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Ovez-~iew of the Energy Research and Develoument 

special Att~ntion _.'c.Q : C o a l  .U%i!isation TechnOlogY 

5z!,.-K~ Holighaus ..... 

Projec~ Management for. Energy Re:search'))i(~L.;')-:~ _ 

I>: 821Or3&0979 

The program was startedAn 1974 with an ann~a! budget of 

about I@O M/.l!ion DM, Major target areas of the program . 

a r e  

- E~ficient use of energy 

- Coal ana.other fossil ~ s~urCes .... 

- New sources of Energy 

This first progr~ was followed by the Energy Research and 

Energy Technologies Progrenlcovering the period ~rom 197___7 

to 1980, which has now been extended until 198~3. The' fi:.=ncia! 

scope has been significantly increased. Financial Drlority 

is ~iven to the area "coal and other fossil soulces" This 

includes, activities directed towards the improv~@ent or the 

pollution of ~oal fired power stations, Most of the fun~s 

available for this part will be spent on large scale demon- 

stration plants. 

The paper briefly outlines the objectives, thm content and the 

funding of the program. 

The measures foreseen under the Energy Research and Energy 

of the Federal Government, se=~e the.gollowinq-p=rposes, :: 



- G=~rantc~iz~ tie =zn~inuLty ~£ ~ner~y ~uPpi? ~ ~he me~'~ 

e_n< ~nq te~s. 

- E~;p~yinc ener~=~ at ecznemi2ai!y ~avcra=!e c~St~ &n =he 

- ~u= ~ni t£me!y ccnslderar:es e2 ~ne need fer ,~VvirO~LT, en£al 

p=~r/cn and :~e ~r~tgct!~n c~ the psbll= en~ the c~e~azcrs 

- L~r¢~!n~ ~he =ec~ne~czl ~erfo,~a~ce ca~am:i~t~ o~ cur 

e=er~7 te~hnoiD~] t: ~n~a~n At2 eczn~i¢ c~mpe~itiveneSz. 

T~e reason f~r GDverc--~e ~t fun~ng l~es ~:~eciall> an the facu 

=b~t 

- Eesea::h. ~ey~!cf~en~ ~:~ c:r~erc~allzation cf ne~ energy 

~h~s ~s parZla~!,~rIy zcle Of nc~ ~£gh ri~k devele~Den=s, 

heEend periods o~ time which can ~e asEes~e~ in te~s ef 

andus~rial ~er~isn. C~is risk, and the excc~tien~!iy iar~e 

inyez~zenz= re~u=red, ~ften exceed =he =ap~b£1ities even o5 

iarVe in!,=5~r~zi :~L&D. 

-T:te c;=~:=3~icn ~ =eChz~Ic9 le~ In the l~h~ o~ iadustrl=l 

~erz=~:n ~e~ no= ~utcmaZ~caily Satzzf~ qcals efa nx~her 

order. =hid I S  tr~e ~n ~ect~:ular e £  a~ec== ef esvircnmenta! 

~r~ta~ticn, ~c~t "~'~ziOn ¢~ t~e ~uhi~c. ~&rn~r'~ ~r~Dec=lz~ 

:~ ~t~ ~,=tlye =ar~ic£~azzc~ in zh~ ~oqr~ the "edcrol G~z,:e~n- 

me~ has a~o~zed the =e,D~;'rotz~n between ~overr~.~nt ~nd i~u~ry 

- 3 - 

In ~he ~ndin9 of ¢~3 energy research-~ar~euc ;e~erol 3:inz~te~ 

and Ye~or~l ~=at~ ccoper~:e ~ut the dls~rlhu~ien ~S ra~her 

c~placz~ed end ef l_~le i~ter~t here. '~y ~= ~b~ la~sz 

pa~t ~s hocn by z~e Federal ~nist~" [f~r ~esearzn ,snd Techno 7 

IO~Y, which is als~ r~s~,~nsible ~O= ~he ;e~era~ ~rc~Z~. 

The f~:~A-s =ro'~ided are ~'¢~ ~o my kncw1~,~3e t~e ,Oer:nan e.~pen<: 

t ~  .~,.3~ energy research a~d ~-eehnole~es ~r~ s-~ccn~ l~r~es~ 

~n, the -.'or [d aE' , :ar  ~he United Ztate~. 

~-~, ;~ the f~i=ow~n~ t~le ~n Million Pt, l } .  F!~ure 1 

X 



cr gove.~r~ent lah?ra.'~r~es. ~'hlch are .~unded ~CO %. 

The average percentage of gCve_~.ment funding is abcu~ 60 %; 

the r~ma~n~n~ c~sts ~ze horn h'1%he in~ust-~,. 

,u.~ .... q shews clearly the priority' for 

. ~ means coal, "Coal ~nd c~her fcssll scurce~", which i~ =ac 

o~ ~nly !a~ge ~cmes~.ic energy" ~Ource. 

~oWever, cO~i ca~ only con=&~ue and ex=end to occupy an iTporuan~ 

~o~i~on i~ ~ur energy Supply system, if n~n-~ol!utLcn arid econo ~ 

~iC~! c~nve~s~o~ tec~olcgles are found in crde~ to q~nerate ~=~- 

£=CnS w~iO:~ sa=~fy~he n e e d o 5  the market f~'r ~cmf~r=~ie, easily 

~=~!ed an~ nor.-~oi!u=&n9 sources O~ energy- 

are ~Iv~ into f~ve sections: 

~) E~ectrzc~cy ~e~z&~L~ f=cm coal 

~) ~a~ ~ene=a~IC~ ~=cm coal 

3) L~q~e~ac:iC= o~ cca~ 

The f'..~.a.~cla! 9ri=rl--~" ha~ hee.n in acc=rda.~ce ~i~h this sequenc~ 

- 5 - 

:But as ~al a~ t ~ e  ,:~itt~d m~ney ~s ccn~erne~ coal gasi- 

fication ~nd coal ii~jefactl~n are ~f cci'Farable !m~ort~nce. 

i 

The question m~y aris~ wn~ ~ . ~  deveic=menu of coal technologic 

is at the centre Of Our energy ~ S~-D prcgram~ T~ has already beQ: 

mentioned that coal, hard c=al ~ ~i~nite, is ~--he only slgni- 
: 

'flcant ~nergy source in the Federal'Republic. But he~ i~es  ~ e  

special situation An our country there are other Important 

:aspeCt~ v~lid ~orld-wlde, which ask ~fez an Increased ~onsumptJ 

cf coal c0mpared wihh oil. The:availability of hlqhlyefflclen 

coal conversion processes are 'a 9recondltion for ~hls.: 

I. There is a dls~arity between energy reserves and energy 

consumption wLich is 111us~r~ted ~nf~ure2;i The coal re- 

se~es are estimated tc be about S ~ e ~  tL~es as high as the 

oil and gas rese:=vas tcoethe=, but'coal cove'rs only 3~ % c~ 

~%e energy d~and. Xn the 10ng te,.-m. ~ . ~owever, the bal~nce 

between reserve~ and ccns~u~,~tion will have be r~e~o~e~. 

! " :i [ 
2. Coal is the only energy source whihh ~s able ~D s~bstltut¢ 

oil and gas ~n all respects~!!Xn figure3 the four maln fief: 

of energy dz~an~ are identl6~ed. Space'heating, industrial 

fuels, transport Euels ?~,~ no~-enercen£c u~e~ which ~eans 
ii i ~ 

for example chemical raw =a=erlal~ T~ ~ grap ~ shows toe Wh~ 

~rocess steps ha~e ~o be ~ndgrtak~n ~O~convert coal ~n.to 'a 

more usable ~ype of fuel, Stlrtin~ [frcm the left side by ~ 
.[ 

appiying =eel hydrouena~i~n~ani~D:cvement,:ontrihuticntc ~,. 

demand= can he ~enerate4. Coa&~ysolys'is hasi~he same hrO:=4 

s~ectrum of prod~c:S, but ~y~hhts ipreGess only a ra~her mln~ 
• i: • ! 

part ~s conver~4e ~0 valuab~ei~p=od~O£s.:The yxeld i~ char~h. 
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C=~i ~slfi:at,lcn ~=h alr ~eliver~ z ~IS "~hi=h ~Jnno: be 

=r~i~.rr=~ ever i:nq ~lszazces. ~he~eS~re ~e lean qas :zn 

--'-. he used fc, r :~er ?enera:i~= or fDr "-~"~-~a ~ heating. 

~t ~f t~ deve!~p~en~ Ln 9~slfi:ation, under:aken ~.~ ~e--n.an~', 

c~n be o~e-a=e~ w~th ear. 

C=al ?~$~f~=:tLDn xtqh ex}'~en i~, ne dcDb=; ~he m~su fie~ible 

coal cer.~'er=ien step- ~y applying~ur~her ~rcce~s steps all 

c~ql=~n~nt3 ea~ he fu!fllie~ Therefore ~t is ~oztbwhi~e pay~nq 

~e:ia! at=eztle: to all de~-elc~ments in ~his area. % 

5~ =s a!sc in~=a~ i~ the shee~ ~a~ cD~i =~n directly be 

~se~ 2cx p~wer qexerau~:n, whi'=h is zeday ~he main area o~ d~zen~ 

:;~zhin this t~IZ T ~L!~ cut!sze the ~eve!D=men~ s=rate~ies which 

are a~i~ed in ~AC ~ndiT~dual fields $5 coa~ ~t:ilsati~n. The 

szra=eglez are ~ 5c~e exten= ~ifSeren~ in the ~aln areas ~f into- 

resz ~pcwer ~ezerz=i=n', "~a~if!c~%ion ~ and "ilquefac~i~n". 

: ~ e  ~e~er~i ?.~=h~= h~s an ~nsta!ied electzlc caF.~c~y e~ 

~rT:,~4 based en nard c : a l  ~n~ ~z~n..i=e. This makes ~iear ab~ 

pc~r ,;ener~icn ~r~ all z~pe~ cf coal Ls a well develc~e~ 

a::d proven ~e=~clc~. 

H~-~ever, ~he incre~s:D~ ~e~and for e!ec=rlclty frc~ coal a~ 

t~ %!gher ~:en=~:n whic~ i~ a~=rlhute.~ ~o envtr=~,~n%~i 

~r~tee~Dn ¢~qti~ ~ditlcna~ devele;men~s. T~day ~= %s 

ex;ec-ed that ~.=~e~ ~s g~ra~e4 ~ith Low emi~sl=n$ ~=h 

resy~ct :¢ SO 2. :~o(. ~rti=ula~es and CC. (as f~r ~s ~csskbie}- 

I 
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3he$e ~e':el"-F~ents cDncern modiSlcat~ns 'o "f c=n~zentlcnal 

~cwer p!~.--s ~.'.d ~he add'.tlcn of -=ur~h-~r .process ste~s. 

30,-', ~. .... s, a~ flrst particulate ~e~.,a.,.~ ~nd in ,_',the" 

emlszaen was llmite~ (I')0-~50 • m-U/":m~). This can he achleve~ 

by electrosna'-Ic Frec'ipa=ors- Toga' . . ,  ne:V st~a.-;~ards ~s law as 

2 0  m~/Jm" are be:n~ ~'scussed. • -&ut also t.~'s 4~i ~ can be : 

~:ept by ~r~=ond~ti¢n~ng the .=lue ~as'b~-f ~-~ enterlng the 

precipltatz, r or by %:;p!y~nq cle~h rifflers. ~,~th techncle.~le.- 

were devc!~.pe~ an5 p~:,~ved recently. ~ 

Sulfur e~.~lssi~ns aF~,.~ar~ then ~to be of ~-.,,.;hes'- Ccnce,-T.. ~n 

Japan, US and ~e.~.~'n~" i~tensive develo~zen~ effc~ts -~ere 

in%t~a'.ed. ;10w sever~,l processes , for '5!ue:':as desulf'Ir!sat~-o'~. 

are ~,:~i!~bl ~ - f~.r czzm~-r,-izl a=ni~cati~n. :Serm,,~,r ,  eD.T~anieS 

offer three d~Zferent pro~esses~ which are c~nv~-r'-inq s'~iZ~r- 

~lo:¢iee ~o ~ips.c,~, ~cmcnla s~Ifate and ele.~entary sulfur, 

:~C -Smiss:~ns which are no= under oonsld~ra~oni~urmed eu~ 

to be c=ntrcilahle hy ~0d!flcaticn o~.th~!bur=e~s. :~ w~s 

demonstrated ~n o~c c~ ,=ur ~ower ~I~uuS (TDC ~ that ~ather 

~±nor m~di[~c~iDn~ to ~he burner desicn alrea4y ?reduce a 

siqn~f~canz pcs:tive ,~ffect. In!apply&n@ this advanced burne~ 

design even the ve~I zt~inge~t US standard in NQ~ em~ssions 

can be met easily, 

All the ~=ev~e~sly mentisned ~ean5 =or e~Lrcr~enn~l protect: 

~c~ ~an ha c~n~i~e~ te he =c~.ercia!ly ~vai~ab~, h~:e 

alne.~a~ve ~nfluence w~th re~pec~ ~o =he efficiency of  the 

power plant. The fiq~re of ~7 - ~8 % Qhlchlcan be obtained 

- 5 



rDu~hl';" 35 % ~.~.d at~he s~ ~e ~ime ~he Lnvestmen ~ - cost~ 

~0 up b'_: re~h'-'y "~ %- 

T.~.e ic-~e-- e-/'-'icienc'! ~ c~n-.r~.--." ~o t.~.e CO~ ~is--'ion 

rese---I~ as well. M-~r.er in-ses~ment . are ~n oSstacle 

~.o the "~'i~espread applicau~'cn ~f ~ tecP~olc~l' An qeneral- 

Theref.:re im ~'-~ and e~rlie= the de,relcpmer, t of new power 

F!~uq ~ - cencept~ "--as in, tiered which promise to have 

- h~her eff!clenc~i 

- me~s SO--- ~olZutlcn control i/~.tegr~ed in the process. 

E. ~. G.l~-~..anSr three dlf.~ere.~t de'zelo~m~nt li.nes wet% follcwe~: 

~) G~zlfi~a~i~.n cf --he 5ee~coa! 5y air a~d use o~ 

-~ T40 5.~; :¢-~s c:~a~=d ~uccessf~l!y for several years. Hc'~'-,~/-, 

~.~..~_ desi~/n da~a-;~:h respect ue pewer plant efficie.~cy 

~c',:.Ld r~t " he aCh~ev-~"~. 

2) P~'rO!~'~s 05 the fe?d =cal. Ut~lisati~-n of ~he pyrolysis 

q~s ~n a ~aS ----'rb~ne e-rid cf [he ch~r in a s~eam boiler ~-~_-h : 

also -~Ire ~ - by the ex/z~ns~ gas of -..'%e turD£ne. The critical 

s-_eps cf this cc~cc.-'gz %,ere rear,sad O~. a ~echz~.ca~ scale 

t ;c ' .  -~ at. "-.-.~.e~=~e;~ oi!~t ~l~.~It is under cz.~.side:a~Ion. . 

$) ---r~-ss~rlze~ ~=!~i~ised co..~Jz~s~'-'on of c~al "~i~-h gener~tlcn 

of ~_~u-,. in the fi.-=~-dlse- ~ b~-d and expan--ion o. ~ the hot 

exha'~t ~" a ~n a ,~as ~.urblne_ The zest ~rltical uaits of 

this ~...c.w~- ~ .... .......... -":"~ ~'S X~ c~m~uster, hot gas c!eani.~ - are nov 

he'.~,~Lr'.:es-.i~-~:ed i~ ~- p!ann whlch "-s join~!y f~ndea an~ 

- 9 - 
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o p e r a t e s  hy  r j ~ ,  UK a n d  Germany.  T h i s  ~ e s t  ~ L a n t  warn  • 

capacity cf B5 i~;~ star~ed ~per~Ion a mcnt ~" a~o- The 

results generated within the next 12 I/2 yearl ~LI ~a~le 

cu~merclal plants of this tTpe ~o be designed. 

~no~her actiTity concentrat@sOn,the que~tlon how s~ch 

E co~.hus~or can be connected With ~he elasticity gene- 

rating units. Questions concern~ns ~e iifetL~e of ~he gan 

turbine, the 9aru load hehavlour, the l:0ad following char -~ 

ac~er~st~cs ~tc. ~ill be investlgated ~y ep,~atlng a ; 

pilot plant Which consists of all %he ~nits Of a latlr 

commercial pl~t. ~i!) : 

Today it is impossible to glve preference t~ one cf ~hese 

i • i. 
processes. Each of them has its0wn m&~!ts, 0nly;on the: 

r~sults which will ba ~enerated!wi:hi~ :the nex:i few ~earz can . 

reliable ~eriSion in ~his respect : 15e taken. :: 

Figure I indicates hc~ we see the sitlation An the flei~ of 

power qeneration ~od~y. : ; 

- iConventional power plants were! in tHel cou'rse Of uneirc0mmer -! 

cial ap~llcatlon al~ays 5urther'de~el0ped; Thi$~echn01o~y I 

: now re~r~se~ts ~n o~t~.~m ~itNiZes~ect ~D efficiency an~ i 
! • 

)specific investment cos~, 

-The in~:o~cticn of Follu=ion 4ontscil.te~hnolo~leS had a : 

negative influence re~aralnS e~f~cleSc, ] ~na In4es~men~ cosu~ 

~ut due to the hlg~er priority io~ enVlro~ental:pro~eC=icn ; 

~his ~urden was accepted for a:llmi~ed ~eriod.~ : 

- I0 ~ 
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- Th~ g=al ~s == a~[y ~he zd~nc~d ~r=ces~es -,~zic~ promis~ 

~-er~:le :en~_t~ ~n ail ~as~e=~ hu~ whLc~ are nohqOLnq 

- As zn ir~%---....e~i~t~ ~:~ a~=o~FheIA~ an~ ~ast flz~d~seC 

be~ co~lers ~a¥ ~ = e r  the s~ene. --:.=is =~=hzsie~y .;h:ch 

is c~c~e ~c a;plLca:-~ will keep its =e:i~s later o~ 

~=~ for spee&zi a~p!ic~cns~:dn ~ smmll units (:~ ~o 

~:C }~th~ h~qh ai%hlqh sulfur =~eis, hea%~" duty cp~rat±on 

e=C- 

Already in ~ 50'~ E se~ cf qasifi=az~on processes was 

sTall.hie en ~n !~dz~=t~l sc~le- T~e i~u ~fig- ~ in~ica~es 

the: we ~oc~ th~e ~s ~ ba~ for cur ne~ ~e~-ei~en~s, A~n 

~¢ce~=a== ~= this 2espe- ~ tz :~e T~x~cc Gas.fler ~hic~ =~ 

~e:nly ~axe~ c: :he c=r~rc:aii~ ~roven Te~aco-Qi!-Gasifler- 

The ?~;~er~-Tc~ze~ an~ =he ~u-~-.el-ctte Ceneratcx are dzs: 

~.~tf[a~s~ ~L:~ &:~ ~.~t &~DSlt~Ve ~ reSpeCt t~ the C~al 

~a:a&teri~:cs- ~he F&~ =r~e~ dce~ not ccn:aln h~gher 

hy~r~,=arhccs and 1~ :hsrefora zu~able for all hinde of 3yn- 

The N:nkle~-Sa~fier ~'ez ~nven~ed as i:nq ~qc as ;~22= i~ 

re~ulrcs a n~hly ac~iTe c=al Decease i~ has ~ be e~era~ed 

~e~l b~i~ ~he 3in~£~n~ ~e!nt o~ ~ne ash :n order :C ~reven~ 

r!~nk~rlng- =no ~az with %cw h~-drccar~cn ccnten~ can h~ u~ed 

_ -) - 

The Lurz1-Gas1~:er ~s ~he only czm~.er:iaLi7 ~vaiiahle syst~n 

:pedaling ~nder prezsure. Th~ ~as, ~zch ~s ~roduee~ ~:e,& 

ium? coal cr Dxizu~tte~ =~ coal, contains an already 

re~ely high ~ount oZ methane. Th~s ef~ers advantages 

~r SNG 9~4uc~i~ a~ ~er di~c='use"~i~ ~c~tustlon as well. 

Although all these processes wars co~.~'erczall~" available 
i 

~nd s::ll are today, ~t is in fact the develgpmen~ ~ete~tia[ 

inherent in each 3~ these proce~zes, wnAch SUqqCSt the need 

for £ntensi~¢ development work. 

The developsent was in~t:a~ed :o 5ulfii'the 9.311~wing gesersl 

objectives (fi~. 6), 

- Incre~s~ in energy y~eld 

- Reduction im ~!az~ costs 

- p~d'la%ien i~ sensiti'/it-{ wi~h resists.to the :~al u~d 

- X=~rov~ment in ~,~!luzizn con:tel 

- To increase ~he avai~abil£~y 

One  ~e~sure ~ h ~ c h  ~ r o m ~ = e s  ~o have a ~ i ~ i v e  e f ~ c ~  ~ : th  

regar~ ~ almost el[ o~jec=Lv~s Ss'the iSncr~ase ~n ~a~!fica- 

~lon pressure. Th~s means a s~g~Lfic~t i alternat £on in the 

c e m p l e t e  
l 

~Inkler ~ro~es~es, ~hi~h have up to no~ ~een ~perated ~nder 

~0~ph~ri= cznditions, in ;articular, systems ~or chargln~ 

the c~i in%~ the reactor ~cu!a he nece:~s~ry.i 

% 

Othe~ measures {or ~m~rcvmmen~ are ~pe¢!flc te the F~rt!cuiar 

process an~ will he me:~:c~e~ ~ ~:~ ~n41vidual presentations. 
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,~e s~n~i~ s=e F c~ :~a~ ~asi~±,zani~ enables oil an~ natural. 

~ t~ be subu~it~%e~ in all flei~s ~f Its pres~nt ~e. 

-~ . . . .  -'T~e ~o the :~na~- pu=7-cses as !~ste~ in fi~cr~ 7 ~ 

ius~ ao=dS =no ~c-'x~ .... .... ._.. cf ~-~z-~zall 7 Vr~ven ~0%sses- 

Fr= :b~ ;%ze=au~en =f $ : ; ~  ~=r :he cc~cn su;91y, hesi~es 

t h e  c/eaz-~ ~f ~he raw ~ases~!-~a ~etkanatlCn Umit is 

needed- ~aso!in~, ~e~soi a~ chemical r~w m~t~rlals ~a.~ 

h~ generated ~rom syn=hes!9 gas hy ~;ply~ng ex~s:ing syn- 

~hesls ~ts.D±re~z xe~ucu~=n c5 ~.e~ n~ds only ~he meoha- 

n~cal cle~n-=~ of ~h~ r~-~ases. ~ a  5~U~as prod~cea hg coal 

~s:~Ic~=l=n has to he c!a~ed wlzh r~pec~ tc su!ohur and 

p~rticle~ beE=re it c~ -e ~ = s e ~  . O r  ~ =~w~-. -- qo~era=ion ~ :  

Izd=stri~! hee~ ~:ppl~- 

The facz thou :r~y one zlnqle steE had ~0 be de-ze!o~e~ to ~en 

~he full ~ec=~:mo~ ~nsu...~p~i~n ~c =oa!-d~rlved products uas 

~he re~zo~ ~o ~ zhe h~esu ~ioxi=y cn ~e de~e!o~en~ of 

~h!~ te~hno~c~ i. KII gasifier~ ~h~ch are available new because 

cf thi= e~rIy ~ec~s~c~ ~re ~h~rs=t~=ise~ ~y he%n~ closely 

re!az~ ~ already ~xist~z.~ technolc~_,- ac.~ araasSl.--~.,ieand 

f!exLhle as ~cssihle- Therefore -~'e are convlnced t~Lat ~_he de~- 

c=~hc~ qasiflers~ h?~n as ~h~ sound g~_~erat:en, will ~ ~he 

only ones available ==~erc:a~iy f~r some yel=s as ~s no~ 

z~2 f=r ~he f&r~: ~enera:ic~ ~aslf~ers ~ur~, ~o~Fers-~c~rek 

and ~tnkier, 

_ -- _ 
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The described acvantages of , :el gaslficat~cn :~ich are based 

on :~ ~is ~ flexlbilizy with re~ard t~ the =cal characteristics .. ,.. 

~nd ~he product pro=er~les have tD be eonbrcnued wi~--h a siqni- 

ficant d~sadv~ta~e ~s f~r as the prcdu=:Icn of li~i8 fuels 

low. The methanol production reaches thebest fl~ure which s~li~ 

lles below 5~ % °nerO'-wise. The przduc~!on Of ~asoli~e via ~.T. 

S~he~is ~5 char~erise~ by a yield cf only 40 %. Gasoline vi~ 

methanol and Mobil conversion PEom!ses ~us~ 3 t34 ~olnts in 

addl~O~. Compared with =h~s, thelprcduction, of ~asoline via 

coai hy~ro~enatlon looks a%~reo~ive obtelninq 55% yleld. Con- 

ve.~i~g co~l only Uo a syncrude type of~.~roduc~ an efficiency 

of mo~e ~han ~5 % can he obtained.[ 

TherefOre coal hydrogenation for the pr~duczlon of liquid fuels 

is aD c~ion which h~s %0 he ~xploited 6are~lly. 

Coal hydroqenatien ! 

The development off coai hydrcaenation always i~ea~sthe develop" 

ment of the whole proces~ chain° The degelcp~ent Of single units 
! 

i~de=endently is not possible because of the hiah de~ree Of 

inue/connectlon. This makes the development ..~os: expensive and 

risky. Therefsre the resources for th~ 4°sign and construction 

A~aln Germany is in a someho= =niqae posltion.: }!ost eft you ~ay 

know %hat ~urlnq the 2 n d  weald war!uP ~ "  go14 000 OOO t/a cf syn- 

thetic ~a.so!in~ ~as~rcd,~ced. The highest plant at ~h~ time 

i - -4 - 



had a r!FaCi~ cf 3C,~ C¢'I t/~. The {u~ure c~m.~e~z&al ~[~n~ 

w~[[ have ca~ac~izs ZS ab,~:~ r~ tZ~eS ~ m~3~ ~er z~ a~.~ L~ 

i~ ~bii~&z~-_~ then z~:anzac¢ has -~ ~e z~ken or ~he ~rc~r~ss 

~ ~hA~ [rccmSz ~ev~iz~ent tz ;~c~iz~, ~n~ in =h ~ 9r=ces~ 

:echzclCq~:- iz qeneral- 

F~rs~ K ~ui~ ~i;~e ~3 Sn~ h~w r~o~!~ rela~e~ ~he fc~er 

cgss "f~{- ~ lz =hz'~- Th~ -c~! z~ter being ~±!ied and m~:<z! ) 

~i-n z catalyst ~ ~sue~ ~-~th r~c~ci~d ell an~ ~.er~ ~ur~e~ 

tr~t~ th~ ~:~r~%Dn DT~Z~m° Myfrrgen ~%s ad~e~ a~d the ~izrry 

h~a~e~ u= t: 4~'5 ~C. The re~cu~:n ~,'~ ;lace at ~bGzt th&2 

ilq~i~S ~er@ ~e~rzze~. NhL!e th ~ ~asem~s ~r=duc~s ~e =en- 

hanced and 32p~rs~z~ &ztc the f:zctldnS a~ !zd~=ate.~ ~he i_%uid 

~rz~ucz csn:a.~in{ li~e ~.2~'% cata%~%%5 an ~- th- &~ 4~ treated 

~y c~,rrr~fu,~e=. ~h~J s~,~r~zi¢= de~i~re~ cn the one ~ide eke 

ell ~:r r~yclLz~ ~x~ =n the ~ther h~n~ a mL~re cf he~.vy 

| 
~r~----S ~C~.Z c~ 5~:e ~y=rc:~rhcn~ -;ere re=~-rer~ ~nd f<d ~nzc ~n¢ 

re~.'clo szr:~. 

nncther ~;¢r%an% 5cal~r~ cf ~at ~rcc~cs w~ the qenerat~cz 

z~ ~'~r:qcn ~y 9~5:~iclt12~ D! z~%e z~der at~:~p~eric c~dis~zn~. 

The h~d~cqen then ha~ ~ be sressu~zzed tc m~r~ the*% ~tO bar 

~hlan ~as ~ meG~ ener~-!-c~ns~ing ~ep. 

-~u..~ ~how ~e~ ~hese pla&~s ieoked. The ngX~ ~" .-e- 

7[~re 9 !It-_str~t~s the I.G. new pzoceSm$ T:: golng alert9 %he 

da..ere.;.e~ f!C-;-~heet Z :~all :zi~ ~int out the ~ -~ " ~0 the 9ormer 

2r¢c~z~ ~r~.~, wn~c~ 4~e~ ~o~ a~De~r in the ~heet, the re~ctle~ 

=re~sDr~ i5 !o~er~'~ t~ ?DO ~ar, wn:ch lowers ~:e in~e~tmen~ 

c~s~s cons~era~!5'. This iz reached by ~e~"~l~ = a destiilate 

an~ n o t  an c £ i  ~ined by ~ecnani=~ s~r~t~en. Thi~ i~ ~ne 

The ~ird: :he resld~e separation ia ~erfor~el hy means c~ a 

vacu~ ~lesh ~est~iiat:on. 

~'- ~ ~--~. hhe residue is gaeifle/in ~ pressurized Te×Scs 

t~ s~LY ~Ze necessary hydrz,~en for ~he r~a,:t~e~ at an al~o~ 

su~SLriec~ .... s"ee ie~'el. c ...... 

szal! cont±~:cusly e~e:a~ing un~ (~0 k~/h). ~,zt ncu a 9~/9t 

?ia:t ~!:h ~ :/da~ i~ ~tarting u~ and this ~ill del~ve~ r~&nl? 

capac~c~ i~ ~nder c~s:ru=z~=n ~sd Will s~art cp~ratio~ ~n ~i. 

Th,~ ex;orhcnce ~c~ th~ ccm~er=l~l e~er~ticn ~ ~he ~ . 3 . -  

~enz ,~ve[~p~gzu phaSe~ ~ Z.C.-~ew. As is f~dlca~e4 tee ~n the 



The fl~v =he~= (£i~. ~) ~hows h~w strongly related S~C-E~ 

is =~ =he qe.'DD..an p-~3:e~ses. The ~a~ ~ff~r~nces are: 

~, ~;o catalyst ~s added 5ec.ause the ash Of ~Cae coal al~ea~y 

c~%a~.~ en%~qh Df it 

~. The bet~c~ of the des~il!atlcn coa~ining the ash Is 

rec~,cle~ instead ~£ ~ destillate. 

:~e do no: expece a~y process ~nfcralatien because this ~rocess ~} 

c~nr~c~ he ~pplLed for Ge.--~ar, coals and ~ro~ahly not ~or most 

-=~.. the cc~is ~n trio ~or!d. =~u. ~ the scale ~=_- =he aRC plant is 

far beyond what we did in the 2nd World ~ar L~ ~he commercial 

plants. In is the first ~ime tha= hydrogenation reactor~ and 

~..~_ua_ elenents s~: as hot separation and ~c~ sepa- 

raz!cn w~ll be designed and manufac~ur~d :n a Size whlch appears 

to be ~ _.--o~: economic ~or ~he future. :~ em.d when the SR:--~ 

plan~ is successf~%ly p~z ~n cperatlon we are ve~ confident 

~ a ~  the T.G.-ne~ can he real£sed as a commercial plant w~thcut 

a~y f~rther r~ak- ~e ~i!! do th~s first [~ Gez~nany and later on 

hOpe~ul!y in many ~her coun:r~es. 

Fxcm what was said before you may have ~e4~oted that the ~KG 

~nd ~s~ecia~y myself ~vour ~he coal hyd=ogenazien rcu~e as 

far as the production ~ liqsid = ~'- .~ .~_:s is concerned. This is 

due tO the facu that the ~roduc~ yield is signi~Icanzly higher 

spe.1..c investment costs are s~,-.~e .... z i~wer than 

.... ~..~c_.cn ro~=es (gas~biration plus synthesis], 
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~w~ c~tical ~spects, ~wever, sho~l~ also~e po~nte~ou~ 

~. Coal hydrogenatlcn c~/u~ot De ~lled f~r ~cw ~rade coals. 

The ash c~nt@nt ~z_~ ~he fe~d coal should for ex~nnle not 

be hlgher %hart 10 %. 

2 .  Intermediate products of coal ~f~¢~genatlCn may be can- 

Up to ~c~, ~n~_.-~=7 to the attitude in th~ D.S. We d~ not See 

the ~eccnd p~int to be o~ relevance forcommerclal plants ~e- 

cause ~'hese dangerous products will notnormallF leave the plane. 
i • 

Plann~nu with respect to ecmmerclal plants 

The dev~lopment .~hnolog~es alzea~y'descrlbe~, which cost 

more ~han ~ Rill. DM up to co~ple~ion is now, or in the very 
i 

~ear ~ut~l~e, re~y for c~m~ercial ~pplica~ion. This first 

Commercial phase is, however, still connected -wiih ~echnical 

and economic risks: Technical risks hecause~of the scale-up 

£a~tor, ec0nomic risks ~ecause of th& extremely high costs 

of ~he German coal, which ~'~ a pro.l.., cbmmercial o~era~ion in 

the near future, 

zn order to get the ~irst commercial application realized, 

£he German Governmen~ announced in 1979'a program "coal con- 

versi0n~, within this program the fr~e conditions will be 

determlned which are needed from the iadUstrv £o zmet t~Ings 
T 

running, up tc now several prcposals for ccn~erc!al plants 
: i 

base~ on: the techn0iogies described above wer~ prepared. The 

funds needed ~o real~se all proposed pr03ect ~ total u9 ito 

13 Bill. DM. Accurdin~ :o =he prc~osals[the plants for 



~as!f~ca~:on ~:iI c:ar: cReration t~ S4/SS, ~hau for :~cl 

!iEuefac:~cn ~n 96;~7. Unta! :~r ~he necessa---.z fund~ SDr ~he 

~r~r~T. have nc~ been ~:~-i~,itte~. ~ut ~r Chancei~o~ :on~il-;=,ed 

~3 ~ee~ ~o that he is resoi~ed te geutin~ thi~ pro~r~n 

Et should, however, be ~hasi~ed ~ha= the Feder~! Bepublio 

~ces net undertake all ~he ~hove descr~he~ e~orus ~xclusive- 

!? for co~e:c~i ~lic~icn i n  cur ~ T ~  country. Ccn~xd~r~ng 

cud Tachs= ~[ml.efl c~al resources ~d ~he ve~! difficult ~i=~- 

~ion ~zh reqar~ ~e ~he m~n~ng cz~d~!on~ ~:h~ch ~eZes Our hard 

coal e;<trec~el2 u-c.~t~y, cuc~ ~n ~nde~a~ng ceul~ hardly he 

j~s=i~ed. 

=~e surely ~%== underte,~k and ~lll ,:o<ri=ue to und~r~ake these 

a-~r~o ..... y aS partn,gr~ a~tivi~iez in order t=, increase our ~ --'~"~, 

of ~0~== ve=t~r~s ~ith c=,~:trles ~wnin 5 !arg£ cDal de;osits. 

There ~s ai~ays an izces~ive ~cr the~ c~untries tO apply 

=he m~t ~ccn~ic ,~d rel~abie tecnnology tz ex~loit their 

resour=es e~d an i~cc~tive ~Dr I~ t~ ~fsure ou: future en~r~y 

sGpply. 

But si~c =he c~!i~mi of teal u=ll&sat~cn te~hnslcgy henef~=s 

frc~ =he ra~her advanced s~a~us o~ cur d~e~p~en~s and ~r0m th~ 

5ac~ that aevera! ?i!c~ pi~n=3 ~re ~n ~ull e~er~tion. =n bczh 

c~se= ~e cf~r tc =erfo~--m.. feazlbii!ty ~tu~l~ which ~ncl~dc 

t~Dt-r~ns w~h tf~, =~c%~ve _~gals in the most sult~ble pilo~ 

pl~nts, an engl~eer~q evaluati:n ~f the results, az econsmic 

as~eS~men~ with r~spe== tO com.~excial plaz~si~nd ~n analysts 

o~ t~e envAronmental Ln~act. =;e attem;t t o  perfmrm this worm 

~,3:nhly with the interested COunt~2 in ~erinq th&m the ~ossi- 

bility o~ secen~t to the German t e a m s  and vice versa. This 

helF~ ~o~n sides to ~et acquainted ~ith the ~oblem~ ~cn: %he 

solo%ions proposed. It creates a firm and sound basis for 

decision s "~ith respect ho high investmqnt. 

Nowadays there are already two coo~eraUlon~ ~ this character 

runn~ 

I ,  Feasibility study on mDt~z £uel fzu,~L c~l with Aus~ralia. 

~der the u~bre]la of a ~overr~e,.£al a~ement seven German 

comVan~e~ ~;orted 51" expert= frem Australia ar? per~=mlnq 

this s=udy ~nieh :nzludes ~:te~sive investigations cf Austr~- 

2. Feas~b&iity stady on ~he ~roducuion a~d =~7~adanq cf V~ne- 

zue!an heavy etudes. 

This stud w deals ~tn heavy ~i~ (whi=h i~ f=cm the ;oint of 

upqradlnq ve~ s~r~ngly relate4 tO Ceal con~e~siCn}, ~t shows 

e~ a ~de! h ~  ~cne~c~al s~cn a ce~eraticn =aD he f~r both 

=~les. =n tf~ c%~r~e o~ t~is 5t~6y carefu~ [ i~ves~i~at~on~ 

in our tecnn~cal plmn~s w~=h raw ma:ezlals i~om VeneZuela 

were p~r~orzed. Sever~% Venezuelan en~neer~ Fartlc~t~ in th,' 

=~&t runs a5 hemmers Cf the cpe=atinq te~ ~= e~se~:ers. 

A[sD =he evaiuatAcn of the results ~Ith respect t9 ~he eceno~ 

ro~s:st~nq Of ?enezueian a~d ~erman experts. Because O~ this 
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fact =he results ~hta~nmd and the conclusions drawn a~prmc~at~ 

a h~ ~mq=~e o~ c=~iden=e, The Jag:seers en~aqed ~n both 

SL~ d~ not ~Si~K~e ~0 ~de~y theNsei~oes ~i~h the ~u~=e~ 

of suca a join= e~fo=~. 

~nother ad-Jan:a~e of thls k!n~ of cooperation is tbat t~.e 

~econde~ engineers get ac~aaZn~ed w~h the t~hnolGgy from 

• the %'e~] beginning. In the case tha~ a positive decision 

=agardi~ tke c~"~-aerlalisatlC~ O~ t~e technology is taken, 

the :eallsa:ion of such a p:ojec: i s  fac~llta~ed significantly 

by the fKct ~nat engineers of th~ relevant country are f~mllla~ 

~Lth t,~e techP.clo~! a~d c~n a~ ~s tke n~cleus o~ -;ork±ng te~ns. 

Generally £~ is our imp=assicn that this kind of cooper3tion 

is a~gre~i~%e~ hy cur ~creL~n ?azt~=s as wel~ ~a by our nat~ona~ 

ind:Isz-~a! oomp~es..~d Ioan ensure you thaz the responsible 

M~:is:1-_i wi=hln the Germ. an Goverm~enz favours thlsmodel £Gr 

h~ia~era! cccpezKtic~ %00. 
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Professor Dr.-Xn~. R. ~zar : 

?. !n~r=duc=Io~ 

with the re~en~ e~e~ts o~ t~e ell ~ark~t~ c~al =~c~v~rs qreau 

~mpcrtance. Therefcr~ it is believed that-~a' m£nlnq w:11 

have a briqht future. ~c-;ever, the e:~ansl~m cf coal ero- 

,~uc~iGn req~li=es gre~t e~f~rts net ~nly ~r:m ~he ~inazci,~l 

but also from t}~e ~ec~n:cal aspect. 

Al-~o,~n coal mln~nq ~s gone :n many ccumtri~u, it ~s re ~ 
~=k~ble, tha~ ~h- hulk ¢~ pE~duct%cn is ccneent=ated[cn 

fe~ co,n tries, rn ~979 w~rld predueti~n of h~ar~ 51ack coal 

~mo~ntedl to 2 79~,g m£111cn t I - Only nin~ C:~7tri~s c~ntEihu~e 

92,~% to ~he world production (Table 1). 

Ta:cle I. ~r~ucticn of h~d h~=k cnal ~n 19~9 {~reIL~Inary). 
: 

Chin~ ~63,~ 
USA ~5,~ 

~ s ~  ~ 3 . ~  
9~la~d ' 200.~ 

~epu.~l~c o~ South Afrlca ~5,6 

Federal ~ep~b l tc  of Ge.--r.a~¥ 93 ,~  

Aus~ralla ~,6 

Other~ ~ 2 1 . ~  

~ 1 6  2 79108 

~n ~lim ~on~r~butlon c~!y :~t~ic tons arg ~¢d. 
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~i$o ~e produc:a0n Of ~r~ =oal and !i~nlte is c:nc8n:ra~d 

~na ~.e-~ countries, esneo:all?, in Z:r=~e. ~m 197~ ~orld ~ro ~ 

ducu~on tc~alle~ 9~,7 million t. In this case S6,5~ are pro- 

d.~ced hy nine ~aun~rles (TaSi~ 2). 

Table 2. 2rcduc=Lon of bre~ :~al and lignite in 1979 
(prel!=~nary!. 

Mill!on t 

GZR 253,0 

USSK ~SS,0 

Federal Eepubll: of Ge-~many 130,6 

CSSR 96,2 

Yugoslavla •41,7 

~oland ~8,1 

USA 37,2 

Australia 3~,S 

~u!~arim 27,9 

o~b~rs =28,2 

World 951,7 

M~nlfold me---hods a=~ know~ ~n coal mining. ~Is variety =einly 

de~ends cn the ~eoi¢~/ =f the coaldeposlt~. Par exam..ple ~he 

fclicx~n~ iter-~ are of importance: depth, seem thickness, dip, 

cc~arenc~ cf ~eg~ogical faults, f.zlding, properties of the 

acc~=panyin~ s~ra=a or o~erburden, distance between the se~s 

amd so on. Also ~he klnd of coal varies fr=m hrc%~ coal cf 

ic'; calorific value up ~o an~hracine. 

This article can deal Only with modern basle technologies, 

which are cf gener~i i~portance. Therefore, ~ain inzeres= is 

~t~en tD ~o~h-olcc~__. as ~hev. er ~_ i~ apol£catlon_ in the In- 

dustrialized :cunzr~s. 

~wa~ag~ in br=wn c~al and llgn!~e ~nlnq ".hr~ugho~t th~ ~orl~ 

the per2ent~ge of rro~uctiOn from ~en pi~s i~ a~ ~ laS~  ~51. 

Underground mlnin~ of brown c~al and llqn!te ~akes ~la=e-~n-- 

a ~ider scale ;~r ex~r.ple in the usSR an~ Yugoslavia. I~ the 

Federal Republic cf Ge--=any ~der~rcun~ ~ir~q has on! Z l=ca! 

~mpDrt~*~c~, though ~here IS still e~ough experience is~t f r o m  

past decades witn more underground ~inin~- 

in hard coal nlning there is qui~e anothe=:~ict~re. AboUt 25E 

of ~-~rld production are coming ~rom ,~pen p£ts. Acz~r~!nq ~-~" 

~he c0untry there are grea~ difSerehces. Zn the Un£~ ~ta~e$ 

~%e percentage of open-p~t-mlned har~ coda rose tO  ~.re than 

~0% in a very short elms. Zt is estimated, 'that 90% of ~ew 
capacity will b, based on open ~its, especially in the Western 

states, where enough suitable ooaldepeslt~ are available. The 

percentase of open-pit-mined hard coal inlothe= co~n~rles is 

as follows: USSR 20%, Australia 50%,i Cane~: 85% and Uni:e~ : 

Kinqdom 10%. ~ndia and the Republic ~f So~h A~rlca haul• a 

percentage Of abo~ 25%. ~n both ccuhtries a rapid increase 

is expecued for t~e near future. In Tndia:ft 11 ~el/eva~, 

that hard coal production from open ~its ~ill reach • ~er- 

centare of 45% iu 19~8. Cn the ~e£; har.d~e~e are countries, 

which have no herd coal de~osl~s suitable f~r S=rface =inlng, 

~ar example in the ~ede~al Republic ef~Germen.y or in ~o!en~ 

!! 

~: is c~ear that in seu~ral cou~trie~ s~rfaCe ~inln~iwi%l be 

favoured In the next decade as long ~a$ s~Itab~e coaldeposits 

n~z£ ~o ~he surfac~ ar~ ev:il~bleo The~ol.~owlnq advantaqes 

are connected wi~ surface mining: i ~ ~ 

- LOwer cost~ ~cmpared wlth undcr~rcun~ mlhing, if ~h~ 
s~rlppinc ratio does not exceed an eccnomical:limit. 

- H~h ex~ract~cn ra~e i; ~ ." 

" Faster develo~men~ of new capecitie~ 
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- ~e~ter werk\n~ c=n~=:zns 

- Ea$~r =eeh~=£zaticn of mlnlnq cperat&=ns 

S_-~z,~e d3sa~vanta~es ere ~entiene~: 

- E:=n rap:tel =har;~ 

- Han~!:n~ 2f lethe uel~es eft ~nusmble mate=£al 

- Te~endence cf c!imat:c ccn~itie~ 

- Rec!e~t~cn =~ tines-cut ureas 

$. Techn=ic=ies i~ surface =inlnc 

3.~ Sur~a=e ~Inlnc en =sewn ¢o51 de~os%ts 

~==wn ecal ~t;osits us~a%l E ere cheraete=tzed by an ~n=en- 

sci~{ate~ wa~er-hear.n~ ~verbur~en c=n~:st~nq o~ sane, gra,ail 

and clay. Tn the F~deral ~.eFubla¢ o~ Ge.~n~any ~ch ~e~sit~ 

are ~i~ed in !ar~e cperatlons. The technique, which is appl~e~ 

in those c~en ~%=$, h~ r~a=he~ a hi@h stendard, it can be 

s~a~e~, that =his ~s an exe=~laxy technique. 

~e rest ~-~¢r=ant dls=rLc= o f  brown ccal min±n~ in =he 

Te!er~i ~e~,~!:c :~ Ge.--ran¥ is situated in the ~.hinelan~. 

.'?..e yea~lh" ~=~due~ion cf th~ frye eFen yi== a=~unts to I~O 

t~ 12C ~ii!ien t 5r~n ~c~l and ~$'O niil~cn m 3 cverbur~=n. 

The 5tri~In~ r~t%~ '-- ~verbur~en/t ~r~n cr ~" v -iez 

b~een 2:~ an~ ~= . ~n =~79 th~ larqest o~en p u. A~ch is 

a!zo :he ~ar~es= hr=~ coa~ eden pit in ~e werl±, prcfuc~d 

4~ ~lillon t cf conj. The final depth of this m£=e will me 

reu~ni-i ~GC =. A= ~=~sent a new open p±= is ~er devel~en~ 

~ ~ ~978. y~a -~,- ~,.n.~ A _ ._~ ~co,~u~tio~ cf S,9 m~lllen t ~s ~%anne~ 

":~---. a s=rlppinc ra=i~ o~ 6,1:~. The ~nal de=th wi!i ~e 

4TO =. ~-~- coal -r~Su-=,~ ~ e~:vect~d tot ~ 3  ~n a f~rst 

~=e~ this ~en ;z~ Iz su~poaed to mine an area =f @5 ks'. 

~r~.'n c~al £n ~h:s =Is:r!ct hes a Ic'; cal=r:fic valse m~ 

e=cut ZhOO i:C~k9 =n~ ~O ~ =els~ure. ~u~he c~n ~ sev~rml 

se~s @~e ~ined which ~ave a =~er~te ~i; in~ ~:e =U% by 

severel ~eclo~icz! ~au!ts. Ekeref=re ii~ ~a# ha=~n :~at ~n 

sc~ b~nches =here is n~t only coal ~ut also =ver~urdm= 

which requlres seler~ive minlnq. 

"'-=~," ~h~s c~!cqi=al ce~i~ens bucket-~hee! ex=ava~ers 

(F~ I) ~re be~t zuited for ~elec~ive m:nln V of ¢oa~ an~ 

o,:erbuzden, ~h~ iarq~st uni:= have a ~a~iy ce~eci~y ~ 

2~o C~O m ~. ~heir woi~h~ ~s I~ COO t, zh~ ~x~eter cf ~e 

bucket-wheel 2~ m. Free erie level su~n ~n ~c~t=r ca= 61~ 

100 m in hedge. T~es~ are t~e ~ar~es~ bucke~-wkeel ezcava=ez@ 

in the world, Because ~f the 9~ea= 4e~tk o~ the C~en ~ s 

s~l~ta~le belt cc~,veyors are in use for %aula~ e~ coal an~ 

~verb,i=~en. Ai! b~it c~n':eyo=s on th@,~if~er~n= w~rk~ng 

leuels l~ad to a ~rans~er pelnt where by tat ai~ ef re':ers~ 

oenvey~rs c~al is ~irectod ~= :he ~we~ s.a..-.,, ~h~reas over- 

d...e.e.~. bu=~en is £ran~ferred ~o bel~ conveyers lea~ing =o ~h~ .~a . ... 

i~vels Df the refillln~ aTea !Fiq. 2). iarce sVreh~ars wlth 

=~o~ lengths up tc "~O ~ tahe ~er ~he @~er=&rg~n fr~ the 

. ri=e--.u= ar?a shiftable belt ce~vevors and d~p it i~to the ~ ~ 

(~i=. 2~ ~efiilin= is ~ei~X -~ in a shcrtld~stance tO the 

1~weGt ee~l be~ch. :he !arFe~ cenve/crs ru~ 2,~ :~ ~=ge ~e:-~ 

w!tn a spe~d o~ T,~ m.'~. ::c~e6;~ =eclazat:~n ~:nteqre=ef 

£n %he ~inL~g ~perat~n. ~frer a sh~ t~ ~e r,~cuitivat~ 

areas cas he ~ei again ~=r ~qrlc~it~r~ Cr f~rmst~y. 

De~ater~ng ~ cf ~=ea~ ~:~o~ance, especial!? in resFect t~ 

h~n~red ~res ~e:~h have tc been ~ri~ied. -~e" ~re e~i~=e~ 

~£~ suh~erz:b±e pu~v~ c~ h~qn ca~a~X=~-. ?c~ emch ~=n of ~zne~ 



Contlnucus operation /-n excavating, haulage ~nd=efi!llng . 

is :harec=eris~!cal f~r ~er~n brown c=al open ~:~. The 

hig~ mechanized mimes ~n ~he ~n.ela~ h~ve a produ~vlt~- 

of ICC t ~f c~al per manshif~ on avera=e ~i~,h ~ an outstanding 

przduo~Iv!uy :f l Z O  ~ ~er manshzft in ~he b e s t  open p~t. 

T~ls oe¢P~ie=y a!sc is a;plled on s~aller deposits at other 

places ~n the ~ede=a! ~'~hli¢ of Germany as i~ is d-~uns~=at~ 

in F~q, 4. Throughout the world ~here are o~en pl=s which have 

a~op~e~ ~kis syste= ofben usin~ ~erman equipment. 

3 . 2  Surface .~..~-n!nc on hard coal de~osi%s 

• ~ fs not azt=.~.ishlng that surface Fining cf hard coal is 

influenced h~" th~ ~-~ericmn ~echnique. Usually the country 

rock ~-- hard c~=i seams consists of consolidated ~.,ate_~ial. 

V-_r-~ o~:en d-' II'-- and ~as-i-~ ~s requited, Large blast- . - . . . .  u . . . . .  . . 

hole ro:a=y ~ril£s for hc!e di~-~eters up to 3CO .-~,, am'. in -use. 

The ho!es am-- c~na.-~ed -;i~.h A'~C, som~.~.Tes wi~n slurries. 

La----e d--aqi!nes and shove_is ar~ predominant in overburden 

handi:.~c._ ...v" easv-d~Ggi.-.~_ . overburden a!sc dozers, scrap_r- ~, i 

ri=pexs and bucket-wheel excavators may work weli. The  ccal 

~self is ,v.ined "tory often by shovels cr fron-,-end Ioade--s 

a~ ..... a,-c, tru-k3 ..... following sc~-- ~yp~cal .~.,e~--hcds 

are discussed. 

3.21Str£¢ =in~nq 

Strip =inin$ is a~p!ied for m i n i n g  ~ flac-iy~n~ se~m "=~der a 

n~ to ~hick co'per. Generally it is to d~s~in~uish ~he contour 

str,-~ .... -~:-~,.~..~ and the area strip minlna me~hod. S~r~p Fining 

may also he used ~c mine two cr ~hree underly:n ~ seams but 

m~n~n= cper~zi~n is =ore d!ffic~!t. 

_ "7 _ 

Contour stri~ mining is s~leote~ if ~he seam outcrops along 

a hi~Isl~e ~Fig. 5). :~ost ~-~-~u!ar equlp~ent fez ~verburden 

re~cval are ~czers ~d fr~n~-en.~ !o~ders iwhLch cast ~h~ over° 
"5~trde~ o~ the Shortest ~ay ova: ~he ed;e of the dcw~s!~pe. 

:n doing so ~e coal ~s uncovered in a s~,ll cu~ along ~e 

hillside. C~al removal fol!~ws =.~e strlpp£ng procedure. 

Successive cuts ~ay be m.ne_~ ~ ~n ~helsa~e ~an~ar untll the 

strippin~ ra~i~ (overburden thickness ~o "cos!thickness) 
heecmes un,conom£cal. Stripping :a~Ios u~to 30:, :~e =e~ort,~. 

i 

:~ fl'at terrain the area strip mininq ~ethod is practised. 

Also in thf~ case %he ses~ is uncovered In 2011up to 40 m 

wide successlve o u t s .  The overburdenls dumped £n=o the 

preceding mined-0ut cut. In the case~cf sea..-~ lylng :w~th£n 

~5 m Of the surface shovels with dlp0er sizes up to 130 m 3 
are ~os~ in u s e  (Fi~. 6 ) .  Thlcker o~,e~burden Up to 4~ m 

favours the application of draglines with!b~cket sizes uo to 

~ O  m 3 (Fig. 7)~ In stTip mining overburden is.~o~d O~ly On 

a short distance. Therefore this ~e~hod aliowl.bi~h s~E~pplng 

Greater deptl~arenct practicable wi~h the simmle StaID 

~inLn~ method, because ~ h i s  is restricted b y  the dimensions 

~f ~-h8 dra~lines. ~n this c a s e  sone~'l~as tandemc~e:ationso 

~ h a ~  means p a r  e x ~ p ! e  a s h o v ~ l / d r e g l i n e  c o ~ b i n ~ t ~ o n l ,  a r e  

applied. There ~s also the posslbili~y OflCor:binin~ a drab- 
line With a bucket-wheel excavator,.~fl ~.~ upper ~art ~f the 
cverh~Tden consists ~f easy-~l~in~material, (~If. 8i'. So~e 



=.-. ~.e ;-:~-s% ~-~ ~:e Uaited S'~ates mora and .-,,ere epe: ?i=~ are 

gc~,~.~ on stream in ~hich ~-'~''--.~=-.-= uul-.~DlO~ ser.,-,s, sc.T.etlme:~ 

cf treat. -~--- ....... e=s", are ~ined. .--i~- ~. i!lustra~es such a c=al 

S.,~,~.a_ rondltiens arc ais- ~ fzuzd in o~her c-~untr~-es 

Fa_ ~ e:<a:;le "~n Cana-~.a, Aus-~ i~ and =he US~. ~uch de~es~t~ 

canno ~ . he wer~=c;~ h?" s~rlp miz .n~ a& the zaZn me~h~-d. =n th'.s 

e~e~ ~it5 a h~u'ac-_. _ s~-5--e~ ,nuGt b~- ~ in~ZBiled "~.~i~n m~ves ~he 

overburden tc :he ~po~! sl~e. 

Th~ ~cs~ u~ed eq~l~e=z Is the ~hovel/tr~¢~ c=~inaticm. The 

sh:~:-l~ have a dlp~er s~ze ~ t= 12 =Z. Also h~draulLc 

eMczt'a~rs Of ~e £%me s~ze ere qain~nq rere and r e~ 

~nteresto Par examo!e Ge.-~an hwdrmul!c exrava=crz are 

:?a~tin~ in Aus~r~iian har~ coal open pits. ~er haulage of 

=ve=bu~en rear du;p Zr=ck~ ~i~h a eapac:ty ~p to 120 t are 

in Gse. CZr2cl;ly scre;ers are inee~ratod %n eve~:'~en re- 

r~v~l. F i g -  :0 ~=es an idea ~f tn:s ~e~ned. :Z 3n~ui~ he 

men~inn~ =hs: :ra:n ha~iaqe ~:lli £in~s wi~er applleaticn 

in c~en ?i:~ In ~ze =SS~. 

?r=4scti~ty in ~rf~c~ ~Anisq ~n :V ~ar h~h~: than in under- 

~rennd =inlnq. In :he ~:ted States aueraqe pr:ductivity %a4 

reache~ ~ maz~m~ of 13 t ~c~ :~n~hlf= in 1973. Sinze tha~ 

Tear it d~:i:sed t~ 22.5 t ~er :a~shift in 19~. Tln~re are 

scm~ reasons ~or tZis 4ev~i:~ment ~h~cb ~hall not ~_cun~ed 

here. N~ver~h~less costs of %urface-zined coal are reT~rkaD1e 

iu-wer ~han ~f c~,~l fr¢~ unde~q~c~d m~=ec. Average :r=~:ti?~" 

o~ t~e Austr~iia: ~ard ~ca! S~ace ~neG ~as 30 t raw e:al ~er 
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:.-.c.-ease i. ~. _....e.~.-'"- Ccn':~ntienal -~tri~. ~In~.n~. ~e~'~ r::e• 

:caches ~ ii=!: wt~n c~-ea~.~r depth. Also --uck ~.a-'la~o 

Therefore i t  :.s ;.:,'cussed, e=ec in ~.he Uni'=e~ S~-ates, to 

f.~nd SUit. ble and ='" ~ ~..ic. n: ¢eehn:='.'es. ;a:'e:<~.-~ie the 

Zerman contin:~us ,.aula~.. s'fs-.om wi-_'n shiftable belt con- 

veyers ks i, ccnsi~erat~CA if necessary ~,L~h :ebli~ ~:=sh~rs. 

Also the ,~Fyl~.,za%L0n of cross-pit ,_-¢nveycr~ ~s ~cnsld~red 

which are known from Ge~. a~:y. 

=~nyella in Au~ralla. Th~ i=:e~iate eye,burKe: o~ ~he 6 

to 10 m thlc~ se~= are ~:nsoildated ~e::L~ :eck~ ~:t~ aze 

re=eyed ~ith a dr~li=e acco~d~=q to ~ ~:r:~ ~i=i~gtec~- 

s~rat~. Rer~,~l of this ~ a t o r ~ a l  will ~e ac:cv~iis~e~ by :he 

~h~el ezcava~r, a spreader and a shlf:ab!e belt ccnve}cr 

~u~posed t o  ~o in operation ~'or~ ~con, 

~ol  ~ e n ~ r a !  

T~e me~n~s of under~roun~ ~inlng Cf h~rd c~al ~ee~ a~e 

~erou~ b~cau~e tk~ ~eo~c~ic~l condl~ns ~ar> in a wide 

~iscus~e~. ~re L% i~ ~o~ ~lled ~i~the ~rebleDs Of ~i~n~ 
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cf : e~ . .  . a ~:Tinc .~r/~nd yd.-q:" ~hlc~ seams ~ouqh the Ger~..~n 

coat T~n~q 5~5:y h~s ~ let of e.%~.eEience conce.--~.i~9 

~InL~ I~ stee~ ~Grmae~cna. 

4.2 ~ccm and pillar ~i~£z~ 

~cal co,ln.~Ties ~th room an~ ?illar ~inlng ~n flat-lylng 

~f Soul, Africa asd Aus:rai~a. ~n room pil~ar mining only 

heedin~s cr rcc:s are ~riuen in ~he seam lemving square ~r 

rectangular p!llnrs. Good roof and flcor c.:ndi~ions all~# 

~Sat Zhe hei~h~ of all work~n%~ does no~ need :o exceed se~z 

~h~ckness even in ~ue ~ni~ en=r~es. ~he ~ain entries cDnsist 

af S up =O ~O parallel headlnqs, Fig. 12 s~o~s a Plan of a 

~Ine i~ ~e United 5~a~es ~hlch was o~era~ed by a Ge.-mnn coal 

mining comma=y, E~q. ~3 anozhe= exa=pl~ ~rcm a Sou~h African 

mine. ~zper=~n~ for ~:esuccess of room an~ ~illar minin~ is 

that = bolclnE is s~ff~c~en~ co ke~p the rmof in good 

ccn~i:i~n. R~cf bolting is easi~ tO ~echanize (Fig. 14) 

than other sup;or=. 

C--el ~_e=--ing ~s done hy t'-'c --.ezhcds. The=e ks ".he s:-ca!!ed 

c~vent~cnal___c~!n~:'.g "21=h a ~'cle .~f c~:!=~ dr111ing, 

hlss-i-~.~, lcadin~ and roof ~ol--ing. The otn_~r method is 

~on'~in~0us ~-'-~ (Ei~-. I~ =he tren~ is C~inc ~ o  ccn~.~.nuous 

~inlnq. I--=" l "i e Cni=ed Sta=es continuous minin~ has a share of 

5-'.%, I.% Ausurells 90%. 

The :ax~ ~rac=ica! ~e~h for room and pillar worklncs 

d~nd~ u~c: =he S~renqZh of zhe pillars. ~n coal ~in~n 9 this 

dep~n cenerally, is less zhan 100 cr 4~0 ~; Room aid ___m~ t"a'- 

~i:£ng ~cr:aii? ailc~s a ceil rec:ver Z cf on!? ~0 =c 60%. To 

~4rea=e I~coT~-V ~..-='cus ~:~s ~n=r~duced m~lla~ extractlon. 
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Under favcurahle ciTz~-~stances =ecovezy ra~e ~7 reach 801. 

Generally I n  ~hZck s e ~ ;  recover- rate is ;~or. As a pre- 

c~ndi~i:n for p£11ar extraction i~e~iate [~0f ~ust Cave 

"prcperi?, Fig. ~6 $hc'~s s~me examples ~f procedures f~ 

~llarlextracti~. 

~eca~sa o f  ~he low ~epth nmw mines are deve~cp~ed ve~# ea=y 

and in a ~hort tame, If the seam outcrops a~a hillside coal 

prc~u~icn starts i,~e~ia~e!~ ~ihh dri~iA~ ~he drifti in ths 

seam. If the seam is lyin~ u n d e r  sOmei~c~er! slopes for coal 

haulage ar~ usual O~ten co~blne~ with sha~ts:fcr man-~ding, 

ventilation and ma~erlal hransport- 

Zt must:he mentlcne~ that even in the!Uni~edi.Sta~es, South 

Africa an6 Australla under special ci~:ms~a~ces;Ion~Aall 

mining, often wi~h German equ~oment, is intr~U:ed as an 

alternative to room ~nd ;i~lar mini~g~ The ~!lowlng a~van~age$ 

are seen wi:h ~cngwall mlninq: hi~herleepl record=y, ~igher 

production rate in a panel aid safer controi of~avin~. Though 

~here are a remarkable number ~f ienswill f~Ces~eratin~ in 

9eneralIin~roduction of ~his mining me,hod. 

P~oduc£1vit T Qf hat4 coal "~der=round.mines~i~he On[ted 

States had reached a maxlmum of 14 t p.er manshif ~ cn average 

~n 19691 In ~c following years ~r~du6£ivlhy decrease~ %a 

~,4 t per mansh~ft in ~978. Produczlvlty in A~st#alia war 

~,I t raw coal per manshlft ~n ~977/78, in.~ou~h Afr:.ca 

~,3 ~ pe r ma~shlft in ]978. 



4.3 lena;all ~in~n~ 

~la=-iy~n~ Dr z~zg~rete di~;Inq ha=~ coal se~s in depths ~r¢= 

=ore -..-.an 4C~ c~-r 5CO ~ ~ene=a!iy ar~ wer~ed by ~he lung~a~i 

~nin~ reth=~ ~ : ~ .  =c~al caving, ion~a!l rin!nq 31=o &s 

=~iie~ ~n l=~'e= depth ~f qeclcglcal czn~&~i~C ace ~.e% 

favcurable encuqn ~=r h~?5 =e:hanlzed :ec= an~ ~ii~ar mi3in~. 

Coal ~e--Cslts w~tn nu=e=cus ~eaTs e!ose toqether usually are 

r~n~d hy i0z~:al! faces. 

in a sln~l~ !ift u= to ~ thichne~$ cf 5 m. No~cd~ys l~n~a!l 

tOtaL C~V~nT Contributes tk~ ~s~n ~ha~ ~= t%e ~or!d h~r£ 

teal prci~c=~n f==~ ~nder~.'~und ~:nes. :~3s~ i~pcrtanc 

co~tr~es ~'i~ icn,g~$L~ ~Inln~ arc ~ne E~r~ueen ce~ntr~eG, 

~he USS~ a~d Oh!ha. Zhieker ~eams may he ~i~ed w~ a m~l~i- 

iztt Lzn~'zll ~ 7 ~ e m .  

Ccnc~.-r~iz~ ~he ~e~eit~en~ ~enln~s c~ a ~ne ~h icn~a!i 

=.ni~q ~*c ~eneral procedures can he d~s~n~u~sh=~. En t~e 

~as~ ~ q~eLe~%caL L e s s  ~iD~=beZ ~K~s :h~en a=e s~c~e~Lnq 

i~ a 5r~ate= dx$~snoe in-=he-s~az _n~n~ is ~=efez=e~. ~er 

e~!e in =he ~nz=e£ ~in~dc~, w'.erea~ In ~e case ~f z<r~ 

~ tr.e c~==zun~LzG strat~ cf the cea~G w~% i~er~e=::~ 

b~n4 snafzs ~ inclizin~ road=. ~is ~e~cd is cal~ed 

~@rizzn ~i~:z~. 

~ ~ne~ hy ~zn~;~iZ f5c¢$. Cn h~:alf cf ~-entl!3tlcn =hree- 

c~ 5;~r-fel~ ma~n ~:ad3 a:P Jri~en in ~he ~e:z. ~&ch z~b~e 

~ar~ coal mzn~n~ ~n ~h~ ~6er~% = ~ .--4~ of ~e~m~ ~s 

ce~i sears e=~ cur by mayoral fau~tsan~ ~h~: ~=- ?oldin~ o= 

_nc-.n~ .... of .,.~n~er~us s~rat~ caused all ~znd of ~ ~i~ , ~e- the 

se~s- ~-m~er0us seams are exi&tlng- A iot Q~, ~evelo=~ent 

%-=.nlnqs is neaessa='i ~or oh.t~InL~ ~ ~nnee~i=~ wi~n a!% 

parts of the c~al se~.Zs. ~her~ arc a~ least t:vc level s w&~h 

main d=Zfzs and er0ss-cuts. Bi~zd sh~fts cr incli:!n~_ ~cads 

connect the Levels one another. F~. 13 shoes ~ main 

~evelopment w~r):i~s of the iar~es: Germ. an =0el =&he w~:ch 

~L~d~ ~0 ~00 toZ satiable =~% ~iLy in ~ao wi:eLng s h a f t s , .  

;ormeriy ~h=ee in4qp~ndent collieries are L~nke~ ~=~e~e r 

by an unde:qrc~n~ c~:puter-controlle~ 5el~ convey~r s~ste=. 

~tnndar6mininq ~e~hG6 lS i~nv~all minln~ ~nerall~ ~n~the 

strike with total caving. In ~ few cases als5 %one-all 

~n~n~ with ene~i~ stowing :$±n~s ~FFl~ca=ien-~n Gas=any 

leng;al/,mininq is feasible for incl~nations[up ~ ,=0 The 

~011cwin~ ave~'ege £a~a are men,!Deed: . 

- length o~ ~ace ;14 m 

- =hi¢}:nezs ef ~ined ~e,~ ~inclus~':e 
d i r =  bands) 1,84 m 

- =hic}:ness of miz~ed se~ms (~nly cle~n • 
c~al) : ~,51 m 

- worhir~g d~vth ~ 0  

The deeFe~t exZD~%ng level is ~ ~OD m bel~w ~rf~¢e, ~heze 

is nc dee~e= mine in the w~=ld. F&~. 19~h~ws a ~lan O~ a 

seam an a German coll£er~' wi:h planned !one-all f~ces- 

~ec~use cf later ¢oncer~ence a~ ven~ilatlon q~e roads must 

have a s~f~zcien~ he~h~. ThErefore the~ ha.-e te ~een e~iTen 

not ~nly An CC~l b~t al~a in ~:he ~-rreu~&n~ :Dck, Y~eLdahLe 

$~ee! erczeo ere ~he standard 5up;or~. 
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5~g~all fac~s ~re e~Ip;ed wi~h self-advanclnq hL,~rau~i= 

su~c~ :a~nly cz ---he sh~e!d and shield-ch~ck iS'De [?i~. ~. 

This $~p~c~: 15 available ~or a sea~ th:c~ess of Less :hKn 

~ne metre up ~c :-ire ~et~es. Shearers [Fiq. 20) an~ C~al 

~Io::~hs :Ei~. 2~) ~f dlf~erent t~-~es are use~ as zoa~-~et~zc 

machi:es. Shoe/aDs are se!ecze~ ~n t~E Omse c f ~ard czal ar, d 

~r~a: sea= ~ck=ess, whereas Coal piou~.~s a:e operating i~ 

scf: c~.al an~ thin cr m~d=u~n ~hick sears. The auera~e dzi!y 

cuu~ut of a I~l!y :ecnanz:ed l~ng~a!l face is ~ 5CO te~.s of 

saleahl~ c~al ~-i~h ~es~ faces producing up to 50CO ~ns 5f 

saleable coal. 

~ the ~aze rGads belt conveyors tra~ort%h~ :~%- coal ~o 

t.~e i Dadin~ ~¢~:ts. I~ ~In haulage Icc~ot~-e haulage ~s 

we-- as ccnve~c~ hauiac~ ar~ ~st%ai. T:emd is {oi~ to 

i:~al ~ore an~ ~c~e holt conveyor s~s~e~s. There ate ~lso 

large icccmoti':e haulage s?stez~s i~ ~lan~ing including rubs 

wi~ a caFac~---.." u~ : o  28 r . 

Z~ headlnqs more ar~ more drlft2.ng machi~.es are pu~ in use. 

~cc=--t~ hea~i~q ~achlmes are ~uLtahl~ for rc~s i[ =-he 

seam (~i~. 22). Sever~l f~l-fa:e tu~n~!in~ n~ch~nes (~Ig. 23) 

w~zh a d:~,e~r ~p to Srl m ere drivin~ l o n g  ~rcs~-cu=s an~ 

dr~:= cn  :e~ ie~e!s. 

~;e~ shafts often must be s~ thrcuch a ~ifficult ~a~r- 

bea:~nq mve~hur~en. G~--r..~.% c=ze_ractcrs home de~e!cp~ed 

so;5~sticated shaft-sinking tec_~:&ques. Par ex~?le 

~e~ ~ shaf~-si~Z~=g opexa:~o~ tames ~Laze in whi, 

upper 6CO m ~us~ he s~n~by T~e f:eeziz~ shaft-si~k~n 

~- - -~ -=~  ~n ~h ~ ~ v ~ i c ~ - e ~ =  ~ h ~ - d r a u ! I c  ~ I n i n q .  A f z ~ r  s e ~ e = - I  

hydraulic ~ining. But un~avo~:rabie:ge=lo~Icalccn~Iti~n~ 

:au~@d ~he closure of ~is ~peratlon next m~nth 5 ~qh the 

:echni=al equipnen~ worke~ell. 

~ecause of great dep=h German collieries have to encounter 

wi~h several p~0blems concerning rock pressure, ventilation, 

air comditioningand methane drainage. Desp~e cf %hls 

~fficu!nles ~-he standard cf safety is high. At ~resent a 

lot of research and developmen~ S = o j e o t a  are carried cut 

for f-,_r~her improvement o~ ~tlning techniques, safety and 

work~n~ conditloD=. 

Zn the German hard coal ~inlng industry average productivity 

u~er~round i~ 4 t~ns of s~le~@l~ Coal p~r ~amshi~t. This Is 

an ou=standing ~gure in deep hard coal-m~nZnm ~ro~qho~t 

the w@r%d. High ~echaniza~ion and au~o~atlon were n~cessa=y 

for this success This is ~ ~emarkable ' . development because 

2S years a~o in German coll~eries ~here sltill Were~ha:d- 

Icadipg long;all faces with wooden :reo~ slup~c:~. German hard 

ccal~%Inlng ind:st~--.,, has passed all phase 9 ofltechnlcal 

evolu~io~ in ,. ver-z, shor~ ti~e. Insofar ~e-~. =e i~=e s~il~ 

enough experiences conce_~ning less devalopped~coa! ~inin~ 

~echn~aes which may be of interest~cr coal ~inin~ in 

~ndone~la. 

5. Conclusion 

Wi~ this contribution U~e attempt was mA~e to.give a short 

review ~ncernlngmc~e~ basic teck~lo~ieS£c coal mi~in~." 

Zndonesia ~a~:es an effort t~ extezd i~he tea1 mining Indust~:, 

Hanif01a experiences of Ger:z..an coal ~mlninq lndhst~" and 

Prsducers of minin~ equipmest may be ~e~-~u ~ for =hi~s our~ose. 

Thls ex~ezlences are not cn!y based 9n coati miling in the 

~edoral Republic of Ger~,,anz but als 4 on m@ny egt£vities 
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:huoz;hcu~ znc ~:c~ld. ~ur~nc =cze--.t ye~r~ ~e_-r.~n har~ c:al 

r~n_z~ f~eld. Far e:<a..--i~_-!e they !re e?e=~tln~ --__n-der~rz~n~ 

~es in ~h~ Un_te~ S~azes cr axe pa.-~-:cl;~a~nq ~n hard 

coal surface z!ne~ i: Canada and Aus~ra!!a. Cunsu!=In~ 

~lvl~cn~ c~ coal ~±~in~ ccc~ani~s ~re a~zlve in =any 

C~ ~t=ieG- ~e.'~..en m~n~n~ equi~rmn- is :n~te!ied iz :;.lay 

teal m~n~s all ever ~he ~r!d. 

F[~. I - Large brc-.~ ~ e a £  c~en pit ";ith huc%~t-'whee! 
excavators ~nd ~h£~le belt conveyers in the 
Federal Republic o~ Cement- i 

Fig. 2 - Belt cenvey~r ~ransfer ~oln~ 

hgeproduced t-tom I c~t ~vailahle cop~ 
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Fig. 23 - ~ul!-f=ce t%Lnnell=.~ ,.-uterine 
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E f f i c i e n t  u~o of m : d e r r t  c o a l  p r e p a r a t i o n  p lan t  

B: ° the ~irne ruu-c,~ ~nirl~ ce~-I h:m r e~ehed  ~he : ;ur face ,  i t  haft 

aLvea.~7 b e e n  bur~ene,~ :,.q~h ~uch cos t~  tha t  ~*.~ t o ~ l  u~il~zat:ten 

h ~  b e e n  art e c o n o m i c  n e c e s s i t y ' .  

lnitiaXXv, a l m o ~  al~ coa l  mi .mn~ c e u n t r i e ~  f i r e d  the run  of m i n e  

coul as i t  ~vas m':ned. But  i n  t he  c o u r s e  of t l r ae .  [he ~ecven tage  

of impur~tie.~ con ta ined  ~n t he  r~n  of 'mine coa l  ~':a~ s : e a d i ~  

!ncreasL '~ . ,  whi~A*t was  ~pec~ icaXl  7 c a u s e d  by th~ i n c r e a ~ i n ~  ~se  

of m e c h a n i c a l  m i m n g  e q u i p m e n t .  As  t r a n s p o r t a t i o n  sy~tem~; and  

r~,~r~-, 7..~r~, ~.e,~ded by  the  imp~ar~tie~ co~,l ~teanung t~x'ned ~ut t~ 

~e m~ndator~J. In the i r~ t i a t  pha~e,  t~e  cecil w a s  on ly  ~c reeae ,  ~- 

and cru~he,~,  ~,nd lurer on, en2y the  rt~ck r a v t e r i a l  was  S~t~.~ out 

untL~ =omp]e te  r e a l  pv~pa~'a t ion p r o c e s s ~  w e r e  ~ v ~ l o ~ e ~  w.~Ach 

fL'na~:,- a l t o w e d  the  m o s t  economical u s e  ,~f ~he coa l .  

To a c h i e v e  thi~ in  G e r m a n y  have, o v e r  the  year .~ deve loped  a n u m b e r  

e£ c]ear~rtg tecllr~iq~es :vh~¢h h a v e  b e c o m e  ; 

pra~'~ice !a v e a l  p r ~ v ~ t ~ o n  t e c h n o l o ~ ' .  

Thi~ technolo~ has gained ~-ound not c, wtly inEuroFe , bu~ a~so in 

would m e e t  the  ex~ .¢ ta t loe . s  o f  the  In~ne~, i&n co~l  ind:~str::,. 

&'he tr£n~l of dev~!opn'~ent~ durL'~g :he  r~.*ce~t, io :;c°ar~ h~"~ been t,~ 

b,_~dd eq~iprner~, ~i:h ;-t~h throu~bg, ut capacitle~, ~,r~ci~e c,~t ~%int~ 

aa,~ l.ovz 0pera~in E co:a;, 

The mo~t ~permant .'nachines of ~he ~n~',a~!-~'.t~Ons have ~o fa~ been 

/evelo~ed ~p to the follo~'~n~ ~i:~s: 

I. sc~-~e~%~ up to a ~idth Of 5.$ m 
~. dedueter5 up tS a di~:neter o[ ~ r:.i, and ~n' 

output  of ~O0 t/h 
3 ~i~s up  to  j i g  bed  ~,idth's of ? ra 
-i. '~e n':~o tin-eft iu ra 

s~parators w i t h  d i a m e : e r s  Up to  ~ m 
%. disc f i l t e r s  t~ 9 t o  a ixl2er a ~ e a , e  ¢ 400 m~ 
~- dr ' am f i l t e r  up t o  a f i l t e r  a r e a , e l  200 m "  
7m ~¢tat~n ~_el~.s up ~.o 16rn3Fer  a~',ttator f i e ld  

Th~ i~-~zalJ~ticn~ v :**re  b e t t e r  a r r a n g e d  h~d cou ld  ~ a r ,  age  v.ith fe~.ver 
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l,e~cr~p=Lcn of :he ~atac jig 

A c r z ~ Z - z ' ~ c : ~ n a l  z lde  v;.e~.z el:he B a t a c  .~i~. sho~vinff the a i r  

c h a u n t e r s  b e l o w  .'-he s c r e e n  p l a t e  and  a d i a g r a m m a t i c  ~r va lve  

syste:~, [~ illustrated Lu Figure I. This Sao'~'s a six-cell, thre~- 

c¢-r:partpzent ~£~ and ~s nDr.~l]y used in this form for treet~.ag 

~zne s i z e s  of  a p p r o x ,  - i 2  r a m . . ~ ,  f e l d s p a r  bed c a n  be  used  m 

ce~t-~i.n co ra~rCrnen~. 

ET means of the ~ir val-/e s:~stem, compressed a~r is inLern!ittenfl~ 

~e~ ~nto the air chambers. Ln this ~ ay water is deep!areal out of 

the ~ir eh~.-nbers in a c y c l i c  m a m n e r  thereby ¢.susing a p u l s a t i n g  

m.ot!ou of the water. 

The szar.dard Baum j t g  ~ses either piston or rota.e'2.- t:v~e air valves. 

The B~.',--C .~ig USeS a ~.a~ disc des[= ~a v~t!:'e, which gives ~' ~harp 

cutoff to  ~h? ~t[r input and e.~haust .  These valves, both for Lnlet sad 

exhaust of a~r, cZ.n be Lnfini~,ely ~-ar[ed as to  frequency and ]en~h 

O~ strok,=. The abi~/%y tO v~rD'~ *-he CyCLic cllaracte."~-sti¢ of the 

d~./atlon and compRc'.~on Lg of immense ~,-alue in opening and closbn~ 

o [  :he bed ~o obtain e(~c~en~ s:ratif!cat[on in the bed as the raw 

coal characteristics chan~e :with regard to  vari--t~ons in size 

dis:ributlon and fee4 density =..~znfes. 

The a~r valves are :Or.trolled b.'r an e[ectronic, solid-state e i r¢~  t, 

in a c~hine.'., generally ~,~ts l ted "in the plant control center. 

P h o t o g r a p h h ' O .  i shows th,. c o m p l e t e  a s s e m b l y  of the a i r  va lve  

mechanism for a Batac jig. Photograph ~'Io. 2 sho'~rs a close-up 

o~ these air valves for a single cell. Photograph No. 3 shows the 

o'.ectrcn~c cahlnet f o r  ¢ontroll,n~ the action cf the valves ~n which 

the frequenc'/ ~.s m e a s u r e d  in m ~ l i s e e c n d s .  These units a r e  made 

in a n~odu!ar, s~"de-~.n for.'~ and, if a mal~une~ion does occur,  

:he: ,  c a n  eas ' : ty  he  r e p l a c e d  ~n a fe:v m o m e n t s .  
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T h e  ! J i t in~  r~e- ion  of t he  ,~'~,',er or*uses the  c ~ a l  t o  s t r a t i f y  a c E o r d i n ~  

to its det3-~A~y ,2,~ the ji~gL~_~ had ~nd at the same ~£r~e allows transport 

of the coal. The be/'~ gravity m~[eri~! in the coal d:schar]es at the 

end ~f each comlpartment through shale ejectors. The finer sized 

heavy 9articles are separated [n the artiflcia[ medium of the feldspar 

bed and pZsS thrOUgh the o~enings ~.-i ~.he screen plate. 

~n order to control the bed level of the stratif/ed material in the j i g ,  

a number ~f f l c a t s  are taste%led along the width of  the j ig , in  each 

compartment. These floats are automat~cally controlled by inductive 

coils which can be set to measure the various densities of ~e~aration. 
i 

They ~rigger hydraulically ol~ra:ed refuse ejector valves which 

increase or decrease the bed level, as required- A 'dla~rarn, illustrat~: 

this zueclmnlsm, is shown in Figure 2. : : ' i 

In  t h e  c a s e  of a p l a n t  s t o p p a g e  o r  l a c k  o f : f~ed  t o ~ h e . j i g ,  a f l o a t  

m e c h a n i s m  n e a r  t h e  f e e d - e n d  of  the  jiff=is u s e d  t o  b y p a s s  the  j i g  

q i r  u s e d  f o r  pulsation. T h i s  p r e v e n t s  d ~ t u r b a ~ . c e  o f  t he  Jig. bed 

and avoids the uzual misplaced material i y#hich!~,ould otherwise occur 

i f  the  J i g  w e r e  o p e r a t e d  w i t h o u t  r a w  c o a l  i n p u t :  

Primaz-.¢ r e j e c t s  or  r a i l i n g s  c a n b e  d i s c h a r g e d  ibv the bucke t  e l e v a t o r  

from either the first compartment e/one: or, d~pendimg uFon ~e 

quantity, of hearD- railings to be discarded, front both the first and 

second compartmerRs. 

Secondary rejects can discharged by the second'bucket clever or, 

either from the second au~ third compart, meat or 0nly from the 

third compartment. The secondary rejects may, if the character 

of the  m a t e r i a l  w a r r a n t s ,  e z l h e r  go to fina~ t a i l i n ~ s ,  h e  r e t u r n e d  

bar]dis the jig feed for recirculation, Or be C]a~Ss.ed as m."ddlings 

or secondary praduct. The secondary rejects 0r!washsd over~ow 

,nay also be recleaned in  a h e a v y - n l e d z a  s,'stem. 
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T h i s  r e~ . r a tmen t ,  i~ r e q u i r e d ,  on iy  [r~vo~.';es a r e l a t £ v e l y  s m a l l  

tc~_ua~e of th~ t o ~ l  ]:g ~eed. 

• T h e  ~ a t a c  :.'L~ =an be  u s e d  to  w a s h  ~.car-~e a s  ",.'c~ a~ fh-~e ~ izes  ,..f 

c o a l .  In e~her  , : : o r ~ ,  ,:t c a n  han= le  a n y  of the  s i ze~  new t:,.-Lug 

~,~hed in ~he ":ar:'ou$ ~-pes cf ~um jigs. ~o',vevev, a s  ~n a ~ :  coal 

cleardzg equ£pnae'~t, it c~n do a hatter job of e!eamn~ tke sm~.ller 

sizes, if the:.' are ",vRshed separate! 7. This may son:etlme~ he 

desirable as ~he ~'-'ner sizes a r e  general/'," cleaned a~ different 

densities of  separ~tlen :e zhe coarser s~zes. 

T~te lies ten be bu~kt up :o  ~l~t~$t an;" size. l'he lo, r~c,~t size bei~ 

bu'.:~ a~ presen~ !,~ 7 metres wide and ~. 2 m~tres lon~, ~ivin~ 

IC turn x 0 r ay ,  c o a l  Th[~ tonna6'e wou~d k-~erease propor~iona£el}" 

a s  the ".ep size of the raw coa~. :s merea~ed. 

Perfor~Rr, ee cf t'~e Eatac jz~ 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

The wer-~or~-'~.~-noe o~ the 8a:ac j i~  h~$ been weL~ oven. ,D~rer 50 

!ns:n3/=:i~.r2 h%ve been eo~.~leta4, or ~re ~rt the process of 

c~nstruc~5~'n. ~t "-o date ha~ rep:a~os many of the ineta~t~-ons 

of  elder ji~s or nea'~." r~ed£a processes. 

A~ e~mples Of the ~atac j'gs performances, T a b l e  1 shows :he 

_~,e~a:ati~n ~e~ult3 ef ~'o D~'.R< ji~s ~zn the preparation ~an,. 

V,'~lsu .-~. 

proper : ,~ons  in % by  we igh t  
4~ns it.7 

~ailiags 

- "L. 4 5  ? 0 .  ~ 9 9  4 2~. 4 

L. 45-L .  8 9 .8  3 .6  55.0 L 2  
9~.3  

Sropdrt."on5 ~n % bY we~nz 

,z/' cm ;~ 7 ie!cl cc~l rnld.~_l~.ne~ - taihng~ 

-1.5 6 6 . 3  9.~.7 1 9 . 9  0 . 2  
I. 5-l.8 5.6  t,l B4.3  1 , 5  

~I. ,~ 28 .1  0 . 2  2 6 . 4  98 .3  

Fur-herr:lore, izt the ~;-e~rs to e~n3.e, attempts evil/ be made to use 

j i g s  LncTeastc.51Y f o r  t he  p repa ra t . i c ;n  of n ~ n u s  O. 5 mi lY~meter  s i = e s .  

~ q u i p r n e n t  £cr  s ~ a n s ,  w h i c h ,  u n t ~  ~ow. h a v e  b e e n  s e t  t o  h a n ~ ! e  a 

~zore ,  ~[,~r the e~remeIy f ine  s i z e s  up  to 0 m,~/i:~leter-,~ in order 

t o  s i r a w l i f y  the  p r . : c e s s  f s ~ h c r ,  x:q~en u s i n g  j i g s  f o r  13 to  0 :-mL~lA- 

r ~ e t e r  ~ize~,  p r e l i m i n a r 7  r e s u l t ~  h~ve s h o w n  ~ m p e r f e c t i o n s  c f  

O. 18 for t he  O. 5 to O. t m l l . l h u e t e r  ~tze r a n g e .  



D edus2er 

In :r~er *:, ~=~ve cgs': ~¢r the extensive dewaterin~ ,~f sD~rries 

-,~.-:vas ~evel~p-:d a s.=eci~i coal deduster FiTaz'e. 3. As f a r  as iS 

~er~z~ted ay tke  n~i.-~:ur~. %%%~. ~,h eonter.ts or the dus t ,  centr~/ug21 

de, us:at h~ve been used to separate the - o, 5 ~ m  free:ion from :he 

ra~" s nlal/s. 

These Cedu&/ers work  accor-.ing to the ciosed-clrcult air pr inc ip le  

• =hereby the ma:~_rlal .:s se~&ra:sd with the aid of gra~,itatlon and 

addi~onal ¢2ntr~5~agal effect .  The material fed "hrougb the hCi~"w 

sha{: L-* the rmtatL, l~ center of the unit is dispersed by the r=tathng 

distributor and centrifuged vei l l~ke  and r a d i a i l y  onwa,'d ~nto the 

rls~ag a i r - s t e a m ,  w,hre t h e f l u e n  a r e  sep~trated f rom the c o a r s e  

m a t e r i a l .  

The fines t:~ken along by the air stream drop into the  space between 

ot~sid~ r~.artl ~ - ,~.¢.d ~n.~i~e r i ~ ,  aec'arnu~.atP_ on The ~ot~o~ el the 

dust corapar:ment and a re  ~hen conveyed to :he discharge ty the 

ro~-iu~ c~ean/ng device. 

Than':s zoo.he considerably ,-'ncreasad due= compa~ment volume the 

Separation of air and dust i~ ef~¢iently affected. This results in ~us" 

a m;.nor dus~ content in :he air return~n~ into the cir~ult via the 

£mpe~'./er. The dedusted eearse material drops into the grit hopper 

and f r o m  :here i t  iS' alcove-/  to [al'f freely ix:~,O the convoyin z means. 

[n o r d e r  to  ~tvoid the [o rm3t lon  of condensed  .water, a por t ion  o r the  

cfrc.~-',tated a t r  v o l u m e  is  p e r m a r a e n t l y  exchanged  wlxh f r e s h  a i r ,  

T.h~s deduster has  b.~.n deve loped  in order to rennet p o s s i b l e  ~he 

dedus t in  Z of r ' J n -= f -mlne  coal "~,hich, due to ~he m o d e r n  d'~st cos t ro l  

r e c ~ l a t i o o  f~r urger~round  min ing ,  i s  ge::i=g to :he p repa rab ion  ptaets 

wzth a m o l t ' a r e  c~,atent which i s  ~ c r e a s ' i n g  a l l  the "-line. 

X:en "if "-'e.--: wet  c o a l  ge ts  into ~he d e d u s t e r  at intervals, thus  excluding 

the *.eas~.bili'.y of dust co~ect!on, the separator keeps itself free aud 

con~.inues w.*.:h d~lusttng as soon aS th moisture in the feed drops back 

to zhe n o r m a l  too l i m i t i n g  -ralues~ F r o m  ~P'e eeonornica~ point  of slew 

each ton of c,:al ~ain~.d in the d r y  process '-s of zm0or*.ance. Since it will 

not be sui~j~cted to exp~.n~::'e wet cleaning and tosses. 

.7- 

D~wate~ng 

In addition to the ,well-known d r u m  ann d i s c  fi~ters for the  d e w a : e r i n g  

of c : a l  slurries, a new dcuble drum f i l t e r  "~'as developed which is 

character ized by a ve~:  high speci f ic  ou:put el  maxzmum L. 300 kg/m2h.  

F;~re 4. The material to he filtered is fed vev~icaLly downward into 

the gap bet~veen the two drums whLch rotate in parallel. 

The double drum filter takes full advantage of :he s~dimentation of 

coarse solids in:he feed trou~: A laver 0r c~t'Ser rnatertai iS 

i n i t i a l l y  ferried or. the f~Jter surface, serving" as basic layer[or the 

follow£ng fine grained filter layers. " . 

Double drum filters a r e  spec~ically s u l t e d . f o r  i h & ' d e w a t e r i n g  of coarse 

coal slurrLes~ they are insentitlve to oversize material, ~ any. 

Comparison of resul ts  obtained in commerci~tl vlants 

double d r a m ' f i l t e r "  disc f i l t e r  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

feed 
percentage o f  solids g / l  553 
percentage o[ ash : % 9, 5 

f i l t ra te  
percentage o£ sol ids g ] l  19, 3 
I ~ r e e n t a g e  o. r ash % 16, 5 

f~ter' cake 
f i ! t e r  discharge capacit~ 
(z. wfj. k g / m ' h  1290, 5 
residiaal m o i s t u r e  % 20, l 
perce.nta~e of a s h  % 9, 5 

recovery of solids 98, 3 

468 
9, I 

2,0 
113.2 

T86, 3 
2 t ,  6 
9 , 7  

99, 8 

By means of the ;ollo~ng ft~'ures I would like to expialn which .qow 
- i: • 

sheet we would suggest for your coal. 
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A,spe~.~ of Pltnning, Clrga~isatt~n ar~ M=ntcjerrmnt 

of Co~ .%41n|r~ C~ratJorts 

The aim of planning and or~nisa~ion in eve~'v I ~oaJ 

mlnlng operation Is to achieve ~he "overall 0peratic~nal 

goal", which can be de,'ined as the longLterm assurance 

of an output bo~h meeting =he market'S'quantitatiVe and 

q~ l i t a t~e  requlraments and ~epresenting th~ maxin'NJm 

and most castoeffec~.ive explo.~tation of deposits fO~ the 

lowest possible outlay in caoita[ spending. 

The basis of at[ planninQ is a thorough knowledge cf the 

deposit ~n •terms o#' its geol.ogicsl,makeuh end' raw 

materials, All  available know|edge should be:so docu- 
= •  = 

monied as to be of practical use in planning t~e mining 

q0eratlon. Engineering planning i~self =.xt.=r~ds over 
= i 

several distinct: phases from the devF|6pmen! 0f alter- 

native concepts to their implementation. I =This is 

ecluelty aVpiicable tcr indivldUai sections of an ogerat- 

ion and entire new mines, whether unde:rgrouncJ or open- 

c~ t .  Modern planning in mining is itHbS a constantly 

.self-regenerating process that involves t~inking in  

tern-~ of alterna.'.ive concepts. • 



~:o~n|n~ #crmui~ t~  the 3|~.e:-,~:~v~ ~'lJte~ f~r r.tnrimq 

~t i~ ~.he tmsk of ~r~anisation ~o Implement thc,~o 

Cr~Ci~il~i~ ~nd te t~t;'uet'~r~ cO~:~:iOm~ aceord/i~,~l). It, 

:he German coel mining indus~.,~ ,, for  ex'omp'e, :ne. ]ine- 

~na s:mf? "~)'~tcm h~S proved it~ wor:i ' ,  with Or qa~,;~at- 

inn ret~d~ing i{$ re~9~,m~ib,lit)" f~r c:13rCii~cll'~ th~ 

'~ri~u~ C~ec~t!~n,~ ~. ~]em~n~, i,~. for man~Jn~ th# 

m~inln,~ Cpor~tien. 

infnrmat~n taz;.:5 as well ~,~ solving curb ~o:iol pro- 

bZer~s ;s t,he .~c!e~.:ion ~,'~d depi2ym~nt of l~beur, with 

~r~_~t ~m:o~:~n~c ~e~ng ~ttoc1-ed ~ all cpero~.ion~! 

. ! -  

~ p e e t s  of  I~l~nnlng~ O~ j~ t s~ t lon  ~,~d Management  

of  Ca~l Mi~*in~j C~per~tlore~ 

Every tndustri$I operat ion invoJv~ the in te rac t ion  of 

series ~f f~ctor~ which con On|F enable producti~'e ~-,¢rk 

and Cpt~mo,'n results to be 8th ieved wheri oenMbly 

c2mblr, ed. A distinction most be m~de,b~t~oen wna: 

~r~ ~<nown aS th~ ~]em~t~ l  rcc~o~s m~n~ower, plant, 

eo.uit>ment ~nd m~tct i~{ - in mloi~o~ t~e d~pr~iL - :Znd 

mar, oqement o~ the di:~o~iti~e factor. : 

~|:~nn~r'g ~nd or~:~ni0o1:~o 3~'e two foctor~ d?rP,'ing from 

m~n~oom~.nt. ~or.h focus on ~he "q~n~r31 oi~ of the 

~p~r~.i:n ' ' which ¢cin be d,-~fin~d f~r rnlnlng ~s ent;~-rin~ 

long-term o~tpu: tha t  ~ati-~flem market demand in ter~ 
i: 

of qu~ntit'/ ~nd t~u~Lt," - .~ith minimum c~pi:ul ~n:) 

~Oecatin~ co~t~ ~n6 m~xtmu~ e,:oloit~tion ",f the  

dgpo~it. 

Pl,~n~ing forrctd~t~¢ ~ n~mbee of ~ l~rn~t tv~ conceOtua[ 

*ti'~./c~ure3 ~.nd rule~ f~r th~ mhx~, ~ ~ wh~le '3.0 ~ t o  

fUfmi;h ~ I2~.~ for the m;tn~Qemant's d~.c!*iotamoklnq 

siqn ~nd l~;sciJt ipto e f f ec t  - a :we-re id  ac t iv i ty :  
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buL!dir, g ,.~ a ~e~b[e  s~.ructore ~%r the ~pera:;on 

est~bl:sh[~g ef ~'icter~t ~mterection of 311 cpera:ing 

un}t~, ~.-.. menac~in.c the oper=tion. 

"F~.ts shot: excursion into the basic eonc~p~ of in~s- 

~r~/ mana~,~,.~en~ ~e-.~ed "=o ~e ¢~ete.~$ar.v to defJ~e the 

r.~:~ceo~.$ "planning", "organi=atian", and "m=nagement" 

~n the t i t le of this pap--r and to snow LheIF interdepen- 

dence. 

~fine clannin~ i ~- an =.'.erative process whereby prelimi- 

nary judcements on mine design~ production and econo- 

mics are tested by subsequent analyses, which are 

supplemented i f  necessary by addlticnal da~a der;.ved 

ft'om confirmatory s:ud'es of specific asl.~ts, ti~e 

;r~cedure -~et~g ~epe3t.ed with r~n ~ncl-easing Lever of 

~ccuracy as ".~e deg.'e~ of project defln|t~.on increases. 

faint p~.arn~ng is based on the rescd,t~ ~f ezptorat~t3, , 

wor~ which have to b~. ~.vatuaLed and ,-apr~.senLed in 

map form- ~eter.m.inin~ the forrnatl~n of the deposit in 

terms of stratigra:hy ar.d tectonics is the first stage. 

Se-.a~t~. m.ap3 are ~roducad f¢-" the mineable seams and 

sea~ sections nhcwing all the oarameters important in 

mine pl~.nn[n~, s~Jch a.~ 

s ~ m  th ic~ne;ses  

data on coal character is t ics  

nature of floor au~d roof sttat~ of the =cam 

tectonic= 

thickness of the overlying strata 

hydrotoglca[ fe~ture~ 

"fhes~ m~ps showing the r.-sults of exploration of the 

deposit form in ~urn the basis For 

delineation of workable .~e~.trns . . 

a | te rna t l~e  I~youts of the panel~ or  distr lcts  

alterne~=!ve locations for driving development 

openmg~, 

On the basis of the al=.o~'naLive J~youtS,the proven and 

rnineable coal reserves can be es~!rn2ted an~l ~infor- 

rnatfon gained on possibJe additional reserves.; ~Weak 

points and gaps in the exploratory work ~a'rriedlout ~il[ 

become apparent, ~ndic~ting any further ex;¢oretiOr, 
+ = 

needed in the ar~a} B|t'.ady cove:ed and permitting 

~rogt~ras to be s~t up for exploratory.~,~=~ lh ~4reas 

• djo~nlr.g t~'e deposit. 

• h e  representation of the basic prlnc]p]estbV v~hict~ the 

(iOologlst war;is out the basic design factors for the 
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min~hg ~noireer ~ng~g~d i~ planmmg ~'~e m,~ne ~:pl!es. 

e~.mple~eiiz rc.v mi~,::~. ~.,~c aplqies e~uoll-, to e~¢h 

indivzdual ~vQr'.:'p~ of an existing roinv. Th:.:, ~ e  same 

~orl; :f inve~igalL"on~ ,.~us(: e~on=l~Iy be_ C~i~.,'~ )~ut 

when. fnr [r~tC1n:~. a r'e..,-' lo~g'-va~-I f ~ e  is to he pJcln~,e~ 

mO[.h~ds~ t_e- drill{n, 3 .~nd geophyuicaJ m~thOd~ ~ g ~  

~ e n  modifle~ .~c, nC a~'.o'~oed [n reck, ' [  year~ tc Orov[do a 

t-Jec~ t?po ~f cnde~gr~.~n~ e,pleraCon, ~,~mel.v fore- 

field reo~nna!s~.:n.-'-e. Tcd~y, iI is tl~uo 9c~¢ble to d~ill 

bc r i :~ )~ . i  ~r_~e;'n'en ~ to lOgO m in I,~r-gt -) ~n the 

f(~refield of th~ worhin~ ~nd to ir,,a~_~ti.~ate ~.he ~,tr,actu- 

r~[ cectOOy ~J~ing ,_'nC,?r~ro~'nd ~eis .~i~ m~thcd~. ~i~ing 

'a.'hiZh. ~nen careful[ t, .~v~!.~aIi'd. lead tra =~er-ino.'eas- 

~n~' .:n=de~th ~:no~.'Je-~ge ~ : ~ t  the a.epc¢it. 

."o.~t~¢,~t, ~,.~'- L. ~- ~e~:s~,~, ~.~o,t~r.a~{[~ ~,'~ceh~.s ~t~l(  ~I~ 

pro]e¢ ~ - - ba~e~ Ot~ tb~ evaluation ~nd appraisal Of th~ 

deposit - i~ {it:owioo m procc.~m prccmeding in ~.~-rm! 

ph~.~e=. ~',~,is can be  ~eon by l~o!4i~ ~ ~ e  d~v~lopme~t 

]'he ~ invOl',e~ worl:ing out ccnc~pt~a[ alt-~rna - 

t ire approache~ to the project. I t  (::~ITain$ as a ~irsl: 

seep ~ preliminory opproi~a| to elarif.~ We), parameter~ 

~rd iden¢ify cbvlooJ3 alterna:ive~ (including ~b,andon- 

m~nt of tl'~. l.~roje~t:'. T~i~ ~Jlow~ a d~c;OiOn t,~ be 

re~c~ed about ~,hethe; .-~r nm. to proceed to a more 

~t~i~r_d e:~ar~n~t~o~. The re~u!t of this f~xst ste~ Of t~e 

¢¢-ncop~ual pha.~e is ofLen pre~enr.ed in th,, fnrnl of a 

pre-feas;bil i~y ~U~y. A ~es;ca;1/ satisfactory : r ~ i t  

u~berg ~,n lh~ no~t ~t~ep of the c(:nceptual, ph~e. This 

cm~sist~ o f  a ffetai:ed exsmina.hon ,3~o ameJ?ds of the 

~iLuatk.~ co~ering all slgmifi¢,~nt pra : l ie~ l  espec:s. 

~re{{r~o~ry l~y~,.,ts ~re pr~p~rea ~nd economic cdngi- 

r~e.r~t~ns e~,br~ci~g c~T3it~), ~n:t c : o r ~ i ~  ~cct~, ,f~n~n- 

ci~l cc, m,,'nitme~ts ,~n~ pr=(f~t~bHity ~-<re st,.~die~., ]~clud- 

in~ C~i:~_rnotr.-e~, Of ~v~ich t h s  m ~ :  ~oprel~rir~¶~ ~ro 

ed ,~,ith a fea: ib l l i ly  ~u~y.  

~hould ha',O be-'orne ~ite-~pecifh~. I~e~uiremOn'-~ f~r 
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vane serv~.:e~, .'l~an~'ower and rnanagemes~t ~rq~ntSatinn 

are .S~_~'.~f;ec ~r~ deta!l tog.~ther "~ith the a~scciated 

oaott'i and cper~t'ing cdcts. ~'urthermore~ project 

• ~ ~;~eer~r,a is ~eheduled. 

The thi._..~ and lest ~ is the project engineering 

• ,vhich init!ate= the phase of ~roject im=lementation. It  

evo'.ves naturaily from the project design phase and 

evolves the substantial engineering design Work neces- 

sary. for the accurate a~es~ment o¥ capital Oost~, the 

preoarat~on of tender d o ~ m e n ~  ev~du,3tion of tenders 

and tu~ervis~.on of construction and mine develcpmen.% 

I~ver? mining scheme passes throuo_h the above phases, 

but, ,7,e~ed~cJ to ~ne ,~ize of the pro~ect, ~t is 

come'Ames possib).,. = to mer~e one or more pha~e, This 

• "roans that. b-~sicaU.y icenttcal, steps have to be carried 

out even v,hen minor P.rofec*.~ need to t~e c~rried cmt in 

a~ ~xi~i.'~g ~. ir.e. In fac~, derailed planning for a new 

iorgwail face in a modern German coal mine often 

be~.;rs more than a !ear  before ooeration~ are scheduled 

to commit, co ~ t  the face. m~lans .'~.USt be adjusted to 

aClo'a, for any new gealeglca~ and~or technical findings 

derlv~.ng fro.~. ¢~_velcpment wor~. The basle production 

e.~d assoeJvled deveicDment plans are worked out a t  

Ieest five years Tn ad,~a~.e ~,:I l i ve r ies  co~tL~uallv 

a~apte~ i~ ~he l~ght ef n=-w findings and information. 

As defined above, ;fanning '.vor~s ~ut a number of 

alteroativ~* ~n ~crms of mine lay~,at and oper~ting 

e r r~qem~nt s  f~r de~isior" by the r~amao#mcr.t. O~*,'i- 

*-ions in ,mining often involve e certain factor of 

uncertain~y and thus entail risks. This mesns ,that 

rJeolsi~n~ must be taken on the ~asls of inecmp!ete 

inforr~ation but on the assumption that most probsbly 

speciflc conditiorle and situations wJiI" u l t imate ly :be 

obtained, 

The planning philosophy outlined above, Le. • 

thinking and planning in ~erms.of a nym.ber of 

alternative~; : ~ 

- regarding plannln 9 as a procc,s of continual 

revision rather than a task to be Carrie'J. out Once 

and Eat atL 

h e l p s  to inerease the degree of probability ih~t':f~etors 

, "*thich have been a~lowed to influence: a decision wiil 

aetueJly ptevall and hence minimiGe,~ the.risk involved. 

• The structure and rules proposed by planninq and chosen 

by m~nagement mu~*t be translated int'e ~eali ty. This 



- S -  

~p~ratJcn Snd :~vol';e ~- ~.".9 es~3blish'nen~ of cper~t)or~l 

nt~zo[av of O:arning, ,,~ecision-m~lng ~nd impl,~mert- 

at~on t~1~e~" p:cc~..~/~na~er:3~ Or~-~ni-ladO~ 31~o lnvo[ve~ 

~he esta~:is.~ing of rul~s ~verning tn~ nLernlay o "~ ".he 

elen,~ntgI f~ct~-rs or th~ ,~peration - that is hew the 

the w ide :  ~e=sibte ~on~c:~, ¢nccr~pasl in9 ~ fu,'ly 

(~,eve~ope~ and e~eraI:ion~l min~ ~t rune ~trmne an,'l a 

:~rr~!e~el}, new pr:njec~ ~t the other. Or~am~ataona! 

stcucture and rul~.= are t ie=ely nterret~.ed. 

o~era~i:ns or ~ . very strgng!y tnar~¢t~riz-~d ~v the 

hi~tortcal ba¢~creue¢, the coC.:¢-eCe~cmlc sys~?m OT the 

.(: :0~.~/ concerned, st~mdards t~ e~gineering, an~ the 

~_,~!;fic~t)~.~s ~t mar.~g~_ria: : t a f f  3~ all levels. Or qanD 

Ra:'.crra! +'o ~r~-J v~ry in :me ,^,)th ~.ha~e re)infold f~cter=. 

I t  iS th 'J  ".:r7 ~iffic,-'[t SO ~et u D a unifr~n~, or)~l'=isat,~- 

n>_i ~t,2cr,_,re Ce~ily su;t~d for a[~ )rid any ¢~a[ mining 

~p~,ra:icn~. It is w~r~h .'~;:ing instead a~ a fe.*' ~a~ie. 

D,'Ir, C~,~|,_~S 3S ~er~:Ifi~ ~'~ ~,~ tP,3 form Cf r-t~Fjn}sat~.on 

p r e f e ~ O  ~n tb? C~rm~r, c ~ l  ~inm9 in~us:~ - the_ lin~ 

. 9 -  

in this C)'F~ ,~l or~a~i~a: lo~ the prod~cticn ~r~L .e. ,~Jl 

LPO:r~ f(~tl~t!ori.~ ~,.~n~)atod with ~o~J mini~cj in ~rler~.| 

~nd with authority ~nd re~pg~ibllil~y for m a ~ s m e n ~ ,  

flowing f~-~rn th~ highest level of rnlna mon.99em~nC 

dm.,~n to ~he !ea~ ~nl f ic~nt  .^.orking- r ~ r c ~ t ~  the  

l lne. The line ~rganl~ati~n i~ characterized h?: inciv!sl- 

bll i l :y in givin~ insLrucl:ton~ and ~y ¢lear-c.~t delegado~ 

~f tasi<~, authority ~nd re~on;ib/lil:v. This entails 

unsr~biguou~, w~l[-defin~d and, wh~re pOn~ible~ :ompre- 

t-~n~i~e eompe~.~nr.y ,~ supervisor~ vi~-~-vi~ their suh- 

nrdlnates and equally c'=e3r ,~nd corop~'ehet~ive job 

: d~r~CJti~r~. 1,~. dafini~-i~n oT dut~% p~w~rs and r ~  

:¢Om~sibilities. A~¢" line m,~nager in ~--erm~n m~ni~q 

industry, for !nstan~e. h.l~ ~IS ~e~a of a,=t[x,i~.y d,~fi~e~ in 

wri~.ing. A furd~me~t~! orincil:le ~r'ured by the Fine 

~rgani~ation J~ ".ha~ direut~,~s e~n~ot ~:,e i.~ued :~ 

~perstlunal d~vi~4on~ '~r~m above" * /:,he h erarchy 

ctnno~ b~ b?~a~e~. T I~  a.-lu~l entrepreneurial L~,~ 

l ~ .  to c~rp~r~'.~ r~anaoer',~nt a.~D~e n', i~ m~r.SgEm~nL 

l~,ve! is /:he m~tt~r~g ~f  quideli~e~ for d~ci.~ ~ns re!at i~q 

to th~ ent r~ r i~e  :~'. a w~ole. 

A st~f*  o f  s~e~'_iOli~ts is ~ssi~ned tO the h igne~  line 
i . 

f~ne.t~on .n4 an ir.Ov~d,~at n-jn~ ~s ~ cC~Su!~lng .bOdy. 

Thio .'.:~lf, ~ h~.~ nO "In. ° functi~ ~nd therefsre ¢~n~ot, 
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COn,~ot i~t~r~,ePP ,= ~:11~  i~ O~e.~tlOnOl rn~t te rs .  Th~ 

duties Of ~'e ~-'aff funC:~CmS assi~'ned t~ mi~ "handle- 

p,~ni~g,  a~d ~.'~e ongineedr, q ~r~ ~ece~ar 7 f~r 

st; implemer,c=;J:r, 

a_~s~st~ng ar.d adv;~:,n~ ~ine funCtiOns in ."na'~:lr:~: 

o~timum 'Jse cf e~ui~)ment ~nd manpower 

~er~,Jsion of ope.~ation~. 

~t ber~m.ss c!e~r from :he aoove decc:iptlon of the 

variOuS d,Jtie~ bhat the ~t~ff f.JnCtiOn m,jst be {orated 

ciO~e t~ the mine managP_menr ~0 erlsur~ flexibil i ty ~nd 

awarenP.~ o? 51e prtbie,,"~s at hand~ thus giving ~Ife to 

bhe mede=n pl~nninq pr~][osephy depleted ezrller i~ the 

~acer. Thor-- a~_ re.an T mini~.g compani~ where the 

s~af, ~ of specla[ists ~s ~Ct as.3i~n~d in this way 9~d ~here 

~ge .~nir~ [C~e~f is ~c;.c:;y en~ed ~n producL~on, "~'hil~ 

¢na~neering mat:-_rs - es=eclal! 7 p',ann~ng - are de~t  

• .ui=h by e-,gineer~ng s~affs assigned to headquarters. 

This reaL.Its in .~iv~lry between the s.'aff functlcn and 

~.~. l ine funcr, icns, l~ck of |ns=.~h " _ on the pa~'t of  the 

s~.aff func~.ion into ~hQo-r~.cor rsq-Jirementr, and unwH- 

l:~gne~..- of  the [ire functicns to accept decisions in 

which they h~v,-, mCt pt.~'!ed ~ p~rt. Tho avo!dance of 

~uch., confi~c,'.~ :s nr~-ther ba~i: principle embo~ied in 

- 1 1 .  

these t'~pe~ of Orgar.s~ti~n wh:ch are cap~,ble of 

f~nc~ioning eff iciently. 

Finally. the cuatr~llh~cj, i.e. oOera~iO~li mlna~ement 

funcl:i0~s involved in ortJ~nis~tion need t o be looked at 

br ief ly. Coordination is tJ-~e ;~rst and foremost ~onsider. 

syst~r~.~ ~ith~n th~ ~era t ion  thll~ arise from the. 

c~mbir.at~on of alt the ptod~ction f~ctor~.  E~ery ern- 

p).oYee is faced w~th coot~n~I;~¢ t~=ke; fr=m the 

foreman of ~ face .*~ew ~n aIlocaUnq worf<, to  the mine 

m-~n~ger in ¢oord~natlng line and'staf f  functions, f o r  

instance. Purposeful ~nd sensible c~rd lnat ion of  all the 

eperatlcna[ elements to rn~e full~ use 'of resources 

~lvaiIabie [~ ~bso[ut:eIy vi~J, especially in the case of 

lae~;e ~roducHon unft~. 

~ the size of en O~eratlon incre~eS r t,h.e number of 

po~sible |ink~ b:-'tween indlv[dual deClsion-~niakers ~r,- 

crease.< exponentially. This becomes 'par t !~ laHy evi- 

him there are I8 poss%ble com.,~unica~w¢ paths, wlth 
' i J ~  ' 

this increases to ~-~-2 and with 8 ~Orkers ~na group 

~here Qre 2~8~q. In the Cerm,~n coal m~nfn~:industr~ a 

supervision ratio of J,:6 to Z:B has become e~tabiished as 
! 



~,oine~rinq ".ea~, 8$zicre~ to a ~taf" ~e.oar.'meat. 

:ine .~d ~:3f f  function; ~.o~3~[0. "hgro ~ :u~ervicor h~s 

t :o  ~eny pec~l~ wor:<;cg under him, ~r- add!t~on~[ 

,m~r~ger[al :,--'-el ~ f  ,'n,~n;~.~e.~ent m'-'~ be ~n~.er=aiated. 

:.n~iviCu~l i= no~.vJ ~ : ~  of l~artioular oorcCnal r~n." ~erlai 

oower ~,at i~d~cat_~s r~t~er "~'e pr-~-~enc~ O~ an ;neff!- 

~b:¢ "nfermatio~ dic=er~io~t~cn is e~sential t~ ~_nr~2e 

m~t:e the r~g-~t dm.e:'c'cr:~. EO~Lqh o.f "-~e .~i.~hr. in¢ormet- 

.no~JLI~ ~a ~h~  h? :an m~.:e th .  ~ richt C~=:.~ie~r~. 5uGh 

~ec,=oP~r~.~'-:~O in-,tCLme~t, i,e. tO :mmi~te ccrreetkve 

a=tion "~h~n anvt.hing ~vi3te~ fr,-m it~ pl~nned p~..,, t2_n 

the technical ~ d :  ~u=h tnforrnc,~on ~s ,~i+,en in r~e form 

of 7roqrez: or pr.~eemt ~3t~s rcpor~g which ore coiI~ed 

in c~-ntr-~l control and It~:~rorr,~n~ rOOms. 

i 

A fundarre~taI :k~tJncgion h ~  to 5e ;n~r~e bet,vein 

directory in~ormetion ~ra,~srrdt~ed vla the mflnageria~ 

[e.~el-. of t~.e l~n~ ~nd functional infor-nat~on Oa~_~ed 

along informal chonnel~. 

Th~ fc ~r poth h:~ to be u~ ~ . for ell o~¢rati~ll.~ 

irc~or~:~r~ ~;-~0~. ~ch r n ~ ; ~  rro.~;tli * h~vf~ 

.~ndard form. The inforrrel chy:~n~,l~ ~hou',d, '~,here 

9~c~tble, ~ le f t  ~pen for all or.~er dpara~i~nM ;rod 

personal meg~qe~. 

Fi~all), 7 the function of t,h~ or~ni~ On ~ t~ find 

~o|uLior~ to qu~Uons arisinci from ¢I~e zolootion ~nd 

d~-PlOym"n~ of r n ~ o ~ e r .  Thl~ ~ [ i e ~  in ~r~lcul~r  to 

all mnnag~ri~l le,.'~Hs of ~ta?r ~nd line. Th~ weHVnown 

par~on ~o the right p;3ce i~ ~n~ of ~he rno~ Jrrpor~n[ 

r~*Tu]rerr¢~ts. ~Vh~_n thi~ i~; r~ot mc'.t cCnfi=ct.~ .wdl ~rL'~ 

~Oetween thm aim; and po~entia}itie= o! the employee 

OnO I:he nee~:~ of th~ o~er~'.io~. The tra!nir~ of suir.abi~ 

employeea i~ bec.omi~ 9 ~ sF~eci~l ,:hMlenr~. to the minin~ 



~-ecent c-~L ~. ~ d  ~.~H[ ~n the ¢eveZcomer, t ~'-age and the 

general, ~="~:nL~g f~ciI.~.des =variable in the ~,:~tr F ~re 

net vet suf~cient t.~ train the supe=v~s:r~ a~d mzn~ge~ 

m~nt. s~a.=F neede~l ~n mining. F~eca~nrz~nq L~e ~eed for 

welt-~rain~d q,J.~ified ,"~.an~o,~er the Cerm~n coat 

m~ning i~us:rF h~s ~uiit -:~ trair, ing facil i t ies of its 

own. ~c.~: =..*aSking Co~.ers al! levels - f~o~ the under- 

ground miner tC too manacjement:. This approach to 

incus=cia: ctai~,[ng has achie'~.d internatiot~ai recognR- 

ion. Fot~.ign coal m~ing countr=-es already make 

,~.~quent use of the ap.~or=~ani:y to I~ve skilled wo.-:-ers~ 

manageri~ ::aft '  ~nd supervisors =.-~ined o.n equipment 

~ the ~-~ining :ent~_s ~f the ~ r m a n  c~al mining 

irdus~,'~. Gcrma~ inst.~.;c:c~ a~e a;so invol~ed in 

i~str.'c=inq ;peci~lists for forei.~n companies cr ~n 

sec=i-g u~ tr~nlnc~ _--e~.:-~s for  ¢,gem. 

The as~ect~ cf planning, erg3n'satlon ant management 

¢~!ine~ a3ove apply, ~f c~urse, ~o~. only tO coal rrininc, 

bu: co any nin;ng ac:~.vi~y. The basic prineipLe~ h~ve 

p:'ov=.n thc:r worth in ".he 3erman coal mining in,=%stry 

a~d h~ve pieced GeFn~rv amol*~g the ~Cr~d'$ le~ding 

:~a t. min:.r,g c=ur=~cie~ in techno[~g:coi terms. The 

ex~.r:er.ce ~ained in all fie:d= is ~vai'lable to the 

eme,*q-'nq caaL-.~,~n~g c=uncrie~ in d~-~e~cpinq ~5eir 
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Ab6trad: 

Aspects of Planning, Or~__ is~tion and Management 

of  Cual Minlnq Operations 

T~e aim of planning and oroani~at'ion ]n every ~oai 

mining operation i.~ to achieve ~he "overal! opera,lanai 
i • 

90~I"~ which can be defined as the |or'ig-term•assurance 

of an output both meeting the market's quantitative,and 

qu~htac|ve requirements arid re~Jre~enting the'maximum 

and most cost-ef fect ive exploitation of dopes/re far:the 

loweat possible outlay in capital spend|n~.. 

The baoio of a1| plsnning ."s a thorough kr~wledqe of the 

deposit in terms of i ts  gaologJcJ[ m~ke,Jp ahd raw 

materials. All available knowledge sh6u,8 bel so docu- 

mented as to be of practical use in planning the mining 

operation. Engine3ring planning itse[f, extend ~. over 

~ever~l distinct phases from the develop'rnent!or citer- 

native concepts tO their imp]ementat lon. ! This is 

equal J), applicable for individual sections a f  an apetat- 

• ion and entlre new mines, whether underground or open- 

: ~ s t .  N~ode~'n planning in ~lning is thu~" a cOn,"s~antly 

: self-regenerating ~rocess ~hat. Involves thin~ihg ~,n 

terms of ~[ternativ¢ concepts. 
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~i~nn~ng *¢rm,~[~C,93 ;he S.~t~ ~-mativ p Tr:[,-~ tnc ruml:Jn~ 

dec%;s-s .--n~- P-~ ~t:u,ztu: ~- e~e:=-t~a rs ,~¢:o:~ing[y. |'~ 

hh_+ ~e.,--n+ mn CO~I mlnin~ ;m.'~'+~'y. ,+~:7 e~3mo;e~ :"e l i.-,9- 

+,~r~u-- ~er~ti:~sl element=, ~.e- for n+sn&~:,rg the 

m~,ni-~q ~ e r ~ t i c  "~. 

infC.'~::C~ t-~.":? aS ~ell "~S SC~V~g such S~C~8}, prc- 

~rest "r-ct-~'+:Jrce h~.Lxq at:a:hed S~ at[ ~=e.-~t:0n~i 

'.e'le~: Z: ,~an~;,a'Gs Cf ::~;m:+'C. 

PO 

a-- 

The ~echnolo~ of coa~ hand,in E and comv~}.s~ represen%ed 

hv a~tual eNomp~e~ 

Th. quemtions which w£[I be dea~z wi~h l~ my paper ~re 

based o n  t h e  f~% %ha~ the pr:mary ener~ ~e ~eed e~m ~n 

~ost tames not ~e found ~here a n y m o r -  whero ~t ~s u~//ized- 

Th:s ap~.lies to coal as well. Therefbre0 the v e r y  ~mpZe 

-edel of ~¢ml tranr~r% fr=,m ~e dep~si% to %he power 

Fl%nr (~E" ~) ha~ ehan~e~ :n~o a e,Dmplex ~renspor~ 8yS~e."  

consistin E of n %+mr~eCy of eomvey~n~ equ~pmen~ and lnter- 

~ed£~%e s%aR~ons {~is. Z). 

~ e h  X ~ou!d like t o  ~n~roduce %o "!Ou in %he ~ours~ of 

=Z speech. 

w : ~ l  h~ + ~ e d  ~ o m  o p e ~  + a + t  m i n e s .  A d o m c r ~ F t i o n  ~ f  ~ w d e r -  

~r~un~ eoml mlnin~ and ~?an~por~ w~uld be a epec~al, ~-olu- 

m~nou~ ~1~bJee~ and coul~ no~ ~ o s ~ x ~ l ~  te ~ven "~*h~m ~e 

~=~" ~imJ~ T hero ~ o  ot~orve. For ¢oalprodum~mom :n Zm~- 

nes!a u~de~Eroun d raln~n~ 1~ - ~o t h ~  be~ O" my k m o w l e d ~ P  - 

o~ l ~ t Z l e  s x ~ n 3 f a ~ n c e  anyw~ 7 . Let ~e therefore c0noen~e 

~n coal mZnin~ am~ transport %n an open ~a~t p~od~t~o~. 

[ 

In ~Ur~p~  d u e  ~ t ~  pr~va~lin~ ~ooio~l~o~ aomdlz~ons ~ 

Is maimly l=~nite ibro~ ~a~) ~hm~ ~ a n  h~ mined from ~p.n 

ylts. Todo ~his a certain teohn~loE~ has ~rovgd t O  ~ve 

+ 2 - 



~he optimum sol~on- 7or ~em~v~n~ the ~verh~rden as well 

aS m ~ n ~  ~he ¢ ,~a!  ~ke% w h e e l  e~sva~ors ore be£n~ used. 

For %he ~ranspor~ ~f ho~h overburden and coal we employ 

:oavmyor~ [fi~. 3)- The bel: widths ot those conveyors 

are ~ween ~ZCO and 5~O'm~. 7he r.~e o f  ~e~t speed, 

reaches ~p ~0 ,'-~ ~/S, thus ~IviDS transport c~paci~ies 

u~ :o IG,C&~ :/h- 

"/be si~Ic conveyor dri~-e stations ~nc0rporati~ ea~ac~t~ 

up tO 6 X Z000 k~ wi:h sinSle oo~ve~or s~cfions rcachi~ E 

a maximum 1~n~h of 2~00 m. The bel~s are prodomln~n~y 

Of s~e~Zwro~e-~pe- The 5ei~ s~pport structures ar~ ~e~ 

slsned in ~uoh a way tho% the c0n%'eyor3 can be shifted in 

their entire ~en~%h, t~us followin ~ the ad~ancins n:inln$ 

o~er~ion. ~iS- A. 

BTI~ ~o~ve~or ~ys~e~s of ~h~s sXme are only economical 

~or ~ary large o~en ca~ m&nes-FDr med~ s~zed ~i~s 

belt widths bet-w~e: l~O0 - I~00 mm would be s~fi~iert. 

F~E.  ~ shows a conveyor system i~ ~uch a medium ~ir¢ 

~it, f~edin~ ~ power  plant O f  600MW, hesxde a fer:~ixaer 

and a bv~qu~re, p!an~. 

-3- 

• !] these ~andli~ E ~d conveyor s ~ ' s t e ~  are electri~zed 

~o that %be pit operation can be supplied "-'i~b energy 

~I~ its Own ~0war station. 

There are other possibilities as alternatives for t h i ~  

European mlninE system I for ¢xample:minin E by dra~line 

smd.transporf by dum~¢rucks. A~ ~e:d~s~ose O~ electric 

energy in unlimited quantities from zhe power sta~%on~ 

e r e c % e d  riEh% near ~he liEn~te open.•cast.:mines, w~ Would 

not even oonslder to u~e diesel-drlven vehicles for 

~ranspOrtinS the coal. We only do.%~iS in quarr~e~where 

~he co~dltlons 0~ energy supply az'e differen%o 

As o v e r b u r d e n  and c o a l  a r e  s t r ~ p p e d T £ r o m ,  d i f f e r e n t  b e n -  

ches ,  we have to-make ~ure tha~ the 'd£££eren~ ~¢erials 

ere distributed correctly b~- means Of a coilectinEbelt 

conveyor system; f o r  example: overburden ~:o %he o u f e r  

bank and later to the inner b~nk; coal tO the rail~v 

car loadinz area or in ease more cc~l is mi~ed than can 

be immediately aceo~odo%e~, intcFmedia±eSturoEe of the. 

coal and recl~im~nE aT a la~cr sTe~e', 

FiEura 6 shows such a colleotin K belt conveyor systom~ 

f~ure 7 a railway car ~oadin~ s~ati0n. ~n m0'~T cases a 

ditch bin is used ~or ~ntermedia%e &~ora~e of coal~ Th~s 

bin redeives %he c o a l  from a stacker, and.than %he'm~- 

~erial'is pieked-'up a~ain by bucke%'Wheels ..... : 



~ow ~he coal i~ transported ~o t~ ~ o r t  of %~adin~. 

assume ~%at tra~por~ by rni? i~ the m~st a p p r o p r ~ a ~  

me~ns c:¢ %~snsp~rt fo~ %his purpose. Adequate caF~, ~ 

~h-y a~= u~ed ~ o r  %h~: purpose ia Europe~ are - h ~  on 

:'iEu~e~ 6 and 9- These cars have m eapn,zity o~ 

~5/2~ ~ns ~p. They are m~zomat~c h@Dp~s ~-h£eh are 

e~p~e~ A n n a  a d ~ p  ~:~. ~be carm can be C D ~ p i ~ e ~  ~ 

%raln~ of up tO %0/60 Cars. The ,zagon~ *l*o~,~ here w e r n  

bUIl~ i~ la~e ~u~h~r~ f~r %he German ~cal company Ruhr- 

~ o h l e  kC and ~o~ the ~rman ~ede~a~ ~ai~w.~}'~= One ~an, 

~ ceur~e, u~ ~i~p~@r ca~s am~ d X s ~ h a r $ ~  the~ ~n by 

u~An~ kick-back O~ c~rcular %kl~in~ stm~i~n~. 

~al! ~ra~paTt~ ho~eveb~ ~a~ a ~e32 dJ~dt$n¢~X~: the 

#b# ~nr~ thi: ~n.~rea~Ps %h~ CO~S c~n~id~bly. 7 h a ~  IS 

why 4!termati~ h=ve been s~arched for. rh~ Zran~port 

by halt c~v-TCT :y~e~ ~cu!~ ~2~h~ut deubt be ~u~h ~n 

al~or~az=ve. Co~%'eyor be~t~ ~av x,~a~h sln9~ l.h~Th~ ~ 

~:F to %C ):~ ~epe~n9 on the d~s~n, g~ that ~n~g few 

the d~s~ance ~o the po~t Of lom@in~ 15 ~easo~able a~ 

~vGurmb~ ~e~raphlC Conditions ~revaLl. ):cvertheles~ 

~ 3 ¢ h  ~ e i ~  co~-.-~yor Systems h~ve o~Iv bean % a k e n  in to  

w i l l  ~ ~ I v ~ m  memo a%~m~-n im future, i5 ~he tr~ns~ n~" 

if m~l:ds by v~p~lln~. FiKur,)s i0 amd ,I. 

~u~h ~ £ p ¢ l i n e ~  a r e  a l r e a d ~  ~ o p e r a t i o n  ~n ~ r 2 h  ~ n d  S C u t h  

~erx=a ao ~e:l as in Aus~ralia. On~ i~ be1~ S built :an 

£Jrope, %eo~ but ~his one is provided far ore. ~s we shall 

.,Ill hear a lectur~ on plpel~ne ~ransporT ~[hin lhP 

;,reSramm~ of this evenz, ~ dO no~ ~antto ~0 intu detai~ 

nnd now wish zo ~urn to th~ ne~t s~atlon, the yhipm~nz. 

x~ th~ tr~im~ a~r~ve in ~o~her ~eq~nco then the sh~ps 

call at %be ~or~ for lo~ding, a larger coal ~ncky~rd iS 

n.~de4. Th~ s~e ~f ~hls ~ockyar~ o~o depe~d~ o. t)~e 

fa¢& that i~ ~.v eases dlf~eren~ ~ype~ of e0a~ hmv~ ~o be 

~red. The coal ia transported fo~m %he ea~ d,im~in~;:~a- 

~lon to th~s yar~ by means of a belt conveyor. Pil~n~ and 

reciaim~n~ is preferably done by combined m~c~n~s,~bese 

~:e ~taekers equipped wi~h a ~uc~e~ wheel ~o reclaim the 

~terlal. Cmmbined ~ith a tripper eari~hlsmaehine may 

~¢~-up coal ~t any ~ O ~ l ~ O n  Of Zhe conveyor belt, f~Eure 

:2. A ocal ~tockp~)e of %0,000 ~ons eorr~spond~n~ t0the 

~za~nE ~aDac~%y ¢~ n ~e~ium bul~ c ~ r J ~ r ,  h~ a ~!OOr ~pac~ 

~f ~0 ~ X ~0 m a~da hei~h~ ~f ~2 ~. The ~n~kp~*n E ca- 

pacity ef SuCh ma¢~ine~ a~oun~ ~0 2000 t/hand[~he re- 

r~axmln~ capaci~ tol~OO ~/h. ~0 re¢l~:~@d ~oal %s tran~- 

;'~r~od to %hQ &hip load~r via a h~lt conveyor, ~i~ure 15. 

The ~ho,.~ ~hiD loader woi~s in co~bt~.i~on w ~ t h  ~ treader 

~ar and ~ay load the ~h~p w~t~ou~ hax-@n~ ~ ~arp It. The 

• h ] ~  l e a d e r  adapT? i~$elf ~e the differant ship wld~hs 55 

• l 'w ln~ O~ %he ji~. 

- 6- 



O t h e r  ~ s e e ~ s  ~ c e  e w ~ d  "=ith ~t~Z%On~rS- ~hZp loader~, 

~ £ g t ,  r e  I 4  - In ~£s c a s e  zh. ship muse ~e w~rp~d when 

ch~n~!rL E the hazc~. 

} :os~  O~ ~be shies ~od~y mre 0&onventimnal 'o,zlk Crez~h%ers. 

Fi~-Ir~ ~5 she%-2 such a vessel ~f ~O,OCO t ~ w ,  "It b~S 

length Of ~2 m, a width oT ~0 m and m draf~ Of ~2 m, Tod~ 

vess¢!.~ ~f tb~_- =z-dot have still %he~r shar~ In %he ec~l 

. _..5,~, ".~h:tle v e s ~ e l ~  o f  ~ 0 -  

~OO.,C~O0 %d',¢ h~v9 al~-: 3 share o f  30%. The ~.ren~ toward: 

lar~er ~'rei~h~e~s ~'ill s~ill iner~.a~e an z~e  neXT .:ears, a, 

~he ~'r~h~ r~,~_ o~" a ~C,G~000 ~.d--'-frei~hter i~ onl.v half ~' 

S, UC21 as %he F~*ze of a ~O~OOO %d~--~reiE.ht~.r. B~¢ lar~er 

:a.r!~rz require eo~'respo.-.~In 5 I/nlead,%nS and s~oragc C,*'~" 

.'~'~X~.s ~n ~he . ~ o r t s  .~£ arrival. At prese.n~, unlo~dl~ wl "~ 

cla~ nhe~-~ype ¢l.~.~a~nE hr~4Ees is m'~all ~he curren~ 

.-vz%em. 5'~h an ~inl~a4er ~'~th a %0 % ~i-ah ~s shown on 

~i~re 16 is c,~.~.~ble at handling_ I-~00 z of co~l per h0 '~'.~- 

• ,.e Capacity can be do~bZed hy us~n~ . "~ br .~d~e unloaders c" 

one vess~!. "~,'hi3 is prsc%~med in normal cm-~_s. However, 

~.h~y '~:tnd ~f capac~Z%" incremse ~s ver.v COe~Iy SO %hat ~flt 

is ~ook~n~ for alzerna~ive~. 

One o$ t h ~ s e  alternatives is ~be automatic d~¢charEe Bu~! 

~re~h%ar. in ¢~se of %bls freighter un~oadmn[ iS csrr~ 

out by  m ~  o[ ~ conveyor b~'~ s1%~zed under ~e £1o~r 

o£ :he frel~Zb space. T~I~ SOlution menss s bad utilizers:" 

- 7 - 

usln~ 2 be!%~. T h e  unloadzn~ capacizy can b e  rmi~ed t o  

800Ot/h. BU% %hen %he v e s s e l  becomesamCordin~l~ ex- 

pensive. Another ~dvmn~aEe o£ these vessels ~s ~hat zhe 

equipmen~ Of ~he unlo~din~ port can ~e! %'er[ simple, 

figure ~7- 

Bur in %his case one is dependan~ on automatic discharge 

vessels. ConvmntAonal freiKhters canno£be onloaded in 

Zhese por~S. F O r  %his re~on, anofher version beln~ di~- 

CUSSid in ~urope at present ~s The continuous sh~p ~n- 

leader , fisurs 18. 

The m'on~inuou~ mh~ ~nlomder - s~o~ here -. features m 

bUCket wheel for recZaaming the c o a l .  F o r m t h o s e  corners 

Of the loadin~ space no% accessible~o'~he~bumkez wheel 

the coal is moved ~o%-ards the recla~mer by mean~o~ 

~crapera. An ele,'ator lifts ~he coal o~of ~he 5o~t and 

¢onYeys i~ %0 a transpo~'t heir. Tbi,s s~stem le capable 

of in=teasing %he unlo~di~ E capacity ~o' approxi~a~el~ 

9500 t/h, t|~t means %0 4ouble l~.,The Clpit~1 in'yes%men% 

for such n sMs~em should not be ¢onsideraS]y hiSher ~han 

~Dr s'elam sh~ll uneasier. !; 

We ar~ now ~urnin~ %0 z b e  laS~ link "~n 0~r ~r~*.~port chain, 

~5e sZorage fac[li~ and coa~ fced~n~ system of zhe powe~ 

~lan%° Here Z would like tO descr~be~he're~evanl .qu~pm@n~ 

of a modern coal power sta%~on of ;720 HW s~ated on the 

~¢man coast. 

- 8 - 
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Th~ HlsuharE~ 5 ~ v ~ e m  ma~Iv eonsis~i~ ~f a ~2 ~ c l a m  

r~er~ ~F ~e ~O.C.~O ~Jw, ~i E. I g .  The un~oadlm~ eapaeltv sm0.~-. 

v~ :~0 ~/'h. The 4~3tan~e be~%'een %he ~ler an~ ~h~ ~or~, 

ar~a measures apprg~. 9 k~, bOVh connected by belt COn- 

veyors of 1400 ~m width and a speed of ~.t m/~. qhe 

stack:mr I~ ad~pted ~0 this ~ran~por~ =a~acizy a.d is Ca l 

F a ~ l ~  ofsta¢}:~nK 2 ~arallel pzles of 600 m of length 

each t v  ~ean~ =f a t r i ; ~ e r  car, ~i~s. 20.~1. 

Th~ crc~ sect~:~ ef ~bese piles is O f  :r~Fe~Old ~b~pe, 

~he s~e~n~ o~ ~he co~l !~ d,~r, .  ~ ¢ ¢ o r d % n E  ~o the W~n~rc~- 

me~ho~. Pe.:~m~5 i~ effec%ed by bucket wheels ~'iTh a ~" 

F=ei[~ aT 5 0 0  ~/h ea:h. 

t~m~g t ~  :he ~nd of ~y paper I ~ou14 l~ke %e pm~n~ out 

~hot ~hcre rc~n~s a lar~ number of k~ces~%n~d~n~i~ 

which I had to negle~ becauz0 ~£ t~e "~it.d ~i~e a~a~:- 

ab%e. YOUr I n d o r ~ e ~ i a ~  ~vcperts certainly wilI co~fi~m 

th~S ~o~z~or~n~ the tremendous wor~ ~hev hmve do"e snd 

~h~ e~per~i~e ~hey have gained by ,,labora~n~ ~he ~uI~%~ 

A~am pro~ ~c~- ~ ~ o u l ~  be ~crF ~lmd, howe~or, if 1 ~u~ceed¢0 

i~% ~ivin~ you the idea %~a% ~ne German ~n,lus%ry wou~d be 

s rcl~o51e partner for the renl%zali0n of this ~ m ~ n ~  

do ~han~ you vcr? much f o r  y~ . r  k ind a ~ n t i o ~ -  

Du~ to ~he f~ct tha~ the 2 bucke~ wheel~ do ~¢~ ~:m]~ l 

~o~ne¢~n~ sa~plin~ sta~l~n and ~o~ier house doe~ n o :  :e- 

~ulre ~ ~ra~r~ capOci%y of  ~Ore ~h.~n $~0 z/h. ~ith~ 

~h~ h~ndl~n~ ~vvve~ nnl 7 l~d~ca~ed i~ %~e ~r~d p1~ 

~r~ ~ho~'n ~n t]~ follo~-in~ t'oto~raph~: 

- t h e  =%a~ s~clI-~?P ~ brxd~c uni~ndor, ft~. 22 

- ~h~ SCCP~ ~ brid~ ~ ~'> ~he ~ler ~ncorp~,rattn~ ~he con- 

- ~ c k e r  nnd ~riF~r car. E ~ -  ~ -  

- ~c h',c~-~ ~h~el recl~i~er with th- bo~ler hou~e i~ 

toe tae~r,~unJ. {i~. 2~ ,  



COAL SLURRY PI~=ELIN~ LRJjI~CRT 

hy K . - H .  Brachth~uSar 

of FriedriGh Fllc~ Indus=rlever~l~un~ EGaA 

TC~,:DL~C-'IO:! 

~.~.en ralsizg ~he question wnlch integrated t"anspor~ati -~n 

S::stem should in ~he fu%-zre handle the ~proteceed world . 

: : ~ i  trade, one has to con~ider a oystam func%icni=g - ' -  
* = =.l-r to the trans~or=a~ion- and distribution system for 

.:-~de oll azld nat~ir~l Eas ~-nd offer!mE, more0ver, the s~-m- ~ 

*~cur!¢y supply while avoidir~ any increase o~ risks for 

-he hum~n :bo ing and his envlrcr~ent. 

..'h.- world Coal production has nearly to be ¢ri~led a~d the 

~crld coal trade wi~h S~aam-coal Zor .~o~'er stations has:to 

be i n c r e ~ e d  more t han  t e ~ o l d  i n  o r d e r  ~o o b t a i n  :~o much 
~ a slight economical growth wltbin ~.e nextl 20 ~e=_rs. With 

r.~ard ".0 the extreme conditions i-~ Ja~En, one even ou£h ~ . 

~o consider ~ ~ent~-flve%old increase of the coal trade. 

--.-.Is was c~oncluded by the e:cg. erts who Co lla~ora~e~: in £he 

"wCPiD C0~ STUDY". It is e~ected that ~he c~al h~s t0 :t~ke 
I 

:v~r at leas¢ hale or even two thirds of the i:~creas~ 0~ ~he 

~=zld energy const~mptlon, since neither Crude ol! :mud n~¢ur~i 

r ~  nor nuclear power, ~olar euergy, win@ energy, ~iomass or 

~-~orouo e~onomizat!o~ o~ e~ergy in some: i~du~t~i~ ccur~ri~s 

-'~ m~ch as nearby caI~ fill the arisln~ energy igap.;,The ~aln 
:=zr-Umer o~ coal in ~he ye~ ~O00 '~i!! - a~ thgy ~ are t~dny - 

:e ~b.e suppliers cf e!ec~rlc po~er v;ho are ~equlrir.~ ~'ocu~ 

:~ -~ of ~h~ entire coal production. Even.i:/ ~e Cspaclty: ~f 

T 



e:.~=_~r.~ ~he z~'-~G:zt~2~ ~. on oX n~trJrai ~ a s "  mad fuel oil by 

~cal ",¢¢'J2.d no'c ~creas~ zh= cvecnl! cc~l ccsfu..~'_¢n In 

ciom~ric pc'~-er ~tations. T}zls ~pplies =O ~.~uDzr2.al countri.~ 

~d aert~i:~-~" ~'_$c tu the ~e;zele~inz coug,~r~-es. 

• ,,/!i be r.ecesszry ~O develop the =ost ec~.~O~icel inte~ra~.e~ 

~_, ....... ~ worl~ coal ~-ade. The ~ca~ t.-~,le i.u the ~.~.ire 

wcrl~ .~¢uze: ~ - in 19TT to ;~2pro:~-i~ateZY 2GC mi!!i=n tla 

~.zS..t . ~-ni • u ~v -~::e year 2C,~C: ~neresse ~o 8beu'~ 1.090 mill~cr. 

.., ....... r--- 

...... ng ...... e hau!aZ~ wcrZ ~ni cert~Ln!y, 

zhn;.'£h -~-~ck res~rIzZi~ms, %~so ~or ~h~ local dlS~-ri~u 'tion- 

~',r~s wh'~en ~-=." h-re available ;...~-- crude c£! and o=.~er .- - r-- 

-y- 

"~:,; shor~-£erm e-~! long-tern degendence Cn cr"-de oil sh~ll 

:e ~ecr?az~d Dy en e,xtend~d Cca~ use, ~nd Z~e enerEy g~p :o 

=e e:~cc~, s~all bc ~ii!~-d bF cmat by th," year ZOO0, It 

.h~.Z ZO be ccn~£de~ed i.-% thi~ cc~.ec%£cn ~ha'~: "Cb.~ O0~i "~il~ 

~." ie~-~n the ~ndustry be use~ undeF ~conzmlcal a~-.~ezts 

,n'/ withouh cae, sin 5 ~n addltion".l c~.a','S~- ~o environment. 

.-.-.ccEh i~ m,Rny mines wor~'~z~de ~.o~i can he e~lo!t~d veI-/ 

~.1:.~ Of coal -~r~ll with respect to ,-',--/de ell ~£g~nate sdd!- 

*'^ ~ co~£ ,,i~ich ~n ~ar~-lcular ceres wl!l rise u~ %o ~09 ...~ta- ; . 
f:r ~u.~t %r~u&.ocx~anE :he tea! l'y~--- tk~ aine to the ~-~s- 

:'-=or. ~"hg, focal ~oSZ la ~9-ati~n Z~ the energy "aI~.~ ~ . can 

cnl7 he ~ed, Ace~ ~f -jze ~zh-, ,'afar- zncl, if p~G~ible, ~Iso 

:.'.e ~ulSuz" centaur cm-z b~ strcns~. ~, reducE~ ~y ext~-iln6 ~d 

,-.~r~.~.~g ~he tecL%uo!cgles of zh~ c~a! Z-~azmen~ a.n= "C.".S 

:t:r~-59- ~d tr~-.soortaZ~on Syst~-s, ~.e !:'.~r~/uctlcn oZ 

.... ~d ia-~d-hc~ ~-e a.-.~! sesberne. 

~: a~.~eera to mg, iad4es and Ge~.~J.-~men, Zhe "- '~'e a~. ~ c-.,.~- 

",rua~ "~i<~ ~hree in~locxi.~.~ ne:.rJses oi pr~.b~uems ~or 

~se o f  -~ca~ "will have to ~ foua~ s~ep by ~-ep. 

.'he reGgec~lw, problem area ~. arc as fcllo.~s: 

a) coal treatment 

b~ cc.;l st~r~e ~d handling 

c) coal tra~s~¢rt~:&:n 

The ~rget~ "KCO;<C~I: ~B~ICIi:~Y C? T~ ~TI?~ SYSTem" ant 

r~w ~o~e~Aai co~l and cf ~he distances in ~r-~.~.spcrt~ion, 

~,~. ~ the ~ee~raphica~ ~oc~i~ =~ ~be mlne ~nd ~ ~eo- 

gra~hAa~l ~c~e~n ~d s4~e e~ :he c¢~l czn=uier. 



Ccnseq'/enTiy, a c~a! trea~s~ -~..cillt7 which, in ~ar~i-- 

co!as, w=u!~ allow -~or a variabi-, ad.~ust:~e.-.~ ef the im- 

puDities cor~a~, -us= be  desi~--=~ J:O hana~!e ~robie~ ~=o~p i. 

T -'eel that ~or a ~rar.~=or= zf f.i, In,cheSS-an zeal te Get=,_:. 

cr J~a~, ~--~.e ash ~0n~nt ought to he les~ ~/'.~-n u ;4, if 

9osslble below 2 5, while the surface wafer con:'er.Z should 
he below 8 5, if Dosstble "ce%-~een 1% - 2 ,~. These va~ue~ 

~ as ~_= we!!-'.~-no-~ - ca~ o.n! y be obt~Lu-_~ Zcr ardency 

~team c37~I with a high !2~urities content on account O~ 
+ 

t?--~e.~t Cc-t~ above average. Such ~ extreme reducti¢~ of 

the i.-puri~ies would ~rohabl-] not be econ~mica! in view O~ 

seal!or ;.ist~.nces o_ e transportation an ~ _ would thus not be 

r-c,-'_. . . . . .  ~oa A Sz~cia!.. so!utlcn will have t o  be found for each 
~'.~;i'¢idu~! c~se c~ agp!i~azlcn. 

L~ addition %o ~'~.~- r~-dUC~ic: of T-he i:~tLritles, a decreas~ 

of the sul-~ur ccnte~ muz~ also he considered. Not for reas::~ 

of ~:r~u~Dortati~n, hum ~r reasons of er;~iron~e.~a! ~rotec~,i:: 

she sulfur c~.:te~ shcu!d ~OZ be mcr~ than J .O ~4, 

L~ =-~y CZSa, :he impurities a~d ~he sulfur conten~ ¢~/ght 

to he r~du=ed ~o such ~n exten~ ~ha~ "-he coal at the oon- 

m:~er will U.~der i:~ose,_" recuire:ents ~cr the protection 

oZ blue e-~;'iror.~enZ ha able to c~mze~s with ~etroleu~ ~erl- 
rates. 

~ ' ~  . . . .  ae : ,~s  o f  - - o h  ~ .  __.~s u n d s r  B) d e ~ l s  .~rLmzr i ly  wi2h ques*;c.-' 
re~='~.i.~ ~t_-ra~e, ~.'-~t e_~ c.r~-.~_-, w a t e r  ',~.en h ~ l l n  8 coa/. 
T.~-eSe Inc!ud? ~-iI ..... ¢~<~" that a ......... are required for the 
lozdi.'uq and -.-~.~din x o. ~ ~ans:orh~tio.% equipmsn~ respec- 

~.~e~y vehicles. L,:~p COal oZ all sizes wi~h a surZace 

+~at!r o=nt-~nt c~ a+~cut 3 % - 6 % c~_n ~rac~Ic=li> ~ without 

:musing ~'cblems - he s~ored, relcadld a~d ~ans~crte- by 

trucks, conveyor belts, barges or ~ra~, hmwever require 

large sp~ces ~ud e.Tpensiv¢ ioad~n E facilities. In order Zo 

. ~aarar.tae a qu~¢k an~ s=soth loadlnE[ ~f large ocal freighters 

f=r l,Amp coal, the necessary fazi!iZies Ctill have to be Ln- 

stalled a ~. the seller as well as at "~he ~Is*.rihutor of ~he 

coal. T.~e largest ¢.Ty ~uIk carEier~ a~Lilahle aJ~ prison5 

have a imar_Imum capacity of 190.000 LT~T. It AS ir.t~nded ~o 

have car~o ships ~or a capaci-ty 6f 250.C00:~+,~2 ~uilt by 

~90. An af£sh~re-reloadin~ from small +cargo ships or bargls 

"~o lares ships and vice versa seems ~o be ind£spsr.sa~le for 

u~ 7 c~u~tries un~6r present ~recondlt_ons.~ Owing to this 

fact, add/tlon'~l e.~gehd!~ul-es and risks will arise for the 

environment. ~ew deep water ports for +She ~ans~ertati~= oZ 

~---V bulk maZerlal wili be quite e:cgensive ~nd aiso require 

!On~ constructlon periods. :¢i~.h the exception of Japan, 

"~hls ~zfrastructure is m~issing in nearly all Ir:dus~rlsl 

c=untries. ~.~erefore, this transportation Sy~te~ dOeS not 
• i 

a.z.~ear to ms ~0 be t~e most economical on~ .~ct - T/Is increasing 

c=a! consumption and transportation in ~he ;future. . 

.--no S~Orage oZ the dewa~ared fine ceal~ has in nearly+ all 

:"see t8 be made in~lose bunkers or Contalners~ ~-.Is es- + 
;co!ally aDplies tc cases when the dried ci%l ~Ines or 

;'~iverize~ coal might ignite spontanso~sly+i A s~orage in 

a oro±e~ted atmos:here would then be  + i.ndisp'enslbleo Coal 

slurry, however, can be stored in normal storage ~ [facilities. 

Fine coal offers the advantage of being ccr~veyad to the 

=r~-ns~ort~:Ion u~i%~ in completely ol0~ed a~d centinucus!y 

=~eratins hauling equipment. 



Z ~ o ~  czze t~ Z;eak ~cu~ ~he ~roble~ g r o u p  C). ~ hold the 

c~inien :hat 0if- ,~r L~:G~a~er =er:~nels %hcu~d he U~i- 

l i Z e &  ~r a ~eaial L=aC~n~ an.~ :rana;ertaticn ~,s.-- 

Ce~.J.. :his, he.ever, is :r~7 ~ozsibie i~ all uy;es of eza3 

slurry by ':~AL-TA/Z-'----~r.S", ~s ~ call th0:, %s 2 m!-x_,,-rc ~f 

netha.~l, ikon available oi!-tar/~ers ~h~ - a~:~r haTin~ 

been s!ilh~lT :c~£~ie~ - also :~e used in futur~ coal trfins- 

~_-~'l ,:f c:ai-me:h~nol-blurry of Zer~ the hi S a~v~%tage o~ omit 

.......... ran~,:~.~..., ~hlD to :cr~iderab~e ce~t 

For ~=~- e:,:=en~ad use of ~oel in pracSicalL}- all ¢ou.n%riEs cf 

~e:_=s w-- :rL~.s~:r:a=a:r,, s~zb ~s -rueS&, -~"-'-~..z-,..~_ Br, d b~?.r~es 

ZZ-.LCn. ~n r.~__-.y cc~._-.=rLe~ :~,.e hl:~.-~rzD ~:SE '4 - m~-en3 :"~ trazz- 

~_-~llZc_~d du .e  ~ --h~ Ee~gce;h!c~l ~_:cat;on oX T/~e teal ,~tues 

=r can or'-:: "~e install,9;- e: hizh fir, chela/ ~.,~-~-~:~n=. ..... Z, 

21.~e=~_..e~.'- ~ - - see=s :o be ;=z~L%[e ev~-r>-~'h~re. "~ .... e:.-=erie=ce. 

;ivel_'n-.~a, ~.-.:i'/i~n~ ell "~'~"'~- ~ ~I ,-iS~te as well as 
~. •.,~l.m a.-~as, he u%illzed. le~_~r~-r.L=ai end ZOZLoELC,:L "''~ ~ . _ cnn 

:_-.=t,he= f~c'.or not e.= be uncIeresiim~tE~ ~ w~..,~ ap=l%Es te 

~-.~ pZ.LmGi2~ envir~mem~ d'~s-~ur~an:ea, iI~¢9 d~s~, ~ra~n, 

z:i--e, -rain or tru~k congesz'-on and ~he r~.sh ef acc".d.-nt 

-,,n:~,i .DL'oble "~s s~"~ :l';O~.&e~ by a pi;~-llme. 

:~.:o~e i nSw ::me to s zeak flbou~ the te¢~rn~c~l let,~iZs o~ 

~z ~r~us, necessar!17 ~-~ Z~ ~h- ~ uo~l~&!cn tba~ ~ widely- 

~n~_!ed as $1u~r 7 In a1~ n.a.-~.=e ~Zt.~zg_ - end t.~a::s~-cr~at'-an 

~r.-as. ?A:e t~ the faeZ=r :haZ the o~! 2riCe 2!reedy £s ex- 

........ ~ ~d ;az~laily Ls a,:cz~-.=~-n! e£ by' ~0li~%:~l' rtfikz,, 

":el in wh£c~ ~he ash =cn-.~.nt "~,as r~:oved in =ar~.. 

: ~.~ no ~ - me.~ien "~..%~%r as % c~r~ter, since a~c'r.~ other 

.'~.a~ons many c~al = i , ' l e ~  a / J .  OVEr ~'ne wer~-d d~ ne~ 9re,ida 

~a:er in suZ~.c._ent quantit"es f@~" slurry ~_p~l...~s. The 

:'.her wo~ds i~pu.~l~.ies C:n%en~ - ~n the overse-zs slu:':--? 

"--"-:3D~.r~. 

7r:~e~s ~ the a~rry wa=cr wni:h i~ ~e~ar~ed:~r~ the 

~=~td in any c~$0 =auae ~isks to @nv~c~eni. 

- 7 - 
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:<eth~el as a =arraer ~=ull euc=d su=h ~rohl~ms. ~ethamol 

:~_u ea~!i? he ~r~au:~ ~: ~ny =in~, ~artially ~r¢~ ~he =i~d- 

li.~s ~ri~Inated ~'~rin~ oea! treatment, hy usin~ zeii-~=~m 

oe~C~. ~sIZicatlc~ ~e~P_~Dic~i~s. Zven !c~es~-~ra~e =ca! ¢:ttld 

• ~i~el7 u~i!tzsl a5 ~el :~ az a chemical raw materi~-l. With 

the ~i~ o5 methane! ~:al- frO= t~e geoEraph~ca~ly most re- 

:~te :~in~ areas ~an 5e uzi!izcd. ~hlS uti!!zatinn cc~id 

yet ~ i~creazed ~y uslm.g mother.of also as a carrier for 

f~ne :oaa.s. 

Cwing to =he fact tzat methanol is a~ghly p~re fuel - the 

c~u~ion ~es"~Its in H20 an~ CO 2 onlF - the ¢oal-me~Dmnel- 

mlx-~ur~ (c~ual!y~ : 5C) c~n he burn: dlrec~!y ~nd com- 

pletely ~r. ~cwer s=ation boilers. The methanol con~¢ntln 

relation t~ ~he t::a! ~uel ~ae.~i~ eve~ brin~s about 

red~::i~n CZ t~e emissions ;e: e~eotricsl energy unit. 

The sa~a=m.tlcn ~f coal ane. =e~h~_uol c~u be res!ized at the 

ccnsu.-er's en~. ~-ni!e ~-.e co8"- is h~nt as ~'AT.i~ dust in 

power station ~oi!~rs er ~urn~-co_s, ~he ~!ean~d ~e'~hancl cat. 

he utliize~ i~ =or% ~=;~rt~nt Iiel~-s of a;~liGztion. Xt c.%r. 

gaSchol "~'hi=h is already hei=~ u=~l!zed in the U:i%ed 5~ates. 

. ~ . = = . _ z e -  as a le'~ ezission Zu~! for gas t~Tbines 

or -~e~lai rotors, pri:~.rily fur mo~er-drluen vehiol~s and 

he,z-poops. Aicng with .3~ increasi:~ su;ply, methanol will 

Ye~ he=coo ~ ~re ir~terasti.-.Z ~ e e ~ s - , o c . i , . .  u-%th c~u;~%~n%s 

of ~..e :or-i-m~.zh~--.o!-slurry will, ccn.~e~uently, he utilized 

An the hesZ pOssi~.ie "*~y. 

T%kln:3 i.'.zo co=old,rat!or, all the ;osslb~.!Itles ~ referr.e~ 

t~ a~?ve, - fee! tha~ the :cat different industrial en~er- 

i ~.~Ises mi~:n~ hezo=e inZeresZ=-d in the util!za~.i~n of coal- 

=e~n~xc'---~!urr-i as ~uel o'.-" ~t~ti.~5 material. This would 

&-asTer.tee a .xide utiLizztlc~ of lowest-6-~ade co~l an~ a 

O ~.tir~u S de=and. 

-9- 

=~-~llne ~/stams for the tren:~nor= of solid =aterla!s 

:=ave been w~-%h us Zor som~ Z~e. They were uzilize~ in 

. placer mining oper~tious in ~he la~e 1850's, and a ;a%ent 

t~ move s~LL= ~t~-ri~!D tPmough Di~es hy ~u~n~ "~s gr~nt~d 

in lS~I. IA!ready in 191&, coal was transported into the City 

of L o n d o n  by this method. 

However, slurry pi~ellnln~ - as it is known today - really 

b=.g~n ~ith ~h~ ~%ar%-u~ cf two systems in :%he United State~ 

in 1957; one oZ these was a coal-sTudy ~ipel±r.e. Thereafter, 

many [pipelines for long-distance movement of'~-a~ge volumes 

of solids have gone Into servics. 

i 

~robably th~ beaZ ~nown slurry pi.~eline i~ the world is 

the Black Mesa coal pi~ellne i~ Arizona. i ."~is highly 

+f__cien~ system went on-stream in = 1970 and delivers 

since that time appro:~.imately 600 ~0ns or• coa~ ~"r ~hc•u r 

and has an opers-lon availability ~a~tor'•£n excess :of 9 9  S- 

Tb. ereZore, the teo~-nology of modern •Ts!u~re" ~ipellz.e systems 

has been ~-mly established by ths ekprez'ianc~=~ w..h ~,~e 

31auk Mesa pipeline. .~ : ". i :  . 

The high l~vel O~ confidence in the czpa~-ility ~nd ~.co- 

nomlc praotlcabilitv, of sclids plpe~ines is furthe~ ev ~-. 

danced by the planning of slurry pipelines currently under 

way i~ the Unit~edSiates, Europe, SO~T/I ~d Capital A~erica 

and Africa, %:here larEe volumes oZ ~olid !astOria-Is mus~ be 

In the United States only eight ma~cr coal slurry ~ipe- 

ilne proaec%s are in the plap~Ing st~e, two of ~hese 

with ~ethanol as Slurry vehicle. All "0Z these D~o~ose; 
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:"s-~.C~ %"!11 t~l!:-er :h~ -~.. .... ~:al =~ ~: ectrlc.. ..---~'~r. gZne- 

i~:e dls~-:ce= ::'-!L ~e :.~. e:,.'ce=s :f ~C0 r.±i-~ (1.23,- ~t~. 

~.~ -:tzr.-pe, slurry ~_Fe'_.ize~ "~;iZh ".';,~-!d -rer~;_-rt cc~l fr=: 

t-e -_ines in .=o!er.d to ~;~.rket~ in "~;e~tern -:,iro~e, ~re ir~ 

~--'ne V..'er~2.-.~ &ie~.e. 

__. g.__._ uo a -~a:,:i:um -2e~"~Izle s:ze c. ~ aO:'.:= ~.~ --~, :.:ith 

This Zo~i i ' :  :.~en :ixee ",,:ith wat.~r_ at a ~-ix reti~ cf ;)i=o~'. 

" -  ~ z?: i~ ~.-.~ ,'~ c~ai to cr.e =~r-- =,~a~er ~ay :-err ~!ishtly fr=.: 

:ase t= case], fcr-/n~ a ~iu'r:~y cI ccncentra-icn A5 : ~0 ;or- 

_n,. s~:!ids %y ~-,':~,=~ ........ ~-:'s s~u--ry Ls =her. -u--mad, . . ~rc: -he 

--!me erie -?2=u~h ~he =-ze-i..e 
~t i~ recefu,~! !r.z~ a~i-~=e~ ~cld!~g ~.ar-ks. From these zan~.~ 

-'-t i: /r~r-s/erre ~- =: ~ d~:..~ter:ng facil~Zy "~'ner~ the ~oal 

?_-~_ w~.zer are se-~-~t~d~_._ _ ~v. ~ent-'~u~es~ or a fi!t."r system. 
u ,~--:.'ing. :r~heblY --V ther:~l ~:e ¢oei ram? u.nZerE= scm~ .u.--=,.er . . 

• .~ter ~ll he :rea-e~ tc -ezeve all flne.= and izzurities. 

~he w?-Zer :~'- -.herea-~-r he :-~!e~ed t~ "~" sewer-sys=em 

~r 5"/:---r ..... = ~,~-~.- pi~_-.-., ~r_-ba~.ly f~r ..el.n=. 

~f there is :c au2/i:ien~ ".'a%~F ~v~llzble =z =!urry vcn~cle, 

when ~Z !& ~uppl/ed :C The ~wer statler, ccn be fc~ "~izh¢;-"- 

se~3rz~lcn "~3 =he hum. ~r. ~'~.~9~q~nc! is then zar~ cf th~ fuel. 

Teals Can be a bi~ ad:,a.n-.a_E~ ~hmn using coal ~;hi~h is r~ot 

-~er .'z reac Zi'-'e- 

~: order ~c hays ~ ere:emit ~'; ....... ~e slurry pipeline 

~y=t~:, a~e:i~i ~£i: rc~uirc:e::S have t,~ be talon inzo 

ocnsi~era:~=n. ~ezts :-~er m~ny yea=s in e ~ inch ;~e!!ne 

Th~ o~er~inz r~!iaSillty 15 ~ar=nteed i~ 

- p!uEi~-~ by lar~er ~er~ic!e~ during cp~ra=~cn 

cf ~he slurry pipelines does not occur; 

- ~_ur~y oi:e!Lne caun be re~tart~d wi:hcu= 

problems, even alter e. shuZdo'~n Of several da~s. 

=herefore, =he slurry which is 4-t-educed into the za'-n irma, 
i 

is composed of so!Lds which 'have u-n~_ergone a =arefully ccn- 

trmlled erush~n~ a~d gri-ndi:z,~ ~r~¢ess. 2h~ ~ai4%icle size 

ce~slstency ~n~d "~he slurry concentr~%io~ r, ust he ~!nt~ir~ed 

%/thin r,zzher n~J~r0w ".o!ersr.ce~ in order to ensure e.~ic£e..t 

eperzti-~ of ~.he ~5"ste= end s=-~q-:'~ c~pab~iL=y, S,~Ltl~ ~he 

system e:.~eri0nce ~.n unscheduled shut~:'eA '~!~:5 slur~'y ~cn ~h ~ _ 

llne. In ~h.- ~a~e cf cGal, %his pr=cess b~ins when czal ef 

an ~Dproxima-e size of 2 ~--nche~ N G (~0 ".rex C) is del'Lvered 

~nt: ~#o bins which ~e~d ~n impact Crusher. From this cz~azher, 

÷' ~ rod mill or an.~ther ~.--asher where ".he coal Eces .£~o.~. tca 

~-.. is ~reund ~o a teD. size_ o_ ~ ~-bCu. 1.2 :m, w~...., process .nr:- 

=lens. This slurry is z~.an s'.ored in a~-~a~-,-~'" '-~ ~.=nk~Ee at a 

c~u~er..-r, zti~n sl!G~.t!7 ~ove ~ipe!ine' requFremSn=s. Earn -~..~s 

are taken Der£cdical!y and Zhey ~a$ be "&:!fired for e:cgeri- 

mentzl D,lrpo~cs in %he l~bcra=ery :es~l:o~ whi:h is re=. 

the %nlti~tin~ statlcn. ~f ther ~ _ is nO ;,r6t, le=~ fc,J.nd in 

~-re,:~t~ ~r.%!~-zc~ or .~ther %eSZG o. ¢ ~,~?)es~ the maz~Fi~l 

then is ready for =he main line snd ,.~Ii undergo ~enzi~omct~r- 

c~-~trol'le~ ,~i:~ution Fust prier to enter~n~ she nein line 2umps 

in ~rd,?r %0 br~._~, g it t~ pi;eline :onc~n=rahlcn sFec~flcatlcn. 

Ass~ci~od w~h each ~:art~cu~ar ~lurmy i= ~e:e 'm!nlzum ~ . c ~  

v~lociZi,.bet~w which ¢e;~sitzcn cf ~o!i~s ~ay ¢ccu~ in t~e 

~i~ellne, The minimum fl~w velcci.-~" found ~n lobs-term Zez~ 

r~s was between I.$ ;'Z.a m/z. This sZnl~2r, v@Ioc~y 13 a 

function oZ vehicle density end viscosity, ;a~tic~lly 5ire 

- 12- 
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~.Znslst =~,! 3hz;e, ccil~s de.~-z£-~ -, a~ ~- ~ l ~ e  diRze~.er. The 

;l;alir.-~ syaz-'= =~SZ he ~si~'~d f--r %he "~i~i.-.a~e s~i~ds 

- - - o u a - . - - .  ~--nd z~:sz he :~e.--a'-ed. ~ OF very near desi~-n, re-. 

h_- crl)" cne-thlrd cr one-hal- ~ the design qua.n%ity. Unlike 

u 2 ~za--~-ot ~e'-~-~ilZ he actz~l~sne~ by addition of ~um~ s%a- 

t!cn~ as t.~-ou~hDut ~e~an~. Ln:r~-ases. This must be a c o o : ~ -  

cliched %v ;,~gln~ s..~s~"- of -;a%er be~wee~ slurry %a%~h~s Or 

hy c;erani-~g Z'-~__ svSt~_~. ,'~!v- . .z~rt o~ the time. The_ _ d!ameter 

O_ ~ ~he _*furry ;ipell-ne is :her~fcre more closely ~eflned hy 

-~'.Cw vo!'~e zh=~n are diameters o f  mor~ conventicn~! .Dipel/-ne" 

systems. C_~erations ~-~"-~---.~ build-up, may be assisted some%'ha~ 

by. a small r---~ ...... .~.n in s!'u/c/ co==entraticn a n d / o r  a slightly 

"-n-^-er flow raze, ~f it c~--n he safely done, but seld:m %0 the 

de~ree - = ~ u i  " ~ "  zo __'_n~a~__ fu!!-'~i=e syst-=a- o~eration. 

T:e so!i~.s c.nc~..:r~ ~ az~.n'- of t'.e~ slurry usually ca.~not be ~=- 

cr~_ase ~- auf-izL~ntly "~0 r~.allz- ~ ~_ny ~psreclab!~ g~i.~ /~I solid= 

;-eli--'ery h~.oaus~ t~s r~-sults ~ sirra" density ~.d viscosity" 

efEeczs which r%culre -~i~o- c~erst~..-.~ Dr?s=~ss and pt~zp 

hcrse~cwar$ --~--~ %hose ~c~-- :.~!~ich the sysZem "~as designed. 

~ ~his sy~z-=~ ~ wag efZ~-cier.Zi. ~ engineered .~or ~he criminal 

<~es-~ capacity, the-- ~. slzp!y will ~ot he ad.~,-aZe ~i~e wa! ~- 

~hi:Y.~.~.~z to "~-'._.~_~--.a..,_-a the .~ressur~-s required ~c =ova a :~gh 

concenzTatLo= s!urry az the rec_'/~-red velosity. A!thcuZh, ~he 

D-~ups wLil nO~ have bee~ ~esi~.ed %0 CperaZe at t~is new 

eemb'--naZlon c~ ~.res~re. at.;- _~o~ w rate. 

~_~? same ~rcblems will he enc~tu~tere4 If %b-"uughpu ~ - i.~orease ~': 

at-tempted hy - - ' a ~ ' t ~ - L n l = - ~ - .  . s!urr'/ - " ^ ' ' ~ "  " "  " - - 

Z!o'; -~:ol':-e. ---.".is, O f  zr~-se, k~z!!eS a ~a-...=.,.. slurry flow 

vei=oizy, whi-h ~!a0 res°~izs in c-°-a-i~r .... ~ressures beyond %h; 

~=-~.. ~ = - - ~ - s  ~ Additlonai!yl i. = the new flow ~.=s ........ --f zhe sy='--.~. 

ve!m~LZy is apDreciKbiy above tha: for good slurry plpellr.a 

~cs~-1, ~brasion of zhe ~i;e -~all may occur+ resultin~ in 

red--'~ed project "~ . . ..... " ##~'~" " ' ~  

:n ions-term t~st r~us a ;ress.~e drop o~ 0.9 b a r l 1 0 , 3 G  m was 

~!:covered by a flzw v~lo~l=y of I,H : 2.2 m/s.,Un~er ~'~" 

conditi¢~s nO ;lu~Eing or abrasimn did Occur, ~ ~he ~est 

._acf_x~ies. 

,3--;;ATERi3G TEC~TDLGQY, integral to mcst slurr.v p!~ellne ~re.-.s- 

-=r~tio.~ sy~zema, is ~ highly syec!zllze~ ~ . . . .  

and it is not possible te co~'er it Zn ~uny detail in -.his brief 

~resextitio~. It ~s =entlor.ed here because ~ de:h~%erin~ f~zil~ty 

is an important oommoneaZ of-most s!urry .~ipel~-ne systems. The 

c=~_~n ~a'.hod~ of de'.~a%erin~ include 6en%rifuges or ~.!l%e=ing 

~ystems. ~"~..~ surface z~ater content cl '%he coal will .be reduced , ,j 

%0 ~3 .~ - 55 ~,'~ (%y weight) h7 ~eA%~ri~uges ~d almos~ 20 ~ [by 

weight) by .filtering sys:emz. The following eiuipment:is suit- 

%5!e -~or the solld/liquld ~e~ra%icn: '- 

- Suction D~am Fil~ers for a ~artlc!e ~aize rar~e ~o~ 0 to 
• ,: [ 

0.5 me. +: . . . .  

- Disc [Yil~e=s for a ;attic! = - size T~e ~rom 0 ~o O~,5 me. 

- D~mb!_ ~- Centrifuges for a ~sr~Ioie size r~n.ge from O. 5 to 

- Pusher Centri_-'ug~$ for a ;article size range .~rom 0 I to 5 r,;;,. 
, : . , [ 

in some eases, ~he slurry may be th!ckend prlor to dewater~ng, 

and some~ ~her--al dr)in& may be per Zor=ed cn~ the ~ewatered solids. 

• "h.lS RpDlies only for coal-water Slur~." 

:-". a ooal-methanul slurry ~he separation of'methanol from coal 

has in no case been done so far; therma~ dry i:ng is ndZ. necess~, , 

a t  all. In vie~¢ of Zhis fact, the tr~nsp0rtit!on - ~  steam cos~ 

-~Ines with me-hanol as slurry carrier is th4•m~st e~ono=ic Wz~ 

i can ~:hink of, ', : 

HoweVer. :a real economic ocm~ariscn between !cbal,-,ater.~slurry 

~nd coa!-metb~noi-elurry is not ~'e ~ - ~na!izda~i A study', is 

under way in the United States. Bu~ ~li:.~he i~Cts mentioned 
! 

"- 1&- 
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shcr-aie c5 ~il. -.czn~r-oi "-s -.he ~uel and --~.o ¢n~r~=al r~; 

-~=~r!zl o:_ ~.h~ near f~::-Ir~. This .._~_'---~ qusr.:i%y of =eth~-no'_ 

*'ill -he:~ ?~ve tC h ~- ;rafuced from cc~l. SF tran-porzin~ the 

+j.~,L? ?~++Y other zren~-q;~r--sys-em cc=.:eze? i car-uct :hlnk e.~ 

s_-.y:n+.- zb.a'~ could: 

~-, St-+~LL:.T ;CrD CC:~+_L'ZZ=~. 

~: +~+~ u~, T w~, -~,~_~ ~_~e'~" t~ ezphasize ~h-" _~I=~_..~- "~-,~- points: 

) -ez~zse ~f coal's a'z-~.nd~n=e an--" its i.~w :cs% per ener~' 

a___ .: ~- -., the 

~'-" u'=r e. 

~ Tr~__n~zz~crta-.i¢. ~, a<d storage ncsaibi!ities ~r--! ~asz 3 r e  %h- ~ 

-~.~r e'-ezent~ An r~icnel end ir.tern~zizn csel trade. 

"~) -.zn~-d!~namc~ ,uc~-+em~n - cf larze -.'e!uuues ~f --:a! in a 

- - c  . . . . . . . . .  " 

"~+i-:ho~1- c~usiz 5 :iiz~J--~znceS -~"-c she e~v!r~r_men~-, l& nz=? 

:os~!ble b~" slurry :i:ei~nes- -:l,'-ry coal c~n be used ms 

~.n cczl 6as'~!zezi-n ~lan~s ~cr the przdu-ti~n Gf 

L~ - and "+Tedl,--< ~T%.-~+~s; 

a~+~!cmecated t+~ lu~yn LU f~:rnaces &f e+Zl kinds. 

L) =hal tr~---z.~=.-t- ~zrczs m=ea.-.s uz!-g s~e~:ial "ZLLT~Y T~.:'Z-~" 

~'-I! re+lute ±h~- trenzporzatkn c-~sts +:cr.~ide~-ab!y, e~pe:ia'-'-; 

when u2--~-~ e::Istinz -oft .~ ..... e~ _a.¢~ .:ru~e ell 

-. ~-<<er 3. 

_ -5 - 

~:nanol zs carrier =an s~gnili:~mtly reduze the trsns- 

;cr:z~ion and ~;arztloz ¢os~ f~r a~al ~L~rry. ~'C~en uslnz 

zeth~ol ~ carrier, ca~l sen ~iso be ~h~;ped ~rcm re~ions 

which are n~t prov~de~ with enou~ water, ~he met~anol-cosl 

¢!ur:y tecP.nelo~y, however, w1!! r~qulr4Z~sting before 

czza~rczal c~eraz~en. 

Z~h~nol i~om t~c slurry c~u, after hav!n~ carried the coal, 

he used 5or other ~pplicaticns, The total transportation 

cost ~ill he reduced on account oZ %his,fac~. 
[ 

T:plcal Slurry Fi;e!~ S,:hemazi= 

+. Hzi!inger ~ublishing C~zp~uy, Cambrld~e, M~. 

- Coal, brid~e to the £u~r~ - 

(World c=al c~udy) 

~; }l-auss-M~Sfai A3, ~;~nlch 

- Tr3r~p~r~ yon Kehle An Fipellne~ - 

~) ~[lli~x~s ~ncrs ~ng~n~eriz~ Ccnpeny, D~sa, C~, 

- SolidD ~i;elines, de~e!oEzent aud outleol< - 
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.'D.e :cal brique~ting plan~ of QewerkschaftSc~hia-Jaccha 

"~:h special regards to the production Of b~q.aet~es ~in~ed 

~ ~iq~os~if~nate : . 

~ o ~ e n t s  

In coffee=ion with restructu=in~ ~ork~for ~he purpose o~ 

~ncreasing the Gapac~ty of the briquet'~in~iplant of 
. ~' i 4 Soohia-Jacoba at firS~ the chemical en~ineer_ng and o~erational 

e~ulpmen= (installations) of coal br±que~£n~ using c0altar 

~1~ch as bindeE as well as the measures fc~ ~he i~gr~we~.ent 

~f quality, such Ks ~he £n~rod~ct~on o4 ~Se...~ emulsiZying 

~echnique, wlil be described i~ detail. :'i~ 

~o~ ~3 years SophiaTJacob~ h~s ~iso be~T~ ~Ozkinc ~n the ~urther 

~evelo=~ent of a now brlq~etting ~echnl~ue if0r :the production 

~ coal briquettes, ~hlch 3re pure in ~:oke I. Based on•the 

~roceedlngs developed hy the Set=an coal r%SearCh ins£itute, 

:aile~L"Bergbau~crsuhung" , the briquet~in~ ~ethcd usilg 

ilqnos~lf~nate as bi~der has been ~.::~0duCeaan4 ~uliy deve- 

i:p~. Operational tests, ~he br~aueu~h~ t4Ghnlq~e ~or the 

"EZtracxte production" ~d the secend iphase i "for an increase 

~ the plant capaCity to 50 t/h will h~disCUss6d in 4etail. 

At ~e ~%meheing plamni 9 worX is dene for the design of:t.~e 

~hlrd 9erial-model modlflGation which will provide an 

:ner~ase of capacity ~o 100 t/h. 

The dra~£ngs and numerical tables to w~ich ~n the course of 

~his ~iscourse will be re~erred, are attached, at the es~ of 
this paper. . 

R e p r o d u c e d  f r o m  
b e s t  a v a i l a b l e  c o p y  

! 



Z: ~he ~r~ace c f  ~--l~ne ~ e~ ~ne enCyrLuF~eCia: ~er Ceuzseh~ 

S:e~.nk~hlezbDr?~a~" [,roe! r:n~n9 in Ce=~..~ny). =he ~ol/¢w~n9 

%'~:h :nniL~LCn and cortez: cznz!zs:cnz ha='e £9~er~in~ ~ne 

~l~her:~ deuelcpz,I~r"- 

~e~:z %a:zr - :: e f~D extcn: Err ~he br!~c~=:l~ price,use 

:.L~--e-_-%~I :-S-_.~.=~& j~r "-no ~r=d~cz-'cn ....... = 

: f co a i h r: ::e u t ~ n: ~cn ~- ~" J~'-'er::~-,:h ~ 5: SO chl~-J~cob~, 

te':tn&:~'- o'=-'~2 b~v£ ~,~'-zn -:::ot'ef ~d in=rea:~ c=nn!~er~:: 

- J - 

=n I-=9 = tat ~],~/~t e-"-~ment c~n~us=ed only o_~: 

: r=t~r~'dri~in9 k±io ~i:h a ea~icity of 15 - 20 u/h 

small s~p.~nsicn tyEe dc£er ulzh ~ c~Fac~t Y :,f 3C t/b 

:veld prez=es ~:~h ~ capacity cf 2 0  ~ih each, 

_~-~,._Fe_ and .... nut-shameE presze~' 

{y~r of cens=ructzcn :9C~), w~t~ e =a~hclcy c~ 7,~ t,'h each. 

J~:e annzxl ~rcS:cuic.: w~z ah,DU~ ZJ,J.O30 t L: 19~3. 

Zur!ng =he ~ " ' ' " ~  T -fears -~ below ae~tLone~ ecu~pment 

has hewn instKil~d !n%o ~he pia~t: 

circula~.inq ~..-'-er~ ;,',.tn ccal~c/ust f~ri.-~ .%nd elec~r~- 

~--~t ",~ _ ~zec!~t~-.ozs wi'_h a ~apac'-'-l# ~f 60 t/h e=c.h. 

of raw ~c~l ha;. -r.crea~e ~-. 

wi~h a ~r'$ ~.echn1~ua -.~ Se~-~rate the zeal flne~, ~e~ ,baCh 

¢cn'-~k=e~ ~o we~ ~ra==~ce w~th ce.-,,plete :~earance .~r,3m 

ha~e been zn~,~lle~ in ~ece~b~_,r i.~5~,. -n Ju~" 19-~9 an~ 

7: ~.he capacity O~ the cc~l-,-.~ cc:~veye r fac~-!i~y haz ~een 

~-~ T h e  emui~tf~tnc metno~ ~er the p.'etreit:~e~, u -_,f ~r±q'Je~:'~.~ 

'zOa~ ha,,~ Seen ~.-.t~=iacz~ ~.,'.~ri?.g the ~,~rr, er OZ "?%!. 
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f) 2nst~!lau:=n of ne~ Ioadin9 ~lanc with reversing d~vlc~ 

~n~ ~!~if~r~ :~ h~ l~ffte~ nd lowered fcr nu~-h~lque~=~ 

~ Extlnsic: C~ the  ~ exlslan~ cooling conve~ors h~ 5C ~ ~: 

~n I~65. 

h: ~n !9~ a res~ar:~ and ~eveiopment-~ro3ect has bee~ 

reallce~ t4 ~ub~:tate coaltar pitch as hin~er for the 

pro:uctaen Of lo~r smoking braquettes in accordance 

~ith the ~.~iss!cn ~ct for the p~otection of ~nviron~ent 

1; ~es:ruc:ur~nq :f ¢ha :I~ ~ian~ ~cr ~h~ use of liquid hot 

=~tu.mer as ~:nder; new dosin~ and mixing devices; 

~Lt~en t&nks; extension Of =colinq con'~eyors ~ue : o  the 

~ez~r:or~el cc~!~n~ hehauiour ef bitumen bound briquet:e~ 

The total :&pacify of ~he briqueu:ing ?lent Is a~ the tL~a 

~elnq ~ ~ ~ u;h conc~tnln~ :he ~rier f~cilitlss from which 

:r.e :a~a~A:~ , : i  :he i=:er amcun:s ~: ~O t/h ~0= the ex:rac::~ 

~r~u:z::n. T~-e capacity ef =he praises ~or nuu-briquet:es 

124 9] Lj 9L i , h  and ~cr eq~-3heped br:quet:es (45 ~) 40 t,h 

IA~:ar hav;n~ r~3~ruc:ur~i :he math:he equipment to meet the 

szaniar~s cf ~iern ~ckn~ue, ~he efforts during recen~ yaz:' 

were fZ!! 7 :cn:~n=r~zgd on th~ ~pro,;emenr C~ ~he br~quett~ 

qlai~l~. ~y ~p~i:e! ~:~.-~ry :rea~ment of ~he "~ec briquettt:~ 

c;~,~ ~h~c~ ~5 .~ m:xrure Cfa=ou: 70 ~ Of ~ashed impac~- 

pui':er~z,~ ~n~-c~al an~ Df abo~: ~0 ~ of pfec~i:a:or- 

lew~z-:rel f~e~cn ¢:~c~n~ra~e, the values f o r  erushLnq 

atr%n?lh Inc ~:~m :~z~z~ne~ cf the predated brlq~et~e$ : e ~ i  

- 5 - 

• ule =he 3~an~a:~s for cca! bri~=ettlnq =lan~ due t: 

" ' :  ~ 2 2 ~  s~ill :~di:~t? :he fol!ow~nq ~tandz=2~ val:e~ 

:~ briquettes crushin,~ ztren~th SO kp, ~r-~ r~s~st~n~ ~3 % 

~Tg-~na~ed hriquet=es " 70 ~p,' ..... 50 ~. 

- ~ v3%ues obtaLned ~u sophia-Jacnha are c~ns~dera=iv ~etter 

: . :~ I~? ~O~ years, i.e.: 

: - - u ~  briquet:as c~azhang stren~th ~ >1~C kp, dr'&m resi~tance)gZ: 

,.~:acx~e 20 " @ 120 k;,, " " ~96% 

- , : :~¢ !~e  40 " " ~ 120 "-, " 

-'e ~0euctign o~ briquettes with s~ch s~renqth values is on!y 

....., ~-.~.-~ by using, a feedstcck ui~h an opti~• qrzin structure 

~'' .... ~-~es ~=,. ~ ~n!~er~i~v. 

~' ::dica~icn for ~he graLn structure you maF refer to zhe 

"~;ac~er~su~e fac~er of the surface; for years __:,~bas ~een 

"':~ than 400 c:=/~ for the co~i ~e£4sto,zM;t: 5~ ~se~ ~ the 

• A-n~. :n corn=arisen tc t~is ceda n,~v~ers 

: ~3S - 250~cm~/q ha~ been csnsidere6 as s...i ...... 5efsre. 

": :our~, firther fac:crs 5or equally hig~,quel!:y ~ea:ures 

"f the =r~duce~. -~%~= .... brLcuettes, besides of z,~de~n-~c~inery 

*~-l~ment in aac0rdance wi~h the sir -ds of technlq~e, 

".v.~ hee~ and are a regular and c'~r "-eratio:a! s=~;e~.,is±cn 

" we!l as careful labcra=e~ exam~, ns and c~aii:v control. 

"~ :esu!t 0~: put e~er~s is re~lected in :he de~elec~en~ ~f 

"'~ ~nnu~i hri~uet:e ~re~uctio~ whle~ stl!l rea=kes a hi:h 

"-%~u~ in spL~ of a decreaslnq market. Thereszec~ive • vziue~ 

":z he taken frem ~he az=~ched tabu!at iatz: "Anita! brl~aet~e 

:::~:::icn at Gewarksehaf~ Scphia-Ca~cha". 



~r:cess ~inee:-in= an~._~nzt~i!"~-:cns 

Th~ two l~:a:he-~ ~i-~ sh~÷~s shm~¢~ng the ~rler plan: and 

as we!/ ,I s th~ c~er~z:en~i rc~Ztt~,Dn~ of the Driqu,~t:nz 

~tant. The ~r~r znd :ae actual ~r~uett;ng plan~ a~ ~cu~e~ 

la ~h~ ~ame huil~nc, are nc~:ever separate installations. 

T~e b:!~t~ing plant LS fed ~=h ~C~ :ca! from th~ w,~s!~x~ 

plan:. The ~riquett~nc ~ca! :$ - as alreaz? ~en=leneZ - 

a n:ntuze of ~ z h ~ d ,  iz~,~ct-D~!ver~=e£ ~ine-=eal ~ha~ Is 

d~azere~ ~ic=~z~on concentrate ¢~h~t ~Q %!. ~he water 

parcen~ by w~:~ht. The as~ content i~ between 6 ~n~ ~ maroon: 

n y  w~iq~Z {~fI. 

;.~ - 2 % ;n ti~9 dr:or 9 1 ~ - . ~  which <ons'.~ta Of 3 eq&a! 

'~'Sttner" S~s_=e.n~.cn type dr'.ers ". ; ~ -  £~xnstre~-n ..= .... 

~!l--er:. The hz% .... - ' ' " ~  =aSh. ' ; .  _ ~or a...,.~_.;_..~ T:e ccal fl¢,w arc 

e::'..-ar,L~ fr~:~ .~:~, eler:.-=G~at£= .=-iuers ~f ".he d(,h~5~-rea ~ 

:~or ='l'£:r~--c'~',%i irIFta[[az-Cn. ~n ~r:-~r ~e !.-,~:elJe r,gn~-ab:l :: 

~ef~re h~ in~ f~ -~ the ~c:ual press ~ t , ~ .  

7 - 

:r','zn~ z~an~. 

L:qr.=sulfona~= a~d -arpltch o11 are s:cred in ~wo heanable 

.'cra~ t ~ n k ~  oersz!e =no :r~=ue~t%n~ ~iant £re~ ~h-,re ~he~ 

%~e p~e~ to ~h~ as~iy storage baslns cf thespian= accarc~n~ 

~: ~he recpe=~Ive demand. The mi×in~ of l~e solution wlth 

w~:~r ~n the requ:~ed 9reportion is reai£=ed ~n the daily 

s~erag~ basin~. Th~ qu~nz~%~" Of ~he c~u~siCn ready =or u~e, 

.n~h is Fro~uce~ zn an arul~yix~ ;~r~, ~ ~<3~z~d a~io- 

-~zic~li/ t~ ~he cca!. q~&n~i~ Z c~ming ffr~,c the ~r~ers by:means 

a~ a ~oszng machine, For th~s pu=p~se a meas~rlng conve" :r 

:e!~ =o~e~ted in 5er~es with ~h~ ~hx~n~ scr~ wh~ gu:~% 

.'~a a potenti~meter r~sp~=tlve meas'~in~ t~,~%~=5 to ~he 

:Tnzroi!ab!e d~recz-curre~t mot~r of thep~ec~sl=~ ucs£~q 

-ichine. . 

. -,~',C.~ ~T~tT~a~ ~='. the ~.~'" ~rlc~uiDc. ~i, 

:~rzv~me~t Qf tie b-'zu~ ~ s:I~n~ns, astarte%Iv r=:~rrlnz 

~D ~he eq?-sha;e~ briquettes, an~ a reddcticn =~ ~he ~Is~er~en 

%~ Bnrenqth values ~a5 obtained. After th~ izzr~duct:on c~ the 

ezu!slc~ =rc~rca~ezt, zh~ anDoya~ce caaze~ by; ~us~, more~,~r, 

~e ~ratre~ted dr'f coal reaches ~he actual brlquet=~nq ;lan~ 

:~ ~r ~=endln 9 i~-l~n~ Ccn~'eyor, t~e :~ai~ar =i~ch w~1:h 

-~s crusted in two ph~es - flrs: in z pan ~r~n=e: anl then in 

"~e ~C~ ~b.zu~ 2C0 ~C) ]1~uld biture~ zn~ er 1£:~te ~iNin? 



t 

z=nz:~erahi& ~rzve~en: i.e.c.:ns:~zcy o f  :h~ Dr:que¢:~ 

quaii=~, was c~uz.~l a F =no z=ead-/ dc~nq ~ff th& ~r?l~s ~as~ 

~-~- ...... zh-~ v&-,--s~_, ei~=trozta~c fi!=ers and the_ e!izina~on 

- ~ . . c o  _s, 

=n the ac=~l 2re~ p!~n= E r=i! pr=zse~ are zn~al!ed ~=r 

the hr:quml=e ;r~uc~=n u~ 2 ~?~ems, ~hree ;teases ~hich 

are =f ~ c~ac~=y =~ ~C =/h each for =he =rod~ct~on 0~ ~ut- 

~hapel hr:~uezte~ (2~ ~J and ~o Fr~sses ~f a oapa=i:y ~f 

IC =/h 5=r :he ;r=iu~cn 3~ e;c-sha?er~ hrlque~es (45 g). 

Az u~ ls ~hc~ &n the ~icw S=eet a~ach~ to this p~p~E, 

each prep-z/is c~uneczgd in series w~=h a kneadln~ m~ch~ze, 

~= ~'h~n tn ~ =ilsz== brlzu~--:n~ s'ubszance is ~rod~Ted hv • - . . --- .o . . 

~ e a n s  o~ =Taam acppi? and cecbanlc~! =ree==an~ of ~he 

Tauerlal =~ he ml-;ed, anA a~ e~z~cra~io~ screw. 

?he sueg!F d:azrlh~z=on C~ =he ~r%qugt~ng subs=ante Dyer 

~n~ w:~=h of =h~ rzll ulnas ~s effec=ed thre:=qh ~he inz~aile~ 

~:a~r.h~e~ hi: : ~ t h  char~n 9 bedpans ecnnecue~ a~ =he 

Ouule= ~de, 

~ ~t i~ kno'~, =he s= cali~d qre~n ~ri~u~t~es wh:ch st~i! 

have a =e=per~uure cf 90 ~C co~ ~ng cu~ O~ ~he ~=esses m~s: 

he ~a¢led before bein~ Ica~ed ~c far as ~e? ca?, mee= :he 

~echan~c~! ~=r~ss. 

~re conn_c:~d CR ~erzes ~:i=h ~he !~a~in.~ ~ianu. T~ c~=i~=5 

:~za of ~cr giant ec~unts ~0 ~4 - "5 minuzes afzer ~be 

rohuii~nq done in :97~. 

2 rcdern ~ = ~  =~a-~s faeiiitatlng a very cen=~e handling 

~:rh re~ar! ~: ~Ii p~$aAhla t~'~-s 9f railroad ~ag one, 

are a':a±l~ble for the !~ad~nq ~f ~he 2 sizes ~ 

Dur~n; ~he ~r.~;-n= Dr=C~SS the bt~=umt~as are - ~= Decess6r~" 

--~ ..... tD ~n an~i~s~ trea=~ent by beinq sp?ayed ~Ith a 

. ? _ 

15 ~nde= 

~.aut 15 years a~o when ghere di~ n~t re= exist an~" res~rictAcns 

zY zhe law cmnc~.in 9 the us~ of patch ,:cuzd smckln~ br!~==es 

~s ther~xist t~ay by =~an~ of uhe ~th.!z~leaezt~n~ ordinance 

~or ~he~isslcn ~c~ c! North F~hlne Westphalia~and uhe Ym~eral 

Ir.m~sion Law, ~he "$ophia-Jacoha" ~±~ !already reflec'ced upon 

~ossibi!ity oE ~E=ducln 9 briqaet~,'that~buz'n ~mokeless oz 

a~ least highly w!~hout smck,~, from a hlch qua!lu~ anuhracl~e 
• . :: 

f!=~-ceai. 

~hree d ~ f e : e n u  processes ¢cu!d he ,used for'~his ~ur~use: 

• i The c×idaticn e~piteh bound br~=ue't~eS,'a~ it wa~ already 

in use a= tha~ ~l=e in the ooun=rie~s c5 western EurDne 

(France, Be!glinT,, Holland). 

=n this connez=£o= ! would l~ka %=~entacn only =hena=e 

of some pxcduc~s, such as ~thrao!ne, 5elg~cine, and 

syntraciet. 



b! Er:que~u~n~ w:t~.~= h~n/cr h~nT cn ~he hct hriqueu:in~ 

~rz~s~ e~ ~he D'~t2h $=a~e ZinGs. Thi~ ~ec~iq~e ha~ 

h ~ e n  ae~u:red later ~n hE the Z~V an~ h~5 been 5ul!Z 

cl -r~,~ ±ntr:-'-u~:i:n =f br:~,ue=ti:~g w~-th !~as'a'-_cn .,_e as 

in Es~n. 

The .~c=~¢n ta?-:.~ b E DoShii-lac~h~ ~Iv.~ur~d ~he ~roccedi~q~ 

haue =een ~de ~n ~.irk%ts o~ the !!~nse~. 

~h~n =zln~ hot ~r!~=ezt:nq, ~c?hLa-Jazeb~ w,~ul~ have been 

fcrce~ t~ h~? a=cuu ~Z % ~ ca kin~ c~al as ~hi:%ie~ ~r~ 

c~h~r ~u~!~rs and c~?.~equent[y "~¢ui/ ~aue ~ad to sell 

ade:zlznaZi~" an o~h~r 3~ } ef Zb9 ;r=~c=icn. 

c~u!~ h~ ~i~ze~ by usin~ ~O0 ~ 3~ o,-~ coal in~u~ .¢~th 

t~r* x e z e  ~ S~ie~ r~'~s<!Ctl=~S h~ zarke~ ,~nharr.DZ- 

=h~ fLrz ~ at=ezD~2 %~ ~i!!:e the =~nslC~reZie adhesiv~ 

~zZen?:z ¢f IE~ ~l=~i~n=,~'iel ~ 2~ bz~rc~c= d~rlng =he 

i~?5~c~eg o~ T,:l~. for hr~qua~tlz~ ?~rpCge~ are ~tL-~q 

h~:k ~ ~ne ~eaz ~ 6 0 .  Z. T=alner ~pplt~d ~r th~ fi~G= 

~en~Z ~n ~h=~ ~i~!6 in t~D 7oarz ~cn [cO0 uo 1906. 

A ~:-i[lZ~tiG~, =f ~h~ cU!fU: ly~ 5er cca2 hriquDtt~D9 =n 

a :r~-',~rzi~i Scale, h~e~ro " : ~ U I ~  n~t 2e r~ai~zed - 

• ~.rt fzt,;~ ~,the= r~aszns, ~hc ,ra:~-r s~!ublli'-" ~f !~nc- 

-.rcer~ary .~r ".n,~ zohes&:a ,:~ the c%racn ~ran':les in the ~-~.re, 

:::~'h~an~ Gmh~" ~n Ess&n Zra~, ~evelc2e6 ~cr ~.4&que~ln~ ana 

: y  &ti).iZL~*~ ~'~iV qalne~ ex~erieS:e ~n ,~ne c haract~ig~tl~ 

li~n.~S~l~ona~.e3, i~ w~ ~csslble ~:* elimin~te the basic 

±:~21cul~%es in ~ic~.c,:~ul~cna~e-co~l ~Dri=se'.~in~- 
o - i - 

tfzer the star~.-uD o ~. the extr~ci=e =l~.".: at ..~czhil-lec~ba. ~n 

':.?:," fall O~ 1967, new _~X~turbance$ e." ccnsidarable ex:en= 

:-.urred which led to ~ sh~¢'~.~ af:er an c?~-rat~-tD ~er~c~. of 

"'"" 3 month~. A.~ter v~"r-" e.'L:ze~s ~.~."e ~-n '~ c-~stl': inves~:gat~cns 

' : r  further dev~!~-~e.~.= %m,a beec ~ade, "~" plan', c~'Jld, re-~'-zru 

.'.~ 0~er3~:i3,~s a~d on~ 5"~'~. - I ~', "-.e, i= ..... a.~ of. ;96~, 

"fret a ZOod ~rcduct .~ua!x~-~" for ~ale. 

~ "-he course CS r~-, f~rzner e:.:~la~a~irns ~ ~nal! S~II ~p~=a.k 

':~U: t ~ 2  ~reble~,,z whLch cc:'-'rred. 



~ th~ se-zalle~ ~rlc~r, S !a=n~sulf~na.te£ which c~n=ain ~ ~ 

T~ t~is ~:=he~ tr~t=en~ of th~ ~!mar~" l~nc~uifona~zs ~n 

the Fu!= Frcduc!:q ~!ants ~e!oncs be~id~ ~he qo~centrat~ 

~" eva~c~atlcn =~ a ~eli~s oDstent of about 5G % re 69 %, 

ai~o zhe ~e.~m..ontael~n c~ the ~eac~e sugars to zpi~Lt a£ ~el~ 

as the biDdln~ Of Verbose ~u~rz a~ the primary !~gnosuifen~. 

~n ~ Federal Eep"~blio of Germany the decomposti0n of wood ~s 

su!~ona~s w£11 be available ~n the first ;lace. Since especial 

abroad, wo~d is ~!s: tr~at~ ~!~h ~i~ ~ulphltR~, ~-~a~,es~'~. 

su!~hi~ez c~ ~th ar~oni'~ sulphit~s, !i~nesulZonat~s ~onta~:- 

sc~iua (Xa~, ~q~e~i,~q (}:q} e~ a~=~nium {~H4| ~re also :.~ad~" 
~hough in less ~lq~Lftcant ~:~n~itles. >q~4 !~gnos~i~onate cmn 

als~ be ~r~u~ed fr~: .Ca-~i-=~,.os~ifonate by the ~ddin~ of Brick. 

sUiphi%e az~ ~re=ipz:a:L:~ cal:i~ suiFhtte - a meeb~d which u 

TS~ l~q~-iL~n~zui~cna~es ~iZf~= ~ro~ all the o~her ii~nCSZl~:n:'" 

Dy a ver~- low ash c~c~ent an~ b~" a :ark~ melting behaviour ~f 

~ ~r&ed s%ild ~at~rial dur~:q heating. Solid ~aterial f==r 

6rind Ca-!i~zcsu~fOna~e when being heated up te 359 "c re~i:~ 

~:. a ~er~ dw~ed ~K 4 i[~?.Ds%Ifonate solids %'hen Deln~ her ~ 

u~ to 255 ~C in a ~eltinq pot f~ses to a ~Ga~y coMe-llke su ~s:~ 

=urzng the heatin~ of l%~nosulfDna~e solids, the li~no-sul~ h:°- 

a~i~s ~r.den~%~e in %ke ~i=st s~ep and are bein~ trans~Or~-" 

a substance which is not ~aue=-scl~hle. This process cl~sS!{:': 

~ h~:~e~iT.~ ~Z reaii~e~ with i;M4-!i~nosul~nate at 2~ ~ ~:" 

~nd wi~h C~-!l~c~ulfcnate ~: 320 -- ~50 o C. 

-:3- 

an ~cr~ase~ sy~t~in~ o~ o~ v~latile cc~nen=s. ThAs rcsid~al 

-with thi~ cell membranes a~ rcntazn= 4 %:=0 ~2 % ash depending 

on the ash centen[ ef t~e l£qnOsulfonate~ 

S~ec~l process enoineprinq reuardin~ br:~uett%n: 

The l~rqe adhesive power of llgnosulfonateb c ni~ becomes 

effective within a certain rang~ of Con#entratlcn. ~f the 

~lutlon is ~oo ex~ensive, the adhesive is/too pcor~ ill the 

dryin~ process is net Correct, for examp[e in the hEiquetti~ 

=a~erial before beln c pressed, =he adhesive.power is ;lose. 

~n ordmr te obv_ain a ~ed distribution of the liqncsulfonates 

on the'coal surfaces only a no~ t:o s=rc~gi,! e-~por~ted ii~- 

n=suifcnate =an he used. If the liqnc~uifonat~s te be obtalned 

:n the markzt wizh ~clZ~s o~ abo~t 5~ % ~r~ ~eat~.. .-- ~p ~o 50 ~ C 

~ 7C " C, they have ~he rlqht ccncentratio& andiv£sccSi~- for 

:no process, ~%a ~hes~on o~ the ilcnos%l~cna~e,, howeve:, is 

not suff~ul~nt ~or the production of brlquet=e;o5 a sat/s- 

factory character; the li~n~sul~onates have still :o he ~h~cMene~ 

~rUn~ tae ~rocess of mlxin~ and distrib,ltfng~: 71 

when tr~inq tO find out the reasons for :h4 difficulties in 

:~nneciion with coal brique~tin~ by ~eans Oflignosulfonates, 

"~er~bau-Fcrschung" stated in their pilot p'lant'that ihreugh 

~!ding~xtericr hea~ to ~he lignosulfcnate surfa ! cos, ~hese 

s:rfaces would exsieeate by prod~cin~£dn-a~hesive, smooth 

• n~ no .longer dispersahle skin s=ructu~es. Underlt:,ese ~ skin 

iaFe~s on ~he coal surfaces cf the hri~e~tinq ~ater:al, there 

~ not vet thlckenad liqnosulfonate which w~u!d no long~r be 
:ISpersaDle. [ t 

i'~rIng ~he preSSing pEocesJthis lignosulf~at~ %~n be'pres~ed 

:'=t of the brlquetting structure lead,ha tolthe feared lu~inU 

tf ~he roll moulds (fr!ed egq theory):~: ~ : : 

+ 



~-i~e.~'-e;- hy Zer_~hau-Fcr~chznq, ~ou~-,~s tL~' ,~ddLtlJ~ of "-ha 

~/~ncsu'_;zD<~ze heat~J u~ -~o ~,I ': - 70 ~C ~o the briq'le~q 

ucus!v .~=erat~nq. ~"-~.,- . . . - ~ ' * ' e r  z ~'a'- . . . . . . .  

DU.'~L~ th~ n,~:-:~.'.q process uhe blnia~" i~ ~.'.chene~ enid' hy :':~ 

heat c~ ".ke real ze :ha~ the ad~.es~va power becomes e£~ici-~:: 

at ulna in~erfaces he:wean ~he =cal and lign-~sulf c'nn~-~ ~_~st 

~n the inCeT£cr of the ,T.ixtute. B~ a dos,-~d di-=chec~ e O~ ~he 

va~c~ t::~, zhic~-ie~Jn9 Fcecess <'~ the li~nosul -~onaTe iv< the 

bxlque,~n~ z~.--erial c~n he c¢~t.'oL'-e& ~n &uch a uai' t,',~'-%,'.9 

alhes!ve ;cwer e. ~ uhe l:~nce~:~cn~:~ can ~e c ztzm~zcd while 

a ~ced ~/iszr~Dut~.~n o- ~ the b,~er -~'~thin tke coal Is g~aron'-~- 

an~ ~.he uniee'-rcd s,~n ~ayer ~.~.'mz~n is ~voideS. 

~-.- on,_ ~ cbuain$ a ~l~ briGuet~i~n'~ material with a ~at~r 

c.~n~en " . cf Z ~o 4 ~ "~hi:h c~n easi!i.' be forned. 

The cb~i-.ahle s~ren?tt u~ii'~'~5 cf the bri~'etz~ ~us~ after 

Dress~-nq,eze -,'~ ~-~" hlrh to re~'-~z the strai~ ~he. u ~re 

~ub)~lct~ ~0 lz ~h~' la--er prcce~- 

Th:s i:! ,lone -3" a c~rzr:~ll~d ~.e,-~-Lz~ u~ cf the so--~alie d 

~s -~ ~nder. 

~n ~65 "Ce~arhzc~a~ S~9h:a Sac=ha" sTarued t~ erec~ ~n 

!n~astr~a! ~!anT ~or The pr:4Jct:zn Cf smck~iess ¢oa~ ~:~:e::'" 

in e~cerJ/nc'~ w%th ~he .......... ~ - -. 
The : n d u 3 n r ~ a ?  pl:~% wa~ _e~i~ne~ for a ca~zcltv of ~5 tlh l~ 

~he fZr~t s t 4 ~  ~ith e q~gJ:~l .ncreaS~ ~-ith f:/[th 19~ P la~ ~f 

~¢u~iln Z the yre~gnz ca;acit~" b re~!iz!n~ ~ -~r~ s~c¢~ 

ays~,am :n order ~: r~ac~ a ._,,a. 

-15- 

-,~ ~!an: was ~t.~r-.ed in uhe a~'z~Tm, o. ~ 196" w~,-.h an hourly 

:~Cac'-:! ~" of 2- ~ t- Th~ plan=, however, b~d to ~ '  sr.ut ~cwn 

• .~-lln In Deco.-.bcr o m ;9S7 due -0 con~Idera~'le ,-'~-.:icienci~s 

"-. tna qua~-~ty of the f£nished product, shcwiz~ irperfec'.icn5 

:~ to the _:ire s~-e~,-~!ness a% ~e.~=eratu~es : .... 450 tO 500 ~C, 

..f flare,canoes Dccurrln~ a ~ . the ~:iq,.e~te ~'ar~.a~.~.o ~'~zing 

~p.~n air storage and a to¢ high adsorp=ion rate of H~ 0. 

:hi'.-" aft0r extensive and very ccst]y ingesii,~eticss which 

. ' e r e  done b'," %se~a, the central research ins~!t'a~icn O~ the 

;ulp in~u:~tr~' ~n,~ "-h_ ~ ~attelle-rnst~ut in !,Frank~ur ~ . and by 

• -. a ~eale o~ I0 Z, a ;redact wa~ obtalne! ~eetins all requl.-e- 

-ent~ after cha~inc the .~recesz encl,-leeriwz. . and hl~.%~dlnq w.~.~. 

"'=:~ren~ se-ca!!ed addltiues Zo :h~ coal charge an ~ - ~= "~he 

".Indef. ~c~h~.a-Ia--cba secure / the ~zc~r~etary ri~h~ .=or this 

:ecbaolo~Ff • 

As you ~a~he: fn~m ~he Table ahowinq t>~- annuml hr~u~c ~r~- 

~c~¢n, th~ ~roduc~cn wam c~n~±~u~usl~ ~ ~msrea~d after ~h~ 

~[~nt h~d been r~star~ed ~n the a~t,~m,n c~ ~66- In Ja~iary ~gr~ 

the secon~ ex~ensicn Fha~e was stetted/ az ~h~h ~he Zeu~ly 

=a~acit~ of the plan~ ~s increased to ~2 t, 

v~e 91~n~ fe~ u~e pr~duct~z ~f ~okel~ l~no~zL:~na~e ~¢u~d 

~E ~5 t/h each. These syszems are Instai!ed ,in an addi:i~nal 

:uildinq cou~h of th~ ~re~enu Driq~et~inq plant. 

T~e d~ c~i requlr~d f~ the hriquetT~q is tah~n fr~ Th~ 

d~n 7 d~aq chain ¢cnveyec tm tae =o~n~ in~uallati~n cf the Clant. 

~e ~plu~ c ~ a l  i~ conveTa~ ~ i a  the empty b~It o f  ~he dr~q- 



I I  • i i  i~ 

~n ~se~ulall? l~we= azh ~D~t~=% ~ ~se~ f~r th~ cztrac~te " 

;r:d~=~IO~, ~h~ ~e~ns w~_:h a~ as~ c~£nt of 6 - 7 ~ agal~s~ 

3 - 9 %. The :ease= is a~ f~ll~ws: 

The d~!ng csnve~-cr :ei=s tr~ns~er~ the ~ "  coal ~c ~ubse- 

qule~=!y ":~= ha;~ where At AS &~sted z~ the 

r-~::trae ten,erasure c~ :75 " C a n ~  the hm~iduty =f O,~ ~ 

The nea=lng 3f ~he Tlai~i=e~ b e ~  is ef~ezte~ by ~uel oil -~L. 

F l u e  =.as a n d  v a p e r s  a r e  e x h ~ u s t e ~  a n d  a r e  f r e e d  f r o m  d~z~  i n  

c o l l e c ~ i n ~  ~ u r . n e ! s  c o ~ e c = e ~  An s e r i e s .  2 r ~  c ~ a l  a n d  d u z t  ~r~ 

c~ileczad in warm c~veyo~ screw~ an~ are ~on~ucted to jack~ 

heK:ed delay mixers. 

The ~esed quanuiuy of the :A~er ef a~.~oni~m iigncsulfonaze ~s 

ad~e~ :o :he coal ~ :he mixer~. 

T~3_uqh ~eva~cr~z~n~ ~crews =c~=ecte4 i~ series, ~he s~rplus 

hu=idity is eiimlnazed from uhe ma~e=lai ~Ix~re. Via ~ei~? 

pa~s, exhaust screw's and ~lszrlbu~mrs ~he ~a:er~al mlxture is 

condue=ed tc the :oi! ;re~ees. The ~peci~ic ameun: of pressu:" 

a~lied ts 4 t/cx o~ r~li wld~h. Th~ "green b~que~tes" are: 

hy ~eans of ~ire ~iss~e heirs led ~ the hard~n~=g ?~ant noun :¢ 

i~ IAne. 

All abras:on material is returned t~ the availab~.e drler ylan~. 

T-._~ zeta! "harSe~1~g p!an=" ~o~sis~c5 ~ s£~gle .~rcceSSeS 

co=ne:zed }n !lnie, %.e. =he preheating process, =he harde~i=~ 

fiurna~e an~ the ~c~linq peeress. 

Durin~ ~h ~ hentinz-~z, ~h° == . _  ~._ " ~ r . - ~  br£quettes" ar~ heated by 

the h~t alr pro,~uc~d hy the ~colingsvstem. The resultlng 

exhazs~ ~I: is cleaned in a ~e~ dcdust~r. 

T~e ~ardeninq furnace Is subdivlded int~ ~ z~nes ~ach cf Which 

1~ ~&!pped ;ith ~n oL~ ~lred burner. ~n t~e vmrlz~s z~nes 

the briq~entes are heated acccrelnqly =y CirOulating.a~r which 

. i ~  requlred for the ccn~ensa=i~n Of ~ binder. T,~e hri~lette~ 

~hus he=o~e resi~t~nt te water end ~re har~ened. The exhaus~ 

~a~ frC~ the various zones ~s cDllected in i plpe and le~ to 

= chlr~mey of a height cf 90 z wi=h a superl~sosed dry ~edus~ng 

;l~t. The q~antit2 of the ex.haust gas whlch is ~e~ucted corres- 

pc-<~s to t~ a~.~un~ of c~u~t~cn ~ir whichwill be cons~-~e~ ~m 

~he burners. 

.~n? =u-.'- end abrasion prcduued In the hardening ~lan£ wili b e  

: e h u r n e  ~ - t o  t h e  d r i e r  p l a n t .  

.-he ccollng conveyor pr.-,,Jides the "hardened :hrlq,leut.=s~ ' with 

fresh air which is cemu~isorily blow.-= ~r6uq~ t=e I briquette -~d 

in a co~".tercurrent process, thus co~l/nq t.hem dbwn tc loading 

temperat-.re. The hea~ed up cooling air is then recycled to the 

~rehea~in.~ process. 

A-=ter havin~ Das~ed ~he c~.~ii.~ sys~.e.-..,"the i..~z:.,quett%s ~' : ar~ ie~ 

to an immersion-belt for a,~ti-dust t._a~..,e.~t:.~- L- ~{~ :. • ", 
: ! 

can be liE=ed and !o~'e.~e~ and of :all ~calesi.,i i ~ 
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:::: E306~ st~il 1=d~:a~ the ~llcwLn~ st~ar~s values" 

n~: brlqu~tt~s :=u~h±ng st:en~:h 50 k~, d=u= reslst~cc " 

e~c-~ha~ad bri~Je=te= 70 kp, " " 

the ~aiu~s ~t~ine~ a~ Sc~hma-Jacoba ar_~ consld~rab~y hett~r 

a!rea~¥ for 2ears, i.e.: 

PI-nut hr~u~t:es cr~sin~nq strength @ >12~ k~, drum re~is::- 

.:L~-e=g-zhape~ =rz~uettes " ~ >150 kp, " " 

extr~ci=e 2~ " " ~ ~20 kp, " " 

extraclte 4C " " ~ 120 kp, " " 

=he pr=du¢:~on of briquettes with such strength values Is c::: 

pcsslble by usln~ a feedstock ~ith ~n optlm'mm grztn structu=~ 

a:~ highest u~i~ormi~ I. 

.%s indi:azlcn for the grain structure ZO~ may refer to the 

charazteristie factor OC the sure,re; for wears it has h~en 

_ee~s.ock to mere than 400 c:=/g c :he zoo! * " " he used is the 

pitch br:~aettlnq planu. T, ccm~arison to this cede n~m%ers 

c~ 20C - 150 c~/g bad been considered as suf~icien~ before. 

,Dr co~rse, further facuors fcrequally high quali~z features 

of :he produced pitch briquettes besides of m~dern ~arh~ner? 

eqcip~en~ in acc=rdance with the ~andards of technique, 

ha~e been Pnd are a ._=---u ~=-... and current opera,lena! superv:si:" 

as well as careful labDra:ory ex&mina:ions and quality eozt::l 

~he resulu ~f cur efforts is reflected in the develcpmest c~ 

the annual br:que~te prediction which still reaches a high 

cutput i= s~ite o f  a ~ecreas~ng m~rke~. The ~ss~ctive values 

can be t~k~n fro= the autache~ tabular ~ata: "Annual briqUe::e 

prDdcu=::n a: Ce~er~scha~t Scphia-JacGba", 

Q: 8210041045 

v :'~r~ Cr~'l COTb,~stion an~ Boiler Techn}l,~y 

:~ ~ O. Braun, £. ~ied, V~ - C G s ~ e l d ~ f  : 

:~:roduction 

S';riPg the last seven years coal as afc, ssile fuel has becem~ more 

~-~ ~ore Important. 

"'e reasons for this are the rapid increasein ~!! Prices an~ the 

re:entente Of energy Supply on uns=able pe~ticall 'situakiens: 
! 

"'erefore a worldwide error: is bee~n~ made to use natural energy 

"esoukces as mu:h as possible and to beco~e.energ'.j~/ise independent. 

:n this respect coat d~es play ~n i',cortant role./ 

.in T ~: 

r add(rich tO the well knowr, coal co-bust:ion te:hlqologies such as 

"~ete f i r i n g  Systems end susp ' -~nSt tcn f i red  S~stem;:~he nosy ~schnolooy 

• ~luioize~ bed combustion is offering an optionwith, consider~ble 
=vantages. 
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• ' '  r.=rmf+-..!~'C!s-zd b~_d =;-~'+ ~Tste~,,s : "  use fuels'#'-" ~ ' 5  ST=L '@.~OK - • - " . "  ' " =  " 

• * " " ~ka~e ~nd fue:~ "~ '7 : " ,  • isw r-:,ac~'r;:v as well as ,'- verj bi=~ p~ .:,n S~.~e.. . " 

~,.-~::.--~'~_n', ",'r.e,.'-~ COn~i~u°- , ' l~-  " " " " C : n d i : ! G n s  do .noC. ~cu ; re  ! "  

• ,: ~e~ ~, tkus e~su~in~ t~et fZue ~es e~iss~:n~ :~T~ ~tn 

::~crs without an~ ~ec ie I  =r~a%~%. The 4oil~w~n~ rel~C~onsh~ 

T% z 

; ~ tz): 

- .  - <~ri~u~ types o f  

~+ in r~IAtion to ~ e  

*.~t;nelsul~h~r/~ol 

• .:+: ~:I.$ bar 

+ CaCO~ + I/2 0 2 • Ca~O~ + C='2 . 

"* a f3uidised bed : /  ~ .  ' 

• ,, r ? 

R e p r o d u c e d  f r o m  I 
b e s t  a v a i l a b l e  c o p y  | 

I 
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• ~ ' F ' ~ " ,  " . '^.~.~,.,._~.,~ . . . .  

~-!~e firing ~ste~ ~!s been r~:o,:¢c fr:m ~n :e~(st;c~ ~te~ ~ r a : O r  ~nd 



: . &=L ~, - .  

) ! ,---..-;T .Lv  : , - - - -  

!=':-:::.:." ; :i - x .  ~ ' ~ ' - ~  . 

-,, _.-~ :':4 .~ :. - ~ ~.-;--~- 

The =.~,:Sr~ .-~u~c~s~-'- ~&. has ~e=_n divided up ~n*.: f:':.- e~ual :eHs 

:e~z. - . ,~c  ~ ~'e-cen.-v. ;~aT3s. ~ack r.el" c.~n _Pc ~en~-~olla4 "L,.s~end..,.ly'-~ A^- f~- 

~he "=~_T ~_r.d a~.- e=C. T~.'S s~'z~ii-'ias s:artCng and rann!n~ Of the s:,s~e~ 

anc i= i~ .~.~ss"~b.'.=_ == c~.~.ra:a 'Jn~-=r p~rZiai l=~d b,t sh-.=t'n~ ccvm indi~',=':;" 

T~e ;-.c.a ~ a ~ s  in fo-~=g "-ircui '-:!:s thrc:~h the sur'_=ce "n.=a?ars ~.~ 

TP.e fi~e C~e.e .e=vfnc the f:'s'd~s=.= E:c-2 _:= ~5C o- 2r_ ~ cOOT~d .'0 )~ov" 
--ZO o . ~'..' -he ha=_zin.~ 3=r~ac=_s ~.f ~h~_ szEan. Sene~at~r. Flue gas cla=-ning 

r 9r~imirz,--: i,J~t extraction in two ~a~'o! ar~n ~" c:tclo~es; 

Z- f.C, ZI cYe.-nEr.~ t.'nr~u~h ~_ .~8hri: fi~Zer. 

r .  t.:1.S ~-,-~-~-jr~ ran=e r.he .~ab~"~C f=;?.E," is ~r.T.r'-~ _ tO a~ .., ......... . "" ~'~ " io eIac:rl- 

c=Z '. fi~.=~=r f~r cl =.~r.-:n'~ :he v~,r:'.'a=~,y SU.:.'r.'.r-~,': "-*_ xas~ r=as~.s. 

The s~ar-~:e ~ . ~s~: f r : ~  ".he c-,::cneS cc.q ~e ~e~ b=.:~ int~ t?,e bed with 

t%e #"-" " ~ 

Wr.e ash "- car-~ec ='~.Z cf in:, f:~id~.4 had ~krcuS9 dra;z ;ipes 

arrarged O,; ire ~'szr=~v.:e " plat=.. S,cec'.'aT!y des!-ned as,; C:o~ers brin~ 

~-:~ a c~lle:tor bu~k~r. 

~uel ~ssing n~st .extend fr..-~n, middllr~S thre~gh t~, ~as~ 7ine s~lls. 

Z-.sh!n~ to a grain s'z~ o~ ~ax. 6 zm is c~rrie~ out with s~ul t~ne~.us 

: - : !z}  ~ a r~sigual ~.-~istura :ontent ~f  about 3 ~. The ~e!  t~z~ predated 

• s ?eJ?neu~at~cell/ to~eCD~r with %he l ' ~ e ; t o n %  ~nd recycle~ fly ash ? r c ~  

:~ into the bed. 

This ins ta l la t ion has teen coestr:c=~d b2 a cdnsortCu~ ¢:cprfs!ng 

"~sche 2a~cack, ~herhausen. epd i ts suDs~dlaries v~re!n~c:~ Kesselwer~e A6; 

Sissa~orf, and ~a~cock-BOCt~er-$ehilce-~aas:AG. Krefeld. On ccmglet%n o f  

'-sta:l~t ion the coo~,issioning work star ted?& 20.:4.197~. f i r s t  with c01d 

trialS, then ~as i~n~tlcn Citing end f~nal1~ 9perat ienlgi th c~al alone. On 

: : .9. lgTg ~erfor~ance and functlonlna w~ra i a ~ r o v E ~ t a  ccr,:sac~'Ja~ Standards 

~-~ the plant was ~ande4 over %o the custc~e~'for!Final : r i a l s .  The plant 

-~I fo~ily c=~ iss lened on 12.1l.~7g ~nd, in the interim, h~d been ~n 

::station f o r  ~ell over ~,I=0 hours. ' T '  , 

a ]agicaI fur ther geve~co=en: o f  :he J - -  ~t ":~ " 

:$'S F l f ~ e r n  Rcwer Sta t ion  a s=a~  ~=ne-a=ar has ~"~'.=n ins t~ i i~d  a t  t~e 

~f£erde Pewer Scot,on in  H~(In ~ith fluiClse~ had: fi-in~ for ~ s~a~ eCt~ut 

:f i~3 tbnnes/hr in ¢oaju~ction ~ith an exsracCfonLcbndersz~ion turbine of 

:BffJelectrical c~tput. The steam is said t~:be at a pressure of 120 bar 

~nd ~ teoperature of 530 °C. The e~trzct~onT¢on~en~t~en tJrso'se~ iS 

~esigned~to deHver 0 to 4C tonnes/hr extractTon st~a~ ~t ~0 b~r anc up to 

~ ton~es/hr ex~rec~cn ste~ a: I0 bars into the ~stri~t ste~ he~tfng 

-et~ork. The condensation se:tion can accor~c, date ste~:at the rate of 10 

to ~0 tonnes/hr. 

~th ~hi s output fr~ the condensztlcn s~ct~0n:tne r¢cviro~ Io~ 

e~u~t~sation is achiav~d f o r  assu~ed ope.at~on, ev~i.~hers s~eam is be~n~ 

exSracted far d|s=ric~ hs~ting at a rate l c ~ e r  than:the minimum loading 

c~:~e steam gene'atcr fired hy fluidised ~e~, :,: ~ 
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Ti~e e~ire ~ l e ~  ~r~s3~e section is ~s~e~d-~ in ~e boi1~r fr~e 

and c,-n exl)~nd Fre~.iy d: '~,~r~.  

~.~,e -a~.l _~crf~ceS af Lk.e pressure ~ec'.!en and t~u~ follc,~s ~Se expansive 

"..OvC~En~.S of t.~e ste~-~ g=_r~r._~r. 

~ e  ccnzzin,~n~ :va ~,Is sf the furnac~ ~0dy and the Ist ~nci Znd f1:~e~ .,*~ 

c~nst~cte~ of '~eided-f~ue ,~as-tisht dlaphrag,~ pipe wall ~. ~hich ser~e as 

e;'apor~-~r he~-'-~ng s~ri~-ceS a~d channel Zhe flew in nature ~. circulation'. 

The pre an~ fir, a~ cu.-erh~Z~er heatf.-.g surfaces are Ioc~:a~ in ~e i~: 

waste ~as ~Ica ~.nd the fe.~d wa~e~ p~he~er heat~n~ surface~ in the ~.n ~ - 

and .~r~ flu.~s. 

)dditionzl st=-~-.-,, c~.-.er=_t~on he-~t~ng SurfaCeS, taking uo ~beut 50 ; o f  . 

~ne perceptible he'.t in%a~.e, for~ ~.~e i~..,~rsian he~.ing surfaces of ~ 

~-ne ua.-.a--g t~,. 'u 

F~g. ! !  (7) : 

~0aS hew C~e 
~T fi~fdf~e~ 

b~d 

 _,17 i , : 

i Z'-'~ 

• --~eZen-~en~12 ~-t the fuel i~cI a i r  end. ?h~s enables ".he pnr t~ l l  1oi~J 

":~',~'~u~l c ~ _ ~ t s .  Of ".,~e six ~ep~rt-ren;s In the fI~e.ise~ bed 

'Tring sy~te.~ two are f i ~ d  only w-]t~ evaj~rator and ~1~e re~ainSin~ four  

.~:,~ eva~r3tor and ~e~i,~n s,~--rhe&t~ he~%ing sur"laces. : 

F~,G. ' is c.~anneI3e~ in a p~sit~ve .~yCle ~hr:~Gh the e'/~;~.-at0r ht~t~ng 
• .-faces (n the fluidis~d b~d, 

~cse com~art~,enCs f i t ted on ] /  wi~h evap0ra:0r he_~ting su~,'Rce~ iar~. 

:~e s~artlng comportS, ants and re'aain full) '  in o.~eratlon under a l l  load 

: : 'd i t ions.  This, is  ~ecess~ry to ensure t~,~t the ,~ss f to~  o f  the super- 

"".t)r ah'za/s rem,~ins suff iciently hich as the c~IIs . irked ', ith c0r~ined 

o,-~z~-ator and superheat_or he~ting ~urf)ces a~ ~witch~d in, even at  the 

- ;~, heal: flowT dens(ties of  bhe ~l~i¢Hse~ bed firing, system,' : , 
+ 

The s~perhea~er delivery t~zp~=tu-eM - -  ' - -  " of 530 °C. ts  heild ccnstant by 
" ' :  ".'nJ-°c'~ion Coolers. , "; 

• "~.~.12 (7)idep'.'cts the steam o,Jt=Ut ° in reiatio'n 10 the fluid~sed bed 
"-Cera:ure, the: a l r  surplus and the nucber of fS.uldi~.=A',~e~ cO~par~,en~ 
" :.'aragon. . . . .  -: . ::~ C , 

6 Ze~l~n 

~ ¢ e -  r 

~o- n ' 

7~- 

, , =, 

i 
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~]{s c'a~rzc.* .<haws ['o* ~ ~ ~art~al load Of 75 ~ e3n be achieved a | r e l : y  :: 

!~er~n~ the Fluid(sad  hec t~_c:er-'ture .~'z i0,~ ~C- U~'ng ~hiS czntrol ra i l :  

dc;~n "co the ~.n'd',e}~ ~ - ~ i n i ~  lead Of ".he $~o~ ~en~r~tor. 

in  ~rc~r ~ ex#loit full}, the in~uenc~ :?  tXe L ~ a r s e d  heet'rg ~ur-'~:;: 

~n the flu=~'sed bed upon unifo.,-~ distribution Of a~r, fuel and ]i~.~ston~ :.: 

~hus t~ achieve h-'~ cc=.~.sticn and ,_%sulyZ, urls~t{en _~fficier~cy i t  is 

nZc~S=. ~-." tO c~rrv ta£ fuel-I {~esz:na m~zLure into the fluCd.s~d ted Fr~ 

~'-Io.. ~hiz :an ~e ach~ev~-d ~de~lly by a ~_neumal:.r.s.vstem. 

essential ?~r pff lc lent ~u~_i -.;elive.~, the f|o~ r£1ation~'nip', in th~ flui¢'. 

.~ed ~-zn be ~.,~e lar~el~ h.d~:z.end~ a, ~ th~ a~ount of ~o~ture in th~ fuel 

and, ag ~e flc~ ~ f',ue cas rr=qu~re @ - For dr}'[~.~ is a~-ded t~ ".h~ wast~ ~!:: 

a~ exhaust vapc.ur t~...-per,'*.ur=. ,~n i,,n~'c~r,.~nt is ~iso e : h ~ v e d  in ~.he d~-~, 

of efF:.:~eccy. 

Fig.13 (7) 

princess ,~,:h 

pr.~u~a:i c d~i i ve~, 

i n to  3 ~  fiu~.=ised 

bed. 

- . .  L" : =c_ 
- - ~ - - - ~ , - ,  F------I .  ~ .  

- ' i - -  t ; - ' '  i I I . L - -  . 

¢ . . - ~ - = - -  : L . . L ~ "  " ' 

I ," I , I ,  ¢" 

,! ............... : , ,  - ~ - - "  I i 
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• : r  r~d~tct~n n b-~ about 6 ~cn ,~rain ~.i~ ~ . w i th  s~,-ult_~ne~,Us dr j in~ to a 

; l u e  gase# t&Fen fr~c~ the st+~_{e ~erer&t~r  g~s ~ic'~; a~'e us£6 &S .the 

The prepared fuel drooping onto the crusher outlet below is r~_mix~d in 

:re C:aS bunker with the fine dust fr:m the u:~er crt;s~,~-r ~,.tl~t ~.c;~ra~.~. 

~-:~. the va¢o~,rs in  the ~'.,'c13n~ e~ep&rat=, ~. 

The mi~{ng bunI:er ls fed in ~-bc required rat~os by the Coat bunker, 

t!-~s:.~ne b'Jrl~cer znd f l y  4sh btm~:~.r. 

Frc~. the mixin,] or bat,:h;F.g bun~r the charge is ~is:~ributed tO all 

.'etching channels ard ?ro~ ~het~ the pre:are~ burd£n iS carried uniforni'y 

.--d ccntinuo-,S}y by rot~rF piston blowers up into ~he fluidised. ~..~a~r~" ~elO'~ 

T% "^-~".*~'n ~';r {~ ?~.-J .~ ~ c'.ntro11~ r~t~ -~' t:~'c r'~,al fa~s to :he 

!~ividual flu~'dCsec ~ed C.~c~rt~entS. On ]e~v<n~ t ~  * . lu id i '~  Dad the flue 

;~ses ~r~ : : o l ~d  by ~he he~ting ~ur?ac~s o? :no sr~,~ oen~r~tor down tv 
L~.:ut -~O0 OC.. 

T~e hig;1 ~ulphur retention in ~he fluid{sod bed r.~.uces the c:n~uctiYi:y 

~f t~.e r ~  ~s" ~ust to the point ~bere ~e-.-nln~ of these '.,~ste ~s~_s b 7 

electrical f i l t r a t i on  {s no, ]c.~cer ~r~c~icaI. 

Th~ {1)' ~qst e~t r * i r~  ~n ;:~£ f l u e  ~as f l e ~  i s  th£refere s£#~rlt~d i n  

fabric ?'~! ter. 

%or# the . e ~  h~s a high ash ¢¢nten= tFe he!.#ht of'the fl,Hd|sed bed is 

"e.~t c-~nst~nt by gr'~'~ir,~} off b~d ~ t e r i a l .  U:is  i~ a,:.hiev#d by ezplo~.(n~ 

;rav'~l at the' fluidised b~d bottom. The hot ~sh is cO~11ed to ZOO CC by 



The 'Ji~IkI~n~en ~d_~t ~wer Stat-.'cr. o f  5a~r~er~'~erke AS: 5aarbr~c~r, 
represen~ an fn :¢~s t~ng  c.~noept i~ c.~n~uncti:n w i th  a f l ,J id lsed be W . 

f i r ing sys t~n. 

,Rer:. wi*.h t.he Su~pcrt~ of t~e Fe.~eral Hin|s:~r for ~esearch and Te-.Y-r 
leE/ w~thin the f.-~_~_~ork of t-~.e "-nvlron~entally Approved Power Sea%it-." 
prc~ra ~-~,e, ~ ~'.b(natiOn of .~iuid~sed b~d Yiring and dust f i r ing has b*_;- 

ethic_red ,=or a czs-~a-.~, ¢rcc~.ss. 

The l~vcut is sho~n ,n t~,e sir.,pl,fied circuit d~acra~ ~n Fig.14. 

~ -~;~.~--~- 

i . 

. [  . 

The co~.@'~-ssor, dr-;ven by =he gas .turb{ne, draws in fresh a i r  ~whtc.h 

then ccmpr~-sSeS to 7.~ ~ar. The Z40 ~C hot. compressed a~r Is fed ~ Cne 
i,T~.ers~n ~aat~.ng surfaces of ~he fluidised be~ f ir ing system, heated up :: 

700 °C an~ then fad as a driving gas tc the gas turbine. 

I/sin~ ~hi~ a,-rang~'~_nr, t3e gas ~urbine is driven by coal, as the 
~luidised b~-d fiz~ng syste~ ~dnpts ~ndlrec~ly :ha function cf a cn~bustiOn 
chanber o f  "~o.,...~as .~=rblr.e and is t~tal ly isolated from =I~.e wa~er-stea~ 

Cl rc|,i =. 

On e~er.~i.-.g Fro~ :Ke 9as "'" w-,= . (air) is s t i l l  a t  a te~pera~="- 
o= c40 °C and ser'.,~s as co..-.bu~ticn air  for ~ot,h the fluidlsed bed firing 

. ~ ? -  

7-.e ' ~ s t e  ga~es t rcn ~ e  f l ~ f d ~ s ~  ~e~ f i r i n g  sys~.e~ in wnlta I M r ~  

:.- ~.arng, are channelled at about ~0 °C below the coil dust burner In=o 
--¢ ::~Sus~.J¢~ ~amber of the ste,-a ~er(eratGr. }(ere the g~a t | r  prOpOrtion 

The flue ~lases of the flu~di~ed bed f i r ing and coal cdust f l r ing Systen~$ 
--an now ~ccaratel)' Znrough the boiler f)uas ancI transfer their h|l% to 
• , ~e~ting surfaces of the stea~ generator. 

i 
~n emerging from the boiler the flue gases pa~s ~hr~ugh electrofllb~r~ 

• : .  dust extraction and a de~ul~hurisation system. ~nd ore then ~;t~e~ 
::.-.ether with the ¢~ol~ng air  frc~ the caollng %ower, 

C 

The overall eleczrical output of th~ block wi)l ibe ~bcut 2~0 ,~¢, of  
,-:c~ ab~u~ £85 ~t~ is attrlbutad to the steam turbine an~..3$ ~ to the gas 

i - 

.'.:e_~,.n GeneratO'r wii:h Boosted Flui-~ised ~ed ,--irin~ 

From nu~erbus ~s:s on laboratory scale and in p~1ot pT~nts i~ h@s been 

~:wn t,~at pre~sur{se~ fluid|sed: bed ~irlng systems achieve an even be~.~er 
:;.-~.ar~.ance in' r~spe~ of c~,~,bus~ion, des~}phurisatien ~nd "10~.¢onten~ than 
--elr ¢eunterpart~ opt-rated under ncr~.,,al at~osFheri¢, ror.~: iO~. 

~x~nsive operationaI e.~perience wi~h boos~ed o r  pressurised f l u id i s ed  

:e ~ • firing systems has be~n gained by the ~ritishTiCoa~ Ut'~]isatton ~esearcb' 
~'~oci~tio,~ (BCU~A), wh~C~. ~aS ~.¢~n operating experi~.ent~)~:plan*,s in. 
"e~-therhead a~r~.~d), since the mlddTe Ig60s the largest o~ Which has: 
":"idised bed c ross - sec t ion  d~ ,S X 1.Z mtr and i s  o ~ a r a ~ d  a ~ a  ear',Ice 
:'ensure of 6 bar, 

The laborabary ~f ~erghaufcrschung G~bH in "SS'en has!also be.~n carrying 
:-~ s~milar te~ts ~or ~ear~ a~ a pressure of ~,5 bar~ 

?ressurised operation enables the structural Sizes tO be c'reat]y reduced 
~Y -o~arison @i:h the fluidised bed operated at atm~sch~ric p~essure.T 

. , :  {:; : 



=i9. I~ de=~c:.= "-he influ~_3ce of pressur-- or, the requ;r~,~ CROSS- 

~e ' , ,c~h l  I e .=rlor~tr |  i~hef  ~.UerS-.J'nr II 

).C m!', "30.C) \ : .  \ \ "  \ ?o., 

i ~  . "~ . . . . .  "C, " -  . . . . . . .  " - -  

\ m ~  ~ tO3 

, , . .  \ ) ' , ,  , \ - , ,L, , , , lo2 

'F " \ ' ,  " \  "..%., 
_! \, ".,. ",@j 
or \~ " .  "~,,o 
.L _ .x. \ I 

This !emc~ ~ =o,'~aC"-, lar~el% p~abrica't~d units. With an outer 

v~.~e] d~;met~r o ? 5 ~,#~re~, wkieh can s t i l l  5~_ fabr~'cat~d "Mthln the 
c : n i l ~ S  ~f ~ ~cr;:;',;~, ~=,d a S~'~'fce ~ressurO of" 10 b~m, i t  IS possible 

to _~:hi~.v~_ ) ~'e."~. M cut)Ut Cf :50 - 200 :'~4. 

- 19- 

• - - o f  th~ p r ~ u r ~ s e d  fl, j~dised be~ f i r i n g  s.~tmm, th~ h~_-tin~ ~rm~a 

. , -¢~ to abe.orb t.he hea= ger.er~t~d in tha t  ty~m.oF sy$':m~ C~n :e  

• --:."-:ted enly by Qpproprimtely rais in~ the hod height ,  

;:r izmntal ~i:dn~ in th~ f:u~:Hsad bed, which ~s Hmqted by : = m ~ r l ~ n  

• .- ,~.rt{cal mjxln% therefore does not suggest an7 a4ditloral rue; 

;:-.=uticn and ¢e=~bu~f.~on proble¢~ "n the b~d of:~re~urlsed flu~dlsed 

- -; S>'st~m~,: by contrast with the ~ncrez~e achieved inl Lnit out~ul: of 

• :-~_~ric l ' luldis~d f i r ing  ~ystecs wh~r~ onlx ":.he ~ed ~r.~a i~ ~nla~ed 

• "e r.~ta(ni,~g the be~ hMght unah~.~d. 

.'n r~turn, however', Kith prQs$ur(sed fluidised b~ f i r ing ~y~t6m$ a 

• t'~(r)bl X hi~h~r preSSUre IOSS ~ust be ant, cibate~ t~am M'c,~ their  

,-- .%='=eric counterpartS. 

1': i~ therefor~ ac/visabl~, t~. use combined ~as ~nd steam processes fo r  

• "~--:~ar~ed type. 

7f~. 16 ~-~picts t~e possi.~il~t? for using a pressuri~-~d flu~d.se ~. ~d 

• ":rg ~ystem (n a co.rbined ~'s-st.-~ orocess. 

[~" .L! 

1 
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The s~a~ turbine G ~ s s  on ~he right~hz~d ~ e  reflect~ ~he state c = 

the ar~ znd inc;~orates a hi;h-quaTi~ themc-d3n~n~c versio~ of ~nter- 

mediate superheating ~ ~uTtiple feed water ~reheat~n~. Tn~ s~e~n ~S 

ge~erat_-d ~n the ~eatirg s~r fac~ L-~ersed in ~h~ ?;u~dised bed. 

The ~zs t~r~i~e ~cess ,:an be see~ on ~ e  lef~ hand side. 

Both processes ~_~ t r ~ e r ~ e c t ~ j  vxa t~e Dre-.-,uri~,ed fluidised bed 
~ ,m~ustion eh,~ber, 

-o ~duee the dav21cpra~.t risks QF suc.~ a c.~binaticn process it wcul. ~ 

t, pp~=.r a~i~able to car:?/ out the two parts of t.he process in b^~ 

indep a~d-~.~ t instzllatlons. 

T~e ~ao cc..-.p~e~n~zry installations, the ~GW and I ~ ,  which are consi- 
dered to b~ i~oortznt ~ilesto~es in the development of flu~,dised bed fir':'; 
for ~ar~e-sc'.le pI~-nts, -=r-" "described in 5re.afar detail in the ?ollow~ng 
p~es. 

The A.~-a P~to~ ~ent 

~e p'..ann~ng cbj~-c~!ves cf ;~'V C~'crEin 9 Part:~ for ,C'lu-:dls-_'~ -'ed Fir~C 

System. ), a ~c~n~ venture by -~er~bauforsc.hun9 G.,nb~{, Essen, and Vereinigte 
~esselwerke Ar~, O£isselcorf (VAN), were to der.~nstrate the o:e-ational 
efficiency end r~.lizbility of a 51s turbine p~cess using a superc.garged 
F/uld!sed bed ?~r~ng s y s ~  | r  CCntfruous 0Potation. 

W~ tS~e ass'.'s~.a~ce of ~he ~dera: Minister for ~mseerch ~nd Techno]O~" 
(~:~.FT,) z pilot o~an~ for a thereat ou~:ut of 25.3 ~.;W is being erected on 

~-.z site of the STEAG Power S~atlon Zeche Haniel. 

F~g.17 sh~ws ~ c i rcu i~  diagram of ~ e  A~'~ pi lot  plant.  

The ~o~pressor compresses the ~ndre,an ai r  tO; a pressure of 4,5 ~r, 
~t'.er whlch, it flows in two streams into the fTu~dCsed be~ combustion 

:-a-bar, One S~re~m se~.es as combustion a~r for: ~he'flu~d~sed bad sod 
"'~. other iS channelled through the hea; exchanger: i#.?~rsed in th~ 

"!~idised ?ir~ng System. 

7~e .~mb.~, ~n gas, a temperature o?~0 °C, iS. ¢l,-~ned in! 
:ressurI(ed dus~ extrac%o~'s ~efoee entry into the gaS turbi'ne and th~n 
--:~ed with the hot air  from ~he heat exch~nse~ The d~era~Ing ~S, which 
w;s e temperature of BOO °C at the design I:o~n% ~ropls i'n ~he turbine ~: 

4,'.~ °C and transfers partof ~ts residual heat,to ~he: follow';n9 wisle heat 
~-'-h:~ngers .:: 

? 

Effective due~ extraction from the flue gas ~s esse~tiai to avoid 

~Z~fu} erosion to the turbine blades ~nd ensuFe reliable long*ttr~ Operation. 
:~ v'iew' of th~ i~portance of th~s requirement t~e' f i~er sh0u]d be deveToped 
in a separate reoearoh project, m ~ I ~ 

ff, e project for deve)oplng a preSsur[sed hot gas eleotrofilter, also 
:~Oted with Bt.~'T r~s~ces a,~d c~rrled out: by iI~abcoC)~,BSI~;: Kr~.fe~d, is  an 
~'ternatlve ~to the British and US solutions, w~ich usei:¢yEl0nes or:gravel 
F(l%ers. ; : i~ 



[~+ re+n+?.i~', to be ~e~,n ++~ . - 

:= flu~ ~-+~ ¢]~n~n~ re~uir~- + fer relT3bl~+ ~S turbire ope~.r,{qr~ at ~0 "~: 

II II c~ss-sectior, +~,+ the do,Jble- 
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• ..i:~st~r,d the rut| premiere of sup~rcha~'g~ng. The fr, n... ~essel, ~'('.~ 

. . ' : ~  dia~.hrasm ~ a l l s  forming the ~astight s e e l  of the ¢:r,,bu~tion chamber, 

• -~.:u~re~ tc ~,ithst+~nd in te~s of s:ren~th onl,/ t~e I~r_-~s~r? ~,~fe.entia! 

• +.+.en ~!o'~er stream Clcor an~ ,+luidise~ be~ f { r ing sys:+~m. 

:n ~ntubed cavity is p~ovi~ed be+-~+~en the b~ver s,~.r~.~.m bO~tSm a~d the 

• ,~,: .+y¢~an+~+.r .tc~beS a n d  ".he t,JDes ~or c~rgfng "~he ¢~aT-IY~e~or, e ,  mCxtvr~ 

:tr~-'e into thls c~v~t:~ w h i c h  is uSe~ ~0 SP+ar~ up ~e f i r i n g  sy+~..~ r "  " + "  

Xs the ~e~t ~xchan~r :,~bes ~re afr-c~o]eYJ and, ~. i ,~ ~ +.P,e di~crep..+ncy 

~ inner an~ o~ter he~t transfer coefflciet~t~, the tube wall te~'~erature 

+ :e.~ ~l~st ,~s high ~$ tJ~t of the f]~idise~ beE, 'the heat e.xchan~ertb'bes 

- . : :  .~,.~ ~esi~ne d fo r  tP.e fu! i  ~++~ tecperat~re. ~ h~l~-~IiO~/ ~ h ~ e  r, icEe~ 

• ".~I is to be use~ for m+~rufacturin+~ these t~b~s. 

~' sY~'t~ + cfi tr,~t+~,~er ch~nneI~ brine~ t+~e rue7 ~ t o  ~e be~ ~n~ carries 

E~aerienc~ ~J~;he¢ with is is  p~lot plant ,~o~ t~,e basi~ fcr  draft ~esi~ns 

: ~,~r,,:nstratf~n plant ~it.h an +~lectrical cutput ef t{~:iI~. 

k ~o%n~ project promoted by the USA, Gre~t ~ri~ain and t,~e Fedqr~+'+, R++~'J~.Y+ , 

' ;.+rr~+n./ is #.,e~ng c~rr~ed ct, t ~,ithin the f rem~r; :  of  an a~re.~r, ent b:¢ ~e 

"'.+;n)Ltena) Energy ,~+~e~c) (tEa) ,Jn~r the admini-.trative centre) o f  the 

T~ ~r~Zter ~+-+,rt Of t~e e++,~e~i~ce ~alne+~ l,v ~C'++Z~, in ~be ~arat io~ ~f 

" :~ ba~, S~'~BS ~a in l y  f o r  Pese+~rcb en~ test~n,~ o f  L~e ~e~a~ir+ur a f  steam 

"".'a:~r ~+~>~tin~ s~r'~ces in the .~up~rc~r~-~ fluidise~ be.:t ~n~er variable 

I 
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"~ t~e intera:tS : f  a:hievi~ rel iakle cF.^.ratior this i n i t i a l l y  by:~;, 

the problems ~r G~s cle~_~in9 in  c~njunction with the operation Of | gas 

Hcwe~er, to ensure C~at i t  wfl l  be posslbl-, to in~tal a .~as turbine 

lair on, afoot Successful ?.esCing of =he. co.chants, the he'-t-absorbin~ 

heating surfaces ere ~cc:~=.odated in so)orate preSsu-¢ v~.)sels. 

--no f lue g~ses ;ea'~ing the fluidised ~ed are cooled only nCminal1.v 
w. L" the :c~csticn ¢ha~er walls and fed ~t a tem~er~turs of ~50 °C to t~e 

flue gas clothing process, consistin~ of t-~o c)'clone Sta~es ccuple~ in 

series. 

FurL~ner cool ing o f  the f lue  ease ~. tske~ plzce in  the suoe.~charged he,: 

exchanger an: ancTlla~d he~t exchanger, ~fiich cools o f f  that port of the 

f lue ga~ s:rea:i ~cwin~ to the turbire i ~ e ! l e r  test section, 

The_ layout of  ~'e ,,-~in system components for &he wat~.r-~,te.'= c i r ~ i t  is 

shown :'n Fig.)g. 

• ' ° I :  

! ' • l 

I 

1 

F - -  ,, ' .  e.:!~, ~.~-~,~e i 

UIUIiII!HIIH; 
h___----~l 
I l l i ' ~ l i l l  l ; l l , l h  I 

iUilH lill.!!lliiii 

| "  . I  

i 
I j 

~mq.~m-~ ¸ J 

- ZS - 

~he Feed water delivered by t~e f-.ed water p~-J¢~ f,..,s (~,|t~aliy ILh~-h 

t 'e . a t l s  and feed water prehea%er coils of  the heat exchange;, w(t,h m ~d-  

: i rec t iona l  walve enabl ing the Feed water prlhea~ei, t~ ~e bypess~ when 

::~.r~.ting un~.er )a r t ie l  Ici~, After the feed water )reheater of the heat 

exchanger, the stream passes through the t~i:es forming the Walls o f  the 
.:-~ust(~n chan~e)'. 

These preceding heal ing surfaces brfng the feed Mater ,j~ to • ' 

te~erat,~re e.learl:/ a.bo.:e ,~a~r i~atlo~ ~Oint. This ensu,es the sul~equent 

:~str?but-ion of the total quantity of water to the evaporators of 

::--~us~on chamber, ~eet exchanser and auxilia~ heat exchanger by ~ans 
:" c~n~.rol devices in sing!e-phase operat ion.  ! 

Choke controls ~(~ Ti!ted ~t the inlet of the evaPOratOr tubes For b'le 

: : 'bust lon chocber i n  o rde r  to ensure uniform distr .~but iqn o~ r~e we~er in 
~m 
t. parallel tube co(Is during the starting process as well ,s to , 

• :-p~nsate ~rglnal Influences exerted by tube ~nuFlcturfngltolermnces. 

The m~ss f low f o r  the evaporator ¢ luster~ o? the combustion ch~'~ber ($ 
= :  : 

"..:ulated to ~nsure superheati~ at the out;at i Fi, event operatlona| (cote. 

This ~nsures that the heat abs0~ion of the ev~por~t0.~ is covered 

:'.'Cisely, ~.on particularly that of the ir.,.ersed, ev~porai~r mheating surfRces 
n t.',e , ,u~dtsed bed. 

-ealanctng o f  the heat and ~ t F r i a l  f l o~s  ~.~ t~.e' f l u t d i sed  bed i s  thus 
"i-dared possib le .  

After tP,~ ";n~iYidual strobes have been reunite, d a b~O.w~.y:valve 6egulotes 

t-e Part~al flow rotes rsqulred for  the cooler heating surf~oes to control 
• , : { 

f, ue gas temperature, in the c~vit.y of  t~e ccr~b~sti~i: ~h~r~.A~r. ' 

,'he f~inal superheater in the  heat exchanger generates the ,required hot 

:"~:~ e,~issian: t~(r, oeroture. Fluctuations in the fire:cont~pl can be, ' 

t~"~c.~d off by the injectioa cooler interposed in Front of the final: Super' 



~rksh¢~ picture ,~O ~hcws ~he s,.~*~- ~enerat~r before installaticn 

Th~ ~ner l ) t~ st" t t~e cesig= example E~ : lhr  at ~0 bar Ind 

- 2 7 -  

~ ~iew m~ es~irc,~m~n~aI requ~rez~nts and structurml dimensions, supmr- 

. , . -~  ~t~am ~nerators with f l~ id i~{61~8 fir%hg systems : f f e r  a ~r t ,  icu- 

I t  i~ quite obvious ~ha~ i t  w i l l  be possible tO =cr~u~:(, r ~ ! l ~ l e  back- 
T-:.~C ~ n ) R l ~  fo r  th~ future C~nst~cti~n of Iar~e)~3Re irstal l~t i~ns only 

• :~e l ight of  experience ~(ne~ fro~ the t:#o ~ro)e=t% =en~(~ed ~bov~ u s i ~  

:.:ercharged fluld~s~d bed f i r ing s'/~t~n~, 

T~e ~a~r s~st~on c~ce) t  u~InS th~ fl~iCi~a~.~.~ S~StZ~ ~tZn~ cr fBl~s 

.::n ~Ze~uzte ~u$~ ~xtractio~ ~ r~  th~ flu~ ~ u~d ¢~r th~ Cas t~rb~n~. 

• --~ B significant leap for~rU can bo ~ace in .~velep~ent ~orK. 

Cy¢lcne separators, ~¢ t r0 f i i t~ - rS  r~t%r/ dusE ex~r'~Ct)r~, ¢~-~ic~ 

";:~ers and g~vel f i l t e r s  are under disc~5~i0~. 0~er~tin~ ~x~e-ie~ce :vet  

:-e next f~ye~rs  wi l l  show which of the)e ,~,-~.s 

Irrespective o£ t~is t.~r.~ ~ already e:(ise tod~y.co~c~0~s . ~ , ~ e  ~ . . . .  on ~tes: 

~,-er~tion units f~r an output o~ GOD ~'~;~l with Supercharged fluidi~ed ~e~ 

i - - - - -  I 

@6r~by fpr 8)£~tI four ~u~e~char~ed 5'2~t~S ~ith 5..Z ~etreS ~ i ~ t g r  ~nd 


