CHAPTER I1

LIGNITE

Coal is one of the important fossil fuels available
to'mankind.‘It u#és,as an enérgy source however account for
only' a few percent of the world total energy consumption,
due to the availability of gas and oil which had beeh a
source of cheap and clean fuel, until 1973 when fhe oil
price had been raised. Many. countries which have large
reserves of coal have been putting a great deal of effort in.
the development of © 'nonpolluting, higher economy,
power—generating systems that . utilize coal as fuel. Thailand
is pertainly one of the.nations poésessing coal resources in
a | significént 3 ambunf implying high potential as
non—-conventional fuei. Substantial portion of coal pertains
to Thailand 1is lignite, which i3 a low grade coal.
Consequently, some introductory discussioh about coal seemél

appropriate at this point.

2], Origin and Definition of Coal

i T@e origin of coal might be explained adequately
for some purpose by the simple statement that coal-is formed
from accumulations of plant materials that were preserved
from complete .decay and later altered‘by various chemical
and physical agencts Coal is a rock composed of different
kinds of organic matter which vary in their proportions in
different coal, and no two coals are absolutely identical

in nature, composition, or origin.



A prefered definition of coal is that coal is a . .
compact stratified mass of metamorphoéed plants which have
iﬁ part suffered arrested decay to varying \degree of
completeness.¢3) This definition excludes the various oil
shale, canﬁeloid shales, and carboneceous shales, all of
which are deposits in which inorganic material is dominant,
and also excludes isolated coalified materials such as
stems, pinnules, and fronds. The définition does include the
following: brown cbal, lignite, sub-bituminous, and
anthracite coal; and boghead, cannel, pseudocannel, and
splint . coal. There is some doubt whether or not this
definition includes peat. It _would seem that peat is":
excludes as nof metamorphosed. Howevér, peat is cqnsidefed
the parent material from which humic coals are formed and

will;bé treated as such.

2.2 Coal Classification

Because of the widespread occuranée of coal
deposits, the numerous varieties which ,are available, and
the diversity of uses; a great many méthods of coal
classification have been used. These classifications have
been designed to serve many special interests, ranging from
the scientific viewpoints of geologists, paleobotanists, and
research chemists, to the practical viewpoints of transporta-

‘tion agencies, coal salesmen, and -~ombustion engineers.

Emphasis has been placed on methods of élassifica—
tion which have re~ _ved widest acceptance, or which seem to
be  of - ¢grcatest interest and value to scientific and
technical readers. These methods are classification by type,

rank, and grade coal. The "type" depends upon the nature and



biochemical alteration of the original plant ingredients;
the "rank" upon the subsequent alteration by dynamochemical
proéesses in the series peat to anthracite; and the "grade",
ubon the amount and nature of the mineral impurities

associated with the coal.

2.2.1 Classification by Type

Coal isa a rock, since the geologist regards as
rocks. all naturai, solid substances, organic or inprganic,
that compose ghe earth’s crust. It is not a mineral, as such
a substance is defined as an inorganic, homogeneous substance
with a definite chemical composition, all of  which

requirements coal lacks.

It has long.Been known that coal is derived from
plants; in fact, coalACOntainé a large pfoportion of material
which.repains much of fﬁg original piants structuré in a good
staté of presefvation: A sumﬁary of coal paleobotany points
out that three classes of plants are easily recognized in
coal, namely: coniferouslike, cycadophyte or fernlike, and

lycoﬁods (which were trees related to preéent club mosses).

However, details of classification by type will not
be described herewith because it departs from the
engineering scope.

2.2.2 Classification by Rank

The rank of coal is its stage of coalification in
the series peat, lignite, sub-bituminous coal, bituminous

coal, and anthracite. The generally accepted theory is that



the various ranks of common coals have resulted from peat
deposits which were covered with layers of sedimentary rock
and have been coalified tovvarying degree by tremendous
pressures acting thrbugh long periods of times, supplemented

by the effeét‘of moderate heat in coals of the highest ranks.

Presently,~there'are only three main coal classifi-
cation methods by rank which are widely accepted(4) .
According to ASTM (the American Society forbTesting of
Materials) standard, BNCB (the British National Coal Board),
and International coal <classification systems. The ASTM
method is based on fixed carbon, vplatile matter, calorific
value, and agglomerating characteristic of coal. The BNCB
method is based on the dry, mineral matter-free volatile
matter and the Gray;King coke type test. The International
method, on the dry, ash-free volatile matter and moist,
ash-free calorific value, that is, the basis. of
classification is similar to £hat,of the ASTM system, but-v
groups and 'subgrouﬁs are separated by caking and coking'?’
properties. Only ASTM standard methods will be described in

detail hereafter.

The ASTM standard for classification of coals By
rank (ASTM D-388-77) wés published in 1980 and is shown in
Table 2.1. Although this table is self-explanatory, a few
records are made to state that the term "volatile matter"
refers to the weight loss when dried coal éamples (heated to
above the boiling temperatﬁre of water) are further heated,
in a covered crucible, to about 900°C. If the residue
remaining is further combusted in air to produce an ash, the
weight loss is referred to as the fixed carbon. Classifica-

tion of medium volatile and higher rank coals is based on
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their volatile matter content. On a moisture-and ash-free
bas;s; the percent of fixed carbon is dgfined as 100 minus
the pércént of vblatile‘matfer; therefore it is redundant to
specify both.the volétile matter and‘the fixed carbon. The
low volatile coals are distinguished from the semianthracite
coals by having less than 86 % fixed carbon and by being
presumably agglomerating. Thus coals containing more than
86 % fixed carbon are regarded as nonagglomerating. However,
this hypothesis is. questicnable because the petrographic
composition of coai is also a factor which greatly influ-
ences coal égglomerating behavior. It also appears that the
fixed carbon content is not the best criterion by‘which to
classify anthracites into three groups. As the graphite-like
layers of the anthracite matrix range in size from about 15
to several thousand angstorms, and they appear to fall into
distinct ranges. These ranges do not , however, conform to

the ASTM classification shown in Table 2.1.

High volatile B bituminoug and lower rank coals
are classified according to theiy calorific values on a
mineral matter— (or éshf) free basis, as shown in Table 2.1.
In addition, their volatile matter content must be greater
than 31 %. The distinction between bituminous and
sub-bituminous coals is also' based on the agglomerating
character of the former. Thus, coals having calorific véiUe'm
between 10,500 and 11,500 Btu/lb are classified as high
volatilg C bituminous if agglomerating and as- sub—-bituminous
A ifjf%bn?agglomerating. It should be mentioned that some
high volatile C€ bituminous coal do not agglomerate if
oxidized 1in air at ﬁoderate temperatures. Dry, mineral
matter—-free fixed carbon {(dry, MM-free FC) . and moist,

mineral matter-free calorific value (moist, MM-free Btu) are
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the only parameters used in classifying coals by the ASTM
methods. The formulas used in célculating FC and Btu are as

follows:

Dry, MM-free FC = (PC = .0.,155)100 = 2% )
| . 100 - (M + 1.08A + 0.558)
2{Moist, MM-free Btu = (Btu - 508)100 (2.2)
i 100 - (1.08A + 0.558) ot
where MM = mineral matter, %
Btu = calorific value, Btu/lb
FC = fixed carbon, % |
M = natural moisture conteﬁt;'%,

A = ash contént, %

S = sulfur content, %

The moisture content is that which is retained in

coal at 96-97 % relative humidity and 30°c.

The conclusion here is that lignite, according to
ASTM standard classification, is the coal contains calorific
value of about from 6,300 to 3,300 Btu/lb in most, mineral

matter—free basis and non agglomerating character.

2.2.3 Grade Classification

For a given rank of coal the amount and the  nature
of the mineral impurities associated with the coai vary
greatly. Large coal seams cdntaining “over 30 % mineral
impurities are not uncommon, nor are mines containing a few‘
percent extraneous mattér. Since the calorific vaiue of the
coal purchased is reduced by‘fhefmin:ral matter present, the

concern qver-gradingAthe‘coal is readily appreciated.
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_ The gradé of coal depends 1arée1y on the amount and
nature of the mineral impurities associated with thé "coal.
The. mineral matter content is related to the ash produced
upon burning,and ash is therefore commonly used in grading
coals. Other.parameteré .which'.affect the grade of a coal

are moisture, size, and calorific value.

203 Reserves and Properties:

.Tablé 2.2 illustrates the world coal reserves(l®),
Total geological resources are 10,125 billibn tons which is
equivalent to approximately 66,660.billion bafrels of crude
oil "or, in other words, greater théh 33 times of botﬁ
approved and ultimately recoverable crude oil resources. As
classified by rank, 7,725 billion tons or 76.30 % is hard
coal (bituminous andianthracitg) and the other 2,400 billion
tons or, 23.70 % 'is low grade coal, ie. brown coal or

lignite. Only lignite reserves are shown in Table 2.3¢(5),

From the geological map of Figure 2.1 representing
location of tertiary rocks(27) including lignite and oil
shale. It implys that lignite resources in Thailand. are
quite scattered throughout the country, particularly in the
northern part. The biggest is Mae Moh resource at Lampang
province of which geological reserve of 1,300 million tons
and economically recoverable reserve of not less than 450
million tons was estimated(29), Other significant reserves
are at Li, Lampoon pyovince of about 25.04 million tons;
Krabi, Krabi province of about 38 million tons; Mae Teep,
Lampang province of about 10 million tons; Ban Hang, Lampang
of about 54.60 million tons; Jae Korn, Lampang of about 35

millidn tons; and so on (all of these are geologiéal



Table 2.2

World Coal Reserves=(19)

Countries Geological Resources Economically Recoverable

Resources

(10° tons) (%) (10° tons) (%)

U.S.S.R. 4,860 48.00 110 730
U8 A 2,570 25.38 178 27.99
China 1,438 14.20 ' 99 '5.57
Australia 262 2.89 - 27 4.25
West Germany 247 2.44 RKY . 5 .46
United Kingdom 164 1.62 : 45 7.08
Poland 126 1.24 21 330
Canada 1156 1.14 9 1.42
Bosvana - 100 0.99 4 0.63
India 67 0.66 34 5.35
Czechoslovakia 17— a.19 5 0.79
Yugoslavia 11 0.11 8 1.26
Brasil 10 0.10 8 1.26
East Germany 9 0.09 8 1.26
Columbia 8 0.08 0.4 0.06
Rhodesia 7 0.07 0.8 0.13
Hungary 4 0.04 | 0.16
Others 120 1.19 43.8 6.88
TOTAL 10,125"% 100.00 636¢ 1L00.00

a Hard coal (bituminous and anthracite) and brown coal or
lignite.
b .About 7,725 billion tons as-hard coal (high quai ity coal)v

¢ About 492 billion tons as hard coal.



Table 2.3

World Lignite Reserves(5)

Countries

U.S.A.
U.S.S.R.
West Germany
Australia (Victor}a)

Canada

inntity (10° tons)
901,000

199,000

56,000

39,000

33,000
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Table 2.4

Properties of Mae Moh ligniLJS)

Proximate Analysis

moisture(%) ash(%) volatile matter (%) fixed carbon(%)

33. 2 11 28 28

Heating Value

asAreceived (Btu/1b) dry ash free (Btu/lb) "

6,600 11,800
Ultimate Analysis (dry basis)
C (%) H (%) 0 "(%) - N (%) S5 0%)
70.0 5.0 - 18.2 2w & . 4.5

009565

1 179000569



Table 2.5
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(5
Properties of Krabi Lignite (Klong Khanan)

moisture (%)

ash (%)
HV
(Btu/1b)
AVM (%)
AFC (%)
AS (%)
where HV
AVM
AFC
AS

as _received

air dried

14.60-41.81 9.62-23.92

5.96-44.63 5,69-47.74

4.319-
8,207

heating
average
average

average

5:022_
8,708

value
volatile mgtter
fixed carbon

sulfur

8.34-

56.29
5,558~
10,657
47.07
41.20
3.14

dry ash free
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Table 2.6

5
Properties of Li Lignite()

Heating Value (kcal/kg)

average net calorific value (dry basis) ' 6,199

average gross calorific value (dry ash free baéis). 6,964
Average Ash (%, dry basis) 11

Volatile Matter (%)

average dry basis 4.

average dry ash free basis : ' 46.6

Fixed Carbon (%)

average dry basis ‘ 58.9

average dry ash free basis S AR

Ultimate Analysis (%, average)

64.1 5.8 16.2 1.0 : 1.41



Table 2.7

Properties of Mae Teeb LignitJS)

Source: Hui Pon 1

moisfdre-(%)

ash (%)
HV (Btu/lb)

as.récéived air dried . dry
24.03 18.43 ™
15.43 16.57 20.831
6,881 7,389 9,068

Source: Hui Pon 2

moisture (%)

ash (%)
HV (Btu/1lb)

as_received air dried dry
22.36 17.07 =
21.52 28.99 2%.72
6,318 6,742 8,129

Source: Hui Pon 3

moisture (%)
ash (%)
HYV (Btu/1lb)

18

dry ash free -

11,368

dry ash free

11,848

dry ash free

as_received air dried dry
12.71 4,417 = -
68.20 14.64% . 78.13 =
3,208

1,566 1,714. 1,749

where HV = heating value
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reserves). Properties of some lignites which have been used

are presented in Table 2.4-2.7¢(5),

2.4 Utilization

Lignite, and other coals, can be used as feedstocks

for several chemical industries such as fertilizer,
synthetic gas, and hydrocarbon productions, as both
feedstocks and heat source for, as an example, cement

industry, and, as the major role, as solid fuel,iﬁ modified

or as received form¢3).

Thalland has been using 11gn1te for electrical ge-
neratlng over 20 years. Heretofore 10.23 million tons of Mae
Moh lignite was consumed for that purpose. Only 5 resburcés>

as follows has been mined¢23),

1. Mae Moh reséurce lbcétes at Mae Moh district,
Lampang pfovince. It is expected, from geological reserve,"
that it can be supplied to power plants, which will be des-
cribed Below, for about 38 years(22),

2. Krabi‘reédurce is diﬁidéd into two sub-resources
at the site of Ban Béng Pu Dam, and Kloﬁg Wai Lek- Bang Mak.

8. Li resource located at Ban Pa Ka-Ban Pu, Li dis-
trict, Lampoon province.

4. Mae Teeb resource at Mae Teeb; Ngaw district,
Lampang province.

5. Mae Teun resource at Mae Ramad district, Tak

Province.

The . first three resources are government resources

and the other two are private ones.
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In 1983 1lignite at Mae Moh, Krabi, and Li were
mined  1,248,432.1;  325,007.02; and 98,784.22 tons
resbectively‘l) and overall , including private mines, of
about 2.6 million tons were done. ?wo millions from these
was usedirfo; electrical generatihg plants and the rest for
other manufacturings, for examples,  tobacco curing and

cement factory(7:8),

In case of electrical generation, presently;_ there
are five pulverized coal-fireq-units, at Lampang province
using Mae Moh lignite, in operation. Each.of,the first thfee'
has a capacity of 75 MW and the bthef two are 150 MW each.
The next two-150 MW units aré'under construétion and three-
300 MW units are in plaqning phaée. When all these ten power
plahts are in:operaﬁion, abput Y990 A.D., 13725 MW will be
obtainéd. Furthermore,'fhe first power plant using fluidized
bed systé; of. 75 MW capacity is under consultant company

selection at Krabi province¢24),

Cost of ThaW AT 66 AP REhed by its size. ie.
0-0.5 1inch costs 95 bahts per ton, 0.5-1.0 inch costs 195
bahts/ton, and 1.0-6.0 inch is 255-260 bahts/ton(7),
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