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Overview of the energy R+D programme of the Federal Repubils
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BRiru04ANN&Vi@5ﬁr Efficient use of modern coal preparation plaat.
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Aspects of plannipg, orpanisation and managemeat of coal
mining operations,

The technology of coal handling and conveving representad
by actual examples.

Coal slurry pipeline transport.

Methods of coal preparation and briquetting with special
rezard to demestic fuels.

Modern coal coembustion and boiler-techuolozy,

HALDMANN Vx{aj l» Power plant technology, conventional and advancsd

DURRFELDU‘CX

concepts.
Svnthesis 3as from coal based on a process developed by

Rk Texaco/Ruhrkohle/Ruhrchemiz.

MULLERM/

EISENLOHRJ@ﬁ

Gas from coal based on Saarberg/Otto gasification
techaology.

Motor fuel from coal.

Synthesis gas wmade from coal by the High Temperature
Winkler precess,

E:CH{ER \/v UK°£L The production of liquid hydrocarbons by coal hydrogengticw.

rossxox‘xc,es of utilization of Indonesian zeoal by
arbonigation and gasification.
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Overview of the ne*cv Resezrch and Develonm=n+

Program of =he Fednr=l Republie of Germanv with
soec1a1 Attontion to Cgal Utilisation Technology

L, R Holmghaus
Projgct anagement for Energy Reaearch (PL

Ke.dLorschuhgsanlag= Jullch

p: 8210040979

The program was started. in [22} with an annual bvdget oL
about'zég Million DM. Major target areas of the program -
are _ T .

- EBfficgient use of energy

= Coal and-other fossil sourcés =

- New sources of Ensrygy

Thisg first program‘was followed by the Energy Research and
Znercy Technologies Program covering the perlod Zrom 19 7

to igﬁp, which nas now been extended until 1983. The'finzncia%
scope has been significanvly increased. Financial prfority

is given to the aresa ®*Coal ‘and other fossil scuxces". This
includes.activitges directed towards the inprovamc nt of the
pelliution of coal fired powex stations. Most of the ‘uras
available for this part will be spent on large scale demon=

stration plants.

The paper briefly outlines the objectives, the content and the

funding of the program.

The measures foreseen under the Eneréy Research and Energy
Technologies Program, and harmonized with the Energy Program

o§ the :edé:a;_Govérhment}ise:we_ﬁherﬁleowing;pg:poses=
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‘Butf as Zar as the conmitted money is concarned ccal gasi-
Jzovw 20 3 2F she funls o inte industry, 10 % =0 univarsiuies . ' :

fication and coal liquefaciicn are Of cc'parable importanca.
cr gove.nnen: laborataries, which are fuaded 100 3. i . .

The quastion may arisz wny vax deveic;men: of ccal iechnolagie
The average percentage of govammment funfing is abocut 60 3: R ; oY
-~ .is at the rcentre of our enerzgy’ R+D program. It K23 already bew
&kha zsmaizning cosis are fern by whe induswIy. T

mentioned that coal, hard ccal and lignite, is the anly signi-

) . ‘ficant snergy sourcs in the Federal Republisz. But begides the
The distrituticn of funding shows clearly the prioxity for -

X special situation im our ~ountry there are other important
*zaal and oxher fossil scurees”, which ium fact means £0al, B ¥ p

1y lazge dcmestic smezgy source aspetts valid world-wide, which ask ‘Zér an increasead consumpli
oux cnly axge dcmestd nergy .

‘'of coal compared with oil. The'&vaildﬁility of highly efficien
Aowave -oal can ealy contarue ané extend £© occupy an irportant coal coaversion processses are a precbnditicn for this.
Acwever, ¥ 20 ealy o £ g t

e

£OSLTSOR IX Sur eneryy supply -system. 1f acn-solluticn and econom v1. There is a Aisparity between cﬁergy reservas and eneryy.

‘miszal copversion teshnologiss are found in oxder Lo generata pro- - consumpticn which is illust;;* ed ;n,’iduxc2': The coal re~
fuees which satisSy the neéd of the markes frr comforsskle, easily : serves aré estimated to be ahcut sevnn tines as high as the
nansled an& nop-gollusing scurces of aneryy- oil and gas resarvas tcgethg:, ~ut'coa1 covers only 33 & of

- 1 :
the energy demand. In rthe long teym,. nowever, the balancze

. - - P aToDmont qotiving o e : .
In order ©£ £pen uf :hes~ apPlications cury develdpment acuivities between reserves and consumpiion will have ¢o be restored.

ars é:ividad into Sive saczicms:

2. C2al is the only energy source whibh £§ able to substituée
cil and gas in all respests: In fzgurc 3 the four main fiel:
of enexgy demand acs xdentifxed Space heati g, indusirial
fuels, transpor:s fuals »-Ai ach- crerc cic uses which means
for example chemical raw ma:erialé._rhe Graph shcws koo whe,
srocess steps have to be undgrtaken-tc:convext coal into a
more usable type of fuel. Startin q frcn the left side by,
applving coal hydrcqenati*ﬁ.aﬁi D"ovene twcnt 1but1cn_tc %I.
demands can he Jgenerated, cOal pxrolysis has ‘the same brozd

spectrum of pccduc but bj»” S ¥ p:oces; only a racher ming

part is converted

rr

Valuabl pxoducts..The yield in char: b

] .
[ LI . t
o ba nzod elscuhere.




7a Cermany, and in orvhes countfiss, at first gparticslate

st

20 me/m® are beiag liscussed. Bet alse this Liwmit can be

kept 57 pr:conditisning th flue gas'kefcre entering the

precipitatar or by agplying cloth £ilsers. Sorh technologies
< I3 » ! X 2 :

n

wers develepau ani proved recently.
Sulfur emigsisns sgszared then Lo be of highese 4cncern. In

were

% 25 alsc indidagel in the shaes that cosl —an &ireckly te Jagan, US and Szzueny intensive developrent effcws

ares of dam initrated. Now seversl processes for flue’vas desulfurisation

aze available for commessial applicatisn.’ Jermar Soxpanies
. [

sulfar-

Wivkin 4nig 4ali T will susnline wte develorment strategies which offer three differant processes which are
dioxide Lo gipsun, armonia sulfate anz eles

entary sulfar.

ﬁc“--miss;:ns whizh arg now unie} caﬂszdera-‘cnfturned aus
to be cznircilakle by noéifica:ién cfxthe'bu::ers. T4 was
deconstranad an one ¢f cux powers ;lanﬁs (70C MW) that rather
minor woQiflcatisng & the hurnér Zesign already prodfucs &
significant pesitive »ifect. Infagplyﬁng +ris advanced burner

design even the very stringent U3 standard an J0, emissions

can ze met easily.

- | .
All tha previously mentidned means Ior environmental pretsern:

whick ¢an ba ronsidered ze ke sosmercially available, have

a.nejgative wnfluence with respec: to the afficiency of the

ich.can be cheaznad

Ey a medern desizned crmrentiTnal power piant is lowered o




The lower s=ificiancy L5 Contxas
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s2 e nime the [nvesthent S0StS

‘s <0 tae C02 emisgeion
waxiirament of gawi- =« availakle snexrcy
. are an obstacle

. Aagher Lnvestmant

gplicaczon 2£ . %echnelcgy in general.

Thazafsre im 1774 and earliex the Jevelopnent &f new power

nlant concepts was initiated which promise to have

higher efficiency

lower sgeciiiz investhent £OSTS A

means for o

¥
K

(&)

sollintion control integra+sf in the process.

Garmany three differant development lines wers followed:

of T30 W was coerazed succassfully Sfor several yeass . Fo-evS

the dezign data wisth Zespest no pewer slant efficleacy

DPrroliyzis of ihe feed coal. URilisaiion of the pyvrolygis
233 in a gas wuxbine and cf rhe chav in a steam boiler woih:

alss Sived Zy the exhaust gas of tha turmine. The critical

Froszurized flunidized comtustion of zscal with generaticn

S gusan in “the fiuidizses ped and expansion ©f the ot

2xhaust C259e% it a gas tuvbine. The mest critical units of
Lthiz genceprz-Tiluiilsed combusser. kot gas claaning - are nav

avssiroeescisated in = piant whieh i jointly funded and

operated by U5, UK and Germagy. rhis cest rlant with a
cagacity of B3 ¥, started éperaéicﬁ a mcnt® ago. The
results generated wit:in the n'K”EZ 1/2 yeary wiil enakle
commercial plants‘cf this type %o be designed.

Anochexr activity concentrateés:on.the question how scch

a coxbuczor ¢an ne connected with ﬁhe elactricity gene-
rating units. Quastions concern ﬂgxthexliietime of the garn
turkine, the parcz lcad kehavicuxr, the Ioad following chan
acteristics ete. #ill be investigated by ¢parating a :
ilot plant which censists of .all ;He units of a lLatar

commercial plaat.

Today it is impossible to give preferance to cne of vhese

processes. Zach of them has its own RArits. Only on the

results which will ba generated wix ‘the nexs Sev years can

N ) ko )
reliable desision in this respeét ibe taken.
: he ; : .

Figure 4 indicates hew we see the §ituation in the field of

power generation today- ‘ :

—FConventional pewer plants were‘}n tﬁeico@tse 6t‘theircommer-
cial application always furthé#ideé%iépeql Thigltechnology
; noOWw Tepreseats an optimuﬁ with iesé@ct ﬁb efficiency an
specific favesement ¢os=. ! .

- The intzoductich of pollution éontzcl ‘technologies had a

L H X
negacive influence regarding efficienéy and investmen cosc.

‘But due o the nighexr priority 'of environiental protection |

B . . ] "‘/ .:
this burden was accepted for a:limited perind. .-

L -~ 10 =




comperay i1y availakle systen
cperating pragsere. The 3as, wh;ch Lé sroduced frcw
iomg coal eor brigustited Zine coal, ccﬁta;ug an alraady
elatively high amount of methanég Ihis cfiars advantages

Zay SNG pradistion and for direce use 7id cembustion as well.

although all these processes were commercially available

S

; .
and s£=:ill are todav, it is in fact the developmant potantial

irherent in each of these processes, which sugoast the need

for intensive develomms2nt WOIX.

The development was ini=‘ated o fulSil’
[l

obigetives (£ig. £).

Incrsase in elergy
meduccion inm planit

Redustion in sensiiivity wl . he ceal ased

224 L

. . Lmsrovement i
sma sgmmeracsally

summel-2kte Can

gasifiays, wonsh oue oW .
e meacuws Wi ia oo a3 Tl Gt sya e’
Cmazasterissics. Ihe Fos producsd foeg nmot gemsadn nigher ¥ One neasure which proniSes to have 2 pogitive elisct wied
regars i rigmamivas iz imcroase $3 macifica~
bedrmcazsens and 13 shorefors suitable for all kirds of syas eJars <o almest all stjesctives is the increase i gasifica

T alternation in the

L

complets design for tae Foppars-Tekzek,’ Rummel-Otto and

Tha ¥R

Rl
1
3
133
¥
A
o
i
'

H

have up to ncw been cpaerated unca

winklexr crocesses, w3
N 1

atmosphariz csnditions. In Tarticulaw, systems fox charging

sal ints the reacenr womld ka N2sfnSAYY.

rhe

D]

Orher measures f:or imgrovemene arée specific ax the parzicsier
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3l zagilicanion anables oil aad natural

in aill £ieids af izs mresen: use.

fLng edistlag syn-

chesis units. Dires:t reductian cf Izran n4sds only “he nhecha-

sacal clezn~izg of ke raw~gases. Low ITU~gas produced by coal

FAsLIizazisn has o be cleansd wich raspect fo sulphur and

ralazad =a alxeady axissing tachaslegyr 2

3

(2]
[¥]
3
o

!
0
1%
"
3]
£
u
e

paxtisles T2fzze i c23 he used fyx power genaration or

d geaeration, wWill ke the

5 0w

13 =

The described advantages of . ral gasification which are Dased
on its high Slaxibilisy with regard to the 203l zharacteristics

2nd the product properties have :5 be confrsnced with a signie

H

£icant disadvantaze a3 far as the production of liguid fuels
i

roduchs are slways rasner

N
3
‘i.
)
=]
<3
[
H

low. The methanol production reaches the besgt Sigure which stil!
lies below 5C % enexgy-~wise. The p;:ductzsn of gasoline wvia F.T.
gynthesis is characterised by a yield cf only 40 %. Gasoline via
netharol and Mobil conversion promises just 3 tod polnts ip
addicicn. Compared with this, the production of gascline via

saal hyirogenation locks attractive obtaining $5 't yield. Con-
X ;

verting coal only to a syrcruds tfpe cf.grodues an efficiancy

of more than €5 % can te obtained.

Therefore ¢£0al hydracenaticr for the preduction of ligquid fuels
S :
is an cptiorn which has to be exploited darsIitlly.

Ccal aydrogenaticn

The davelicpment of coal h"drcgenatién aiways means the develop-
ment of the whole process chain. The deéelcpmen: 6f single units
independently is not possible because oé_the high degree of

- ] . .
interconnection. This makes the dévelcgﬁent most expensive and |
risky. Thersiore the resgurtes for the design and construstion

. e v -
of a cgommercial plant have o be assessed carefully.
. ] g [ 2

i v s

. A5ain Germany is in a somehow anigie position. Mast ef you ray
know that &ering the 2nd wo=ld war 'up co; 4 00C 000 t/a cf syn-

. B .
thetic gasoline was preduced. The biggest plant at thar time

-3 -
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The

is

Ilow sheazt (£ig. 71) shows haw strongly related 3R0-TI

za the Fewlan protesses. The main 2ifferences ares

1. ¥o catalyst iz added because the ask of the coal already

3. The hetiom of the destillation acatad

ining the ash is

racycled insxeed af a destillate.

Je do not expect ary rocess informaticn because this process I
® ]

caanct e applied for Gaewxman ccals and prekably not for nost

=f the ccals in one world. 2ut the scale of the SRC gplant is

hevend what we did in the 2nd Werld War in the commarcial

plants. It is the Sivst time xhat hydrogenatizsn reactors and

ot

o Sritical s2lements such as 2ot separation and vacium gepa-
on will be dasigned and manufactured in a size which ears
G

slant is successfully put in cperation we are vexy confident

=hav

Ry

the I.G.-new can ke reallsed as a commercial plant witheut
Larthexr xisk. We will Qo shig fizst in Germany and later on s

hopefxlly in wany othar counsries.

Sxem waat was said before rou may have dedustad ehat the TRS

sspecially mwself Sgvour the ccal hrdzogenaticon route as

as tae produchion of liguid fyels is concsraed. This is

7 -

<un crirical aspmcts, boweser, srould alsc bpe pointealout
1. Coal hydrogenation sinnot be apgplied for low grade ccals.
The ash content of the fesd ooal should far exanple not

be higher khan 10 %.

2. Intermediate products of apal hyd:agénation may be can-

ceogenic.

T %0 taw, conktxary to the attitude in £hé U.S. we do not see
the second pnint to be of relsvance for-commgrcial plants be-

cause these dangerous products will not normally leévq the plant.
i

Planning with raspect o ccmmercial plants

The development «bnologies al:eady'described. which cost
moxe “han 1 Bill. PM up to completion is now, or in tre vary
near £ature, xgady f£or cermercial apalicaticn. Thxs fi
conmercial phase is, hewever, gkill ’onnec*pd c_,h technical
and economic risks: Technizal risks .ecause,of the scale-up
factor, eccnomie risks tecause of the extremely high ccsts

of the Gernar coal, which prohikit a comnerc;al ope acicn in

=he near futuxe.

In ordex o get the first commercial auplzcatzon realised,

the German Government annouvnced in 1979 a prograﬁ "Coal con-

e e e et
- version”. Within this prcgram the ‘rame cond;t;ons will be

—

determinad which ave needed from the 1ndustzv to aet -bingg

running. Up tc now several prcvosals ﬁoz ccmmercial plants

based on the techn&loéies described above we}énp;epa:gd. The
funds needed to realise all proposed grégecté'total up‘to

13 Bill. DM. Accurdiﬁg <o the prcposalq-the pfant; fnr

- 1§ -




8£/37. Un=2l new the nscessazy Sunds fos the
—rasesm mave noe besn commdtted. Rut cur Chancellor confirmed

w2 weeks ago that he is resolwad te Jesiing this progran

me shoulé, howewvar, be emghasised chat the FTedexal! Republic

dcas ant usdertate all the 2kove descyiked efforis smclusive=

vy for coemercaal appiisasicn in cur awn councxy. fonsadarany

aus =athe: Yimared coal resourens und the very diffleult sizua-
AR~ et

cion with rezars o the mining ccrditions which mazes our haxd

coal sxtremely emsely, sueh an underziiang could haxdly ke

juszified.

lants, an engineerine cvaluation of the resalis, an econtmic

es)

asanssment With Iespess to comme:cial,pléntaﬂanﬁ ar analysis

of the environpental inpact. Ve athempt to pérfarn thig work
Gosnkly with the interested <ountry in cﬁfergng them the possi=
Bilisy sf secondment to the Sexrman taams and vize versa. This
helps keth cides to yet acguainted with tha é:oblens and tha
golutions proposad. It cxeates a £irm and sound hasis fer

decisions with respect to high investment.
Mowadays there are alzealy two cooperaticns of this character

1. Feasibilicy study on moter fusl £xom coal with dustralia.

Ondaex the umbrella of a goverrnme.tal agreement zeven German
corpanias supporked by experte from dustzxalia arz performing

stansive iavestications of Austra~

]

this scudy which wnciudes

2. Feasipility study on the produgtion and iggradang of Vene-

— ere—

unlan heawvy epudss,

This study deals with heavy? oil (which is from the polnt of
uprrading wery strorgly related to coal conversien), Lt shows
&5 1 modal how bonefisfal such a coomeraticn car ke fox both
siles. In the eooxse of tais study careful | inveseizations

al glanzs with raw maserials Lcom Venezuala

c
wore porinrmed. Several Veneruelan enginesars particicate in the

"
2
[33
*
H
[
&
L]
]
ES
3
u
fy
@
©
re
e
I3
o
O
e

erating team or observers.
Alsy wne evaluatacn of the resulis with sestect to the oconawy
and +a the sachnslogy of a commercial plznt was 2ope by reans

Tonsistang of Veneruelan and GCerman experts. Secause of this

-2 -



fact the z=sults sbtained apd the conslusions drawn appreciats
3

2 high 2egras of confidence. The ergineers engaged sn toth

s ies do ant hasizize 20 ydercify thexselves with the cunieme

of such 2 joint effaxs.

another advantagz of this kind of conperation Ls that che
saconded enginesrs get acsgaainted with the techaolzgy from
. &he very heginning. In the case that a positive decision
zegardiag the ceonmerzalisaticn of the technology is taken,

the Tealisation of such a projecc is facilitared gignificantly
by «he fackt that enginears of :hevrelevanc country are familiar

_with t.e technelosy abd can ass as the nucleus of working teans.

Generally it is our imprasaicn that this kind of cooperation

is aporeciated by our forelgn pariners as well as by cux natjional
indust~ial <orpanies. And I can eansure you that the rasgonsible
HindsTry withian the German Government favoursg this model for

bilacaeral cooperxaticas too.
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Basic tachnolecgiss in

Professor Dr.-Ing.

events on the cil rariaes
£ore At is believed that

have a bright future. Hcwevaer,
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Juonion raguizes great eficyes
sut also from the technisal asgpach.

Althowwin cozl mining is come in many csunfiries, 1% 28 re-
% producticn is concentrxated on a
-

v

markable, that 4h - oulk

fow cpuntries. In 1979 werld productica of haxd bBlack moal
amounted te 2 791,8 millicn el er

22,14 to, the world prodection (Tzbie 1).

nly nine ¢sunssies cgntribuie

Tazle 1. Productice 9% hoaxd klask cral in 1979 Ipreliminary).

Myllicn &

China $63,32
USA 25,0
US5R £53,3
Foland 2c0, 1
Unated “inclom 120, 6
India 105 ,0

Li=)

a2 oW
- Wl
Ll i

Republic of Scuth Alrica
Federal Republic of Gerxmary

Auszralla »5
thers 221,68
warid 2 701,8

]
In this consribution cRly motric tons ara used.
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Alsc tne sreductkinn of orown zdal and lignite is concentratad

cn a faw goumird r. Zurope. In 1973 world Fro-

‘ 3
Quczzon tccallaed icn . In tais case 8£,33 are pro-

3uced by nine countries (Takis 2.

GER 255,0
USSR 1585,0
Federal Feprubliz ¢f gexmany 130,5
C35R 96,2
Zagosliavia ‘41,7
Polan 38,1
facc T 37,2
Avseralia 31.8
Sulgaria 27.9
Cthers 728,2
vicnld 931,7

ManiZfold methads are known it codl mining. This variety mainly
Cepends ¢n the geology cf the coal depesits. Par example the
follewing items ars of importance: depth, seam thickness, dip,
necurence of geclogical faules, folding, propercies of tie
acconmpanying ssorata or overburden, distance between the s2ams
aad so on. Also he kind of cooal varias frocm brown coal of
low cajicrific vailve wp to acthracite.

This article can deal ¢nly with modern tasic technologles,
which are ¢f general importaence. Therefcre, main intexast is
sizen o techaslegies as they are in application in the in-

dussrlalizesd counurics.

2. The role nf surface ninsnz ia &he £2al Tinling {nfusezy

Ncwadays in brown coal ard lignize mining shroushout the aorld
the percentage of productiion frem Scen pits is az lwast 35%.

" tnderground mining of brown coal and lignite wakes flace Q£~

a wider scale par axarple in the USSR anu Yegoslavia. Ia the

Federal Republic ef Ge endercground ainitg has cnly local

importance, taough %here 1s still ensugh experisnce lefr fron
past decades with more undergrcund miaing.

In hard cozl mining there is guite anotheéipic;:rz. About 25%
of s..rld producticn are cepming frem cpen bits;‘Accozﬁing o
the country there are creat differences. In the United States
the pazcentage of ogen-prt-mised hard coal rose to more than
SO% in & very short tire. It is estfmdted; Eﬁng 0% of new
capacity will ba base2 con open pits, espscfally ¢n the Western
states, where enough suitable coal deposits are availabie., The
percentage of open-pit-mined hard coal infotheﬁ countries is
as follows: USSR 20%, Auscxalia So%, tanad§1851 and trnired i
Kingdom 10%. India and the Republic of Soush Africa have a
parcentyge af abour 253. In Soth ccéht:ieé a rapld increase
i5 expected for the near future. In Indla’it is. beliaved,
that hard coal production from open.pits‘gill reach & ger-
centage Of 15% in 1988. On the other hand tnere are countries,
which have no herd coal deposits suitable fox surface mining,
par exawple in the Federal Republic of Garmany or in Poland.

: : : :
It is clear zhat in several courtries surfice mining will be
favoured in the next dscade as long ‘a8 sujitable coal deposits
neagp ;o the surface are avsilable. Tﬁe-toylobinq advantages

are connected with surface Mining: ;
. T ! i .
~ Lower costs ccmpared with underarcund mining, if the
stripping ratio does not exceed an . econcmical limit.
-~ ¥ioh extractien rate : v V :

v

~ Faster development of new capacities



erations soarms pre mi \
sevaeral geelogical Sfaulzs. Therefove it Fay hepgen uas ex
sere hancheos =aerxe Is nch only coal zut alse crerikuzdan
which reguires sa2lestcive mining.
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It
P13
o3
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» this seologizal corditicns bucket-whae

32

nde

v
{Fig. 1) ars bost suited for selecuive mining of o2

i anmi
auersarien, ThE LACgeSt unlits have a daily eapacicy of
3. Taghnglesias ia surface —inire 230 620 m°. Thelir weight i85 13 C00 ¢, the éia:e:e: cf e
puckat-wheel 21 m. Fren one level such An @NCA7ALDT C&n cig
SDIaT Cn SEEWR CO2% epdsiiy 100 m in heigidh These aze the largest buckot-wheel excavazors
Ezown scal daposits ussally are characterized by on unceon- 1n the world. Because cf the great depth of the cren pits
sulidated watar-iearing cverbuarden coreisting of sand, gravel shifsakle b2 ¢f ccal and
and cizy. In th2 Federal Reguklic of Gawmany such deaposits arezbusden. v weriking
are rired in laxge operations. The technigue, which is applj levels lazd %0 a transfer paint where by the aid of reversinie
in thega cpen gies, hag reached a high stendazd. It can te coaveyors <oal is direcied 2o the pewey sStaticn, whereas ovar-
s=ated, thax this 15 an exemplary =schnigue. burden is keansfer : .

r2d wo balt convweycrs leading o tie E-flerent:
savels £ the refillixng aves !Fig. 2). Laree svres

X
toom leagihs up %c 20 5 take Tvar the oF

spifrable zelt converurs andé dump it into

33 33 ing is following in a shoreidisiance o 2R

les Ine run 2,85 m owide nwlvs
/5. 5 vYeclaratisn s intagrozed

Dewatering is of gzead irsoriance, especially an
whe stabili e

hundrad ceere

s. Tor thie puzece wel

o been driiled.

o 0

TLE submer SAZRBLTY .
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' Contour 5trir mining is selected (£ <he gein‘qutc:op: along

v o P cmmeexd i "l = €414 . !
Coatzmucus cpezation in excavating, haulage and sefilling . a hiilside (Tig. 5). Host popular equirrent for sverbusden

Is charasisristical for ferman brow = o its. Th ;
8 Smarastazistical for Serman brown coal open 2 wne removal are dozars and front-end louders which cast <he crere
high <he & 2 hav roduckiviay -
ez = fhineland have a prozuct ¥ burdan on the shortest way over the adze of the dewnslzre.
5% 12¢ £ of ccal per manshiss on ave 2ge with an cuts<candis - . ' | ;

s o il cang In doing s0 ihe coal is unccvexad in a small cut aleng she
productivizy 3£ 120 £ zer manshift in the best open pit.

hiliside. Ccal remcwval folicws the scrzpéing rFrocedure.

Successive cuts may be mined in the same manner until the

alse is azplied on smaller deposits at other . : . )
> == * P stripping ratiz (overburden thickness o coa‘ tnickaess)

23eral Repuklis of Gerrmany as it 1s fenunseracss
neE ¥ as becomes unaconomical. Strippinc -acio: up to 30:1 are reported,

ir Fig. 4. Throughout the world there are ogen pits which have

often using German eguirmensz )
) p<Y flat terrain the area strip mining rethod is practzsed.

Also in this case the sear is uncovezed in 20 up to 40 m
wide successive cuts. The overburden is dlumped inta_ the
rezeding mined-out cut. In the case-of seams lying within
15 1 of the surface shovels with dipper sizes ip ta 130 ol
are most in use (Fig. 6). Thicker overburden uj to 4% o
favours the application of draglines with:buckét sizes up to
180 m® (Fig. 7), In strip pining ovazﬁu:de ‘is.moved only on
a shoxt distance. Therafore tais :ethod alleds Nic& s tripping

-2 Surface mininc on hard ccal devosits

L«

It is net astenishing that surfzce mining cof hard ccal is
infizenced by the Rverican tecknigue. Uswally tha country
rock of hard cysl seams cOnsists ¢f consolidated maserial.

'Y dian ters up €0 3C0 = ave in use.

The X« 2 charzed with ANF zires with slurries. :
—ne noles aras charzed with ANFC, scmetimes with s S ratios. :
Lasge d-aglines and shovals axe predeominans in ovresburden i . i‘
handiing. In iz erbuxrden alsc dozers, scrapers, | ol ) et i o -
" o ; . Greater dapths are net practicebie "1th the simple serip
rizpers and bucket-whesl excavators ray work well, The ccal Lo
A . o - . Alning methed, because this is 'estticte‘ bv the dimensicns
itself is mined verry cfiten by shavels cr fronc~and icaders S vhe g 13 N
ez e draglines. In this case somet:n dem 4
and hazled with czucks. Ix ihe following scrme typizal nechads 5 Fmes tc e c:e ations,

that means Par example a shoval,drag‘iﬁe combi.:__onﬂ are
pl-ed. Thera 1s also the ncss*bzlit; of . c0ﬁb ainc.a éraz-
line wit‘ a bucket-wheel excavator,.if the upner ,_:t of the
cverburden consists of easy-dicging: na.e*zal (-ic. 3). Sore
bucket~whael EXnavasiers were sold ‘-on Ge:nan nanu‘actuvers

to such cperaticns in the United states. .
enerally 1t is to distinguish she sontour ! ’ :

mining and the arsa s+trip minirg mezhod. Suzip mining

Tay alsa bhe used .tc

two cr three uncerlying seams nus

mining cperation iz more @ifficule.
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@ steen fAirping sX/and vary thicX seams thouch the German
eoal Tining indussywr has a lot of experience concerning

T|AALRT 10 Stesr Iormacicns.

r miniza

4.2 ZEcer and pi

Typical countxias with room and pillar mining on flat-lying
seans in stallcow depra are the United States. tie RéEEEi;:
of South Africa and Australia. Ia room pillar minipg enly
headings cr rscms are driven Lo the sezm leaving sguare or
rectasgular pillsrs. Goed zoof and flcor condicicns allow
that the height of all workings does not nead =0 excesd ssan
thickness sven in the rain ensries. The main entries coasist
2% 5 up =9 10 parzilael headings. Fig. 12 shows a plan of a
nine in The United States wnich was ogerazed by a German coal
tdring company, Fid. 1J anoihex exampl: frecm a Soush Afsican
mine. Imgextaat £oX the sucscess of room and pillar mining is
Shat zool beluing 1z sufficienl o kesap the rzef In gend
condition. Pcef toluing is easiay %o rechanize (Fig. 14)

Cozl seczing is done by tue wetheds. There is the sc-called

= <13
.

cssvﬂn:ic:a; mining with a gycle of cursing, drilling,
Blasting, leading and roof zolting. The other method is
A

continuous mining {Fig. 15). The 4rend is coing to con

mining. Im =he United Stares continuous mining has a share of
o

653, i3 dusszalia 3C%.
The maximusm gractical 2epth for roonm and pillar workings
Sezends wpeon the sirengl of the pillass. In ceal gizming tals

- 11 -

Cnder favourable cirtinmstances Zeccvery rats may reach 8CV.
Generally in thick seams regcovery rite is poor. As a pre-
conditizn for pillar extraction izmedliate iaqf rust cave

'pzoperly. Tig. 1% shows scne examples‘of procelyres for

pillaz extractian.

Eecavse of +«he low 6ecth new mines are develcpred very easy

and in i short time, If the seam outcrors az a2 hillside ccal
produy :tzon starts immediately with avivi ag the drifte in =

seam. If the seam is lying under someTCovn:-gloées for coal

haulage axe usual often combined with sha’ts:fcr man-riding,
vertilation and material transport.

It must' be mentioned that even in the 'Unined .States, Scuth
Africa and Australia undey special circums“aﬂces larquall
mining, often with German equipment, is intr*du-cd as an

alternative to rocm and fillar miring:. The fcllouing ‘advanzages

are seen wizh lerigwall nining: higher: éeal recovery, highas

froduction rate in a panel and safer cbnttol of éaving. Though

there are a xemarkable number c¢€ lemewall faces opex rating in
tiese countries, high investment costs, are ret against a

T : : g
ganeral'lintroduction of this mining methed.

Productivity af hard coal 1de-avounc nxnes‘-ﬂ “H° wnitad

States had reache¢ a maximum cf 14 t per nanshxtt cn average
3a 1969. In the following years :raduct;vi*y dec“eaoea,.c
',4 £ pér manshift in 1978. Producs i?ity in Austza-ia was

12,1 & Paw coal per manshifs in 137 7/78, x1.5o ath A‘r“ca

5.3 £ per manshift ir 1978.
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faces are Ahle €0 pine SEARs
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ment lonawal

£¢ a =kickmess of 3 m. Nowedaws Lengwall

saniing TeT Fenaral preomduras
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ferissn maning.

=ard Zoal mining in wae Tederal Bepublic of Garmany is a
~1a af agrizen mining. Uoually in & Semres =Lne

e
seams Aze cut by several faults and *hrvetc. Tolding

1
ssrboniferoas strata caused all kind of inelinazien cf the

pams aze exisiing. R lot of &2
: .

©
ol
]
©
)
%
4
1]
13
o
5
(>}
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. ety

sarpy Sor obtaining a coanestion with all

we2%ings is nece
parcs of the csal seans, Thers are ar leass twe levels wirtd
—ain dzifes and erogs-cuts. Blind shefts o helining rodds
copnicet the levels one another. Fiz. 13 shows :hé'ma;n‘
drvelopment wockings of the largjess Gesman coal mine which
winds 20 090 € of saleable sral daily in two winding shafes.
Formerly thrzea incesendent zollieries aye :ihkod't:gééﬁer
by an undsrgrcund caputer-controlled belt conveyor systef.

Seandacd wining wmerhod 13 ionowall mining geherallf mn ke
gtrike with to+tal caving. In » few casas also longwalil
m.ning wi:h eneumatic stowing findz spplicazien. Iin Gesmany
langwall mining is feasible fo7 1nclinations up o :5%. The

following average cata are menzioned:

- length of 1224 =
- shiskness 2 rinclasive '

dire bandg) 1,82 m
- thickness of wmined sezms (Tnly clean -

coall o 1,31 =

1
i
o
i

- working dogih

sting Level is 1 40T m celow sutfage. Thare
s the werld. Fig. 19 chows & plan of a

The despest on

28

e £

t
is no deeper mi n
an oolllery with planned longwall Zaces.

s@am in a Gerad
feeause of later converzence and ventilatlion gate roalds must
nave a suffigiont heisht. Taerefere they have to been 2riven

rot enly in ecal Buat alza in uhe suryounding rotk, Yaoldalle

steal argies are zhe standard sSuppoxt.
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tongwall faces are azuipgesd with self-advancing hwdraslis ! ﬁydzﬁulic rining. But unfavorwrablie gexlogicel cenditvions
suzgert masnly of the shielé and shield~chock wype (Fiz. 20). ~azzed the clcsure of tials cperaticn next nonth % igh the
This siprors is available “or a seam chichiniesst of less than :egh£i:a1 eguipment worked well. '
one zetrs up ¢ five metres. Shearers (Fig. 201 and ccal .

52 2ifierent types ars used a3 oal-gatsing Zecause of great depth German collieriss have to enecounter

are selected in the case of hard ccal and with several problems concersning rock pressure, ventilatica,

kickzess, whercas ccal piosughs aze cperating in ir conditioning -and methane drainage. Cespite of this

2r nodiuvng thick seams. The average <aily Aifficulties the standard cX safety is high.‘At sresent a
ouzput 0of a fully mechanisad loncwall face ix 1 370 sons of lot of research and development projects are carried cut
saleatls c¢2al with fest faces preducing up to 3 Q0O tons of for further improvement oi mining techniques, safety and

saleakle czal.

working conditions.

Iz the gale roads pelt conveyoxs Lramspert the 1w cnal o In ths German hard coal mining industry average productivity
she Loading poimts. IR ¥aia haulage lecomowive haulaze as :ndeéground £s 3 tons of saleable ccal pé: manshife. This is
an ousstanding figure in deep hard co&l.qining throuchout

izstal moe and sore Lelt cohvevor systexs. There are alsc the world. High mechanizasion and éutcmlﬁion were necessasy

! '
for this success. This is 3 Uemarkablé developrent because

well as bel: gcooveyss Rauvlace are usuwal. Trend {s ;08ng %o

large Jccomotire haulage sysiexns in planning including wubs

. s k)
with a capacity =D o 28 =7, - s i : z
= = 25 years ago in German <ollieries there still were. hand-
T meads o A £ned . lcading lengwall faces with wooden roof suppcozt. Gersan hazd
5 feacfines moTe and nere Ariiting machinas are put in use. i P : .
= - foiad L s ccal mining industry has passed all phases of ‘technical
7 mackines ars surtahle for zeads in the _ % ;
. . evoluticn in .. very short time. Inscfar there are s$zill
Zaveral Iuil-%aze tuanelins machines (Tig, 23 . ! . : P
encugh expetiences concerning less developped coal wining
technigues which may be of interest for ceal nining ia

w#ith a Siametar oz fo 5,1 ®m ire driving jlong cross-cuws and
z
Inconesia.

1%2s on new levels. .

Yew shafts cften nust de sunk sMrough a Eifficult wates-
=
cantragcters hyve Sewelcpped

vnigues. Far example 5. Conclusion

1 takes place in whis With this contribution the attempt waé made to cive a shoxt
e fxzezing shaft-sinnin ' review concerning medern basic technalogies in coal mining.
Indchesia mazes an effort i¢ exten ftﬁz ceal mining indusexy,
Singe wwo detades the Sewman 20al =mining fndussTy alsc was Yanifold experiences ¢f German ccal hining iadussyy and
exgaged in the develcpment of Rydsauile mining. Afzer sevez .l Produgers of mining eguipment may be helpful for this purpose.
successful pilse tests a whols mine was ressasinucted for This expeziences are not cnly based §n ceal nining i the

Frderal Reputlic of Germany but aisg on m@n& agtivi:les
. U i

‘
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Fig. 1 - Lazxge breown ceal cpen pit with huchet-whesl |
pxcavatsrs and shiftanle belt convayers in the
Federal Republic of Gormany | :

<€
Fig9. 2 = Belt conveyor transfer soint

Reproduced from
hest available copy




Fig. 23 = Full-face funneling machine

Reproduced from
hest available copy

Eificiant use 3f modern coal preparatisn flant
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Efficient use of mzdern ecal preparation giant

Hv the tims run-cof mine ozl has renched the surfaece, it has
alreadr baon burdened with sureh costs that itS total wrilizardon

hag baen an economic necessily.

Initiaily, almost all cozl miming codntrics fired the run of mine
coal a5 it was mired. But in the course of ﬁmrﬁ, the pereentage
of impurities contained in the ran of mine coal was steadily
inereasing, whish was specifically céus-—:d by the increasing use
of mechanica] miming equipment. As trangportation systems and
R ware leaded by the impurities, Ec:u gleani#g turaed sut to
ke mandatory. In the initial phase, the coul wag only sereensd
and crushed, and later on, only the rock muterial wag sorted out
until complete coal proparation Pracessss wara davaloped which

finalty allowed the mest econernical use of the coal.

Tw achiave this in Germany havae, over the ycars developed 2 number
of cleaning tachmiques which have bacoma more ot lass standard

practice in real preparation tecanelogy.
This teshnology has gained ground not enly in Burogpe, but 2ise in

the United States, Srasil arnd Iedia, and I 2ould imagine chat it
would meet the expactations of the In¢onesian coal industry.
The trend of developraents during the recent 10 yoars hog baen to

build equipment aith tigh throughout capacities, procise ast oins
arsd 1:

T OPOreAng cost,

The most important machines of the installations have 3o fax been

seveloped up to the following sizes:

1. screens up to a width of 5.5 m
I, cdedusters up e 2 diameter of § moand anl
autgut of 200 5/h
3. digs up to jig bed widths of 7 ra
Y. depse medium '
separators with dlameters upta T'm
5. diss Dlters up to A fxlter acea.of 400 my
E- aram fllter up te a filter area ot 200 m”
V. fletation enlls wp to L6m©per agitater field

The instaliations weee beiter arrasged dnd ceuld marags with fewer
Saff, running costs decressed ascargdingly,




Drascripticn of the Batac jig

A srcse-szetional side view of the Batae iig, showing the air

shamkbers beicw the screen plate and a diagrammatic air valva

system, ig iHustrated in Figure 1. This snows a six-cell, threa-

coppartrent jig and is normally used in this form for treeting
fine 3izes ¢f approx. - 12 mm. A feldspar bed can b2 used in

certiin qorapartments.

Er meacs of the air valve s¥stem, compressed air is inlermittentl;
fad into the air chambers. In this way watex is desplaced ouat of
the ajr chambers in a cyclic manner thereby causing 2 pulsating

moticn of the waier,

The standard Baum jig vses either piston or rotary iype air valves.
The Bat-c jiz uses a flat dise design valre, which gives & sharp
cntaff to the air input and exhaust, These valves, both for inlet and
exhauss of air, can ke infinitely varied as to frequency and lengh
2 stroxe. The ability té rary the ¢velic characteristic of the

dilatieon and corapastion is of immense value in openiag and closing
of she bad to obtain effcient siratification in the bed as the raw
¢zal characteristics cha.;g-: with regard 1o variations in size )

distribution and feed density clanges,

The air valves are sortroilad by an elestronic, solid-state cireult,

in a cakine*, gererally inctalled in the plant control center.

PhotograpaNe¢. I shows the complete assembly of the air valve
mechanism for a Batae jiz, Photograph No. 2 shows a cloge-up
of these air valves for a single cell. Photograph No. 3 shows the
oleetronic cahinet Sar controlling the action of the valves in which
the freguency is measured in milliseconds. These units are made
in a modular, sXde-in form and, if 2 malfunction dces occur,

they can easily ke replaced in a few moments.

The lifting raclicn of the water causes tre ccal to stratify according

t its density un the jigying bed and at the same time allows transport
of the 2cal. The heavy gravily material fn the coal dischargea at the
end of each compartment through shale gjectors. The finer sized
heavy porticles are separated in the artificial medium of the feldspar

bed and pass througn ‘he openings in the scresn Tlate.

In order to contrrl the bed level of tha stratified mqier!ai in the jig,

a numbear of fleats are installed along thé widtix of tl"m Jig in each
cempartment. These floats are antomatically :controlled bv inductive
ceils which ¢an be set to measure the various Behsiﬂes of segaration.
’I‘hev trigger hydraulically operated refuse e]eclgr valves which
:ncrease or decrease the bed level, as requn-ed- A diagrar, illustrating

this mechanism, is shown in Figure 2.
In the case of a plant stoppage or lack of feed té-the.jig. a float
mechanism near the feed-end of the jig is used: to bypass the jig

ir used for pulsation. This prevents disjcurbar':ee of the jig bed

. and avoids the usual misplaced material which!would otherwise occur
| e TR

if the jig were operated without raw coal input!

Primary rejects or tailings can'be dischirged by the bucket elevator

| trom either the first compartment alone or, dépending upon the

Quantity of heavy tailings to be discarded, [rom both the first and
second compartments,

Secondarv rejects can discharged by the second tucket eleva:or,
eithezr from the second and third compartment _or only from the
third compartment, The secondary rejects' m:q.:, if the characrer
of the material warrarts, either go to final tailings, be returned
back'to the jig feed for recirculation, or be cla!sSed as middlings
or gecondary praduct. The secondary rejécts or washed overﬂow

may aiso be recleaned in a hewy-medm svstem.




This retratmest, if required, only invalves a relatively small -
teanage of tha toral jiz fosd.

can be usad to wash cearse as well as fine sizes of

esal. In othar worda, it can hamclie any of the sizes now haing

ez of Brum jics., Howaver, 3g in any conl
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a katrer jok of clzaniag the smaller

arately. This may somstimes be

b B =

sizas, if they are washed se
dasirable ag the finsr sizes are generally eleaned at different
densities of separation io the gcoarser sizes.

The iigs con bo bmit up to almast any zize. The largest size boing
built at prosent Lo 7 metres wide and 5. 2 mutres lony, siving

42 ggare meiras of jigging #rea. This jiy will trat SN0 tph of

10 twrn x O raw coal. This tonnage wonld inerease proportionately

ag the top size of the raw codl 15 loereased.
Parforroanse of the Zatae jig

The performinee of the Batac figt hag boen welf aven. Cvar 30

ingeaBazicns have heoen gorpleted, or are inthe process of

¥

of older iigs or feavy wedia procesges.

i

s examples of the Batac jigs pexformances, Table 1 chows the

separatize resulls of twa DBatac jigs on the geeparation Zlant

wsrenortisns in © by weizht

srf o yield cwal micdlings ailings
- 1.43 0.6 994 268, 4 -
L25-1.3 5.3 0.6 53,0 1.2
+1.3 £§0.1 - 18, ¢ o8, 2

2. FPine arain jiz, wield 500 t/h

opropartions in % Y wafaat
dengity :

Zicm vield ezl middlings tailings
~1.5 66,2 93.7 13,2 0.2
1,5-1.8 5.6 .1 4.3 1.5
1.8 25,1 0.2 26. 4 93.3

ur-kermore, in the years to ¢ame, attempts will be maze to use

)

jigs i}:c‘reasi;gl;: fur the preparatica of mimas 0.9 millimeter sizes.
Zquipment for smalls, which, untl) now, héwe heen set 20 handle a
moan partiely divmeter of 3 millireeters will be used, more and
more, for tha axtremely fine sizes up to 0 millimneters in ander

to siraplifz the praeass furthar. Waen nging jigs‘for 13t 0 :mi:i.li-
mater sizes, preliminary rasults bave shown wmperfections of

0.18 ftor the 0.5 t3 0. L millimeter gize range.



In srcer 'z save 208t for the expensive dawatesing of zlurries
-t-wag developrd a special coal deduster Figure 3. As far as is
permitiad o7 the mcistare and sk contents of the dust, centrﬁu§:1
dezuster have been used to separate the - U, 5 mm fracticn from the
raw swalls.
These cedusters work aceording to the closed-aircuit air pringiple
whereby the ssatarial is separated with the aid of gravitation and
acditional cantriugal effest. The matarial fed shrough the hellmy
shaft iz the ratating center of the unit is dispersed by the rztating
distributor and centrifuged veillike and radially anward into the
rising alr-steam, wvhre thefines are Separated from the coarse
marerial.
The fines taken along by the air stream drop into the space hetween
suiside martle ard inside ring, accumulate cn the bettom of the
- dust comparimment and are then eonveved to the discharge ty the
rowating cleaning device.
Thanks 10the considerably increassd dusc compartment voluma the
separation of zir and dust is efficiently effected. This results in juse
a minor dust content in the air returning inte the cirsuit via the
impeilar. The dedusted coarse material dirops into the grit hopper

and from there it is aliowed to fall freely imto the conveying maans.

In order to avoid the fermation of condensed water, a portion of the

circufated air volume is permaraently exchanged with fresh air.

This deduster has bzen developed in order to rancer possible the
dedusting of run-af-mine coal whick, due Lo the moders dust controi
regulaticn Zor umierground mining, is getisg to the prepacation plants
with & moisture csatent which is increasiag all the “ime.

Eren if vary wet coal gets inta the deduster at intecvals, thus excluding
the feasibility of dust collection, the separator keeps itself free aud

continues with dedusting as soon ag th  moisture in the feed drops back

to the nermal top Lim

1g values. From, the economical point of view
2ach ton of ¢22i gained in the dry process is of amooriance, Since it will

aot b2 subjucted to gxpensive wai cleaning and losses,

De=watering

Tn addition to the well~known drum and disc {ilters for the dewatering
of ccal slurries, a new druble drum filter was developad which is

characterized by a very high specific ousput of f:iaxzmum 1,300 kg/mzh.

Figure 4, The material to be [iltered s fed ver ically downward into

the gap between the two drumss which rotate in p':'.:;'allel.

The double drum filter takas tull advantage of the sedimentation of
coarse solids in-the fced frough: A laver of corser material is
initially formed on the fijter surface, serving as basic layer for the

following fine grained filter layers.

Double drum filters are specifically suitad.for t‘hé dewatering of zoarse

coal slurries; they are insentitive to overgize material, if any.

Comparison of results gbtained in commercial plants’

double drumi filter dise filter
feed
percentage of solids g/l 533 468
vercentage of ash’ % 2,95 9,1
{iltrate
percentage of solids /1 19,3 2,0
percentage of ash- % 16,5 13,2
Iiiterlcate
filter discharge capacity
(i, wi} kg/m*“n 1290,5 7436,3
residial mwisture % 20,1 21,6
percentage of ash % 9,5 9,7

recovery of solids 98,3 99,8

By means of the following figures [ would like to gxpialr. which flow

sheet we would suggest for your coal.
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Aspects of Planning, Crganization and Mansgement

of Coal Mining Operations

The aim of planning and organisaiion in ‘ei'ery‘ coal
mining operation is to achiave the “overall 6bera:ional
goal", which can be delined as the !oﬁg;tarrh assurance
of an output both mreting the markei'{quan'titptivc and
qualitative requirements and representing thEe ::neximum
and most cost-effeczive exploitation of depo's.it: for the

lowest possible outlay in canital spending. ‘

The basis of all planning is a nhoroug;h 'knowl:‘edcje ef the
deposit in terms of its geo!ogicalj:makeur_} -.an_d' raw
materials. -All available knowledge ;hpﬁld te so docu-
mented as to be of practical use in planning the-mining
operation. Enqineering planning itself exc_sl:ids over
several distinct phages from the devFlbpmentt of alter-
native cancepls to their implemer;t-atipn.‘, “This is
equelly applicable fec individual sections of an Qperat-
ion and ertire new mines, whether unde:‘rgrcun.d or open-
cast. Modern planning in mining is tﬁ{:s a EChsténtl)'
self-reqensrating process that involves thiﬁkiné An

terma of altarnative concepts.



Brgnning formulsies the altercative ndes Far punring
tha mice mnoeshion massgqenett sekes the decisions.

It is the task of Droanmisation o Imgiement these
cegisivan angd o structure cperations accerdingly.  In
the Geeman ceal mining industty, for evample, the line-
and %3¢ gvstarm Nas proved its worth, with Organizate
fon retaicing fes rezpunaidity for coorcinadng the
varigus coecatinnal slaments, fe.  for maraging the

miniag cparation,

ie mEnvR all, dealing with araanizatiznal and
infaemation tasis as well as selving cuch social pro-
blams 33 rae solection and deploymoert of $zbour, with
greas impotiance Sewng attacted ar all cperatienal

lzvals to srandsres of training.

Asperta of Flanning, Qrganisation and Management

af Canl Mining Operations

Every industrial operation involves the intera;tinn of a
series nf factars whizh con only enable praduﬁ\:ive Wi
and optimum reguits to be achieved. when gensibiy
cambired. A distinction mest Be made, between wnas
ar? known as the elemental factors ﬁanpawcr; plant,
equipment and material » in mining the depnsit' - gnd

management ag the dizpesitive factor.

Pizrniryg and organisatisn are two facttsra deriving fram
management. Both focus on the “genaral aim of the
cperatien” whieh can be dafined for mining as pasuring
long-term outpu® that satisfies market demand iﬁ tering
of quantity and gqualily = with minimwm l:e_p"x'.a! ant)
noerating Cests Zng mamimum  2wploitation of the

" dopinnit,

Flanning forreoiates 3 nember of gliarnclive eqnnzatual
structures ard rules for the raing as a‘ whale 30 3.t
‘furﬁish a tasis for the management's decisionmaking
promess, Droamigstion it eolves :ul'!.'irwg‘ this chimen g2a

sign and lavout into effect - 3 two-fold activity:




-
- buildicg o 2 sensible structuee fur the cperation
- wstablishing «fficient intsraction of 3ll cperating

units, j.=. managing the cperaticn.

This shorz evcursion into the basic eoncepta of in<us-
trial management seamed o Se necassary to define the
conceots "planning”, "organisation®, and “ranagement”
in the title of this pap=r and to show their interdepen-

dence.

Sine glanning is an iteralive prucess whereby prelimi-
nary judcements ocn mine design, production gnd econc-
mics are tested by subsequent analyses, which are
supplemented if necessary by additicnal data derived
frern confirmatery studies of specific aspects, the
stocedere taing repmated with sn increasing level of

sccuracy as tue degree of project definition increases.

tfine plarning is haszd on the resulls ¢f exploratary
work which Fave to be. svaluated and represented in
map form. Determining the formaticn of the écposit in
terms of stratigrachy ard tectonics is the first stage.
Senarate maps are srocucad for the mineable seamrs and
sear sestions shewing all the parameters impartant in

mine planmeg, such aa

- sg3am thicknesses

- partings in the s=gme

- data on coal characteristics
- nature of floor and roof strata of the scam
- tectonics

- thicknwss of the gvarlying strata

- tiydrolagizal features

These maps showing the rasuits of exploration of the

dapaosit form in turn the basis for

- delineation of workable seams
- alternative lavouts of the panefs or districts
- afternative loccations for driv'ing development

openings.

On the basis of the alternative Jayouts:the prd\}éh and
mineable coal reserves can be estima:te_r! and nfor-
matijon cained nn possible additional rééé.’ves% ’I.Weak
points and gaps in the exploratory work ca't'riediciuc ~ill
becume appatent, indicating any futther ex::!,o;ation
needed in the ;areas already covered ard peﬁn"ltt'xng
progtams to be sel up for exploratory.-wcxic I dreas

adjoinirg tre depesit.

The representation of the basic principles,by which the

geologist works but the basic design factors for the




mining angitear angeyad i planring e minz aoples.

of poorme, ngr sobv o tne Cesign and jayenk of

DT T,

rurplately rew mites. But wplies equally to eazh
individual warkipg of an existing mire. TAur, the same
sore of investigations mwust essentizily 52 carried ot
when, for irstange. a new lengwall face is io be plannec
in a desp-lovel mino. Tragitiena) surfoce exploration
mothods, Le. drilling and geophyuicsl methods bEee
Tmen tmadified ang advanesd In recert years t provide a
soecial tyme 3 undasgreund exploradion, namely forae-

finld reconnalssancz. Teday, it 15 thus pessible to deill

norize-tal Sorersies up St 1000 moin lergth in the
faretield of the workings and to inuestigate the stiuctu-
ral cesloay using untercrocnd seismio mathods. Mining
itselt furnizhes ces Vexalaraticn” recults every cay

whizhi, woan carefully oualiated, lead to ever-ingroas-

jag in-depth knowledge anaut the depesit.

It row Secomes cienr st planing i omaning % oL

CGEAG SreTes 3BIEUSE ~ In Twtrast tgomany ather

4

irdustrial processas - the slemental focior, narels, the
marerial, ie. tre dencsil, fecticaally presents itsalf in

A Farsnt forma,

Tha tammmicsd an2 esancrun plarming of A mining

praimct - hased on tha evaluation znd appraisal of the

vy

deposit - is likewise a proccss greezeding in saveral

ghases. This can be gzen by lagking at the dzvalopment

30T

cf a ngw mine.

The fiess phase involves working out czaceptaal aiterna-

&
i

st

tive approaches to the project. It cactains as a
siep a profiminary appraisal to clarify key parameters
aEd identify cbviguz alternatives {fincluding c:ban'd‘cn-
meat of the project!. This allews a Grzcman‘tw; e
raacted obout whetmes ap ret to proceed to A Mmore
datailed Avarinatiaa, The reselt of this first sten of 2he
chaceptual phase is often presented in the form of a
pro-feasibility study. mosicaily satisfactory :reml)‘.
ushers n thz next step of the cenceptual phase. This
carsists of a dotailed gxaminaton ang analysis of t.’:e'
situation, covering zll significant praztical aspects.
Sreliminary layouts are prepared zng eccﬁ;smtc ‘cchsi;

naratisne emrhracing capival 2nd operating eoats, £inan-

cigl commitments gng orofitehility are studies, fnelud-

sppropriate are

ing altarnatives. of which

recomn;aued. The agneepeusl shass s usually conclud-

ed with a fencibtitty study.

Tha teernd phase Bs The Z9sign phesa, By the ime

projoct feasibilicy has hesn cenfiomad, the oroent

chould hawe besome sitesspeeific. Rezsuiremenis for




mine workings atd eguigmant, infrastructurs and rale-
want servizes, manpgower and rmanagement arganisation
are spavifies In deta’) togather with the asscoiated
capitri  and cperating cests. Furthermare, project

2 zineering is scheduled.

The third amd last ghase is the project engineering
which initiates the phase of projent imolemantatisn. It
evolves naturaily from the project design phase and
evolves the substantial engineering design wark neces-
sary for the acsucste assessrent of capital costs, the
Erecaration of tencer documents, evaluation of tanders

and supervision of canstruction and mine develcpment.

Evsry mining scheme passes throuch the abaove phases,
but, sesording o tne size of the project. it is
somethres possibl2 to rmerge cne or mare phasas. This
freans that basicatly icentical steps have to he carried
out evan when minor Srajects need to be carcied cut in
an sxisting mire. In fact, detailed plarming for a new
lorgwall face in @ medern German c¢pal mine often
begics more than a-year befars opetations are scheculed
to commaence at the fage. Zlans st he adjustad to
aidaw {or any neQ geolsgical and/far technical findings
ceriving from cevelepment warkt., The baclé production

and associaied devejcprbent plans are worked gut at

7.

teast five years in advance and likewise continually

adapred ir the light of new fingings and information.

As dzfined above, planning wors gul a number of
alternatives in merms of mine laydut and- operating
errangemants faoc decision by the manageﬁ'cni. Qeci~
siang in mining often involve a c»l:‘rtain facter of
uncertainty and thus entail risks. This méqns .that
decizions must e taken on the nas;la' of incomplete
information but on the assumption that most prebably
specific conditions and situations will' ultimately: be

obtained.

" The planning philosophy cutlined abave, i.e.

- thinking and planning i terms.of 8 number of
alternatives
S - regarding planning as a pro_ces's_of continual

revision rather than a task to be carried out once

and fer atl

helps to increase the cegree of probabilfty thét"jfactqrs

;which bave Been silowed to influence: a decision: will

. actuelly prevail and hence minimises the risk involved.

- The structure and rules proposed by planning and chosen

by management must be translated inta reality. This
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rmstr g emrrosted ro Itose eagaged in Srgamizing the
speration and invsives the asiadlishrnent af cperatiorel
stpusturss, La. levels en and betwsen which the
inte-aiay of gacning, decision-maiaing and implamert-
ation takes picee. Manager:al arganisation alio involves
the estanlishing of rules governing the wterplay of e
slemantal facsors of the aperation - that is how the
cparation is rus. The term “oesratien® must Tz coer in
she  widost pessinle. contowt, encompassing o fully
developed and enerational mine at one extrems and a
zomrplerely few project at the other. Organicational

structure and rules ars ¢losely interrelated.

wnd rmenagennent structures of mining

gpsraticns are werw strengly gharaelapized Oy the
histarieal Yasgreund, the cogic-2conemic systerm e tha
.esuanry corcemned, staadards of ergingaring. and th2
mlificatinns of manzgerial staff at ali levels. Jrgani-
sanimesl farms ware in ling with thaoe manifald facters.

% ig Shug ey Jiffieutt Lo cor up @ wniform arganisat.o-

—

meh viwetore cexlly suited for all and any ezal mining
mperations. [t iz worth losking instezd at a few Sasio
prirciclas as exemphified in the form cf organisation

areferred in the Oerrrar ensl mining indusiry = the line

grd sraff nroanisation.

-3

In this type nf srgarisation the production arel .6, atl
theze functions Rssaciated with coal mining in neneral
srd with autharity ang responsipilivy tor menaée-ncnt.
floving frem the highest level nf mina manbgement

drwn ta the least cignificant warking - reprasents the

line. The line erganisation is characterized by inciv!

bulity in giviruy instructiens and by slear-cat relegarion

of taske, authomry and responmbilx‘t}. This entails

unambiquaus, well-definad and, whare possible; zompre-

hencive competeacy of sopervisors vis-3-vis treir suh-

Cmedinates ard equally clear and comprenanaive jab

| decoritiore. .. dotinition of duties, powers and res-

ponsibilities. Any lne manager in German mning

industry, far instanze, has ris arca of astivity defirer in

‘writing. A durdamental principle secured by the line

argepisation s that dirsctives cannot bz itaued 2
cperational  divisions  “from apgve” - the ﬁicrarc;"ny
cannot be bypasted.  The aztusl entreprengurial tash
Iaft ta coppersté managerent atoee mite Taragernent
oval i3 bho setting of quidalices for decisions relating

to the erdraprise as g wisle.

A staff of ssecialists is assigned to the highest line

funatinn =i an irdividgust mune 35 2 corgulling bady.

This £:aff haes ng line functicn and therefaee. canrol

issue dienstives to me manzeacial lavals of tre e o
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c3onat interyere arestly in ogerational matters. The
dutiss af tre L3ff funcliors assizned to mire "nanage-

menis ate

- glanning, and the angineering work ~ecessary for
s implemeniiizo

- awsisting acd advising line functions in making
ostimum use cf eguipment and manpower

- sypervision of operations.

It becames clear from the acove description of the
various duties that the staff function must be located
ciose t2 the mine management b ensure flexibility and
awareness of the preblems at hend, thus éiving {ife to
the madern plarning priloscohy depicted earlier i the
pacer. There are many mining ccmpanies where the
staff of specialists is nct assigned in this way and where
the mire itself s strictly eagaged in production, while
enginesring mattsrs - rscecially planning - are dealt
with by engineering staffs assigned to headquarters.
This tesults in rivalcy batween the staff fimctica and
the line functicns, lack of insighz on the part of the
staff finction i:';lu shop-floor reguirements and cnwil-
Legness of the lire functicns o accept decisions in
which they have nit played a pact. The aveidance of

sech conflichs iz arcther basis principle embodied in

=11

these types of orgarusaticn which are capavle of

fonctioning efficiently.

Firally, the sontrolling, i.e. ogeratioral managemert

functions invelved in organisation need tg be logked at
briefly. Coordination is the first and faremost consider-

atiin hare. It invalves integeation af el the interlocking

systeme within the operation that arise. from the,
cumbiration of all the production factors. Every eme

ployee is faced with cocrdinative tasks; from the

toreman of & face crew in allocating wark, to the mine
manager in coordinating line and staff funeziona, for
instance. Purpgseful and sensible coordination af all the

oparaticnal elements to make full- use ;of resources

available is absolutely vital, especially in the case of

lacge production units.

As the size of an operation increases, the number of

possible linke Gutween individual decisior-miakars in-

creases exponentially. This beromes -particdlarly avi-

LN

deot when ane laoke at the bandwith of th\i: superisory
320 of 2 graup leader. With three people warking vader
him trere are 18 possitle communicative ;;a;hs, with: &
this increases to 222 and with 8 workers m 8 gr‘oup
there are 1060, In tha German ccall rn('ﬂff‘l:g industry a

supervision ratio of 1:6 to 1:8 has become established as




Sest suited 1D aperations] sseds. Tmis is gomecslly

crew undergegund Gnd o g0

zoplieadla - to e fs
enginescing teaw assigred to a staf* degoartmant.

Fepeptat examiaatinn of sepeevisinn razies helzs in
making aceaeate larg-term sosrdanstion at 2il lavels of
dne and staff functions possitle. Whern g supervicor has
1230 many peosle workag under him, #r addirpnal
maragarial izl of manageent must ba intersalated
A lavge number of peoeole gader e cupsivision of gne
imdividual iz mot e sugn of particular cerconal mians seeial
sgwer hut indicatos rather e presence of an ‘neffi-

zient crosrisation.

w
ie

[nfzrwatinr is aotiee fmportant element o the

the groarizatizn. Comprehenstve ang reli-

abie aferenation Zizgerinstion iS5 essential Lo enabtle
manage;jal 223 3t 3l ceeraticnal leuels of 3 mine ta
male the rigt daesions. Eocugh af e sight infarmat-
o Tzt e avarlame where noeded and when ressed.
Aav afarmalisa which & opslsign-mgher raquirss or
roguesty Must be rmade angexsihls ta hinn as far as
aosstnle sa thet he 2an mgke the right coician. Sugh
infarmation shouid nob oa regarded In the nagative

cansa a5 30 insttyment of centrol, Ret orather as a

3

eoigianaracing instiumient, f.e. o mtiste corrective
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astion when anything deviates from its planred paca, On
the teahnienl <1d2 sunh oformation s given in the forn
of proearess or present status reporls which are collated

in central 2ontesl and Instrument roams.

A fundarertal zistinction has to he made between
dicectory information transmitied via the manegerial
tavels of the line ang functional infor-mation passed

along informal channels.

The fo  ar path hog to b2 wfec for 2ll operationplly
important messages. Such mossages frostly, have 8
standard form. The infurmal charnels shoud, where

pocsible, ba left spen for all otker dpergtisnal and

personal Messaqes.

Finally, ths furetion of tha orgarusatisn is ta find
solutiors to questlgns arising from the selection ond
deplaymant of wmanpower. Thig 3pplies in pzrtlcuxaf to

all maonagarial levels of staft and line. The wellknown

attn of porsginel mandgamanr of sesignieg the cight
perean to the right pince is one of the mast important
reirements. When this s nat met ecnflicts will grice
between tho Jims and potentialities 6’ the employee

and the nreds of the noeretion. The trainirg of suitable

emploveens is hecarning a special challenge to the mining




I

iy <0 whes tre industee 5 of

recent smigin ard still in the cevelgpmert azage and the

general ttainiag facilities available in the erecatry are
nce et sufficient Lo tmain the scparvisors ard manage-
ment staff ne=ded n mining. Recagnizing the need for
well-trained qualified manocower the German coal
miniag indastry has built ~p traicing facilities of its
cwn. Such training cavers all levels - from the under-
gtound miner t¢ too management. This approach to
industrial training has achisved internaticnal recogait-
icn. Foreign caal mining countries already make
fr=quent use of the opzortunity to have skilled workers,
managerial ctaff and supervisars ttainzd oo equipment
In the training centres af the German -coal mining
irdustry. German instructcrs are 3iso involved n
irstructing specialists for foreign covpanies or in
seesi~g up training centoes for them.

The asoects of pl:nniﬁg. Srganisation and managernent
cutliced auove apply, of course, 2ot only Lo egal mining,
bt ta any mining activity. The basie principles have
proven teir werth in the German ceal mining industry
and have placed Qermary among the worlds leading
coal mining countries in technclagical terms.  The
experiencs gained i gll fields is availabie to the
amecging cgal-wining couctries i develeping  their

icdigrasis resauroes,

Abstract

Aspects of Plapning, Organisation and Management
of Coal Mining Operations

The aim of planning and organisation in every ccal
mining operation is to achieve the “overall c‘pérazlunal
gnal”, which can be defined 53 the icrig-term assurance
of an output both meating the market’s quankitative.and
qualitarive rlequirements and rearesenting the - maximum
and mast cost-effective exploitation of depasits for the

lowest possible outlay in cepital spending.-

" The basis of ali planning is a tharough i!r._nt..)wlec_!qe of the
deposit in terms of .is geological makeup and taw

materials. Aj) available knowladge should be, so docu-

mented as to be of practical vee in planning the mining

operation. Enginezring planning Itself .extends over

| severa] distinet phases from the development of aiter-

, native conceépts to their implementation. ' This is

equally applicable for individual sections af an operat-

- jon and entire new mines, whether underground ar open-

' east. Modern planning in mining is thus’ a'cor‘.:s:antly

self-regenerating grocess that Involves thinking. in

i terms of altcrnétive concepts.
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Dignmng formnulstes she sitesrative trdes foorunsing

he mins o which nenzgoement makss the cemsianc.

i is tme f3ek of Crgenisatioe ma implement Sese

epecatiors accecdinglve [N

vama.e, tne line-

the Cerman caal muining snoust

and thasf svetem haz Srowed i85 warsh. with Orgs

for csardinating the

icn

el

various opersticasl elements, e. S0 mranagirg the

minitg oceraticn.

This eacails, ascve all, denling watn erganicaticasi and

imformnticn task: as well 35 selving guch sacial pro-
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njems ag che gse.ecticn ard dezlovooent cf lsbowr. with
great Irooriance Selng sttached 5% all cpergtiona

s standarcs of Wanng,
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The guestions which will be dealz with in my paper are
Yased on the fact that the primary energy we necd cun in
nast cases noet be found there anyvmore where it is utlized.
This applies to coal as well. Therefore, the vers simple
~adel of conl transport from the dcpﬁsit to the power

rlanr: (fig. 1) Baz changed into a campleX transport swster
Ecvnsisti‘ng af a variety of ropvering nquipmentr ;nd inter-

rediante stations (fig. 2).

Trhiz trancport svstem allows o number of alternataves

which X would like to aintroduce 1o vouw in the courase of

The fellowing is tased on the assurptian that the coal

%21l ke mined from vpen cast Tines. A description of urder-
fraund eoxl mininz and transport would be a special, vela-
Tinous subject and eould neot ;o:szb1§ te given w=athin the
ame limit T bave to skeerve. For coal .production in Indo-
nesia urderground wining 15 = to the Lesr af my knowledge -
9L little sigmificance anyway. Let me therefore cancentrate
on coal mining snd trzausport in an opan cast productaen.

In Burcpe due to tre prevailing gooalogiredl sonditions it
i3 mainly lagnite €Srowﬂ cosl) that éan be mined Lrom spen

Fit3. Tn do thiz a eertain technalogy has proved to wive

)



the eptinum selution. Far yemavint <he averburden as well
as mining the coal bucketl wheel exavators are being used.
For the franspoart 5f toth overturden and coal we emplov
sonvevors [fig~ 3). The bel: widths of those converors
areré;twe:n 1320 and 3830-mm. The range of belt speards

reaches uwp %o /-5 m/z, thus ziving transpsrt capacities

wp 2o I0,050 t/ho

The single conveyor drive stations incorperatu capacities
up tc 6 X 2000 k% with s=ingle conveyer sections reaching
a maximum length of 2500 m. The belts are predeminantly
. oY strulerope~type. The beit support structures are de-
signed in guch 2 way that the convevors 2an be shifted i=
their euntire lencth, thus following the advancing mining

operation. fig. 4.

this siza2 are only cconomical

e}
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Belt convayo
for vary Large o2en casi mineés. For medium sized pits
relt widths betwesn 1200 = 1400 mm weuld be sufiliciert.
Fig. 5 shows a coaveyrer system in such a rwedium size

p1t, Creding a power plant of E0OME, Geside a fertilizer

and a briguzefte plant.

A1)l these handling and conveyrer systems are elactrified

so that the pit operation can bte supplied with energy

from ita own power statiow.

There are other possibilities as aiterna}ires for this
European mining system, for examp1e<ﬁining by dragline
and transport by dump‘trucks. Af we.dispose of electriec
energy in unlimited quantities frem the péwor_stations
erzcted right mear the lignite openﬁcast_mines, we would
not even censider to use diesel-driyen veﬁicles fo;
transporting the coal. We only do.this in quarries where

the co?ditions of energy supply are different.

As overburden and coal are stripped from.different ben-
ches, we have to make sure that the ©different msterials
re distributed correctly by means of a collecting balt

conveyor system; for example! overburden to the outer

bank and later to the inner bank; ccal to the railvay

car loading area or in case more coal is mined than can

te immediately accomodated, interme?iéte sturngze of the
coal an reclaiming at a later stag?;

Figure A shows such a collecting bcit conveyor system,
figure 7 a railway car loading station. *n mo'st cases a
diteh bin is used for intermediate ;tnrage:of coals Thise
bin receives the creal from a stécké;, and. then tha ‘ma-

terial "is picked-up again by bucket wheels. .




WoWw the coal is tramsperted to the port of Loading. I
assume that trancport by rail is the most appropraata
means of transpart for this purposs. Adoquate care, as
they are used Tor this purpoxe ia Eurepe, are <hawn on

f and  %. Thesa cars have o fapacity of

resp. They are automatic hoppers which are
ematied into a deap LTin. The Tars con b campiled t2
rrains of up tohd/60 cars. The wazgonz shown here wers
Built in larze nurhers for the Gorman ¢sal sompany Rahr-
%zohle AGC and for the Sorman Fedaral Mailwavs. Ope cany
ol seurse, mee simpldr cars and dixcharge ihem in by

weing kick-Baek or circular txlting staticns.

Rail transpart, howaver, Sas a greal disadvantaga: the
cars must return empty. Ia cose of Jong Jdistances te

the port thiz inarenzes the sosis considarobly. That 1s
why altermatives have heen searchad for. The transzgert
Ly belt convercr svetens sapld withant deunbt be suck an
of

cerveynr belts mav rexch simgla tengths

S
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o
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sip to 10 k% degesmding on the deszgn, so that saly few

oY points are necessary, Rravided, howsver, that

o
Y
o
B
n
=

x o
J{gtanae ta the port of ioading xs roascnable anc

T
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%
e

favoursble geograpbic senditions prevarl. MNevertheleass
copvevsT avetens have only Lesn talken into
gonsiActatant Very rareiv. A xind of transpoct which

.
will Mo giver more atfenticn in future, is the transpd?

of sxlzd4s by wipelines. Figuras 10 and L1,

o
L

tch pipelincs are already in opsratiorn im Narth and Scuth
frorica a2 well aa in Australia. an»i! héing builtiln
Lirope, too, but thiz one is provided for nre. 3s we shall
ar2ll hear a lecture on papeline transport within the

programme of this even:, T do not want %o go into detarlx

nad now wish to turn to the next station, the shipment.

As the trains arrive in another seqience than the ships
call at the gort Yor leading, a larger cgal stackyvard is
aemiled. The size of this stockyard oalrzo depends va the

fact that in wmany cases different trp

of ¢»al have ta be
stored. The coal is transported form the car dﬁmping‘:ta~
tion to thas vard by means of a kelt convevor. Filing and
recigiming is preoferndly done by combined machines, these
are stackers eguipped with a bucket whael to reclaim the
—aterial. Combined with a traipper ca;zthi: macﬁine Ty
Fick-up coal 2t any position of the convevar bels, figure
2. A ecal stockpile of 40,000 tons forrasponcing to the
landing zapacity of & medium kulk czréﬁﬂr,‘haq A Tloor zgpace
TR0 wm ox 130 m avd a height of 12 m. The strckpiling ca-
Frcity of guch machines amounts to 2000 t/h and the re-
slaiming eapacity te 1500 t/h. The recla;méd coal s trans-
ivrted to the ship leadsr via a belt éonvoyor, Tigure g7,
“he shown 2hip loader works in comzivmtion with 23 tripoar
Tar and may load the ship without having to warp it. Treo
1D lgader adaptx iteeldi to the different ship widths by

*lewing of the jih.




Jther grstewms are eguipped With statisnary ship loaders

figure 14 . In this cxse the ship mus: ke warped when

Most AT the ships today are conventional bulk freighters.
Figare 13 showz such a vessel of 12,000 tzw, [t has a
lengih of 1832 m, a widtk of 30 m and a draft of 12 m. Teds
vassely o this prder have still their share in the coal
transgert at a rave of zuprox. ;5%, vhile vessxels of 56 -
:QD 00 44w have alv23adv a sharae af 30hW. The trend toward:
I&rser fretghrers «ill s3211 increase a1n the next wears,
the Lreight rats of a 106,000 tdw-freicghter is only half »
mch as the rate of a 20,000 ctdw-freighter. But larger
Sarrises requires corraspanding unleading and storage capd-
2.%398 in the ports =f arrival- At preseni, unlseading wit'
ciazm <hell-vtvpe unloaging bLridges is si3ll the current
svctam. Suth an uhle;éer with a 40 1 2rad as shown on
figure 16 is caporle of handling 1303 t of coal per how'
The capacity can ba doubled hy using 2 bridge uniosders &
one vessel. This is practized in normal cascs. However.
tate mind of capacity increase 1s very costly so that

ig jookinz for alternatives.

it

Ore of these alternmatives is tha avtematie discharge bul
y . ~ie?

Creightsar. in case of this freighter unleadaing is caridt¢
”

out BY meanz of a conveynr beit sztuated under the flo¥

of the freirth =pace. This seluticon means a bad utildizats

of the snap’'s volume whieh, however, éan be improved bw

using 2 dbelts, The unloading capacity can be raised tn
f000. t/h. But then the¢ vessel becomes ancordinely ex-
pensive. Another advantage of these ves;els i« that the
equipment of the unleoading psrt <an be very simple,

figure 17.

But in this cnse one is dependant on auiomqtic dischurse
vess;ls. Cenventional freighters caanot be unloaded in
these ports. For this resson, another version beznt dis~
cussed in Europe at preseant is the contlruous ship un-
lcader , rigure 18.

The continuous sﬁlp unloader - shown hare —.featgres 2
tucket wheel Tor reclaiming the coal. Form thoseléorners
of the loading space not occessible cs 'the buckst wheel
the coal is moved towards the reselaimer by ﬁeans.of
strapera. An elevatar lifts the coal o;t.of the boat and
tonveys it to a transport belt. This sgstemvis capable

of increasing rhe unloading capacity to app-o\inatclv
3500 t/h, that means to doubla 1t..The capxtal investiment
for such a system should mot be ccnsiderably higher than

€oT n elam sh«11l unloader.

We ure now turning to the last link in our trarnspert chain,

the xtorage facllixv and coal feeding system of the power

plant. Here I would like to descr:be the're1QVant vqu:pm»n1
of a modern coal power station of ,uo M axtuated an the

German coast.
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Th:s discharge syetem malnly congisting of a3z * clam
s2hell-tvpes byadrze unleader is rapable of unlceading ulX oo
riars wp %o 20,000 xdw, fig. 19, The unnloading capacaty amay-

{istanze betwecn the pier and the storace
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ar=a measures apprax. 1 km, bhoth connected by belt can~
vewors of 1%00 mm widtk and a speed of 3.7 m/z. The
staecker 1s adapted te this transport capacity and is ca-
patle af'stacking 2 parallel 21les of 600 m of length

eask bt meang £f a tripper car, figs. 20,21,

Thie croes sectisu of those piles is of trapeznid shape,
the sztpskaaz oY .he seal is dane actording to the Windres-

is effectad by buckcet wheels with a (3

Due te the fac: that the 2 buckéer wheels do net s:mul-
caneoasiy worlk go TuLlL cagpacity, the coal fesdang belt
conregting sampling sration and hoxler house dons not ves
gu1re A Yranspert capacity of more thar 230 t/h. Within

heuse the zoal iy bolng fasts.buted ta &

- the zlav zhell-tsne kridge wnlnzader, fag, 22

- the arce=~ bridge te the rier incorporating the cons
veroer telt, iz, 2.

- stackor and yripper car, fig.

the Frekert wheel reclaimer with the Sealer house in

oy

w1

runnd, fis.

the bDaed
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ta the #nd of oy paper I would like teo paxnt out
that there remajns a lacrge number of rnrerestin? detpils
which I had to neglect basause of the “imited time avalrl-
able. Tour Indonesian ewperts certainly will corfirm
this szopsidaring the tremendous work they have dons and

the expertise the¥ have gained by elabsrating the Buhit

asam projec+. I would be very gilz#, however, 1f 1 succeedad

in giving you the idaa that tne German wndusnry would he
s Folipkle partner for the realization of this imminent

praject. i ‘ B

¥ da thank wvou wery much for wour kind attention.

ﬁ
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COAL SLURRY PISEZLIHE ITRANSFCRT

MBS IR SN N N W

by K.~-#. Brachthiugar -
- of Friedrich Flick Industrisverwaliung AG2A

INTRCDUCTION

ahen raismr the question wnick integrated iransportation
system should in the future handle the protected world
1:2]l trafa, cne has teo consider a systan ,.unct oning si-
<ilar to the transporration- and distriduticn system fer
.rude ol and natural gas and offering, morecver, tne samz
security supply widle aveiding any incrsase of risks for
<2e hugen being and his envirenment. ’ '

Tme world coal production has nearly to be -tr.i.-l-d and the
::'.;d coal trade with gteza-coal for zovwer stati"“:s hes to

¢ increased more than tenfold in oxder to obiain 50 much
23 a slight economical growth within the’ nex"‘- 20 vears, -With
Tezard to the extreme conditions in Japam, one sven ought
<0 consider a twentytivefold increase of the coal. trade.
nis was cnncluded by the experts who ccllabora.ted. in the
"SIALD COAL STUDY". I+ is expected that ‘the \.oal has to-:tzke
iver at least half or even two thirds of the i-mrease of the
varld enargy consuag tion, since neither crude ‘oil ‘and naturel
723 nor nuc" ear power, Galar energy, wmd. energy, pipmass or
lgorous economi"ati.on of energy in scue, mdu.,t"ial countriss
2uch as nearly san £i11 the zrising engrgy _gap.,‘!he mal
tmsuwmer of ¢oal in the year 2000 will -.as *-‘aey‘ are tcd‘a‘y -
=)

* the suppliers of elecidic power who arTe requj_;-r« g zbout

: % of the entire coal production. ::.v'en-i.; <he capacity of



PRAMSPORT SYSIEM",

3%, farx the lonz-distence nauless wery end ceriainly,

M

conl UITLIZ Ay

s short~tera and long~tern depzndence con crude oli shall
s 2ocreassd by an extendsd osal us:, and the energy gep <o
te expscded snall be fillad by csal by the yeer 1000, It
var =o be congldered in this conmection that the coal will
1% 2amst in the industry he uses under Sconsmical aspests
ithout cavsing an additicnal chargs o envirorceat.
Trough in many Iines woridwice geal car be axploltad very
ereidy =nd at 1w €osT, the Treatment and the trenssorta-
sim of coal will with respect to cyude oil originate addi-
oat wadch in marticular seses will rise up 4o 300 8
= the mine to the Tom-

[y}

[
Sust tramsportiog the coal Iren »
scer. The totil sset in peolatien 2o the energy umt can
ogsitle, alzo
taniing and

arle he reduced LY 4he azi-, water~ mnd, i<

1

[
e~ apd irzrgoortaticn systerms, The iavrcduction ol
: : wed %o the belax 4Tansturt of coal

T appears 2o z:e, Lzdi2s and Ganvloxen, whast w
X & ’
fruatzd with <hree interiosiking nmewuses »i provl2as lor
=) b
~ich the nost 2ttnamical =alut 233

Lo
$se nf 203l will have io bw found Suep by Step.

esgeative problem arsgas are as follaws:

3
i
2]
©

- - S o o~y e .
“he %apgets WSCONOMIT ERFICIZNCY CF TED ENTIRD STSIEMY and

Be TAINE USE OF STIAM CCALY are a cosbiped finstien of the
) £

X
raw moterial eonal and e¢f the disvances in trapgportation,
t Z the ping onmd the geo-

£raphical lceasticn amd 51z2 of the 03l cinsuler.

agpnical locatlisn o




Consequently, a 223l ireatment .)“cx_i"y which, in parti--
cular, would allew Zor a wvariabls adjustzant of ke ia-
pusitias sonteni, =ust be desizmed o Zandle problexm ‘gooup A .
L that for o transgerz of f£.i, Indonesian ccal te Gersa
&r Japen, the ash sentant cught to be lass then » ¥, 1if
Dosaidle below 2 %, wolls the surface water content should
Te zelow B %, if possibla betwasn 1 % - 2 %, Thess values
~ 25 12 well-xncwn ~ cen only te chizimed for ordinary
st2em c22l with a high izpurities conten®t on account of
treathent ¢ost above average. Such an extireme reduction of
the dzpurities would prohably not be econtmical in view of
£ transportation and would thus not be
required. A specizl soluticn will have to bte found for each
Infividual csge 2 apdplicaticn.

In addition o 4he reductlon oi the impuritiss, a decreass
of the sulfur ccntent aust alsos te considered. Not for reass:
of tremsporistion, tut IsT reasonrs of environmental proteciit
che sulluvy conbent should 1ot be mere than 1.0 H.

In any cas-_,‘ e Impurities and the sulfur cantant cugat
to te reduced te such an extent that the ceal at the con-
mxzer will under imposed raguirezents for the protection
o% the environment ta arle to cimpete with petroleum deri-

deals prinarily with questii
2in water when handling coal.
hat are required for the
nszertiation eguipment respec-

all sizes with a surface

water content of avcut 3 % - & B can practically - without
zausing predlems - be stored, reloaded. and transportas by
trucks, eonveyor belts, barges or irzain, hawsver reguirs

large spaces and expensive loading facilities, In order to

guarantae a guick and smooth loading of large ccal freighters

far lump coal, tie necessary faz :L.:L-Les £till have to be in-~
s5tallad at the saller as well as at .,he distributor of the
zcal, THe largest dry bulk carviers available at present
have a maxizum capacity of 150.000 IMT. It ig intsnded o
rave cargo ships for & capacity of 250.CC0 DMT built by
1590, An offshcre-reloading from small carge. ships or bargss
to large ships and vice versa seexs to be indlspensable for
zany cauntries under presen: precondit* ons. Owing to thias
fact, additionzl expenditures and risks will arise for the
enviromment. New desp watar ports for the tranapov-tatinn. - }4
dry bulk material witl be quite expensive and also rec.z.!."e
leng construction periods. With the cxcep-bicn of Japan,

tals infrastructure is missing in near"y all irdus trial
tountries. Therefore, this transaor,at* on system does not
agrear to me to be the most ec:)‘.‘.mlva.l one  for the increasinzg
ccal consumpticn a2nd transportation in the! future.

'

“ne storage of the dewatared fine ccals nas in neerly- all

%2ses to be made in:close bunkers or :-ontai'xe“s. Tiils. es-
clally applies to cases when the dried ce 1 ii 5 oF

"'.:..ver:.zec. coal might ignite spc*xtaneously‘ A sto age in

a protedted atmaschere wouid then be ind ispensible. Coal

:lurry, hawever, can be stored in nornpal s.arage’ facilities,

Tine coal offers the advantage of be.ms ccrveyed to the

ans?ori-a‘ticn units in completsly c;.osed and cc..t:mucus Yy

atin'-z hauling eguipment.
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Fetransl 23 a carrier wiull 2wond sush Srotlems. Methanol
23k =asily te prizuszd 3% zny Sias, fardially Irex the mida-
lings sriginated Zuring ceal tTeatdent, Ty using well-kuown
coal gasiiicanison Secimoligles. Zven louwesiegrade zoal cculd
tous Be transfirmed dnts 2 liguified roduct whlch can te
widely utliitzel as fuall 2r 2z a chenical raws aszterial. With
the aid 25 gethans! czal Lrem the gZecographically most re-
mate 2ining areas can be ukilized. This utllizatlion could
vat be incTeased by using methancl also as a carrler for

fire coals.

Cwing +o the fact tnat methanzl 1s a highly pure fuel - the
combustion rasvlts in E’.ZC and €30, oaly ~ the c¢oal-netkanol~
zixture (usz2lly 38 : SC) com he burnt directly and com-
pletaly in power station bollers. The methanol centent in
lacicn ©o <The tutal Zuzel guantity even brings about a
radussisn of tue exmlssians zer electrical anergy unit.
The saparation oF 403l and zethanol can be reallized at the
consuser’s en : ~ is burnt 83 numid dust In

con and. W
the ¢leaned xzethancl can

S er A

cwer statlon Yollar

e atilized in Tors

[Tt

s, —-
L WS Cne ToT

sulihing im fhe aixtare
h is alreedy teing ucillzed in the United States.
U

1ized as g lew exission fuel for gas turbines
.

crs, ooimarily o mctor-driven vehiclas and

with an inereasing supply, wmethancl will
inharesting £a2d4sTock. Bath cdmponenis

]

0f the cogl-methansl-slurry will, concequently, be utilized

ma%ing invo censidaration all ihe possibilities I refarzed
+y akove, T Sael that the most Aifferesat industrial enter-
o

YL3es oo oo

¢
methancl~siurty as fuel oxn 3

guaTantes a wide utilLizaticn of lowsstegrade cozl and a
ceptincus cecapd.

d omary axed =l -~ o oG o=
prize + Bezome interagtad in
"

rEsIol AUD CFERATICH OF CUAL-SLUPR{-SITELINES

Eireline systame for the transpors 3f solid zuterials

wave been witn us for some time. They were utilized in
placer mining operatisus in the late 18350's, and a Tatent

€5 move solid materdals +threugh tiges by p\:::c;‘_n; wes granted
in 1851. Already in 1314, ccal was transported inta the City
of London by this mathed. ' o

Yovevar, slurry pipelining - as it is known today - reall
bvegan With <thz stari~up < %Wo systens in Ahe United States
in 1957; one of these was a coal-slurry :pipel:‘.r.e. ThereaZter,
meny ‘pipelines for long-distance movenment of ‘large volumes

of solids have gone into servica. o

Probabdly the best Xnown siurry iseline 'in the world 1s
the Hlack Mesa coal pipeline in Ar,‘._zona.;‘l‘h:.: highly
efficiant system went on-stream in. 1970 and deliverss

Since that time approximately 600 tons of coadl per hour
and has an oreration availebility factor!in excess of §9 %.

Thereiors, the technology of molderw slurry tipeline systeénms
nas been firaly established by the exgerienrcez with the:
2lack Mesa pipelina, :

The high level of confidence in the czpatility and aco-
aomic practicability of sclids pipelines is further evi-
denced by the lanning. of slurry’pipéiiné's’_ ctj.f'('renti:y under
«ay in the Unifed States, Europe, South 4nd Central Aperica
and Africa, where larze volumes of solid materizls must be
transported over long distances. ' o

In the United States only eight major coal siurry ;ipe-

line projects are in the plamning stage, two of these
with methanol as Slurry vehicle. ALl '0f these propeosed

- 40 -




ot ~ea amorssing reliability is guarznteed &

svemameg will saniver tharmal 222k To elostiric power ginas ~ne sperszing reliability is guars if

EVSRENES Wose —CemcTe Svi:haaricpy - pe -

snean Tlanti, anf - WATH one SHSIPTIon - 223l 22 the Rine- . )
~aTiam TLERTE w3 3 N - ' o
5w cmarcmas awsll Be in emeacs of SO0 miles (1.277 iml, - plugging by larger particlec during eopecaticn
fing SASTARSIT Wi & &N 2x < iy SiLn - :

T af the siurry pipelines does not ofoury

- +he glurty pipeline can he regtarisd witheour
=3

wmguogad sirelinas will sransport cedl «wnish »werefore, the slurry vhich is intra;u:edfinto the xain Line,
a s .:;r::cle size of aosut 1.2 =m, Wit 15 coupossd of 5olids waich have un:ergcn§ a carefully con-
ﬁ-ﬁ of i% beinz smaller shen 44 micror trolled crushing and grinding process. The particle size
& with wetsr 24 a oix ratizs of a2iuost consigtarcy sl the slurry concentr;tion russ be walntained
are uatE;’f}his aay very slighily Ircs within rather narrow tolerances in crder to ensure elficien
a sturey of sonsentration 45 @ SO per- ) eperation of the syster snd ster=-up capablllty, sheule the

zzal af

ZERATSTANG TLANT where line. In *h2 eczze of coal,

= Figeline to the Z ‘
1+ ic received imTp 2gizated holding taniks, Freom these tapss an approximaze size of 2 inches x J (50 :§'x 01 iz delivered
f4 ix t-amsferred To 3 SEWALETIng Sosilisy whers whs so2l ints +wo bins whieca fesd on fzapact ¢rusher. From this erusher,
1 2 tke coal gres althor %o a rad mll or aansther ¢rushdr where

a
tep size of zbeut 1.2 @, Ihis proccess roe

it is ground to0 a
vidag the meshk s&p

estrum which senfcrss %
- ‘ o

i iswtly atove pipaline re
aken periedically and they zay te u
purposes in the lzboratery testltop which is
t

143
B
o]
o
o
]

Lzt 5 staticn. If there is no prodlem found in
spthmagn em be wzed 25 SArrizr. In this czge the s;_r-!; ) w5 or nther tests of semples, the zatarizl
Whem 1t is suppliod o the power siatish, fan v fed wizhous then is ready for dhe malin linme and will underze donsitometer-
. P - P ey mamb o f ala fypel. . . . . -
geparation TS L2 TuUrmIr. Fetzencl 33 then zart cof the ku samtrolled dilution Sust pricr <o entering the main line oumps
. L) in al walch is 19 3 : p O T rY
“htz zam fe a bij advantags when using soal walch s wt in svder 4o bring it to pizeline soacentraticn spaciflceztica,
wery reactive.

tssocdated with each partieular clurry 15 soge nipizun Diow
<

- el el dn? T ir ine . I : .
In sreer =3 have an soomemic ond relianie SIUTTS p_pc% uelocity telaw which cepositicn of soliis asy eccur in the
g - 2 ¢ * ¥ Pireline, The minizun Slow waleelwy found in ldng-term test

nmE was ovetwaen 1.8 ;2.2 m/8. This ninlacz velocity is @
funstion of wepicle densi~y and viscosity, partleally size




and pize diazeter. The

¢ the uliimasa solids In 10*:51—;9::: “es% runs a pressure drop of 9.5 kar/i0350 m was
* ot T or viry near dasizn ve- | arcsovered by a flocw valscizy of 1.8 ¢ 2.E p/s. Under these
ooty evan Juring aild-up years when the throuznpul zey :ondi.‘-:iéns no pluggzing or abrasien did sccur in the Test
e cply shRe-thizd or cme-helf the design guantity. Ynlike L facilitias. i '
525 sigelinas of comvensiznal Newtonian Ziguid systezs, build-
13 Tansst gemsraily be zcecmplisned by additian of puzp sta- CEMATERING TSCIDIOLOGY, integral to wmost slurry pipeline trens-
tions as throushput demand increases. Thls must be accom- cartation systeas, is a highly specialized #1214 within itsels,
Plished By pumping sluss of water betwesn slurry tatohss of and it is not possible to cover it in any detail in this brief
by cperasing The systed oniy part of the Time. The diameter sresentation. It is centicred hevre hecause a dewatering fasilit:
0% the gl ipeline 1s <k

—av -, > - Ny > . o
s wherefore acre clagely delined Ly Ls an important cooponent of -most slurry pipeline systems, The
-

cszmon Hethods of dowatering include dentrifuges. or filtering
systens. Thez surface water contert cf 'the coal will be reduced

ers of more convensionil pipeline
svstams. Coerations during build-upr m2y be assistad somewhat

vy ey T v e £ H ALY T’ " - 5 A~ AL - iy - . B i
by 2 sTall resuoliin in siursy contemtration andfor @ siighiy 5 13 % ~ 45 % {by weight) Ty cemtrifuges and alnost 20 % (Ly
“awer Tigw wase, if it can e safely dene, but seldma Vo the :

veight) by filtering systems, The follewing equipment is suile '
degzrae reguired To muintain Suil-tize system operation. . .

atle for the solid/liquid separaticm: - .

neansration of the slurry usualily cannot be In~ -~ Suction Drua Filters for a particle size range from O %o
ziemtlr TO reallize zny agpreciable galn in §eiiss ¢.5 nm, o IR

is resulis im siurry density and viscosily - Dise Fil%ers for a garticls size radke zfsm O to 0.5 mm.
nigker gperating prassures and pucp - Dmpler Centrifuges for a pariicle Size rarge from 0.5 to

. e Systen was designed. 30 ma. . ‘
-yas efficiantly ergineersd for the crigivel - Pusher Ceatrifuges for a pasticle size rlz.nge rrom 041 S0 3 r.
+, thems sizply will not e adeguate pize wall R :
wivhzsand the prassuras reguired t¢ meve a lgh In some cases, the slurry nay be thiskend prior to dewatering,
slurcy at the reguirad velosity. Although, =he 2nd some. therzal drying may be perforamed onithe dewatered salids.
o= mare been designod 10 fperate at this new ihis applies only for coal-water s:lurrf,‘._' ' )

Iz a coal-methancl slurry the :—.eparatioh of ;netharu:l from coa’.

e same procioms will be encoumtersd 1f throughput fncrease X - has In no case been done se far; thermal drying is HOL, BECessSa
attecpied by zaintaiaing slurxy cemsentraticn, bul ralising i=* at 2all. In view of this fact, the transportation .of steam coal
- H - > 3 S a? ¥ - "‘ ¥ - - )
Slow wmluze. Thiz, ©F ciurse, imglies 2 nigher slurzy flow Tines with meshanol as slurcy carrier 4s theé most economic way
- . )
¥alooiTy, whish eiza resuius AIn cperating prassures Leyond S 4 can think of. ) :
dzsisne Limizs o ke £yolen. Additionally, =5 the new flow . e : : i o L ’

. : R . 5 PO vo——— iea Yo o : . X i
velaosity L5 appresizbly abeve thet for good slusry pipeline sowever, a rezl economic comparison between icoal-watermslurry.
2esis, 2brasion of the pige wall =ay occur, resulzini in 2ad coalemethanol-slurry is not yet finalizedl A study is
raduzed Proiech sihar gperazionel Qiffiscuitles. wnder way in tie United States. But zll the i£aéts mentioned
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The soal briguetting plant of Gewerkschaft Scphia-Jacoka

Tw2th special regards to the producticn of dbrigueties Linded

ev_lignosceifsnate

A. contenks

In cornecaion with restructuring work for the purgose of

™

acreasing the capacity of the briguetting plant of
=]

173

[}

guipmant {installations) of coal briguetting using coaltar
stch as binder as well as the measures £or the impraverent

"1

£ qualizy, such as

(3}

the introduction of, the emulsifying
technique, will be described in detail. ’

f2r 13 yeaxs Sophia-Jacaba has also beer workine om the furt

develogment of a new brigtetting technigue .for the production

2f ccal dbriguatizs, which are pure in 's,::.o?cer Baged on the
proceedings develcped by the German codl zesearch instituts,
zalled "Bergbauferschung®, the bricuesting method esing
lignosulfcnate as Binder has zaen JA"..;r'g'duce.d and fully Geve-

!ped. Operational tests, the briguesting technizue for tha
"Extracite production” and the secend 'phase:; for an increase
“f 7y, : . i

wa L.

he plant capacity to 50 t/h wiil hé discussed in datail.
At the time seing plannig work is done for the design of :the
tnird serial-rodel modifzcation which will provide an |
intrease of capacity to 100 t/h. ’

[ . . . .

<€ drawings and nunerical takles o which in the ccurse of
S 5 . - < . . Toa
%iis discourse will be xeferred, are attached, 2t the end of

this paper.

Reproduced from
best available copy

cohiatJacoba at £irst the chemical eagineéring and qperational
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ke hevcse sugars &0 Tpirnd

Germany the decompostion of wood is
s¢ that caleium ligno~

»3t glace. Since esp
gulpni°e$, magnﬁs&u:

B

Izhite - a mechOa whic

e 3:3 °c resusl’
s when ceing hea:"
uSes 9 a Pcany ccke-like s

o

Suzing £arsher nestiny a residcal cozka is produces throush

an increased srircing off of volatile co ugunen's. This residual
coke resculting from MR- lingnosnlfonarn 2, 25 a foamy subszarce
-w1th thin cell membranes and contains ¢ % %0 12 § a2sh cepending
on the ash content of the lign oqulfona:e.

Szec.il procesg enginecring regarding or cuett;n~

The large adnesive power of lig1osul‘o1ate. cnly becomes
effective within a certain rangs of candentrar;on. If the
dilution is tos extensive, the achesive is too poor: if the
drying process is nct ¢orrect, Znx examplelin the hriguetting
material befere belng pressed, the ashesive -power is lost.

In order te cbrain a gocd distzibuticn of the lignosulfonates
on the coal surfaces oculy a not koo strengly evascrated iis-
ncsulfcnate can be used. IF the lignosulfonatas ta be chbtained
Zn the market with sclids of abou: 50 % a:é heated up to 50 ° C
~ 7C ° ¢, they have the right cnncentfétioﬂ and wwiscosizy for

*oe process, the aihesion of the lignoshls ra-“, nowever, is

Fo

a0t suffizient Ser the production b:;q:et:es'of & satis-—

a
{actory character; the lignosaulSonazes have still =o ke thickene+
lurlng the process of mixing and distributing.

“han

o

rying €0 find out the reascns £0r the Aifficulties in
Inpection with ecal briguetting d¥ means of lzgrolefcna+es,
'-e.cbau—Fnrshhung tated in sheir pilet plan* that throuch

*32ing extericr heat to the 1igncsu15cnate surfa ces, these
s=riaces would exsiccate by produciné‘ﬁén~a§hesive, smccth
d %0 longer dispersatle skin sTructyres. fnde#’tbese'skin
27ers on the coal surfaces cf the “’lqueut11g mater:al, the
*% ROt ve:t thickenad l1ignosulfonate wkich whizld he longer be
2ispersaple. ;'F »

“aring @he pressing process. this ligndsdlfcﬁqtc can be;pressed
23t of the briquetting structure leadxn§ to the feared lutine
“% the roll moulds (fried ecq theory) i " ‘
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2 czal chaxye of
che axztragite
n content of € - 7 1 againss

rradushtion, That o

22lts nransport the 2xy ¢¢al o subse-
{=3

guiently addad Tloidisad teds whare it iz adjusted to the
ragquiraé tenperaturs ¢f 173 * C and the hanidity o J,3 8.

Flue gas ang vasers
Zunnals connecsted int gerias. Ixy cwal and dust are

o wamm Soaversr screws and are rondncted to Jjacke!

wged grantity »f the zinder of amwonium ligncsulfonane Is

=2
afded 2o zhe eoal ia the Rixers.

crizing strews sonnechad in

Zom the materzal

-
£
\d Aizvoibutars the material mixiuze if

1 prasses. The specific amount of pressul’
e “sreea briguettes” are
¥y reans of wire tissue beits 124 o the hazdening plant mOuRY

in line.
A1l abras:on material is reiurned te the avallable draer plani

ismef 3 single processes

ons
praheating process, che hapdeniss
34

arz heated by

a resulting

o

Tze nardening furnace 15 subdiviZed intc & zcones =ach ¢f which
i3 TgeiEEEs <ith an o1l Zired burncr. In the warisus zones

e briguactes are beated accc:dzn~1y oy ci;culating.air which

iz requircd for the condensation of <he binéer. rne hrignesres
thus begare resistant =o water and a:e‘hardenea.‘rhs axhauss ;
gaz £rém the various zones is collected in érc;;e and led to

a2 chalmmey of a aeizht of 30 = wizh a saperifcesed drw dedusiing
=lart. The guantity of the exhaust gas khach is deductad coryes
sends +o the amcunt of ooubusticn air wh*ch %11l be coasumed in
=ha burners.

Any dust and abrasicn predured in the harxdend, g plant wili be
zeturned to the drier plant.

“he cooling conveycx proviies the "ha:dehed'h:zque:ts ! owity

fxesh air which is cenpulsorily blown-%:buqﬁ tne_bri;:eite ted t
in a countercurrent grocess, thus coéling them dbun to. loading
emperature, The heated up coslicg air is then racycled to the
sreheating process. . '
After having passed the ¢noling svesem, th ‘~; iquettes aze led
%0 an immersion-zelt for anti-dust treatmentdt! e e

The loading zlant consists in ganexal e‘ a cehvevor baﬂd whizh
<an be lifted and lowered and of rail qcales.u
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wnile the staniards Soc <03l sragucksing glint dun to s
SIN Z3087 mrrill Andizat: tas Ecllowing stendarsds values”

iz strenczh 30 kp, Axum resistans:
- - 70 ¥o, " .

3eghra~Jacocba are considerably tetier

RA=nut 2rizusttes erushing streagch g > 127 k32, dyum resist-
fA~-agg-shaped origuettes 7 " $ 5153 kg, " "
extracize 20 ~ d g 120 kg, " A
axtracite 4C " . 4 120 xz, " "

Thg praduction ¢f kriguettes with such strengtn values is onl;
reesibie by using a Zeedstock with an optimum grain shtructuxe

as indizaticn fcr the grain scruchure you may refer to tae
: for years ik has been

moze then 2404 o /gy fox the woal fesdstock to ke used in the

sisch Drigu2tiing plans. In cCRzarison o this code numbers
=

92 I0C ~ 230 em®/g nad beeon considered as sufficient hefore.

3£ course, furthar facters for ecually nigh quality featuves

of che produced pitch briguettes-kesides of modera machinery
eguipment Iin accardance with the standards cf technigque,
have Tean 2ad ake a regular aad current cperational supervasist

as well as caraiul iaboramory 2xaninazions and quality contis-

The ressulit £ cux efforts is reflected in the Gevelopment I
the annual Driguetiz preducticn wnich still xeaches a hish

entpns Lt spiid of 2 decweasing market. The raspective values
can ke takenr from the attacked tabular data: “Annual briquettt
prodectisn at Gewerkschaft Scphia-Jaasba®

B: 8210041045

* arn Coal Cotbustion and Boiler Technalagy

=y B0 2. Braun, £. Wied, Y% - Cisseldorf

wrieg the Yast seven years coal as a fossile fuel has becers more
274 mere importart, ‘

“ce rezsons for this are the rapid increase in oil prices and the

“soentence of energy supply on unstable pa?:id-aﬂ ‘situatiens.
“erefore a worldwide effort i3 baeing made te use natural energy
-esaurces as much as possible aad to baccme-energ;mise indegfenden

‘1 this respect coal does play zn :“ar..ant r:ﬂe.

r acditicn to the well known ccal ccnbusr.iian techaelocies such as

rate firing S/sts'ns and suspinsticn fired systen: .he neéw echnology
ﬂmdﬁzed bed combustion is offering an optwn wish rons1de'~zb]e

<vantages.
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~-p 2en toTOAPAtUre czwn from 500 40 apowt 07 °C and tmun ca-ry Sh sff

~anz a collector bunkar.

“uel dressing nust axtend from middlirgs thr—v.}»'h Lo washzd Tine smalis.
s-.ehing to a grain $7za of max. B mm is carried sut with siTu)tanecus

s-pi0z 32 2 rasidudl moistura centent of about 3 %, The fug’ thus prendrved

o5 fad anevmatically togesrer with the T"mestone and raceclzd Fly 2sh frem

1alow into the ded.

ins ‘3 a cgnsartior cicprising
s t2she Eabcack G‘herhausen, and its subsidiaries Varsinict2 Kesseluarke A5,
s.ssatdert, and Sakcock-sUiiner-Schilce-Haas- AG, Kre.‘e‘:d On ccapleticon of
iegatlation the commissioning work started ~n 0.4, 19:9 first with coid

$, then gas igniticn Tiring 2nd ﬁr"l‘iv operaticn wx th ¢221 Alone, On

»

il
.2.1979 perfornanca and functioning wera approved t3 conaractua) shtendards’
12 the plant was Hendad over &5 the custere for .wal triais. The plant

-2 forraily camwissioned on 12.11.197¢ and, in he Jintzrim, bed heen din
szeratizn for well gver 1,120 hours. !

ténnes/hr in canjunctien with 2n ex:raction_—cbndersatfen tursine of
18 X0 electrical cutput. Tre stenﬁ is said to be at & pressure of 120 bar
"d 2 terperature of 530 OC. The extractis .cc:nf’ensancn turzo sat is
lesigned' to deiivar O 3 IC tomnesshr —x;ra\_flc"l stean et 25 bar anc up to
2 tcnneg/hr'extrecti-:n se27 2t 10 bars into the ¢istrict steam heating
“etwork. The condansation sectiion con a..ccmrc.-date stean 2t the rate ¢¥ 10
, %2 49 tonnes/ir. " -

™
3
o
-1y
1
1
"
)
10
ot
(54
n
1
i
—
"
5]
.
s
v

In thig ts~zeratirz range the Tabric Fiiger is

ing the wirtually sutohar-frze waste ceszs.

ne serarazed 2ust from e roiores can he fad bask ints the ted with e ) :
resgt merformtnes Aith this output fram the cendensziicn secti ion tne resuired load
sragut performanca. . :

uati Sation is achiaved for assyred cperation, avén where stzan is teing
**"—fﬂczﬁ Tor district Rezting at a rate lcwer thanthe minis
¢4 the steam gansrater fired by Fluidised Sed,
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-1zt

raiiation space is recestary, but gtrersige the steam awierator can be
uilt canvantianaily.,

The entire bafler prassure sectien i5 suspendad in ¢ne boiler frawe
and zan expand Fraziy downwerd.

= &3 ir: N B ~ ativaly with
éie=ributor nlase oF the Firing system *s connectad cperativaly wi

Tae .
e wall zurfaces of the priszure cectien and thus folless the expansica

-ty
-

acveTents of the stesm gersrzlir.

The ¢ :nzr:n.nr; walls of *he fyrnacs body and the 1st and 2nd flges 2
constructed oF weided-flue cas-ticht dizphragm pipe walls which serve as

evapgarasar !L_-‘I ng surizces ard channel the flow in natural circulation.

Tha gre znd Firal :t.:err.ea.er heating suriaces are Tocatad in the Is:
waste ¢as fiuvs 2nd the faed waterd preheater heating surfaces in the 2nd
and 3¢ fiuas.
urfacas, taking uo about S0 4 3f
ersian heating surfacas of iz

the percsstit

]
Fryfdigg] bed

shoas how U5
oyl flufdisez
bad
HO
Aus

TN

. ¢ivided inte six comaartments of squal size, eizh L. .ng controllad
~igzeniently zt tae fuel and air and. This snables 2he partial load
~12uiverents of the user to be seiected Dy bringing in or thutting of ¥
~2iricud] compartnents. OF the six comparirenss {n the fluidised Ded
“Iring sysiem two are ¥ilted oniy with evaporator and the reraining four
-2 evap3ratar and medium superheiter heat ting surfac-s

ow i5 channelied in 2 positive cycle thrzng h the e;é;:ra"ar htetmg
surfaces in the flyidised bed,

These compartments fittad anly with evanoraxar hezting surfaces ars
tve starting compartments and remain fully in cneration under all load
:i~ditiens. This is necessary {o ensure that the mass flow of tha super-
sexter alvays remams suf‘tmmly hich as the ceHs 1tted with com‘ned
somorator and superneater heating suriaces are switched in, even at the
* 1 heat flow densitias of the Fluidised bed ‘wr'mg s;s‘.eﬂ.

“he superbeater delivery tezpersture of 530 °(§‘1_s hezld ccastant by

injection ¢oolers.

.
9

Fi3.12 (7). :depicts tha steam outout in renanon t t“e fluidised bed
“reralture, the air surplus and the nuxber of ‘“mdva" bed cnnpar"ren.s

s weration. .. . R
UL..iI!.-‘n

“Dompfiojsiung -

=3
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N L Wirteitettempargiur
n=luftiharsshes B Vi HoesE




Taiy < agram shows haw 2 pa=tial load 67 75

Tewaring e fluidisas hwc facparrtu-e Ly 100 .
and by shutting off comz @Mt “he sitean ouizul

down %3 the envisoged ®

¥
»

ean be achioved alreacy .

Usng this control ratic

dxn 4e regulated stanjse:

mom lead of the steam gengrator.

With 4nz sepzlamantary fuel drying whi
the
the

zh,
Fi

ameunt
guired for drying 18 added to the waste gaeu

in

edeition to crushing, is

cw relationchips in the fluidwe

7 zorsturd in the fuei

an Smosroverznb is aleo achieved ia the dagves

Fig.13 (7}
shews the saviszazad
erasting/drying

process with
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The coal i% fad from the raw coal Sunesr o tws rabcund crushers
sap roductinn ta atout 6 mn grain 5722 with sizulsaneous drying to @

i
~:oidya) roisture zontent of aboet 3 %

Flya gases taken froc the stazm gererdisr gas Yicw ave used 3s Ahg

=xing madivm.

The prepared fyal drooping onto the crusher outlet beiow is remixad in
e ¢237 burker with the fine dust frim the ugper crusher actiet scparated
¢e2q the vapours in the cyclona separaser.

Tha mizing bunker is fad in the required ratios by the coal bunker,
timgstane bunker and fly ash bunkar, '

istributed to all

frem the mixing er batching bunzar the charge is o
satihing charnels ard from there the precared hurder {s carried uniformiy

:~d continuousty by rotary pisten blowars up i5%0 She fluidised Sed frum Salow,

The zembustisn air is fed 2t 2 controllsd rate Sy fwc ridial fans to the

4
sas2s ar2 cooled by the heating surdacas of tne S8oim gensrsiar down 12
out 200 9C, .

isgivigmal flifdizec ted corrartmants. Ga leaving the *luidised bed the flus
1

Tae high sulghur retention in the Fluidised bed. rzdeces the cenduckivity
of the raw gas’ dust £ the point abern cle2rirg 0F these waste gasas by
eeztrical filtration is nn lemgar practical,

The fiy dgst entraired in the flue gas flew is therefere separated in
L Tarie S var,

Nhere the £oal has a high ash contand the heidht of the Fluidised bed is
w22t comshant by druwing off Sod material, This i anninved by explofsing
$7avity at the fiuidised bed bottem. The hot ash is codled to 200 °C by
223 ly devaiopad ash coclers o
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Ye1xYirgan Model Pouer Statfon of Saardergwarxe 3G

The Wiil«lingen Mocdal Fower Staticrn of Saarvergeerke AG. Searoricker,
ransrasents 2n interssting concept in cenjunsticn with a fluidisad beg 3

Firing systan.

Hare, with tha suspert of the Faderal "xmsuer for Pesea-ch 2nd Test-

Togy within the frazavork of the "Snv

jon af fividisa

progra=e, & zoohina

achiaved ¥Oor 2 cas-s4zam precass.

Tne Jaycut is shown in the simp)

s A

onrg

vramrentany Approved Power Statics”
d bed firing and dust Tiring has bes-

1i¥ied circuit diagram in Fig.34.

2]

1 .
Rz - pr- e g .

i

The comprassae, driven by the gas turbine, draws in fresh air which it
then comorssses to 7.3 Sar. The 249 9C hat. compressed air fs fad to the

imrersian heati
708 °C aad tnan

Using thie arrangement ihe

fluidised bed Firing sysiem adupts

(2l

ng surfacas of che fluidised bed Firing system, aeated up i
fad 25 3 driving gas tc

the gas turbine.

s turbine is driven by ccal, as the
indirectly *ha functinn cf a combustion

chanber oF the gas turdine and s totally isclated from the wazef-;teaAa-

circuit.

and the dust firing s¥slems.

e

zhe gas (air) is still ata tomparats™t
» for toth the Fluidised bed firing

“ns waste gasas frem the flyidised bed firing syst:i-.u fn wnich imerts
,-e burut, are channeiled at abcut 260 °C below the cos] dust burner fato
--p cozbustion chamber of the staxm gernerater. H:re the greater propor:ﬂ:n

.+ e entriined urcomdusted zoal dust particles g nurnt of¥.

_The flue gases of the fluidised bed firing and coal, dust firing systems
«ean #low separataly tnrough the boiler flues and trans‘e" their haat to
< » keating surf'aces of the steam gererator.

an emerg‘ng from the boiler the flue gases pass through e!ectrofnters
e dust extraction and a desylshurisation system and are 'hen m'he"
=:2ather with the cooling 2ir from the cooting tower.

The overa'l;l electrizal output of the hleek will be a?beu" éEG W,'of
--%c abuut 185 MA §s attridutad to the steam turbine and. S M to the gas
. N !
sordine.

21213 Generatdr with Beosted Fluidised Sed Fiang

From numerous t2sts on laboratory scale and in pﬂot p;.nts it his been
man that pressurised fluidised bad firing systems ach 1eue an sven better
sseformancs in respect of cembustion, desu!phunsat en erd M0y content than
2ir r:cunierparts operated undar nermal au-OSf'f“"TIC cor"*i nons.

Extensive operaticnal experience with boas:ed_ or. pressw-xs_ed flufdised
tad firing systers has besn gained by the British 'Coal U:t"i_]isa‘tian Research
Lissciation (RCURAY, which has been cperating experimental planss in.
Leatherhead a.rnad/ since the middle 1960s the Targest of w.uch has- 2

“uidised bed cross-section of .6 x 1.2 mtr and is ¢perated at a servica
sressyre of 6 bar.

The Taboratary af Zargbauferschung Gubh in ..ssen hast also been ra-'rv{ng
it simf{lar tests for years at a pressure of 4.5 bar.
i
Pressurised operation arablas the structyral s1zes to be creat]y reducad
%y womparison with the Flyidisad bed. cpe*a;ed et atmcs;hAric pl"’SSJl"E-

§ o .
L H
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=iq. 1% deziets the intlu

ieice of pragsure on the reguieed crogs- ‘
gasticn of Lna blewer stroas botiam.

<ram of tha pressurised flyidised bed firing system, the heating area

. . . «wed %0 absorb the heat generatad in that tyom of systaw can De
Sriorderiizher Querszhnl s .

i Msf;’:;::;ﬁwingigggﬂ Zas AnsirSmitedens miHW . --=zdzted ¢nly by appropriately raising the bed height.

=107 , ‘

~loss carizontal mixing in the fluidised bed, which s Vimited by somparfsan
:g_ss . - ertical m;‘ixing, “herafore does not suggest anyladdit‘.cra”l fuel

< vi-suticn and ¢ezbustion prablems ‘n the bed of pressurised fluidised

- =3 systems, by contrast with the Tncrease achieved in vnit outaut of
‘30-’5 .- rzeeric Pluidised Firing systers where only the Sed 2raa is enlarged
] e rot2ining the bed height unchinged.

02
In return, howevor, with pressurised fluidised bed Firing systems a
-1rderably higher prossure 1085 must be anticivated than with <heir

6.25
03
033 R

X2 ‘
048 11 is thersfore advisable to use combined ge5 and stesm processes for

a5

neric countarpsris.

d¢ snerating of fluidised bead firirg systems of ine presgsuriced aor
cs - saccharged type. ‘

7 .
€3 Fig. 16 dopicts t4e possinility for using a pressurised fluidisad 9sd

14 3 3
;'g © =g gystem in 2 corbined gas-stzarm Srocess.
3

— EA
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Thie Taads to compact, largaly prefabricated units. With an suter N> EE Y bo i
vessel di2netar 37 § mefres, which can still ba fabricated withis the J" ¢ < ) . l
af 2 worksteg, aa3d 2 sarvice pressure of 10 sar, it is possible . 1 oasier g
t0 aznieva 3 rrermal cutput of 150 ~ 290 . L.f.__.__.__~f__4 ;

In wicw of faz ralative’y smlT <rezg-sacticn in the blower strodn
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The staam turkire procass on the right-hard sice raflects the state g@
the art 2nd incorporatas a high-quality thermc-dynanic version of inter-
rediate suserheating and myliiple feed water praneating. The steanis . ¢
generat=d in the heatirg surfacas immersed in the 7iuidisad bed.

The gas turbine process can be sesn on the left hand side,

Bath processes ara inrts
ccmtustion chamt

rannectad vo2 the pressurised flyidised bed

70 reduce the davelepment risks of such a cosbinaticn process it weuls
SppEEr a\tvis bie to carry aut the two parts of the process in b
indepandant installaticns.

The two complementary instailations, the AGY and 1E4, which arz consi-
derad %0 de issortant milastores in tha develonment of fluidised bed firim:
for iarge-szale clants, ars described in greater detail in the following
pages.

The A=d Pilos Plant

The planning cb;‘e tives of RSN [¥orking Farty for Fluidised Zed Firiec
Systams), a joint venture by 3srphauforschung Ca9M, Essen, ard Vereinigte
Kassalwarke AG, Dh‘ssalcorf (ViKd), wers to demonstrate the ¢seraional
efficizacy 2ad raliability of a g2s turbine procsss using a supercharged
fluidisad bed Firing systam ir contiruous ope-aticn.

With the assisiancs of the Taceral Ministar for Pesearch and Technolocs
{E¥FT) 2 pilot plant Tor a thermal cutsut of 25.3 ¥Y is being eracted on
the site of the STEAG Pewer Station Zethe Ranfel.

~a-

Fig.17 skows the circuit diagram of the AGW pilot plant.

The Cospressor compressas the indrawn air toia présmrg nf 4,8 bar,
1¥ter which it flows in two streams into the Fluidised ded combusticn
-twher, One stream sarves 25 combustion air for:the fluidised Smd and
s=¢ other 15 channelled through the Yeat exchanger ifzersed in the
“taidised firing system. ’

The combustion gas, at a temperature of 860 °C, {s:clezned in
sressyriged dust extractors before antry into thA g2s tarbme and then
=ixed with the hot 2ir rtm the heat exchanger. Tha os:eradng 338, which
*:s a temperature of P00 °C ezt the design point, ..rops in the turbine to

€3 °C and transfers part of its residual heat to the following watte heat
exthangers - :

Effecmve dust extraction frem the flue oas 1s esse"ﬂtial to ayoid
erafyl erosmn to the turbine blades znd ensure rehable 1ong-tlrn operation.
A VIQH of the importance of this requirement the i1 ger should be devaloped
n 2 separate resaarch project. C

The projact #ar deve1oping a pregsurisad hat gas electrofilter, also
~2oted with 3FT resources and carried cut by’ Babcock-BSR} Kr=fe1d, is an
lernative ‘t:! the British and US solutiens, whxch use. cyc\ones or: gravﬂ

s, . :



I% ramains %o Yg sodn ahather tafs Ti1ter will achieve th

2« imaning reguirad for raliabdla gas turdirae opara:
5 P

‘arket princicls, the round wasgel of & melre disoeier

.
b}

B 4
2
B3
L]

w

The saparatson of fomseratire and pressa-s giress §s ashioved by the

.23 -

< ajeustzrd the full pressure of supercharging. The infe. <essel, with
Le"2c4 diachregm walis forming the gastight seal of the cambustien chamber,
. -oagired to withstand in terms of stirength only the prassure diffprantial
vroaen Bloser stream Floor and Tluidised bed firing systam.

standard

=4
fon at 220 2

ir entubad cavity is provided beiwsen the blewer stream bottsm and the
.0 pychznger tubes and the tubes for charging the coal-Tirestane ol xture
trize inbo this cavity which 35 used to start up tre firing sysiam,

4 the hsat gxchanger tubes are air-caoled and, awhq" to the discrepancy
seapan inner and outer heat trarsfer coefficients, the tube wall te'};erature
- zec ylmast as hich as that of the Flyidised bed, tha heat exchanser tubes
-2t be desipned Tor the fu'l bed terparature. 3 high-alioy chrace nicke?
-mral ig to be used for marufaciuring thase tubas.

& systam ¢f. transdar chaanzls drings the Fuel ints the bed anz carries

°f ¢t ash from the bed,
Twmariancs gaince with this pilot plant Yerms the basis for draft cesigns

* y dgronstratien plant »ith an slecteical cutput of 108,

T M2 Grizathgrge Exgericastal Plac:

) leint project prototed by the USA, Great Brifain and the Fadersi Rapusléc
' isevany is being carripd cut within the framgwork of an agreément by ke
~*srzational Energy Agency (IE1) undzr the adninistrative controd of the
27nal Co2) Beard {NCZ) n Grimetherpe, Yorkshive, WX,

The gredter part of the exporignce gained ly BOURA An the oparation of
T cartharged Fluidised bed firing systems s baing channailad inta ths project.

e plany, consiracted for a heat cwiput of E5 074 ot 2 raxirum Suﬁlrcharge
T3 %ar, sarves mainly for resoarch and testing of the heWavigyr of Stpam
Metinr hexting surfaces in the superchargad fividised bad under variable

>IN parameYars.

<. . 2 . )
SRarchirging 1o ganeratod by 3 stmam-operitad errosessar which can be

baing roe .
alied in 2 range of 7-31 wg/s ady tnroughpor at 3-17 Sar,
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in the intarzels cof achieving reliatle
the prublens of 3as cleaning in canjunction with the operation of 3 qas
erbine. '

However, to ensure that it will be possible to instal a gas turhins
later on, afcer suczassful rasting of the componants, the heat-absorbing
heating suriacas ars accammodatad in separate pressuce vassels.

The flue gases jeaving the fiuidisad ted ars cooled only neminally
9 the zombesticn chamber wails and Yed st a temperature of 285G %S to t
*lue gas claaning process, cansistiag of two cyclone stages ccupled in
scries.

Furcher cooling oF the flue gases tikes pliace in the sugercharged hex
mxchangar anz ancilla~y keat exchanger, which cocls off that part of the
flys gas stream flowing o the turbire impeller test section.

The laycu® af 2 main system cempchents for the water-sizsm circyit is
shewn in Fig,l9.
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“he feed watar dalivered by the feed wazer pumg fiuus InftZally through
+-¢ walls and Teed water preheater coils of *ha ‘heat exchange:, with 2 twe-
zirectional valve enabling the fead water prehester 0 De bysassed when
;marzting under partial lcad, After the fead watar preheatar of the hest
exciangar, the stream passes through the tubes fomnng the walls of the
s-bustion chamber,

These preceding heating surfaces bring the feed watsr up to a -
wtarature clearly ahave urper isation soint. This ansures :the subsequent
stribetion of the total quantity of water to the zvaporators of the
iztustion chamber, heat exchanger and auxﬂsary heat axcharger by weans
= cantrol devices in single-phase oparation.

Chake contrals arz Fitted at the inlat of the evanontar tubes for the
:z~bustion chaxber in order 4o ensure uniform distributicn of the water in
e parallel tube coils during the starting process as well a5 tg .
:mpensate marginal influences exerted by tube manufactinh‘ngItolerjances.

The mass Fiow for the evaporator clusters of tﬁe ccﬂbustmr chznter {s
slated to ensyre superhaating at ite cutiet in evemopera.wml Atate.

e

This gnsures that the heat adsérs rption of the evzpsratov is caverad
“acis eU, ora particularly that of the 1!:.-.ersed eva.’.’Ora‘:nr )-eau ng surficss

% the u1dised bed.

Zalancing of the heat and matarial flows ia ﬂ-e ﬂuﬁchstﬁ bed is. thus
“tdared poss1 b‘le.

o+ P

Ater tre .ndwmdua} sirepams have been reunited a ..«o-wzy valve regulztes
* rartial ﬂow rates required For the ccoler heetmg surfaces to centrol
* five gas temperature n the cavity af the ccrvbustmn cham.,er

¥

The final superhe.tar in the heat exchanger mnerates the requiréd hot
317 smissian temperature. quueuons in the f'nre contro‘l can be,
nced off by the mJectwn coeler interpased m front of the finay supvr-

"l‘.—
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Warkshep piciure 2
in the gressure vessal.

o view af saviroamsntal requiraments and struc‘:urﬂ dimansions, super-
’ <pesod pizam gunerators with fluidised bed firing systems sffer & particu-
. savcuranla sclution for use whers higa-performance units are reguired.

ot
"}'—-‘E._‘*::;K oy

. -archarged fluidised hed firing systens.

The powar station cancept using the fleicdiesd bed grsim siands or falls
.zom adequate dust cutrachion from the flue qas used far -the zas turbina,

.+-s 2 significant leap forwart can be made in daveleprent wark.

1

o

yeione separators, glactrofiitarg, rotiry dust artracTiry, cavanics
#3tars and gravel Fi1ters are wnder discussien, Oferating wagRrigrce TVBYr

|
|
1< s quite cbvious that it will 2e passible to accitulate ralizyle hack-
d
+-» next few years will show which of thaese Fijtars proves mast suiszdle.

Irrospoctive of tniy thare aiready axist tiday £97030%8 hagad snosters
se~aration units for an output of €00 M 1 with surershargad fluicised bed

S'ring systems.

2ased on a shudy by WESTE

&N i Bt
B L {
T | T et e
2 | T e

ke zenaratad b t the cesigr exampie EC </hr at 30 bar and . .
g %, stezm grid of the Grinsthorpe fLolliary Power sgraby for £35 ¥4 four supercharged susisns with £.2 metres dizmetar and
125 retre hoight, ezch with four fluidised bed firing systams, are

Seasian 4 grerItiyn,

“awired, spproximately 18-21 % lousr investmant costs and 16~15 % Tewer




