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I ABSTRACT 

Fluidized bed combustion for low-calorific-value 
-high-admixture coals 

DP/BUL/81/005/11-53/32.l.I. 

to participate in &nd present a paper at the Workshop 
on low-rank coal utilization organized in 
conjunction with the Bulgarian Academy of Sciences 
and the V.I. Lenin Higher Institute for Mechanical 
and Electrical Engineering. Sofia. Bulgaria. 

one week in Bulgaria 

Main Conclusions and Recomnendations 

1. The workshop that brought together delegates from 18 nations 
was ve:ry effective in 

a) p!"Oducing information on coal resources. particularly of 
low rank 

b} reporting information on approaches to using those coals 

c) enabling good people to meet who otherwis~ would not have 
done so - so they can conmunicate in future 

d) promoting discussion of problems, processes, issues and 
possible solutions 

e) encouraging both synergy and. initiative in low-rank coal 
usage. 

2. There should be another follow-up Workshop in two or three 
years·'· time for the reporting of progress in the interim and 
of plans for the future. 

3. The rec011111endations made in May 1986, DP/BUL/81/005/11-51/32.1.I. 
were confinned as valid. Work has already begun: and a new 
Institute ~s being built specifically f~r the Tear.1 concerned. 
Foreign fellowships and the provision of testing equipment will 
be useful. 

4. There are plans for Bulgaria/North Korea collaboration for 1987, 
t:·.at are worth encouraging. 

5. It is proposed to go into the matter, natio~ally, of improving 
the efficiency of energy use witnin indu~try. This will be a 
valuable concomitant to the development of supplies of P.nergy 
to industry. 
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111 SlJl4ARY 

This workshop was on the tenth ann·;versary of a UN sponsored 
international workshop on low-rank coals held in Bulgaria in 1976. 
Since then 111Jch progress has been made by many countries. 

In Bulgaria work has been concentrated on pretreating and firing 
local low-rank, high-moisture, i:igh-ash Hgnites. This was described. 
Delegates were taken to the opencast mine and the power station Dimo 
Ditchev, at Maritza East, where the developed technology was very 
successfully in operation. 

Further, an interest has been taken in fluidized bed combustion, and 
the progrume of work reconaended by the author in May 1986 has begun. 
It should be continued. 

Other countries' reports included accounts of geology and mining, 
boiler and other developments, and, in several cases progress with 
fluidized bed combustion. 

This author presented a paper on the whole range of uses of fluidized 
bed combustion (fbc) techniques for burning low-calorific-value-high­
admixture (lcvha) coals. 

The existing connexions between Bulgaria and North Korea would fonn a 
useful basis for the collaborative programme that was proposed. 

There was unanimous belief that a follow-up workshop in two or three 
years• time would enable a review to be made of the progress since 
this workshop. It has been an excellent occasion of discussion and 
synergy of ideas based on information reported. 
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IV THE WORK 

The job description follows. 

The principal purpose of attending the workshop was to present a 
paper outlining the scope and range of applica~ions of fluidized 
bed combustion (fbc) technology to the usage in industry of low­
calorific-value-high-admixture (lcvha) coals. The paper follows. 
Slides were shown i1 lustrating the principles of fbc and its salient 
features. There were also photographs of actual industrial plant 
including various configurations of boilers, plus furnaces and dryers 
for agricultural crops and for clay for cement making. Illustrations 
of pressurized fbc plant were shown too. 

Seventeen different nations participated and presented reports: and 
the names and addresses of the delegates form Appendix 2. 

Although the timetable of the workshop was full owing to the number 
of papers, there was ""';:h discussion in large and small groups. Th~ 
exchange of experience! and ideas for development was enjoyed by all, 
and believed to be valuable. Every delegate said that he or she would 
be: returning home with fresh ideas to add into work. 

The author also found the workshop stimulating. He left Bulgaria having 
agreed to send information or further advice, or to make useful 
connexions, for each of the delegates. 

Discussions were also held with the Bulgarian Or<Janizers on the 
reconaendations and progranne in the author's previous report, 
DP/BUL/81/005/11-51/32.1.I; and on the need in Bulgaria for a 
campaign to improve the efficiency of energy usage in industry. 

The opencast lignite mine and the Oimo Ditchev Maritza East No 3 840 MW 
power station were visited. These were described briefly in Report 
DP/BUL/81/005/11··51/32.1.I, of May 1986. 
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UNITBD NATIONS INDUSTRIAL DSVBLOPMBNT ORGANIZATION 

Post lid• 

Duration 

Date requir_. 

Duty station 

Duties 

v.at-3310E 

VNIDO 

JOB DESCRIPTION 
~PIBULl11I005lll-53l32.1.l 

Consultant in fluid bed coal co.bustion technologies 

.Four.working da~~ 

14 October to 17 October 1986 · (subseq! otly 6) 

Yam~, . Bulgaria 

The .ain purpose ls the develop111nt of technologies for th• 
.utilization of low rank coal for power generation. 

to participate in and present a paper at th• Workshop on Low-rank 
coal utilization organised in conjuction vith the Bulgarian 
Ac:ade..y of Sciences and tbe V I Lenin Hlhger I~stltute for 
Mechanical and Electrical Engineering, Sofia, Bulaarta. 

Th• consultant is ~xpected to writ• a brief report sum11arlzing 
the information he has given to the Bulgarian scientists and 
making recOG11endatlons to the Bulaarlan authorities and UMIDO on 
further developments of FBC technology in Bulaarta •. 

.AllP'iut~"'' •1'd communiationt ,...,._ dNt Job Detctloeion .,_,Id be Mftl 10: 

"ol..C Ptnonnel RecnaiUNnt Slcdoft, lnMVfal O,.,ldoN OMtloft 
UNIOO VIENNA INTIRNATIONALCINTftl, ,.O. lox 300, V1tMa. Audrfl 

. ... I .. 
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Mechanical or ch .. ical enaineer vith·excenalve"praccical 
experieace in fluidised bed cOllbustion technol~11 of coal and 
operation and maintenance-of rac plants. 

EaaUsb 

The largest part of th• ener11 needs ln lulaaria are satisf 1ed 
by coal. This coal is of very low c&lorific value. high in 
ash and sulphur content and other Impurities. · 

Tiie plan of the Govern11ent of lulaaria is to produce 43i of th• 
electricitJ frOll these low rank coals b7 the year 1915. However. 
heavy envoriftllel\~,poJ.lutioa·associated vich th• combustion 
of th••• coala,· .. k• i~ illperatlve to d.,,elop efficien~ c~l 
combustion technoloai•• to prevent such heavy pollutlo~. 

Therefore, the Govarnmanc·bas allbarked on a R+D progr~ related 
to th• improv ... nt of coal cOllbuaUon 17sc ... appUed la 
exlstina power atations and to new and 110re advanced cOllbustion 
technologies. Therefore, activities are underway for .. 
retrofitting power stations vlth coal precOllbuatloa treat .. nt 
171t ... for which desian work.bas be4n ca.pl•t•d and tests have 

·been carded out •. Furcher110re fluidised bed combuacion of coal 
will be developed includina th•·••tablishmenc of a pilot plant with 
2 to 3 tonslhour capacity. 
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IV CONCLUSIONS AND 
RECOMNDATIONS 

A The workshop brought together delegates from 18 nations and was 
very effective both in subject matter and in the use of the time 
available. The results included: 

a) the production of information on coal resources, particularly 
of low rank 

b) the reporting of information on approaches at using those coals 

c) the enabling of people to meet who otherwise would not have 
done so - so they wn 1 be able to conmJnicate in future 

d) the promotion of discussion of problems~ processes, issues and 
possible solutions 

e) the encouragement of both synergy and initiative in low-rank 
coal usage. 

8 Although the time was fully taken up with discussions on lcvha 
coal usage technologies, there was brief opportunity to talk with 
the Bulgarian hosts about their own progranme. It is understood 
that. the author's May 1986 recomendations are being followed. See 
report DP/BUL/81/005/11-51/32.1.I for details and background. 

The Team is being transferred to its own premises, which are being 
built. There they will be able to expand the work on their · 
pretreatment r1g, and to install equipment for their fbc programe. 

Accordingly it is reconnended that the progr.- be continued and 
developed as outlined in May 1986. The good work done already is a 
useful basis for such extensions. 

Foreign visits to S!lected hosts would be valuable to extend the 
experiences already gained abroad. 

The provi!ion of the test rig equipment would enable a flying start 
to be made in the practical work. 

C Also the Team have plans for turning their connexions with North 
Korea into a collaborative progrune. This should have advantages 
for both countries, and results should then be applicable more 
widely. 

D In discussion about the way electricity and other forms of energy 
are used in industry, it was concluded that there was need tv 
consider, in some depth, a national campaign for energy management, 
and the improvement of efficiency of energy usage fn industry. The 
author was asked to return in May 1987 for this purpose. 

f. Finally a follow-up workshop in 1988 or 1989 would be expected to 
receive reports of interesting and useful developments made as a 
result of this workshop's 1"terchange of ideas and st111Ulation of 
in1t1at1ves. Further it wo.,ld be help to UNUX> in aon1torina 
perforance in rglr1ant proJects, and indeed of workstiops suth as 
this one. 
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WORICSHOP OH LOW RANK COAL U'i'ILIZATION 

Varna; Bulq&ria, 14-17 October, 1986 

FLUIDIZED BED COMBUSTION 

FOR 

LOW-<:ALORIFIC-VALUE-HIGH-ADMIXTURE COALS 

Birian Locke,. Cadogan· Consultants, London 

I ·- IHTRODUCT:rOH 

The main problems of developinq coal ~ usinq processes 

concern the . low-calorific-value-hiqh-adlai.llture coals (lcvha) 

that are·w~dely distributed around the world. Generally the 

more developed nations have been able to evolve their 

industries on the basis of relatively •good• coals. Western 

Europer and USA, for example, were in a posi~ion to select from 

the various types of coal available for minin9, those with analyses 

and ~urninqcharacteristics ~hat made them easiest and cheapest 

·to us•. Present-day availability of oil, natural 9as and nuclear 

fuels.increases the importance of fuel-usinq econoaiss - when 

there is a ranqe of choice - this means that only qood coals 

are used in such areas. 

As an example, Table l relates some characteristics 

of British coals with the words used to describe them. A 

"moderate• ash content would be between 5.1\ and 7.5\1 while 

any ash content above 15.l\ is described as •very hiqhH. By 

contrast, much coal used in India contains ash in the ranqe 

30-45\1 in North Korea there has been interest in usin9 coals 

with ash contents of over 70\. The principal use for coal is 

for combustion in furnaces, mainly in steaa boilers for power 

generation and industrial processinq. Most of the plant 

involved - whether boilers, combustors, qasifiers or furnaces -

has been developed for u.ie with ash contents of under 10\. 



Coals containing more ash will need both processes and plant to 

be especially adapted. 

Fuel-using plant is designed on the basis of the 

calorific input required to perform the duty expected. The 

higher the ratio of ash to calorific content, th6 larger the plant 

has to be: the more important the removal of ash from hP.at 

transfer surfaces: the greater the need to prevent sintering 

of ash: the higher the heat-content of the. ash removed from the 

furnace: and the higher the cost~ of· gri~ding, maintenance,: fuel 

transport etc., and of minimizing atmospheric pollution for any 

given plant output. So the entire economics profile of boiler and 

power plant - both capital and operating - becomes different the 

higher the_ash content of the coal. Similar considerations apply 

to the water content of coal, especially to the proportion of it 

that cannot be removed before firing - and which therefore 

contributes to coal weight and becomes part of the furnace atmosphere. 

Lcvha coals need an entirely different approach from that 

normally used for coals in the more industrialized countries. 

II COAL CHARACTERISTICS 

Table 2 shows the general relationships between volatile 

matter con~ent, coke-type and age of coal, and the rank. Older 

coals are •high rank• and younger coals are •1ow rankN. 

The classificationsystem i~ used in Britain and applies generally 

to coal deposits worldwide. Figure l shows examples o! test-cokes. 

Table 3 shows how the ranges of values of components of coal 

su!>stance vary with rank. Figure 2 relates the main coal 

variables and is of especial interest because it extends riqht 

from the youngest liqnitous coals of highest volatile and moisture 

content (and lowest calor.ific value•) through to the oldest 

~nthracites of highest carbon and lowest hydrogen and 

moisture cont•nts. 
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Table 4 shows the ignition temperatures of solid fuels. 

Generally, the younger the coal, e.q. liqnites, the lower the 

ignitio~ tem;>erature. This applieo, too, to the fixed carbon. 

Also in the younqer coals, the higher will be the inherent 

moisture (because of the greater porosity) and the higher the 

volatile content. 

Hatters such as ash content (includinq most of the sulphur) 

are not related to the age of the coal, but derive entirely 

from the geoloqical history. In some cases, ash-forming 

minerals are found in bands separate from the coal strata, in 

which case coal cleaninq is usually possible, using the 

specific gravity difference between coal substance and mineral. 

This is generally the case in West Europe and much of North 

America. 

Howev~r, in other coal measures, such as in Bihar in India, 

much miner~l material is finely divided and widely distributed 

throughout the coal substa.,ce - and this is difficult to 

separate by conventional coal washing technicr~es. There is 

usually extraneous ash too, but also difficult to separate 

using specific gravity difference, because the ccal substance is 

denser oh account of its high mineral content. 

Details of three Bulgarian coals, qiven to the author, 

are shown in Table 5. They come_ definitely into the category of 

lcvha fuels, with (C+H)\ figures of 20.0t, 29.St and 31.8\ 

the non-combustible· contents being 80.0t, 70.5\ and 68.2\. 

The sulphur figures are low on the as-received basis, but represent 

lOt, 4.4\ and 5.3\ on combustible matter- which is high in 

terms of potential atmosph·eric pollution from oxides of sulphur. 

The available lcvha coals differ from country to country. 

some examples showing how widely the properties may vary, are: 

(i) ~ Sized and dressed coals in two ash 

content categories, under 32\ 1 

and (the majority) under 40\. 

Low grade coals - under 49\. 



(ii) North Korea 

(iii) South Korea 

(iv) India 

(v) Pakistan 

(vi) Brazil 

Cvii) Canada 

- ... --

Brown coals - up to c.41' ash 

(low moisture contents). 

Sapropelic coals - up to c.80\ ash 

with very !ow moisture content. 

Anthracites- up to c. 70\ ash. 

Bituminous coals - up to 45\ ash. 

Lignites - e.g. Kashmir - ash 38' 

moisture 24\ 

e.g. Neyveli - ash 20\, moisture SO\. 

Bituminous coals, e.g. Quett&, Salt, 

Lakhra - ash 30\, sulphur up to 10\. 

Santa Catarina bituminous middlings -

ash 40\. 

Bituminous coals, e.g. 

Battle River - ash 14\, moisture 28\ 

Grand Cache - ash 45\, moisture 8\ 

III USING LCVHA COALS 

Bulgaria has its own very effective classification s1stem 

and range of processes for lcvha coals, that will presumably be 

described by other authors. 

In other countries, the coals with least convenient 

characteristics may well be allocated to the larger central power 

stations and, where ash chemistry allows, to cement plants. 

There is usually an economic trade-off between the costs of 

benefication (where that is possible) and those of transporting, 

and using, coals with ash that r.ould have been reduced in proportioD, 

Many coal suppliers are installing beneficiation plant where capital 

is available and its use justified. 

It is presumed for the purposes of this paper, that lcvha 

coal has to be used as received. 
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The main problems include: 

(i) moisture 

(ii) ash 

extra handlinq cost, corrosion, hanq-up 

in bunkers chutes and mills, reduced 

boiler qross thermal efficiency - and, 

where considerable, trouble with pf flame 

stability, also hiqh stack qas dew point 

extra transport cost, wear of screens and 

mills, sla99in9 of refractories, erosion 

and deposits.on boiler tubes, load upon 

electrostatic precipitators, liability 

to external dust nuisance 

and, where considerable, trouble with 

ignition and pf flame stability 

The subsidiary problems include: 

(iii) .sulphur corn:miorr at the 'COOl end of the boiler 

especially at part-load and .below 
the dew-point, atmos£)heric; so2 pollution. 

deposits on boiler tubes; difficulty when 

used for cement manufacture. 

IV PROCESS POSSIBILITIES 

The chief fundamental need is to separate calorific content 

from ash. Boilers and hot qas furnaces burn the hydrocarbons, 

leaving ash, usinq the hot flue qas directly. In the "two 

stage" approach, gas-makinq processes make a combustible gas 

as the first 1tage and burn that as the second stage. 

Carbonisation distils volatile matter for later combustion, 

leavinq either coke or char dependinq on the caking properties 

of the coal··- and the ash remains in coke or char. 

Where the chemistry of the ash poses problems, as a.ay 

be the case with cement manufacture, then there is an incentive 

to pre-gasify or to pre-combust the coal before the gaseous 
. I I 

products enter the kiln. 

l 
I 

I 

I 
i 
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For boilers, where the main needs arise, ash contents 

of over 30' are generally not acceptable for mechanical 

stokers and are undesirable for pulverized fuel firinq. 

Beyond pulverized fuel capability, then slaqginq cyclone combustion 

is one principal approach: fluidized bed combustion is the other. 

1. Slaqginq eyclone Combustion 

The slaqqing cyclone is illustrated in Figure 3. There are 

two basic philosophies: in Europe to use the coal crushed to c. l na 

and less,and in America to crush it to below 7m. In both cases, 

the combustion temperature must be sufficient to melt the ash, 

which forms a layer of eql.•ilibrium thickness inside the water-cooled 

refractory lininq of the combustion chamber. Coal particles can 

remain stuck to the qradually rotating ash layer until they have 

substanti~lly completed combustion. In practice, ash with a flow 

temperature (in the ranqe 50-100. poises) of over 14000C may be 

difficult to handle in such a plant. 

In cyclone combustion, the ash/slag does not enter the boiler 

as such,, although, of course, alkali metal chlorides may still 

be a nuisance. 

It is also possible to fire pulverized fuel into a water tube 

boiler of desiqn such that the ash melts and is discharqed 

from the bottom as slag. Care needs to be taken with combustion 

chamber radiant heating surface, and control of flame shape and 

length. 

2. Fluidized Bed Combustion 
Fluidized bed combustion probably offers the most useful range 

of characteristics for lcvha coals, in the family of process 

_configurations that are available. Most of the first applications 

have been for steam boilers, £or process steam and for power 

generation. Sizes of up to some 300 tonnes/h of steam can be 

regarded as straightforward with ordinary fuels, and there should 

now be continuing steady proqression in size up to the largest 
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central paer statim i::equixalEr.ts. 

'l!B gereril oaiclusim mm experiel1ce with hmdreds of plants 

aver a mmber of years, is that cnce a fuel is intxoduc:ed into the 

flufdf?£d. bed CXJlhJstial c::hanbtr, then it can be blmt satisfactorily 

at high efficiency by tbe tedn1ques available. 

(1) .lxides of Sulpmr and Nitrogen 

'11le SC>i can mact dllectly with limestme by. tbe emthemd.c mactial: 

Caa>3 + &>2 + \02 = caso 4 + CD2 

lJclwew.r, if the te•1erature exceeds the equilibd.an value 

(dependent m co2 partial pressme) frn· the E!ll&TJ>emdc 

ca.tcinatim xeactim: 

Caa>3 = CaO + 002 
then it is the calc1an oxide that bee> 11es· suJ.plated: 

. catJ + 002 = \02 = ca&> 4 

'lba tendency is far limestme to becc>te calcined in cmbustors 

q>eratinq at near at:m:l81pric. p%eSSUre but ·not in c:x:ab.Jstors 

operatinq at several tines at:m:JsP1erlc presam&. tilien cal.cinaticn 

oocilrs;. the particle bec:DneB l!D%e poxous, owiD;. to·co2 evolutia1, 
with the dewl.opnent of a 1aEge .intemal surfaoe for 8\1lp1atial. 

Qi the other hand, the final. reactiCJl pmduc:t, caldml sul,plate, 

is bulkier than the oxide and it my blodt the pate&, fom an 
inp!rviowl skin m the particle, and hinder further i:eact:l.al. 

With do.lon1te, C1':JJ~J' endot:hem_"':.,; ~11p:isitial and half 

calcinati.cn ooc.i.1.r at tenperatums SEM!ral hundred degxe es lower than 

that far l1nesta1e caldnatial, i.e. at Mlll below ocahlstor 

terrp!ratures ewn at high pressures. The product is a mixture of 
calc1an cazix:nate and magnesi1llll oxide fomed by IP.actiaus '4l:Ldl can 

be xepresented .::\8:-

DeaJlp)sit;. . .,n: caD3.~3 - (Q0.)3 + ~3) 
Half-Cal.c:1nat: <eaa>3 + ~3) = (Caa>3 + ~) + 002 

':the ~ produced by these reac'daw does. not react with 502 under 

caitiustor anliticlns, but because it results .fran calcina.tial it 

c:z:eates and maintains, durinq t.he lina-sulpiatiai ptooeu, a high 

degree of porosity and aoceeail>ility to internal aur.face. 
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~ fed J 1 tates absOiptia1 o~ 002 either at law tenperature 

with calcitn cartxnate, or by reactim with calc.:b:m oxide at 

t:srperatures above the l..imest.cme caldnatim ~-

Alnrst aey degxee of pnlpmr absoJ:ptiGn can be achieYed by the 

prese ice of sufficient calcmn in the ash or of sufficient 

limestme or doJcmite added to the bed. en the basis of 

.ca/S-ml ratio, dolanite5 added to the bed axe S\Pll"iar to 

linest:mes When cprat.:iD:J under e:.evated pressure, bit slightly 

inferior at Cllbient pmssm:e. <kl a ~ght basis, en the other 

ha&ld, lillestmes am superior to dolalU.tes at ani>ient pcessure. 

Other paranetem which can have signincant effect m:e bed 

te1peratm:e, qas msidenc:e t:iDe (i.e. bed depth divided by 

fluidisiDJ velocity) , mactivity of the calciun mineral1 particle 

size of the calcil:m mineral, and the pmssum ~ which the 

ccnbJst.im is cxmduct:ed. 

'lhe m:JBt suitable cpratinq t:eap!rature of the bed- will .generally 

be SCllE!Whem .beblBell 7~°c and 9SO'b, depen:1inJ en the particular 

appllcaticn, and the fuel characteristics. - In this range the 

fOIDBtiai_ o! oxides-of nitrogen is mi.nimized, as also the emissiai 

of trace elements and tlie volati J i :zatia'l of alkali 

netal Salts; slaqcjing ·and cl.inkerinq ace-virtually ' 

el.1n:!:f.nated; and the mact:1m of su1prur dioxide with limest:ooe 

and d::>lanite is m:::ist effective.,· see Figures 5 and 6. 

(ii) Heat Transfer 

To nainta1n the bed t:enp!rature .between 1so0c and 9S0°c, it is 

necessary for heat to be rEllDW!d ccnt1nuously fran the fluidized 

ClalD.tstor. '1his can be achieved by imlersiD;J coolin;J tubes, 

car%Yi1Y:I a woi:kinq fluid such as water, stem, air, (or even 

.speda1ist heat transfer fluids, such as d:iplenylaxide mixtures) 

in the bed. Altematively, substantial quantities of excess 

air, over and above that NqU1zed to maintain am:ustial, au1 be 

supplied to the bed to cany if/Jl1afj the heat. '!be tctal heat 

transfer CX>""(\.fficient between the fluid1 :zed bed and sub!erged 

cooling tubes, which catpriSE=S radiative and cxnvective 

C'CllpXBlts, can be up t.o ten times higher than in c:aive.ntialal 

gas-to-surface heat exd1anqe systena, dependi.'lq en particle siz.e. 

Figure 4 show& the effect of particle si2e and gas velocity m 

plant output. 'Ibis means that fluidized CC1lbustial boilers need 
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much less heat transfer surface than do c:xment.iCX1al bot l.ers. 

:AmthP.r factor 'Whi.ch further illcreases the saving in heat 

transfer surface d:Jtained with flnjd1zed oad:Just:ioo, is that the 

wlx>le of b'ie suxface of the tliles i•mened in the bed is 

available fi .: heat trmsfer, 1ihereas cnly half of the surf2D! of 

m::JSt of the tWinq of a cxnva>tia>al pulverim!-fuel l:x>1ler 

fumaoe is exposed to. the CXllbJsticn gases. Figum 7 st¥JWB a 
&DBl.l water tube boiler anwrted to fluidf zed bed a:mblst:im. 

Flnt dj zed oad:osticn at cmbient. p:essm:e is 1 deal l y suited to st:eam 

rat siD] and mt water boi lem, process heaters, dJ:yers and- incineraticn 

ai:plicatialS. 'lbe ommstia1 bed: nay be used with or without heat 

transfer tlile,. acam:tinq to Wlet:her the output is mquixed as heated 

~fluid, or just mt gas - and with· or witlD.lt 

del f herate su1piur mtent::lmJ acoot'd.1BJ to the sul.pb.Jr CCl'ltent 

of the fuel mterial cmd the enviDmEntal pollutim legislatiai. 

Mld1 aperience has le:Ji 11e available s~ the new awroacli to 
flutdt ud c:adJusticn· was lnaujurated · by the BllRA prototype shell 

boiler, W1ic:h began waDc 1n 1969. '!hat wxk was followed by several 

hundred . bot lers worldwide bmW¥;J a large variety of solid, llqu1d 

and gaseous fuel.a in very many diffm:ent cxmfiguraticms of plant. 

Fln1d1zed o::rd:Justars, being a:llplCt, can also be designed for operaticn 

at elevated pcessures. · Q:ntainnent in a pressure vessel is 

straighfon1ard. '!he bed is ~at the desired oper;itinq 

tenperatum eit:b!r by heat naDYal. via tubes in t.'le bed, or by the use 

of excess air. and the mt pressurised flue qases, after rem:MLl of 

partia.llate natter, can be expanded th1'ough a gas tuz:bins for power 

genemtial. ~ cpxatinq at elevated pressm:e, the potential 

reductial in boiler size is CX11Stderable. '!he heat release per unit 

cross-sectia1al area of bed can be inaeased, broadly, in direct 

pi:oportial to the inaease fa operatinq pressures - fortunately wtthcut 

1nc:urrinq a ~ ina:ease in the amount of mat.erial 

elutriated frau thB bed. csee Figure 4) • '.the heat release per mit 
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volme of the bed is also inc:xeased,in ptqQrtial to the pmssuxe, 

and needs to be a:ntained within the limit of the f)rOpQrtial of 

heat thG can be absaxbed by tl:iJes within the bed before the above-bed 

taq;eratm:e rises above the requimd l.eYel.. Because the rate of 

heat transfer in the bed dJes not rise With iJlcrease in ~ 

(or velocity) O\ler the xanges ~to CXlllllBrC1al plants, bed 

depth will have to be increased to acn ""' da:te the neoessaey beat 

transfer ~.ace. 'Ibis DBtter of gecmet:iy 1JBf be of nme ocnsequenoe 

than the snail extra CClli:Justicn pressure drop involved. 

1. Pressurized Power Generatim Cycles 

As well as the Rmkine cycle, as used in <XllW!D.ticmal power 

stat!als, whei:e aabimt pressute fln1d1?.ed bed oad::lust1.cn is 

S\iJstituted for pulverl 7.ed fuel. fir1nq, the oad::lust1.cn itself can also 

be under pressure as just. rut:lined. 'lbe mmt-er of possible themcdynam:Lc 

cycles is lax'ge, and can be cJass:I fied into t'lllo groups. In CD! group 

the Mlik1nq fluid is air and/or oad:lustia1 proclJct.s1 in the other 

gmup there axe t'lllo waddD) fl.nids - steam and c:xab.:lsticn products. 

In all cases, calc:f.lD in the bed will retain a ca.1 cul.able prqx:xrtial 

oi fuel su4iJur, so pr:eventinq its caddes fran entering the flue 

gases. '1'he producticn of cJ!d des of nitrJgen fran p:teSSUri8ed 

fluid1 :zed. cadJustors is also generally less than fJ:an fl»:ldi ?.eel 

CXllbustors WJ:k1nq at ani>ient pn!SSme. 

(i) Open Cycle Gas 'l'\D:hine 

'lh1a is tbe sinplest cycle in 'Which all the WJ:k1nq :fluid is used 

as fl.uidizmJ air, Wllc:h is heated to tul:bine inlet t.enpratm:e 

in passing th1:oogh the bed. (See figure 8). 'lbis cycle makes 

use. of the vexy high heat transfer rat.es in a. f1 u;J di :zed bed for the 

direct heat.inq of the.~ fluid by the. OOt particles in the bed: 

~' all the ~ fluid has to be cleaned- of puticles · 

befaie it reacfles the tm:bine. 

(ii) "Air Heater" Cycle 

'Ibis is a derivative of the sinple cycle and is shown in Figure 9. 

Air fran the cx:npxesaor ia split~ separate streans and DDSt of 

it (up to sane two-thitds) passes through tubes .tmne.rsed in the 

fluidized bed, where it is heated to a teaprature ~ 
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the ocnblsticn bed tenperature befoJ:e be1D:J miJCed with the 

cleaned products of cxnblstial fran the rena1n1nq air saeam. 
Sa::h a cycle involves a sneJJer CXJlhJstor than does a sinple 

q>en-cycle, and pi:odlJoes a SMUer quantity of gas requirlnq 

cl.ean1DJ, but dBnalm sqhisticated mater1als for the hot end 

of the air tubes. c:allbusticn is~ rut witl". a lower percentage 

of excess air than in the siilple c:pn-cycl.e. There are sewral 

cxnfigm:aticn.. possible. 

(ill) CJ.med (.)Cle Gas 'nD:bme 
In this ~ (F1gum 10) the air heated in the tubes fmms pa.rt of a 
closed cycle mit. Generally, such mi.ts qerate at a lower 

pressure ratio than cx:nwnt1aJal gas t:m:bines, bit at a 

significantly higher pmssure level. '!his leads to sdl&tantial 

1nc:reues in the beat transfer ~ficient beb.e en the air and 

the bi2 ~ and hence to a mduct1m in the aaant of beat 

exchange surface required. 'lbe cx:abJStor can either be pressurised, 

in llb1c:h case the OCJlbJstia1 gases pa8s thraJ]h an open-cycle 

gas tud>ine, or it can operate at atnmpheric pcessum. 

(iv) SUperd!arged Ccni>ined Steam GasJ!'Ulbine Cycle 

'lh.1.s 'type of cycle is illustrated in Figure 11. A gas tmbine iS 

•across• the CXllhJstial chaai:Jer, while steam gene.cated in the 

0011er bi25, drives the st.ea tmbine. Al.though there is 8CXlpe 

for variat.ial in the Wirf in "1ich the stean generating aurface 

is disposed, there are fewer p::l&Sible cycle variatials than 

with the air cycles. 'lhis scheme is basically a high efficiency 

cycle and the main socp for ingenuity lies :in transferrinq as 

nuc:h heat as p:>SSibla frail the qas tmbine exhaust back into the 

steam cycle. Effectively the Rankine and Braytai cycle& each 

cxnt:ribute to generatial efficiencyJ the CXldJust.ial "benefictatea• 
the stean cycle. 

Figure 12 shows the layout of cme of the earlier Britiah 

e:xperim!ntal pressurized planta. 'lbe ta is now operatinq an 

80 Mf pressurized text plant at a coal mine in YCll:kshi.re a1mld at 

this oali>ined cycle. 
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'lhe higher the volatile o::ntent - the 1aer the rank of a 

coal - t.lva easier ignitim bec:n•es, and the nm:e easily it may be 

l:mnt to cxnp~..ial. Figure l3a ill.ustntes this point. 

B1gh misture oantent alJd the pceseDOe of fibmls mterial may 

oft.en illply t:be need for the app£Oad1 used in atlgarian paer 

stat:ials for ~tment. High ash cxnter.ts, however, make it 

neoessaxy to ~ speda1 measmes to aci :c '""date them and to 

ensm:e tmn-out of particles. '1he flat-plate distr1butar aod 

weir owrflaf or ash that W1'ks so wen with ooais of m:xJemte 

ash cxntellt· can e.3Sily beo 11e bl.oc::ked with large particles or 

stooes (see Figure U>> • Accatdinqly, various fm:nB of sJ.cpiD} 

base plate, ·or its equivalent, have been used. sane exaiples . 

cx:nstitute Figuxel4, sbadng ac •euqau:nts for dischaJ:ginq 

ash frail the bed. Ash SO xem:Ned nay need to be cl aqi fted, SO that 

material with a significant camcn cx.ntent can be m-injected. ., 

Figuxe 15 shews sam ways of do:lnlJ this. 
" 

1. Difficult bum-rut oc.als 

~coal. particles are light (as with lignites) or/and 

of lat mactivitY, as with anthracites, there nay well be high cad:x:n 

ccntents in cany-over. and e 1.ucriat.ed. ash. 'lbea!· am several ways 

of ina:easing x:esidence time, so as to encourage tw:n-out. 
(iJ Circulatial within the bed 

(ii) Red.rcul.aticn within the boiler 

(ill) RecJclinq ash back to the boiler 

(iv) Mlltiple beds 

Figme 16 shows both an exaaple of a circulat.!nq bed <Xllb.JStor 

and its arrangement in a boiler. An extensim of the sane principle 

leads to the xecirculatial cxnoept as shewn in Figure 17. 

R.ecyclin:;J involves retuminq-material to the <XllbJaticn 

system, as shewn in Figme 18. A cad:>inaticl1 of rec1rculatial and 
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Mlltiple beds ai:e the other Wirf to ac::hie\-e the sane result, 

of dlpllcat.1n<J :residence tine, not by recycl1nq an:md the sane 
bed, but by passiDJ particles· fran me bed m ar.otber. Figw:es 20, 

21 and 22 star tmee diffexmt ~-

'lbem is an 1ntei:estinq futme ahead for the cJewl.q:DBlt of 

existing tecmologies to handle the l.aX9B tam.ages of lcvba coals 

that need to be bumt effid.ently. Oftal. they am be1J¥] hu:nt vm:y 

ineff1 dently at pmsent - and sanetines with mx:h ~ 

pollutial, .esp!':f ally with old plants. 

Tedm1ques such as cyclme OC11bJst:ia1, and particularly fluid1 zed 

bed CXllbJstial, offer good startiDJ poaitims.., and mch qplrbmity far 

steal\ and pcMeX" CjED!Rtial with lcvba coals as ptOJ1auaes dewlcp in 

Bulgaria and elsewhere. 

In Bulgaria ~ other OCDltries with lcYha coals there is mx:h 

work to be chle, and mx:h benefit to be dJt:ained. 

BL/ID 
3.10.86 
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THE COAL ·clASSIFICATION SYSTEM USED BY THE-NATIONAL COAL BOARD 
(Rsvision ol 1964) . · 

Coals with" ash d over 10 per c.m must be dean_. befcn ana'Vsis for dassificalion 10 gr119 • mammum yield of coal with 
ash of 10 per cent or less. · · 

Coal Rar* Code Volaeile Mm.r . 

{d.m.m.f.) Gray-King · General Descriplion 

Mmn~<.,>I 
·Su!>- (perc.nt) Cc*eType" 

Class Class 

100 

I 
Under 9·1 

A lA }Anthr~• 101t Under 6-1 
102t 6·t-9·0 , 

200 , _9·t-19·5 A-GS low-wlatil• at ..... com 
201 9·1-13·5 ~ 

fo~-.m-201a 

I 
9-1-11·5 A-8 

201b 11·8-13·5 B-C 
' 202 '3·8-15·0 B-G· 

203 15·1-17·0 E-G4 - Coking ..... coefs 
204 17·1-19·5 . G1-G8· 

300 19·8-32·0 A-G9 and uwr '9ecllum-vol.ille coals . 
301 19-8-32·0 

., 

G4 and over } .. 301a 19-8-27·5. } G4 and over Prime coking coals 
.301b 27·8-32·0 

-302 19-~2·0 G-G3 . . M~ium-~ medium-ailing or 

3m 19-8-32·0 
w.a;:, caking coa1s 

A-F Mlldium-~-.- WNldy caking to 
non-ct: · coals . 

400to 900:- Over32·0 A-G9andowr Hlgh-voh1tU• co• 
400 Over32·0 G9andowr l H~~ Vf#Y llronglf caking. 401 • 32·1-36-0 } 402 Owr36:0 G9andowr 

- l High-volldle, lllOngly clkmg cas 
500 Owr 32·0 G5-G8 

501 32·1-38·0 } Gs-<18 502 0..38-0 

600 Over32-0 G1-G4 l High-volatii. llMIClurn-caking coals 801 32·1-38·0 } G1-G4 602 
. 0..38-0 

700 Over32·0 E-G 
} HiQh-volacii. W9ilkly Citing coals 701 32·1-36·0 } E-G 702 Over38·0 

-
800 Over32·0 C-0 

} Hlgh-volatii. verv weekly citing coals 801 32·1-38·0 } C-0 802 0..38·0 -
900 Over32·0 

} 
A-B l High-volatil-. nun-caking coals 901 32·1-38-0 A-B 

902 Owr 38-0 

• Co1& w;m volatn. ,,,.,,., of und• 19-6,,., clnt. ,,. d...Ui«l by wing IM,,.,.,,,.,., ol vol«ile ,,,.tt• lion•; tM Gtrt­
King cob typn quot.d '"' th._ co.• indiuc. rJw g.,,.,./ t•"ll• found in Pfacdu. •ntl •• nat crit•ia '"' dauiliution. 

t In CJTd• to divide Mtht..:it• into two c1au ... it# 1ometitn#convMiMI to,..• lrf"agM t:ont• ol 3·36 fl# cant. 
(d.m.m.I.) initeMJ c • • vol1tile m•tt• ol 6·0,,. cent. •th• limiting Clit•ion. In th• tNiginal Coal SllfVrt ,.,. coding l'flt•m 
th• 1nth11cit• we,. divided into 1011 d,.,.. thM dni(/Mted 101. 102. 103 "'d 104 Although rJw /lfe#nl division into 
two cl.-a ••ti•fiu mMt 1equifemena it,,,.., IOll'letim# H nee..., ro 1.cognin more than two d•un. 

Not• 
1. Collt th• "'""" b-.n affKted by igneous lntrullons ("hNC-altMCf' coals) occw mainly in dllH9 1 OCl 200 and 300. 

and wh.,, rec:oo.,,;.t should be di.Unguishld by adding me suffix H to the coll rank cocM. •.g. 1 02H. 201 bH. 
2. Colll thll haw ~ oxldiud by wachering "'IY occw In llt'f clua. and wherl recognized lhOuld bl dlseinguilh_. 

bv adding the IUffbc W 10 the COii rink cod& •• g. 801 W. 
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TABLE 1 

NATIONAL STANDARDS FOR VERBAL DESCRIPTION OF RANGES OF VARIOUS 
. PROPERTIES OF BRITISH COALS 

Hemisphse 
c.bon Arsenic ·Temper.nn 

Description Ash Su•phw Dioxide Chlorine Phosphorus (p.p.m.) ot as11 c•c.> in 
(per ctnt.} (pWCont.) (per cent.) (percent.) (per cent) AsaOa) Reducing 

Atmosphere 

Very mr. .. 15·1 and 4·01 Ind 2·51 and 0·61 and 0-071 Ind - 71 Ind 1460 and 

°"" owr OVtr OV9r °"" over over 

H~ .. 10-1-15·0 2·51-4-00 1·01-0-80 0.31-0-60 0-031-0-070 31-70 1360-1'60 

Moder-.ty high 74-10-0 2·0l-2·50 - - - - -. 
Mod ... .. 5·1-7·5 1·51-2·00 0-51-1-00 0-18-0-30 0-011-0-030 11-30 1210-1350 

M~low - 1·01-1·50 --· - - - - - -. 
low .. 2·1-5-0 0-51-1·00 0-21-0-so- 0-08-0-15 0-0051-0-010 "4-10 1110-1200 ' . 
Very low ... 2·5and 0-SOand 0-20 and 0-0S•nd 0-00ISO and 3 •nd 1100and 

under under under und• . urtder under under 
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1'a..E 3 

VARIATION OF CERTAIN PROPERTIES OF BRITISH COALS WITH RANK 

Volllile c.-ific MoillUl9 Gt8y-
COii c.bon Hydrogen Miiis v-. (ad.) King a.s. 
Rank (d.rn.m.f.) (d.m.m.f.) (d.m.m.f.) (d.m.m.f.) (per Cob Swelling MlinU..• 
Code (percenl) (percent) (perc.nl) (B.t.uJla.) cent) Type Number 

100 92-95 2·8-3·9 2-8 1~15850 0-~2·9 A 0 CloRd llOve& horlicullule. _ _..,__ Ooillfa 

201 91-93·5 3·7-'·3 ~13·5 1~15950 0-~2·0 A-C 0-4 QQ...:11 lllWel. ...,... 
2112-4 90-5-93 . .., ....... , 13·5-19-5 15800-15950 0-5-1·3 ~ 1->9 a.,.; for CGldflll 

301 87-81·5 4·5-5·4 19-5-32 1~18000 o-~·0 G4and ~>9 --furnec:e end foundry 
.. .. over cab" . . 

3UL 81·5-91·5 4·4-5·4 19-5-32 14900-15900 0-7-'·0 A-G3 M 8oilelt. cMlonizai'XI · 
303 

.. 
(C.R.C. 302 anlv\ 

400 84·~5 5·1-5·8 32-40 15~~15900 0-~2·5 G9Md 51-8 ...... ,..,... --. .... 
°"' 500 83·!>-88·5 5-1-5·8 32-40 14900-15700 1-G-4·5 G5-G8 31-8 81111-fur.-.--. a.. 

600 83-88 5-1-5·8 34-42 14800-15800 1·M-O G1-G4 3-8 ............ --.~ ODlll.__ 
700 82-87·5 5-M·I 34-42 14550-15400 2-o-&·5 ~ 1~ ....... ~ 

blenclng for CllbcNliudcN\ 
operitna 

800 80-88 4·9-5·7 34-45 1~1!SOISO 3·0-14-C c:.o i-ti 8oilelt. °"" .. 911 

900 71·5-84 4·9-5·1 134-45 13800-1 "800 4·0-14·!! ...... 0-2 ~°""-
D.m.m.f.--dry. mi .... :-met1er·frM bail; ad.-eir-clried b11i1.. 1 8.t.u./lb equals 2·321 kJ/kg. 

~ In ...... the IUialbility ol • cOll for • IC*ific ... (e.f, caU nanut.auN). ICCOU ...... UIUlly ..... IN ""*' ~ 
ocher properties ( .. ,. llh and sulphur). "Cfoled ICOVM" and -open files".,. domlWc applianca 

. . (By cowr.q ol the NltioMJ Coal BOMI.) 
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IGNmON TEMPERATURES OF SOLID FUE1S 
IN-AIR 

Wood-bulk ..• 
¥Olaliles 

Coal-Bituminous Gas 
--8i1uminous Oldinary 

WelshStUm •.• 
Andw.:i .. 

Cob .......... 
Gm· .•• 

. ... 
Fixed Carbon in-8iluminous Coal .••• 

-steam Coal 
--Antlw.:ite • • • . .•• 

540 
1100 
700 

750-800 
880 

. 930 
930-1200 
800-830 

760 
870 
925 

282 
590 
371 

400-425 
470 
500 

SOCMS50 
425-&00 

40I 
488 
49'J 

NOl9.-lgnilion tems-atura depend not only on thl precise ...., .. 
of the fuel bul on the n'9lhod of test. * movemenc. .cc. Al ~ .. 
necesAfY appoximae. 
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'D\BLE 5 
.. . 

Relevant Bulgarfan·eoa1s 

Maritza - East Pernik Brown Bobovdol 
lignite Coal Coal - high ash Brown Coal 

wr s 
t 55.0 16.0 16.0 

Ar S 15.7 44.5 40.3 

er s 18.4 27 .1 29.6 

Hr S 1.6 2.4 2.2 

or s 5.5 8.4 5.9 

Nr S 0.3 0.7 1.1 

sr s 2.0 1.3 1.7 

Q~ kJ/kg 6000.0 10100.0 11300.0 

tl OC 1250 1240 1190 - 1240 
1 (1220.. - 1300) 

tl OC 
2 1280 

(1260 - 130<f) 
1320 1290 - 1300 

tl OC 1300 1350 1330 - 1360 
3 (1280 - 1300) 

tBB· OC 
1 1050 - 1150 1050 1000 - 1120 

tBB oC 
2 1150 - 1300 1190 1160 --1215 

tee oc 
3 1200 - 1400 1230 1200 - 1270 

kg/m3 700 - 1100 700 - 1100 700 - 1100 

ydaf % 60 - 64 50 - 52 50 

vr s 
h 11.0 

kBTU _ 
0 

0.83 - 1.22 0.9-1.2 0.9 - 1.2 



Sf 02 S 

A1 2o3 S 

Fe2o3 s 

CaO S 

MgO S 

Na20 s 

~o s 

so3 S 

-28-
Table 5 cent. d •• 

Maritza - East Pemfk Brown 
Hgntt.t Coal Coal - high ash 

35 - 50 54 - 61 

16 .. :32 26 - 30 

2.5 - 5 1.5 - 5 

1.5 - 3.5 0.5 - 2.5 

7 - 20 5 - 10 

0.2 - 0.4 

0.2 ;.. 0.6 

·• 
2.5 - 15 1 - 5 

aobovdol 
Brown Coal 

50 - 60 

23 - 30 

1.- 3 

1 - 4.3 

9 - 18 

0.2 - 0.4 

0.3 - 1.3 

0.8 - 3.5 
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" 11 October 1986 

13 October 1986 

13 - 17 October 1986 

14 and 15 October 1986 

16 and 17 October 1986 

18 October 1986 

20 October 1986 onwards 
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Chronology 

Annexe .. 1 

London to Sofia 
Meet!ng with Professor Mowadjian 

Sofia to Varna. Beginning of 
Works!lop at the Energo 1 
Establishment at the Orouzhba 
Comp 1 elC·. 

The wo.-kshop 

Presentations of papers and 
reports. Discussions. 

Visits to opencast lignite mine 
and to the Dimo Ditchev Maritza 
East No 3 power station. 

Continuing discussions. Varna 
to Sofia. Sofia to London. 

Report and letter writing. 




