
designed at the present development stage by using the molar ratio 2.5

of Cals.

Although a remarkable improvement in the desulfurizing performance was
noticed in the present tests when the space véldcity‘were reduced, the
improvément must still be verified by conducting a pilot test, which
should be done by using the same coal and the éame limestone as those

used with the actual equipment.

Because the NWOx emission was 200~300 ppm With the ¢100 furnace, a
further decrease can be expected with the actual equipment. Thus it is
understood that the current targetcof 500 ppm or lower can be achieved.
This  expectation, however, should be supported by the results of a

pilot-scale test,.

Concerning combustion efficiency, the record of large furnaces shows

_that a level better than 987 can be expected. Also aléhough. no

remarkable reduction in combustion efficiency was noticed with the over
coal feed system, the absolute values of combustion efficiency should

be verified by conducting pilot-scale tests.

The comparative study of the Sin Pun lignite/Khao Tham ﬂorg-and the
Krabi lignite/Yod Po Sile Thong reveals that the $in Pun lignitelKhao

8.- 96



Tham Hora is much superior in all respects, including desulfurizing
performance, NOx emission and combustion efficiency. And also the Sin
Puﬁ lignite has a superior in a respect of the fluidized action because
of the less trouble caused by the settlement of large ash lump at the

bottom of the fluidized bed in comparison with the Krabi lignite.
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9. Pilot Scale Combustion Test |
9.1 Geneial

The pilot combustion test purposes to confirm the technical availability of
Sin Pun and Krabi lignite for A-FBC with the actual modeling furnace by the
combination with the candidate limestone in Thailand under the actual particle

size of lignite and limestone.

The test also purposes to get the necessary data for the feasibility design.
Especially the limestone consumption affects greatly the economical
feasibility of the study because the high sulfur and low heat value lignite

consumes the huge amount of the limestone for the desulfurizationm.

The outline of the combustion test is shown in Fig. 9-1. The following items

are confirmed in the test.
Pre-test

a. Chemical analysis of lignite and limestone

b, Size distributlion check of lignite and limestone

Test (Refer to the test schedule Table 9-1a, 9-1b)

a. Heat release rate

b, Exéess.air ratio

c. Beﬂ Temperature

d. Cé[S Molar Ratio

e. Ash Recydle Ratio

f.. Lignite Feeding Method
'g. Lignite Size
“h. Limestoné Size

i. Material Balance Check and Ash Chemical Analysis

As a result,'it'is confirmgdrthat Sin Pun and Krabi ligﬁite can be combusted
in A—FBG'with the desulfrurization efficiency 907 under the condition of the

‘limestone injection of Ca/S molar ratio 2.



It is also assumed with the combination of the several test results that the
desulfurization efficiency 94% (700 ppm SOx emission with the design lignite)
could be achieved by the limestone injection of Ga/$ molar ratioc 2 under the
ash recycle ratio 1.5. For NOx emission, it is confirmed that A-FBC can
combust the lignite within the emission value 200 ppm which is m_.uch less value

of Thai proposed regulation 1,000 mg/Nm® (abt. 500 ppm for NO,).

For the combustion efficiency, it is also confirmed that A-FBC can combust the

lignite with 992 over efficiency.

Fig. 91 A-FBC System

Coal MAX. | {Limestone - | — .
size MAX. size 2nd Sgtage
: De SOx
Sizing }l—“’ COAL ! . . .
{Scparation  BUNKER Setection of . ! /_\
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— Bed Te] :
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: A "45&&&253%
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ﬁ

T i o
Ash Recycle pCombustion e'fi_"'iciency‘
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This mark shows the 'cdnfirmation i'tem-'in the bench scale combustion test.

This mark shows the confirmation item in the pilot scale combustion test.
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9.2 Test Facility

The test facility of the pilot scale shall simulate the actual operating
conditions such as the heat release rate, space velocity,.etc. Fig. 9-2 shows
the comparison between the actual fluidized bed of A-FBC and the pllot scale

combustion bed.

The surface of the pilot scale combustion test facility is 0.5 mx 0.5 m and

the bed height is 1.2 - 1.5 m as same as the actual fluidized bed.

Fig. 9-2 Fluidized Bed for Bub;bring FBC and Pilot Scate Combustion Facility

By u31ng the pllot scale combustlon facility, the Characterlstlcs of the
llgnlte and limestone in the fluldlzed bed are checked correctly as same as
the actual scale fluidized bed. The material balance of .the ash from the
fluidized bed and fly ash also be checked by this test facility. Fig. 9-3a
and 9-3b shows the outline of the test facility. Photo 9-1 - 9-3 shows the

photograph of the test facility.
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Photo 9-1

Tower for Combustion

Test Furnace

Honitoring CRT for Combustion Test
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Test Furnace
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Bottom of Test Furnace

Photo 9-2

Photo 9-3
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9.3 Chemical Analysis of Lignite and Limestone

The proximate analysis of the test lignite carried out by EGAT on

is shown in Table ©-2,

~ Table 9-2 Proximate Analysis of Lignite (EGAT data)

February '92

Item Krabi Sin Pun Sin Pun 4
{(Xlongtone) Krabi 1
_lMoisture Content I A.R, 33,27 31.2 31.6
(A.D.) (9.14) (13.06)
Ash Content Z A.R 25.09 9.78 12.8
(D.B.) (37.60) (14.22)
Volatile Matter  Z A.R 21.54 31.68 29.7
(D.B.) (32.28) (46.06)
Fixed Carbon - 7 AR 20.10 27.33 25.9
(D.B.) (30.12) (39.72)
|Heat Value (HH.V.) Kcal/Kg A.R. 2,518 3,863 3,594
| | (D.B.) (3,773} (5,615)
(LHV)  Kcalfkg A.R. 2,148 3,500 3,230
(D.B.) (3,520) (5,362)
Sulfur.content -A.R. 3.21 131 5.7
(D.B.) (4.81) (9.17) 5.7
|Relative Density (A.D.) 1.67 1.49

Note) A.R. As Received Base

A.D. Air Dry Base
D.B. Dry Base

The above value shows that the ash content is relatively lower than that of

the geological mean value, and éonsequently the heat value is higher than that

of the geblogical mean valve. The sulfur content is also lower than that of

the geolégical_mean value,

-The.éhemical analyéis analyzed by JICA team is shown in Table 9-3 with the

blended lignite base. (Krabi: 8in Pun = 1:4)
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Table -3 Chemical Analysis of Lignite (JICA data)
 Blended Lignite (Sin Pun 4: Krabi 1)

Proximate Analysis (Air Dry Base)

Calculated Value from
Table 9-1

Total Moisture
Ash Content
Volatile Matter
[Fixed Carbon
Heat Value (HHU)

Sulfur Content

15.6%
15.4%
39.0%
30.0%

§,380 kcal fkg

15.62 (Adjusted)
15.8%
36.6%
32.62

4,435 kcalfkg

Grindability Test H.G.I.

Total 7.452 --
‘Non combustible 0.5% .-
Combustible 6.952 7.037
Ultimate Analysis (Dry Base)
Ash 18.3%7
Cafbbn 52.4%
Hydrogen 4.37
Oxygen 15.672
Nitrogen 1.07%
Combustible Sulfur 8.232
F1 80 mg/kg
cl .155 mg [ kg
.45
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The proximate analysis results of EGAT and JICA are almost same as shown in
the above Table'9~3, so that the data of JICA team is applied for the test
evaluation since the JIGA team gets the ultimate analysis also.

Table 9-4 shows the ash analysis result of the blended lignite.

Table 9-4 Ash Analysis of Blended Lignite {JICA data)

Fusion ' Oxidization Reducting
Atomosphare Atomosphare
Initial Deformation Temp. 1,230°C 1,120°C
Scftening Temp. _ 1,330°C 1,250°C
Hemispherical Temp. 1,350°GC 1,290°C
Fluid Temp. 1,370°C 1,310°C
Proximate Analysis
5,0, | 48.5%
A1,0, 18.1%
Fe,0, 13.12
Ca0 ) 7.46%
Mg0 -' 0.897
'N;azo - 0.067
K,0 1.32%2
S0, _ 8.10%
P,0, _ 0.102
Ti0, 0.562
MO Lo T 400 mg/kg
V,05 _ - 280 mglkg
Button Index . 0
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low to make the agglomeration problem. The ash fusion temperature is too high
to making th_e slugging trouble. Therefore, the ash may not make the trouble
in the fluidized bed except ﬂcc'um_ulation of the lumpy ash which is generated
by the lumpy lignite. The problem of this Iumpy ash is introduced in clause
9.6. '

Table 9-5 shows the day by day monitoring of the lignite analysis during the .
test. The result has small fluctuation on the sulfur content and the heat
value as shown in follows. Sincre the. fluctuation value is small, the mean
value as shown in Table 9-5 is applied for the adjustment of the Ca/S molar

ratio and DeSOx efficiency in each test.

T [z [31&-![4-2’5—1 le l&z I 7'|9r1 [s—z le—; I}z,tmlm[m[ m l ilem[mlu-llu-zl 5 [ 1 [ n [18[ 9 lm [
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— 4 : —+ : i
p— 1th Yy { 15th L 16th - tp——— jth ————p—~—— @l — ALy -~ T 22th

Trends for Characteristics of Blended Lignite
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Table 9-5 Monitoring Results of Lignite Analysis

HAV

Sgizie Item T:\ie‘tli)’o (:i;l) 'fsfcy{; 1((:;{} CS}f"::k Remarks
; Z b4 z ke

4/28 |[Blended Lignite 28.6 | 18.3 | s8.82[5190| o |Ulti.

Analysis

428 Blendéd Lignite & crushing| 28.4 | L4.1 9.56] 36801 @ -

5/11 |Blended Lignite & Crushihé - - | -- 5830 @

5/13 |Blended Lignite & Crushing| 25.0 | 20.7 | 8.954140] o

5/14 |Blended Lignite & Crushin'g 26,1 1 11.4 | 10,16/ 6000} @

5f15 |Blended Lignite & Crushing| 27.4 | 11.6 | 9.79ssso| o l[si, Fe

5/17 |Blended Lignite & Crushing| =-- |17.4| 9.64|5680] --

s,féo_ {Blended Lignite & Crushing| 27.3 | 17.4] 9.48/5800| --

5/20 |Blended Lignite & Crﬁshi_ng - - 9.64] 5760 | --

5/21 Bler}déd Lignite .& Crushing| 27.5 | 17.0 9.59| 5850 | -- [si, Fe

5/22 - Bie:{ded Lignite & Crushing| -- -- 9.33{ 5500 | ~- [si, Fe

5/14- |Average Value | '27.1 | 15.0 | 9.66|5777

22

4/28 [-8.6 mm Under Feed 23.5 | 19.3 | 8.80|5260| o

5/22 1.2.8 mm Under Feed - - | 8.11/4660] o

4/28 |5in Pun Lignite 28.0 | 14.7 9.91| 5680 -

4/28 [Krabi Lignite 21.3 [ 36.7 | 5.10{3880| --

5/23 |Krabi Lignite -= - 5.57] 4420 | -~

g - 29
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Table 9-6  Average Value of Uitimate Analysis
(As-Fired of Blended Lignite)

Items Unit Value Calculation

Carbon Z 39,11 37 .4 x 24:92
52.52.

54.¢2"

4 . 2

Hydrogen Z 3.24 3.1 =3 .55
s : 54.92
Nitrogen Z 0.79 0.76x_52‘52
Sulfur 4 7.04 Average Value
' ' 54.92

.7 ‘ .

Oxygen : 22.78 11.26 x =55
Ash . . Z 10.64 Average Value
Moisture 'z 27.10 Average Value
Higher Heating Value kcallkg 3,902 3;706x-§L%$%

Note)

Ultiﬁate_ﬁnalysis Results Average Data

C = 37.47 -—

H=3,12 | 52.52% 100 - 45.08 = 54,921

N=0.762 | :

O = 11.267 —

Ash = .13.002 . S = 9.66% (Dry) -~ 7.04% (Wet) -1

'HZO = 28.60% : Ash = .15.00Z (Dry) - 10.94% (Wet)]45 082
3,706 kcal/fkg (HHV) . Hy0 = ?7 17 (Wet) ' .

Theoretical air 3,973 Nmi/kg
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Table 9-7 shows the chemical analysis of limestone for the pilot scale

combustion test.

Table 9-7 Chemical Analysis of Limestone

~ Sample Data May 9 May 13 May 21 May 23
Tiems : 9:00 16:00 22:00
CaCO4 Z 88.13 -- - --
Ca0 Z 1.15 -- -- --
caso, 2 0.03 . - --
MgO z 0.09 -- - --
MgCO, Z 5.84 - - -
$i0, Z 2.06 - -- .
Al ,0, z 0.10 - -- -
FEZO3 Z 0,06 - - hadhas
Na,0 F4 0.01 -- -~ --
Total Ca K4 36.4 36.5 36.7 35.3

Aver., Total Ca = (36.4+36.5+36.7+35.3)/4 = 36,225
Ca Purity Z
Ca Purity = (36.225/40.1) * (100) = 90.34
*%) Distributions between CaC0; and MgCO; from CO; decided by Molar Ratio

of CalMg
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9.4 Test Lignite and Limestong Size Distribution
The test lignites are crushed by the roller crusher after the drying under the
sunshine. The raw lignite and the crushed lignite involve the consideréble

amount of powder under 0,5 mm size.

Four sizes of lignite are prepared for the test as shown in Table 9-8,

Table 9-8 Lignite Size for Test _

Size Distribution Powder less than
0.5 mm

Raw Lignite 0 - 250 mm 152
(After drying) -

- 8.6 mm 0 - 8.6 mm 23%

- 2.8 mm 0 - 2.8 mm 452

2.8 - 8.6 mm 2.8 - 8.6 om 07

2.6 -20mm | 2.8 - 20 mm ‘03

for the crushing putﬁose, the lignite was dried under the sun and as a result,
it is considered that the amount of powder lignite was increased in the raw

lignite. To f£ind out ihe affedtién of the powder lignite on the SOx emission, '
the powder lignite was eliminated from the some test lignite. Fig. 9-4 shows

the eize distribution curve of the above lignites.
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The test limestones are crushed by the hummer crusher., The limestone size
distribution curve is shown in Fig, 9-5. Three kinds of size are prepared for

the test.

Table 9-9 shows the small particle involvement of the respective size

distribution.
Table 8-9 Small Particle Involvement of Limestone
Size | 0-05mm [ 0-1.0mm | 0-1.5mm
- 3'mm (0-3 mm) 307 557 o 702
-3 mm Fine 437 : - 60% . 702
~10 mm (0-3 mm) 222 o say 502
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9.5 Test Result

The test results are summarized in Table 9-10a and 10b. the respective test

results are explained as follows:
(1) Heat Release Rate

- The  bubbling type FBC Dboiler capacity is prdportion o the
‘meltiplication of the ﬁeat rélease rate and the surface area -of the
fluidized bed, so that the higher heat release raté is consequent to
the smaller boiler design. Wakamétsu A—FBQ démonstration plant (50'MW)
applied the heat release rate 1.2 x.10% kcal /m’h with the space velocity
1.5 m/s. Montana-Dakota A-FBC plant {80 MW) applied the heat release
raﬁe 2.48 x 10°% kecal/m®h with the:Space velocity 3.6 m/s.

The bench scale combustion test were carried out by the heat releaée
rate 0.7-0.9 x 10° kcaljm?h. Durihg the parameter survey test on 12th,
“13th May 92, it is confifmed-ﬁha;'the heat release rate does not
afféct the SOx'emission,'sq tﬁat ﬁhé heat release parameter test is
" carried out under the condition 0:3 x 10% kcal/m?h, 1.0 x 10% kcal/m’h
and 1.2 x 106 keal/m’h which is the maximuwn heat release rate of the-

test furnace. The result is shown in Fig. 9-6.
1) 50x Emission

There is no significant difference of the SO0x emission on the

heat release parameter from 0.8-1.2 x 10° kealjm?h.
2} NOx Emission

There is the increasing tenancy of NOx emission accor&ing'to the

increase of the heat release rate.
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Fig. 9-6
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This tenancy accords to the test result of Wakamatsu 20 t/h pilot plant

which uses the bituminous coal for the test.

The emission value is relatively lower than that of the bench test

result which emits NOx with the range 200-300 ppm.

The free boards zone témperature effects on the reduction of NOx
emission as shown in Fig. 9-7. This reduction effect of NOx emission
can be exﬁected on the actual plant also, so that the further
counterhéasure for NOx emission may not be requested at this moment

gince Thai regulation of NOx emission is 1,000 mg/Nm> i.e. equivalent

1,000 mg/Nw? o 0224 Nw*/mol =487 ppm for NO,.
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(2)

Excess Air Ratio

The higher excess alr ratio causes the higher flue gas heat loss, and

it is preferable to pget the lower excess air ratio,

However, the some excess air is requested by the desulfurization
reaction and the lower exceéss air ratio causes the higher 50x emission

as follows;

Caso, + Ca0+ 50, + 20, 1
During the parameter survey test on 12th and 13th May '92, it is
confirmed that the excess air ratio. below 1.2 causes the high SOx
emission as noticed in the bench scale test.
The excess air ratio test is carried out with the parameter range of
excess air ratio 1.24, 1.4 and 1.5 as shown in Fig. 9-8. The results
are as follows;

1) S0x Emission

There are no significant difference of $0x emission between the

excess air ratio 1.24, 1.4 and 1.5..
2} NOx Emission
The emission value of NOx is increased according to the excess

air ratio from 132‘ppm to 193 ppm. This tenancy éccords_to the

-experience in Wakamatsu demonstration plant.
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Comb. Test Results

Fig. 9-8 == S e o L e Lffect of Excess Air Ratio
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(3)

Bed Temperature

The bench scale combustion test shows that the best temperature for the

desulfurization reaction in the fluidized bed is around 850°C.

The pilot scale combustion test confirmed the best temperature for the

desulfurization reaction and as a result, it is confirmed that the best

temperature is around 830°C - 840°C.

1)

2)

S0x Emission

As shown in Fig. 9-9, the best temperature is located between
830°C - 340°C, '

It is noticed during the test, that the bed temperature 850°C

generates the higher 80x emission.

As a pilot scale combustion test, it is concluded 830°C to bhe

best temperature.
NOx Emission

The tenancy of NOx emission can not be gotten from Fig. 9-9 since
the excess air ratio is varied in the respective test. From the
relation of NOx and the excess air ratio, the NOx emission and

bed temperature relation is amended as shown in Fig. 9-10.
From Fig. 9-10, it is recognized that the higher bed.temperature

causes the higher NOx emission. This tenancy also accords to

Wakamatsu demonstration plant results.
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(4)

Ca/S Molar Ratio

During the parameter survey test, it is noticed that 90Z De $0x
efficiency would be achieved by the Ca/S molar ratio 3 without the ash

recycle. Therefore, the test is carried out with the molar ratio 2.3,

3.0 and 3.5 for the non ash recycle system. The resuits are shown in

Fig. 9-11.

It is also noticed during the parameter survey test that the powder
lignite emits the higher S50x than the large-particle'lignite:with the
over feeding method. The inalar ratio tests 2{0; 2.5 and 3.0 also are
carried out with the large particie lignite and the ash fecycie mode  to
confirm how small molar ratio can achieve 90X De S0x efficiéncy. The

results are shown in Fig. 9-12.
1) 50x Emission

Higher molar ratio effects on the lower SOx emission as confirmed
by the bench scale combustion test. 95% De SOx effiéiency'ié
confirmed by the Ca/5 molar ratio 3.54 without'the asﬁ recycle.
With the ash recycle ratio about 0.9, 89Z De SO0x efficiency is

confirmed by the Cafs molar ratio 2.02 with the over tfeeding

method of the large particle lignite.
2)  NOx Emission

The effect of the molar ratio can not be recognized on NOx

emission.
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(5}

Ash Recycle Ratio

The ash recycle effects very much on De 80x efficiency. The tests are
carried out with Ca{S molar ratioc 2.0 and 2.5. The ash recycle ratio
is varied with 0.6, 1.0, 1.3. The results are shown in Fig. 9-13 to
Fig. 9-15. Fig, 9-16 is summary of the above result.

1) 80x Emission

S0x emission is decreased according to the ash recycle ratio.

By applying the recycle ratio 1.5, the emission wvalue would

decrease 50% of the non recycle value under the molar ratio 2.0.
2) NOx Emission

The ash recycle ratio is not effected on NOx emission.
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Fig. 9-14
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Fig. 9-15
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(6)

Lignite Feeding Method

The under feeding method and the over feeding method are compared. The

combination feeding method also is checked by the test. The results

are shown in Fig. 9.-17.

1y

2)

80x Emission

The under feeding method has good effect on the desulfurization

efficiency compared with the over feeding method.

Fig. 9-18 shows the temperature profiles on the free hoard zone.
From these profiles, it can be confirmed that”the powder lignite
is burn and rige up the temperature in the frée board zone for
the over feeding method, while the temperature prdfilé of the
under feeding method is decreased according to the height from

the fluidized bed,

Therefore, the increased S0x emission value for the overfeeding
method is considered to be deérived from the powder lignite burnt
over the fluidized bed without touching the desulfurizer in the
bed.

NOx Emission

No significant difference is recognized on NOx emission by the

lignite feeding method.
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Fig. 9-17
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