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p~r ~Cner~ti:n c:s~s c~m be a~{eve~ ~y comparison w~th a coil dust- 
f i red ; c ~ r  station w~h w~ste =as C::~Iphi~sa:(on. 

Tmereby the circuit shown in Fig.~Z is ~sed as a :asls. 

- - t  

?i.se ~iue g~ses c-~,,irg f ~  :h~ fluidised bed f ir ing sysC~mar~, fed, 
after cleaning, to  the ~aS turbine a= F~O OC. Th~s generates po~er and ~ 

n~c~sse~; c:~rsssor o~t~ut. T~e waste ~ses frc~ the gas turbine ~r~ 
brcu~h: by hea~ exchanger u~ to an ~ccncmical w a s : e  ga~ ~e.,~perature. 

~ e  c~rcu i t  ~p lc t~d  "n F'g.Z3 sr.ows c~nce~ts ~;sed on ~ study by ','..~; 
w~'ch w~,ich the ~ble~s c., ~ fT'~m =~-s ci-~.nin~, an~ the g~s turbO.he a~isa ".- 

a c~ns'de~bly le'~=.r ~n=era=ur~ ran~-~. 

The fiue ~ses iea'~inc the ,~l:~idls~.d bed c-.ol ~n ~ following bEa'c ex- 

chan~ to a ~,~r.= w.~_~e t~_ follcwin~ gas turbine, during expansion, 

• - -- '~-.nt ~ x t r e ~ /  ~mill o~dng to the high h i l t  fluw de.~s~ties et t i r i~u- 

~. :  := the s'~perr~argin~. Bust extraction =hen takes place ~i'.ISin a 

..-;(-ature rang~ whlch c~n alread~ be mast_-red~ The g~S i:~rblne {an also 

, .:-s:.-uct~d w~th adeq~mte resistanc~ to erosive and ¢Or~s4ve ~ear in 

• : te.-~erature r~nge. 

r~ Ics~ in ~r=cESs ef f lc ,  erc~ ~s c o ~ e 6  .~zh the circu!t In Flg.2~ 

,- -.~ offset ~L~ low~r inves~-'~en= over~eeds and improve," avaiT~billty. 

-~.Z~ s~ows a concep~ of 8 600 .~u~el uni~ in ~,hic,~ six Separate an~ 

• "-:endent.. fluldised bed f~r~n 9 syste~-~ operat e on a..fo1~wing Cordon 

I•'°" !T 

~ ;  '., , ~ . . .  

~L'!IH'tJlt ~i ,~  , ,=  
• "i ~') i P 

:he load can be regul~te~, by bring".ng i n  o r .shu t t led  o f ;  ~ .~ iv idu~ l  

"~,~ pressuri-.~d ~- supercharged fluid~ seal be~ f i  ri~g "system st l  ~ I 

",e;s C=nslde:r~ble development ~f~crt, so ~ t  C~m~,,erci~1 dep~.v,',.ent ~f 

""= ZEchnolo~y iS not ~e ant~c~pzte~ fc)r a~<}.~t ~ tO B yEars~ 
i : i : 
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Ccrclu~la~ Cbse-~atCens • ., 

~n~w~edZ~ ~n~ ex;e~(e ~ce ~cq~ired with # l u ~ d l t c d  : e d  ~iring Sy%~e=~ 
n.~t ~£!n Rccumula~e4 ~cr the ~m3ter part froo laboratory te~t~, semi- 

~chn~ccl :n~l lat~cnS and a few pilot plants- 

It ~s therefore ;n~rst~ndZ)iQ that l,.~,,eC~tl d~91oy:~n: cf m~ 
e~irc~:anc~liY acz~t&!~ Fluigised )s~ Fir in) proceSS cn p~wer St&t!On 

SC~)O rt)rQs~n~ z C~r t-',~in ris) at pr)s~flt. 

This r~l~tes n)~ only to actual use of t ie fluldfs~d b~4 f l r l r~  ~ys:-" 
hut ai~o t~ the d i l l i c~ I t ins  ~h~cb can arise in conjunctic~ s i t h  in~ivi4c/ 

c~pmn~nts wh{ch, in i s c la t t cn ,  h~va )r:ved Qu~te setisf~ctor~- 

It must alzo be am-re :n m~md that in ~cm~ c~sos c~n~id~szble 
tT~e ~:;  ~e r~quire~ to br:ng a ~lant uO to rel iable, $~ooth o~era~i~n. 

? i l l ,e ra  p~nt  ;i~es r~Escn to hc=o that ~he Fluid;sod )~d ; i r ing syStC~ 

w!ll ~F~)le n~ch ) ~ : : ~  solutions )~ ~e f~vnd t) m~n:/ c~tstand!ng 

l%z,~t~ -~seurcsc c4 %c~:-~u~r:.r fJe~,  the Incr~asins de~enCe,cy ca 

5;e: L.--:;~r~s m~d ~art6~jlarly t~e ~ d #  f o r  Q~ir~m~rt~] acc~ta~IIitY- 
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i. I.uNrulu~ti~n 

2. Requlrenent~ ~a c:al-flre~ Dower pl~ts 

9- C~uen~iena! COal-~red power pl3nts 

~. Adv~u:~ 2cw'em plant ~oac~pcs 

~. ~OW~D 9i~d~: eo~ccpr~ with c~mtined cycle ~%~ Co~l-~ire~ 

szeem E~era~o= in ~er£es 

£. ~o~er ~Ic~: ccnze~ with c~.~! ~asif~¢atlo~ 

7. ~O~eD plant co=c~p~a :~in~ flaldlzed be~ combu~tio~ 

~. ~we: ~:L:~ effi=ie~cV. C~mgari~on of differnt c:a~0pt: 

!C. Cnnc!us~o~ 

i~r:duc:ion 

, --:ss~s cl ~he %ori~ ~oal prcdu:~.i~n predic ~. ~ increase /rcm 

• <09 TCE zoaa~ ~o a~ou: S • ~09 TC"E in ~he year ZC~0. ~oS ~. 

" = : . e  9rcduze~ hardcoal an ~- li~mi~e will , b e  ~ur~ed i.~ ~ower 

,~=s. Accord~ to T,.do~e~i~u fore,.-astsi go~u~ 12.CC0 .T~ new 

,..'i.-ed power pl~n%. ~ ";ill ~e in operav~on ~ the year R000. 

,," fired power plant uni~.= for burnin E !ow-~ra~e bi.~uminus coal 

• " ii~i~e with hioh ash con~emt e~d u~desi.-able ash prop%z~ies 

": :h~s i~ ~he very. ~ood cooperation ~e~wee~ utilities, manu- 

",'.-~res anf R & D-ins~i~-u~es. To meet ~he high requirements on 

• " ".ra-iczl ~ ecological operation it is necessa~ J to u~l~a~ 

:,,~i~e efforts in dev&l~,~l~ new power l~l~ut c~ncept~. 

.: --i-nistry fo= ~eses2ch a:1~ ~ech~ole_~v. is ==n~OZt~,~: uum,r~us ~ & D 

• r:'-c~s~ Dilet'~i~urs ~'~.f% ~emons~ration plants for n~tiunal and 

" r  * . ' - a t i o n ~ ' ~ $ ,  Dro~ectS. 

". ~e~ui~'e~-ents o~ ,-.~I fire<[ DOwez 91sn~s 

", ~:dern power ~lan~ comprzSe~ of a multltude of components %hc~ 

it. pr~duce~ i~ a number of different factories, l~evi~.&.~l.v,, each 

::*:e of e~pmen~ has an influence on th6 reliability, the avai- 

,:illt-/ ~n~ the hence ~n ~,--ofi~abili~--! of the pl~nt. ~n order to 

:'--emt plant breal: d~n due to un/oreseeeble direct or ind/rec~ 

' , - : , g , , s ,  reli~bili%~ of ea*:h ~o~pone~ i s  imperative, l ~ . e v e n ~ l v e  

*,::=~nancc ~ inve~ti~atio~ of damage, as wel~ as o~eration ~:mder 

'r*:tia~ requirements which ~ecessitat~s a good prof-ssion~_l edu~mt~; 

~'-"-o=tiuued edv~ced tr~in~. In Zhe pe~t fe w [~eems, the requ~re- 

"~=:e i~coe~ ~on ?cwe~ ~l~:s h~ve .~te~.~tiy increased. T ~ e  mos~ 

~.':rt~t ~.ilaEa .~Ie d,~p[cted i~ ;i~. 2.-1. i 

K 
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Conve~.~i..onal .~oa! f~re~ power plants 

~ccn~uica! c~u31de.--a~Iou~ 

Th~z'aZl cycle ~ff"-cfeu~-y. a~a~labili~y~ rel~a~llty 

a=~ hlg~ !ca~ -chmuw~-. and star~..-p capabilitles are ~h~ 

~us~ i " ~ g o r ~ i ~  Iacto~-"~ fc~" i n f l uenc i ,~6  the  economical 
owe o p e r a t i o n  of a ~ r Tlamt- 

S!:~ce aO y e a ~ ,  ~OSt Ge~a.~. uti!it 7 power ~:lants are 
e qu ipped  with o~,~¢e thru~h ~-~--~..SO~-steam-Eenerators. 
."~-ey ~ee~ ~* a~ove me~t~oned chm---acteristics in an 

exce',-!e n~: way. 

~ossi'~l[ method of .i~D~ovln¢ ~h'e-~mm.l ~yq! e, efficie-~ 7 

The ~-~"usz"~-",., ~easures t o  Imp~O~¢ thermal cyc le  ef~:leacy 

~uTe: 

-- ~ncreas~E the ~.~.i~ s'~ea= ~resm~a~e 
- I=c~easiu¢ the = a i n  stea~ ~e~ez~ture 

- ~ncrp~s~z.~/ the ~ e h e a t e ~  ~ e ~ a ~ U ~ e  

- ~ - - o ~ . i ~  a c u b l e  r ehea~  

~hese =easu=e~ ~re ~iscusse~ in relatio~ ~o a 920 ~W 
reheat ~nl-- t~n =- u.~.~ize~ the s~eam conditions o f  
~85 b~:/5~C °C/~)0 ¢C (2670 _~s~.~/985 ~/985 ~) th~C 
are ~y~ivally employer  i n  ~ , '~ .  Germany at ~=eScut. Pig.}-'" 
de�lots t h e  fcllowin~ posse%it eZrlCiency i=~T¢me~8: 

- ~i31~ t~e ~ain M~.eam ~reastLTe ~o 250 hal ~ (~6~0 palE) 
bri.--Es abo%tz a~ app=o~i~te 2 ~ ~et i~=ovememt 
e~Icien~- .~. ~umther increase $0 ~OG b a t  (45~ yel6) 
~ie!~s 0n l y  ~u aRRitio=al ~mpzov~me~ or 0.7.5 ~- 

-- P.a~.31mg *.h~ uain atea~ ~em!~era~e ~ro= ~0 °C to ~ c: 
C955 o~ ~:o 10C5 0~') ~e~alts i~ & 0.2~ ~ iml~=ove~en~. 
~o ~u-~her a~--=-c!able in~rea~e lu temperate was 
covere~_ ~v :he st-,~d~ i-- order to allow the well.proven 

cu--~'-'.~ly used m~terlais to he e~ploye~ i n  ~he %oiler 
a=~ to= :~.~ S=e~m p i p e s .  

0. 
- Siuilarly, =aisln S the reheate~ tempeEat~Te fro~ 9~ 0 ~ 

to ~'O °C (985 c.- to JC05 oF) increases ~he sfflcle~cY 

by 0.25 ~@. A further incre~e ~o 560 °C (~OnO °Y) ~ieli! 

a 0.75 ~ efrlclen-.7 improvement. ~ier~- agl ln, amy h l~aez '  
tt~pers%mre r e q u i r e s  the adoption ~f,  Other then ~rem~tl7 
: tan~.a.rd ~aSerlal:. 

- ~rovi~Ing ~w~ -t~[~s of reheat Jl lov# the eZ~iclenc7 ~o ~e 
i~¢~exSed b~ I,~ ~& to 2 5 .  O~ ~'.u~se; th is  ~ e ~ l y  e ~ l i c a h e s  

• ~he p l a n t ,  ~:hus r e n d e r i n g  d o u b l e  r ehea~  e c o n o a i c a l l y  ~ u s t i °  
liable o n l y  in ~peclal ¢a~e~,  1 

Th~s S%ud~ shows that the most e£Xectlve wayl o~ i~rovlm~ 
%herm~l cycle ef/icleflcy is to increase the ~eliE~ lutL~ ~ea~ 
~res~-a re .  The same i n v e s ~ i ~ a t i o n e  r e v e a l  t h ~  ~d©ptin~ 
~u�e~ni~i~al e~e~ ¢ou~tlon~ ~ake~ economic 'aec~e even. r o ~  
med~u-~-s$%ed powe~ ~l~ts. ! " ! 

~ is ~ssenti~l ~h-~% an "increase in ~£ficlenc7 should n~ 

lear to & lowe~in~ of operati~ 6 ava~.labili~T, S~n~e i~ ~he 

ca~e Of Bens0n  boi lers,  the =~opClo~ of:  supe~¢~Iti~al r'~ea ,~. 
conditions does ~ot involve any chan6e £n,thi "~asic des iSn~ 
~ arm~u~ue..t ta~ controls, the ~os~i~lli~ of • ~iuc~on 

-~IE.5.-2show~ the Infiue~ce of fuel price~, $team-preesu~ on 

the attainable ~ro~it cra 720 ~" hal~Ic~¢~ ~LTZE p~wer ~ .  

~.2 ~nvirou~euta! ~r0tectiou 9~oble~s '• : ~'. 

-Vn German~, very eil~ila~ thau in the USA 6r ~Tepan? ~ew 

~o~er plants have ~o ~eet vet7 high env~.o,n~ental ~rotectlon 
s t~nda~ i s . ,  :• 

?~g,~.-~ ehows t h e  p e r ~ i s e i b l e  d u a t ~  and s~se~u~ ~ i s e l o n s  ~o~ 
c~UVentio~l power ~isnts In German. :i : :  i ' 
The moat i~poz~8~xt pollutants are SO R a~ RO=" i 

?i~-3--A shows a comparison £or ~ different- eaSeS. The ~em~rk.b!e 

re6ucClon of S02 and I~0 x rot a combineRicTcle :wi~h: coal • 

~si~Icatic= and 10w ~TU-~urific~tiou is o~viou'~l~, i 

-'he gas ~eaulfu~izatloo is necessa/Ty ,~Or all new p0we~ ~i~n~.a 
in Gamaaoy~ : : . , i 

=, 



~+,~r ~..-.is reaso~ we .~i!i le~crihe .~, t~pie=! pi~-~-s, "~alch co:~Id 

be of Im~eresz ~ she indonesian ~cwer ~!an~ experts. 

~..~. I ~ll:lelzzh~;en T20 .'~+-'-h~r ~ - CO81 Iired ~ower pi~t 

5ar of ~:he c.t~j eE ~ilhe!~sr.~ve~ in No.~th Ge.-~any. 

h-: ses-_~e~r+~ sni~'~- i~le ~O rne low ~e~1~ ca;aci~Y of the soil ".Z: 

K'~'I"s a~iviUi~-~ In ~.~.e cons:-~-~c~-io~ o$ ~ne power ~tsr:oa inc!&d~ -~ 

t : : e  eonsul'.zn~ se-~v~ces fcY ~he zo'+al pl&u: ~ s  well ~s the s~pp]y 

The ~Cwe~- &'-~'IC~ -aS .~la--~-ed "¢ ,io'ze'r "-he va~'vln~, losd demand be'-- 

:.een :ornin~ hours end =[dni;~ht. 

The ,~zit ~ therefore ~-~I~'--OZ ZOV Sa~GwnS of earn ni~h~ a~ 

ouec the "~eeko-~.dc- ~ho~r Sr~.-z-u; ~-~d ~n,lt~o~n ~mes ~s well as 

r~p~& loa~ cnar.~es "-'ere requ=-:'ed I~:" the e~v~seqe,i s,-_he,Jule of 

O~e.-a-:on. 

The p¢~em g % a . ~ t  ~ s  "~e oe ,~9s~+;'~.e~ 50r Coal am"* h~a'~J o:i firiug. 

AS the co~+! ~a5 go be DCU~-t from &i~ eve.- t h e  .orld the chs- 

rr,:te.-Is~i: val,~es ,~.~ :.~.c c~l wet ~- aSs~:~: w%t+n~n t:~e ~oilo-~isE 

mgh-¢oz=c:'-z ~ - ~5  ~6 

• • ~hece ¢on~i~i-~n~ h~ve ~eC to the ~ele=tion oz ~h~ Zol'_owiu5 

0-- 

• -:-_sl Eeed-wa~e2 ~.emperat'~e 2/'-7 °C 

- z-~. of e.x~rac~ozs:6 

. -~-zdenSe~ p~essure O.C61B~T 

:.-~'+-~- for a b~e io=~ uni-. ~he deSi6~ ~ar~meeers wo~Id~ have 

.'~.e mode of opera~io~ was deci4ed t~ ~e s~i42ul s ,~ress.~Te5 ~ usu~l 

lu- Germ~yo 

.~-ere "~ a stron5 oppos£Zlon £zom eae ~opu!etion aEaiant ¢h~l 

_-=~I fired station a~d.%h e permission £0 built it w~s Zinllly 

:~_z ~:.ue~ Zrc~ ~he Sover-u~em~ under the Iollowi~g ~oa~i~io~" 

- smack heiEht mus~ ~e ~75 m, 

- flue ~as ~ST no~ ¢o~tai~ more dus~ ~han 

- ;.ov~.sion 0£ a desu/ph~Jrizatio= pl +~n~. f o r '  ~O ,~, 

of ~he flue ERs fl~, 

- ilul~a~ic,n o~ th-~ SOZ-~isslom to 5 ~/h, 

-l!uitatien of the n01se level ~.o ~0 dh (A) m% 

~.~ ~a .L'~v e~l~.,!.u ~.u ~equonoe ~he essent~;~l fea~mes o£ ths ~ow~r 

~e ~e~m ~ene_~ator (Fig. ~.-5 ) i ~, a ~en~ou hoil~m of the VJo-~asS~s 

~-~si£n with ~ r.-~te~ c-re~ ~l~w o- ~ 60~ hE/s supplie~ b T ~ab¢o~'~ ~D. 

~'~e w s l l  hea'+in~ E%LTf~ces o~ the furnace, OZ ~h* horizontal ~L~ p~ss 

~S W-~II ~_~ OI ~he second ~?_5 paSS consIz~ O~ welded t~/~e wwlls 

~'-'~nO~a~e walls) which ~re'flue ~as-~i~hZ= ~l~e furrulce up ~O She 

h-~--izo~t~l ~as= ~s %~es arranEe,~ irl the sh~e o- ~ e sp i rm / . .  A1; 

:he ~op of the ~._rs= ~&~s (r~dia~ion sp~c~) there are ver~l~ally 



"'=:~i T~hes ~-.'e a l . z o  i / .  :he S i : e  wa!!~ cf ~he hoDizo&tal pass 

uf zze secZnd 9ass. ~z~ c~t-ecti:~ hea~-/.~ ~'~_~laces ~e 

"~o~:a~ i~ ~he seccnd p~ss a~< mo~ as usu~l in the horizoKt~ 

~. The e~ti~e h~ile: body is suspended 52om the t~a~s~ers~l 

: ~  ~: the Top Of the hoileT which Te~= cu the steel col,/~s. 

:~11 ;hich~esses ~f he~de_~ azd sep~a~ors in ~he pressure 

:f the hoile~ :~hleh -_c~/Id !-e~'&ce its f!exibili~y have ~een 

!. ~is .'~S ~chieved bV a h / . ~ b . . e ~  ~u--.he- ~ Of parts azr~ged 

" 'A/"  In! a~ hy :the use of "setter ~erisl. ~cim_~ headers 

,. ;- -~a:her ~e!is aad -Waieh sine oftem used fo~ t~e- 

eq'-'alizaZio~ " " ~ ' " ~  ~_~-~..n the ~,/~-divi~u~ stTee~s 0f the su~el ~- 

a--e c0,p,.,e,~ ~!i~ina~e ~ - -iu this boiler. Temperature 

•-:'-ins i~ the £1"./e ~S ~ . e  compensate~ by crossed arr~n- 

, " ~--- four s~perheate: streets (s~-~ands). 

:.---~! Of .~he •=ai ~ - ,~tes~ ~e=uera~e is achieved by ~r~o spr~ 

, a_~r-am~d im seo uenne i.~ e~ch zyote~-. 

[ 

• ~ :NuriZ.~ ~- CO---V--c! Z!,~C'~i~ ~s well aS ~ke sFra~vs a2e 
x 

"--t to,av0i~[ tem zer~re ch~_uges, ~ c~ss of a failume i~ =:' 

i i: i• 

'..::enai~0f the fur-~ace ~ r e :  

"[~• ; . ~ - ' ~  0f "~e ,~u_--~ace: 64.7 = 

" :h ~ =  ¢6 = 

: ~ '  ,'!~ ~aS ir~let %e~oera,--are of the Co~vectio~ 

; ,.~'~i:~ s.4rf~cga is q~0 °C 

• -~ ".- msx-L~um g.~ ~'4!ocity ~he p82~es is limi:ed 

i " 

,o zcmhusCiem is d O ~  ~- i t -  ~2 combined co8~ dus=/ oil burners 

• .~l~.':.u ~ .~?  ~ra~ged at " levels i~ the froth: sad b~c~-wsll of ~-~-~ 

.:-~re ~ -;~sho;~s %~-~icsl !'_,ad ,zhar~o~e.~!sZics of the Dower s~a~iom. 

".:.e o~d curve o~ ~op ,0f ~.I£ [i~12e is ~ ~5~.icsi D~se i'oad ~h~- 

-~cteris~ic. The curve below is also for b~se l~ad auntie!on 5ut 

=_- addition with 13~d cha~ces required by the ~rid sxszem ~o 

:c=~rol She frequency. Load cha-~_~inE ~tes of up to 50 ~',%'/mim. 

-a:e ~een Doffer-mad wi~h slidin~ pre~aure con~zo!. 

iu.~in~ the ficsz ~eaz of operation the ~rd cu-~ve at ~nel bottom 

-f th~.s ~iE~Te was Z~-~qDica! for daily shut-~owns a~d shu~-do'~ns 

":'e-" the ~eek~,d. 

L':.~ results of load chan6in 5 %ests are showm on fi~=e 

• "=  case of large ~.qd faSt load ch~_n~es (in ~he =odium load ra/IEe 

'Z :'& of nominal ra~inqv'mi~ are possible) the2e is n0•chanEe'of 

"~:z ste~ ~emDerature.. The reheat temoe~a~ure, is o~':'~"t, -¢iaryin~ 

,-th the load i accordance with -.he nature! ~ehea~ s~ea~ ~ tempe- 

: ~'.ure chaxac~erisZic. 

Y:e= with load che~_.es of q0 [~/~!-% the ~erzis~ible lizit~ fo F 

::e=ual stresses ~e nowhere reached. The ioa~ chan~i~_ 9~tes 

r_- thez.efore limited oi the response, o_" ~ct~.~ato~ a~d ~e coda - •  ~. . 

::lity of au,xilia~ equipmen~ only. 

,'it cold sear. is only the ".'all stress eva!uator is limi~in~ the 

"~:~z of s!~eed o~ load increases. The coi~ s~-~rt is done iwizh 

~-~-uail~ i~creasln 5 steam pressur~ and ~emuezazure to achieve 

-':~ uuit can be started -~? aud sh-&t dowu a-~to~_a~c~llV Zr0m any 

:::ditio~ with d~--v ~u~erheater -~ - su~.ac.s, Gol~ start Of ~he unit 

; '  "ccomplished in ~he variable pressure cDe.~a~ing ~del i 

~'f-~.-7 shows tan au%o~atic starti--~ performance ~ith a coldi~ 

-$:~m'~enerazor..The unit suDp!ied ~CO ~A tO ~he PoWer sys~e~ onl~ 

"~ =inures af~eD the boiled was i~.~ited, i • 

& Warm start (after 8 hours shut dowa) needs shout I'~:0 ='autos 

[Z~Cu holler iEnitio ~ tO f['.l! !ozd. 
E 



- ~_0 - 

i 

_>..uO "7; ii,~----ite f~r-~d n,~we_- =L~t, ~?le Zo the r-- 

'~e."e~ z'.ze "~oS: I=gC~:~u?-: fa&zor ~ -~ .-.-_-- 

Of !%'~' - 19: h~ s i z z l e  c~hea~ s~age, 530eZ- 

I ". ~-nm!z--di.~i_ cr~ss S~:~O ~- Of --h~ m-:.=.~ ~.~ Dower s~atinn is S'=~= 

i: fig. ~. -9. 
Yze b!£-Sest ::z~en~=~ o2 :Le ;l~t is the holler whlel is ~f 

p~'~er ~lszn "--"iZ :;ieder~u~em G. 

bus~i=~ :h~.~Cer ha:~ a 70~=c cf ~h~ut EO.OO0 ~. The mcs~ ~u- 

arh fccn li~iz ~ - srg= 

~om~c~n~nzs. 

~e best ~ci'~io ~ - for ~ h'_~ aT~ilabi3.1t~. 

~_= :,able .~. -! soZe ~.~elo~=ent hi-_~hllF.h ~-2 cf l'.~3i~e fir~ 

v g:e:at,;: ~'=O/':~" 'x~O ~g'} ~&.z ~:cu'- I~ rc:~abi,~ desi~ 

-:i=ei g~ ~i ste~ =~rbize Fewer ~i~.~ (=zmblz~ c y c l e  ~ui~ 

: =_<cural ~as a/" oil 2~-~.~ ~_~ve we= rap~d accegzamce i~ the 

, . ~  few ie~2s as: ~ re~u't cA ~he'_r eccn~-ml " - ada-~-a_~es. TL-is ~eve- 

":e== has been =sic ~os~ible as a ~esu!Z oZ a~v~.~cesl ~ E~s ~bime 

-~..-= and ~cu~h the increased availa'oil'.~ of ;]ew ash e~mte~: 

., ":.c -he fact tha~ the availah--!i~y of fuels .'iUct~aa=es, it is 

, -: ~:_~e~s~ to mai~e ~rovisiou f~- em;i=2---e~% of coal for pro- 

":izz o~ elec=rical 9n-,er. New ce~blne~i cycle ~its ~ust these- 

• "" he "~itzble fc~" ~,~2 flr'~ug. A Surlier requiremem~ is ~hat the 

• , -.c0lc~ica/l Z fav=~rable co~l pro~ess~n~ technolo~ie~ such ss 

,i ~nsificstiom ~-~d fiuLdl=e~ bed :<,~¢uz~ic~ muz~ be inze~te ,~ 

: =stabile& ovcie systems if these ~ecb~i=l:~ies ~e to ~,:e eVco- 

-:=&lly em~loyed i in l:irEe c&paeit'~.- power pl~u~s. 

,- ~.~all now collier three different -~.~,~ of comb~--ue4 ¢.~le ~.mc.~.s, 

-'.:'- ~2e either in overatLcr~.umee~" CO=L~-~--aC=iO~ Cr iD the ;lanni=~ 

,'*re ~ the ~e~ersl f~e=~uhlic of Ger~3.~y, ~_u~ sh~ll 4es~rih~ the 

• :=i.~ ~he efficiency ~md ~he ~otent~s! re: further d@~elo~me~. 

~, thDse co~bimed cic~_ "o~i~= ~Te ~ 

"'~- =Yges ~i" ccmb~.ued ovule "u:/t~ ,~-~ ( ~ i ~ : x e  a,-i). 

:':-'~ed cyel~ with ~os_~ 5ire ~ - mte~m ~e--e--z~.oZ i~ seriem: 

~'~ ~Y-~lu~t of ".he =ot-ar.~ C~as !'ires! Sa~ ~5ine, which co~- 

"t:zs a high ~ercen~a~e ~f o~Eem, is empl=yed b 7 the co~! 

:-r-~d ~te~ ~eaer&tor ~ comh~/z~ion air. ~= ~ : .l,:~.,m~ ~'or this pi~t 

[ 

"':-~'-'"ed ^.vole with suDeroh.lT~ed ~ ' ~ " -  

~e ~..~ ge~era~ol- is ins~al!ed in the g~ ~-urbime cDmhustion 

"',:tez,. iith~m nat-at3/ gas or cc&l ga~, ~rodumed hy a c~l 

¢~'ufi~lc~ ~I,9_~Z, is emT,1oyed as ~ue!. A ~lat~t Of th~s tYge 

~-~ tee~ in oDer~Zimn fez ~*, n.~uber Of ye~.rs. 7u~ Eeller~an 190wet 

:-~-~ the Co&l gss is 5emera~ed In a Lur~i press~ized ¢O~d 
~ulfic~tien p].~uZ. 

l R e p r o d u c e d  from I 
best. ~ v a i l a b l e  c o p y  ] 
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- Coubi=e:~ aV=ie ~itn Z.'u~sEh~cic fl~Sdized ~e~ combuscioa. 

~o ~ Ea~ ~urbine i~ volkL~--=~r ~'coZo=3zp~e powe= plun= T~e ~z: 

tu~ir.e e~za~ is em~ioye~ as u~mbastion air for ~ ZOI!:=.:~ 

St~,~=m 9ener~toT- 

~-I ~=;iv£ries ~ GerT-.~-n 7 ~ i~ othe~ countries 

T~¢le ~. -i sh~wB a ci&~ziZic~=~zB : $  the mos~ imp~r~= 

~ D ~ pro~ct~ for adv~ced ~ower ;l~nt conce~s. ~e ~e%i~:.,~ 

in %hi~ field a r e  so uumarous Zh~ i~ is ~o~ ;ossible ~o lls~ 

up all prosecZs. 

A co~paris=z c5 diffe~J £luldize~ be~-c,mbus~io~- smd coal 

~s!fh~azioz-sys~ems is =~de~ comcer=i~6_ z~e maim in~eres~in~ 

~haraz~ezlszlcs: 

- Gcs~ m~duc=i3~ of zhe plauu~3 

-- Klein K ef~icle=oy 

- Z'-izlaa! air poilutic~ ~ud 

ere ver~ iz~e=ested in suecesS~u! cocgezatio~s wi~h o z ~ e r  

c c u ~ Z = i e s -  

-. ~wer pi~u~ concepts ".ith oom~ined c~ . amd c~al fir~ 

"-, ~eBaffted circui~ o~ ~is ,=o~hin~d =Fcle i~ de~ic~e~ in 

* r~--eS--~- The gas %ILTbi~e exh~.%'st is fed to the c~a. fired 

.- "lue gas ~s ""Or e=nloye~, Zae Ziza! ~ta~e ~£ ~i-u~ OZ %h~ 

t l ; e  gase~ is elfect~ b y  the feedwate. ~ hc~ters, :which are 

"t---e~=~d in ~r~llel wizh ~he stem hea~c~'hea~ "re. A hi6her 

"-~.~cd.,-n~/t= ef£i~.iency is obtained as a result of the p~allel 

~nnec~io~. ~le heatln~ surface co~s ~n~ th~ .'uel cos%a ar~ ' 

"~<,n iuto accouEt f o r  optimization of the Zeedwa~er p~'tial Zlows 

, " : -"S ~he heaters co~uecte~ in ~Tallel. Genera//y ~ be~-we~u z,,. 0 and 

"" % o~ ~h8 feedwa~er flOWS ~hrouEh the £1u~ gas h ea~ed he&~ars, 

7:, temper~i-ure OZ ~50 - 500 CO Of $he £1ue ~s l~a.vi~ the 

".-h='-e is "1:00 h i g h  for coal dryinE, for w~Tibareason a ce..-'~.n 

:-,z:i~'/ o£ c%Id air mus~ 1~e mixed with ~he ~aS %'urbinm exhaust. 

:- ¢~a~r~s~ ~ n~tu~l ~zs or oil fLved power plaa~s a-'~u mus~ 

", con~iuu~ll~ in ope~tion. On £ a i l , . t ~ e  of the ~s ~ :~-urbine the 

• "=':us~ien air proTided by ~he force~ ~aft '£,i~ iS !, :hea~ed ~c 

,:;rOX~at~ly i~OO CO in a siesta a/r pl'eheate~ in oi'der to eas~Te 
,:,=mate d.~',J'~':E of the ~oz.%. 

~-~ follow~uE combimazioms shcw~ia .Table 5.'~ .emplo~i~i~as i-u~bi~es 

""-" *-he rans~ ' a~ ~.~esen~ ~anu/ac~Te~. by E~U are ~r~ctible in o~-~ler 

": *=hieve a umi~ ratin~ o~ the order of 700 r~: "ii 

L-%~-er Of Eas ~bi~as 

:z,,, -':',.U'biae ex~'aust flow 
~:~L=ional alr ~ET ow 

~t, -~.-biae ~ati~ E 

'" : ' /  power o u t g u  t 

~W 

1 ,  .¸ . '~ 2 

~T 6 
108  : " 2 x "74 

' ': ,.79  



Tree _'i.-Cuit e~mic.~nr :-e C~S Termite e n i 7  res'alts in a 

of :we ~ss v~bi~e~ resu',Zs in ,-% hi~her eff~ziemcy ove~ Zh. ~" 

"~hole 13~d .-.-_u~e ind oI/erz o~eX~t~-E adw~=~es: the PZ-f~ms, 

-~hich s2e conr~uous e~era~'/~--., are dimemsio=od .'or 60 ~J of ".:: 

te~ai ¢o-%uszic--- ~---~ flo~. Qn fa~urc o." ~ ~.s tu~--ue -~ s'lu~l: 

~i~a_~ z~n ~,u~plz the com~usz%on ~ir :ec2~ired. 

9he ~--e ~. e~-~icie'--cY (fuei-lcw-velZaEe ~ezm~als Of ~.~3.us/ormer" 

o~-~ai~ed w!~h th-ls airc~'.t iz zhwon i~ ~in-~ce ~ -~ C~c'ulati~z 

w~ 5ames ~n a g3m t-arhi~e i~et temge-a t-~-e of 950 °G, an air 

tem~.~.a~u~e ,:£ 10 o. ~d cen-,-en~xonal s%eo-n conditions. The 

~-.a .~ ~!stur~l[y v~3" tO a oerrT ~d-~ ext~:mt d,2~en~m~/~ Co-" 

exsz;le on ~he coi~i c~l OI ~he taxbir~e (='-.~ice o~ the low ~re~- "-~ 

?arb~_~e, coeli'/~ me<it)- ~.~e imgroveL'e~t i~ efZieie~o~ is 5 ~ ~: 

f~il load. 

Tke ne~ efflei¢-c7 Of co=%im-ed cycle uzu%ts s~arZs to Z"ll r~; ~2 

~_~ lower portion o f  the p~Lr~.iai loaf raZ~e, s~--uce the co~:~' 

-herm?.i emer~-~ cf ~ne Eas t'a-~bi~e 8xh~t leads ~o hea~ ~-'~/~'~-" 

i~ the !ea~l~E 3~c~iG~ of th~ -"-.-~em 5~ne---a~0=. a~ ~ r e s e t  of 

%'~_~ich ~Tsma~are eYe, Ors ~-~c~ =~v eoc'~T i~ ~e econcmizsr..~/ze 

pa_--~.ial l-~ad charm -c~-er'-z~i= d~-9 ic~'ed iu Fi5~.-2 a~lies ~== s'~ 

~ener.~oTs o_ ~ Cc~:-,~-_~ie-_~l desi~-n. I~ iS however ~ssi~le %0 

a!Zer zhe des-~--~f the hea~-T~ G'~Tfa0e ~i their ~GTaZ~. r~-S: ~ 

~he over-~!! ~c~i~ o: z~e s:e~-~ gener~t,:r in order ~o ~.Z~ ~i~ 

r~_-g~_ ,~ low ef/~.eie~'~ v ~-o ev0n le~er ps_Ttl,~l lead r~Z es. 

~i~u~- T- ~e ~te~: ~euera~c: is oh~acterized b~ coelim~ =I t~* 

i'lae ~ses do~ to ~ ~.~,=~,era~re ,~f ~ = c  o O hy =ear~ of ~m 

e=o~0=Lzer azd . : : ,m ' ; i ,~ i  fiow preheat-era- t~ el--- Zreh~s~e= is 

mO~ e~-=lcYe4-- ?~--Z Of ~he @~s .~bLu. e'ih~us ~ - ls i~ected ~b~¢ 

".he 22.-_" dr~'Z ~.~ the l c w e z  ~.~reial !08~ r~ge. Adeq-as~c mi-~ 

of ~.e e:'~---~a*/s t C --~.Se~ w±Zh the Ziue ~ases fr~ the fiTi~ i s  

enzared by ~e~.us of " ~  ~ n l e ' .  e~c~&- Gho~ L flow path& a~'~ 

~.~_.s,~=¢ ~l by rea~m o: verric ~! ~ ~ c-_c~cels i~to ~b/cb 

. ' .~ dc.~ d~i~ wi~h th=~e ~f dual d_~Z desi~-. Wa-.er 

. .  ~V,~.~,£~ t~co~c Zhe w~er :earS_u~ hearer sur~'ace~ -.f 

• f.'Zoa~ dDS~fZ azd th,9 heatiaE ~ur/ace ~e sl'ran~d /.n an 

-.=u%e~ c3cle unl~ wi~h coal $ime ~ - a~eaU ; enera~0r =eq~aires 

. ;0 % of the thermal ener~T, ' 5~ ~he fe.-m ~ high ~ual~ty : 

.,. "gas o~ Ii~/~% 0il) i~ %he gasturhine. ~urthe.--mor? the flue 

• z ~5 !erie """""""""u~.i~S ~ust ~e desu!;hurlzed for eco!O£ie.~l reasons. 

" ,': -~o ~qulreme~t~ ceJ1 "~e avoi~e£ when the ce~l ~as'.f~c&t~oa 

, .~.-. i~ int~£~O~ i~ tZe co.~'o~__~e~ eyrie. The co~l will be de~sse. 

,~." ~ coke. k~h ~d ~/!pzt~T ;,re re=uved _~rom the ~a~ which is 

": ~ Zhe E~z t~:rh~_.ue..~.ze e0k~ ~s ~i=ed i~ the ~llew!u-~ s~eam 

-----.~tDr,. On %he "z~is of the resul~ obt~,Lue;, is proZo~.-Tpe pl~utS, 

" i~ ~--'t!Cip~ted ~a~, as a rectA!It Of re~ev=l o f  s-~xlx, hU."O Zrom the 

~" ;.'~d'cce4, the Drese=~i~ o b t ~ " - ~  ecoloEiz,~! requ.~e~e~_Zs fer 

• ::~I ~ower pla~t c0~ be satisfied. It is ti'~s po~sib!e to 

• , ~ a c:,~%ined cycle plant ~ e~ ~oI~'-: ~he use ell cos/ as a 

• ,.. 2re ~e,~ e/ficie~_~y would, ho~ever, be lower ~a~ ~ha~ of 

"z'-:~i ~?.~/co~-'tl com~ized c~cle power l~iant due t o  *~.he Icsse~ in 

: _~..r ol,~ttlt ~O.~C~D~ wi,~h co~l Eesifica-lon 

~ ::~¢~-Z s~te ef C~m~'-ned cy,:Ic ~.eehuole_~y with c0al ~a~ifi- 

'" ": ~i7~s tz~ rcszibilit~ ~ ro,~lizt, a co=~m:reioal powe r D!~t. " 

"'= ": the mOS~. 5~,por,t~t ~reccndi-.lo~Z is ~.~ available g~,c~r~Lze 

"'" * g~s-i'~leZ-~emEera?,:r~ in order of IZO0-1~.CO°Cl 

" " --~-~c~_d ch&,,Z, aZ :he -~ d o. ~ ~O_t"., :he devele;.-emz of  
• "+ "-~kin~ sv~zems: z3~ a~5"o2e ~ha~ ~oa!. 

t ,  "-:el ~ x % i f : . : a 2 ~ 2 , . .  ~rcce~e~.. 

w'~;'~d ~-eal ~ifi~.atiom ~rece~ses in a ¢ommer=i,~/ ,slze.are 

I Reproduced fro'ore 
b e s t  a v a i l a b l e  c o p y  
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~als~ a,:~il=-bl~ wi-hin the no~r= ~_ecade. 

i 
-~... ~---~ =r~.~s" ..~ .~ he ~ - 

I 
-.~.; ~ . . _  :e---..~_--~ture "'iz~-~era ~r0cezz (.ETd) ,' ;iuidized hod 

-~.%G,~.'~'--T~xzz~ . - r e f e r s  [ ~"-tr&~-ned bed 

-$he!l--~c~ers ~--eces- ~] ~=~r ":s/ned hod 

~ . 2  ~o-~.~.r-~ed c=~.!e with ;!...'._'. D~eSSu=~-ze-- " Drocssses 

Generxll.~ all the above semti~ed ~asifica~io~ 9rocesses e2e 

suita'~!e 5:z co.nbi~-ed cycle power platoon. 

2i~. ~. -i shows ~ae flow scheme cf a S~ea E ~.~o~es~~co~-ue~ eyc:e 

w~_~-h ~ Xov!--~ he ~_ ! ' :~TZi  =trifler for m maY.. out~U% Of 15~" 

6~9.~.; = _-"CO }.'d -ase~.. 0 ~, ~ pro.jeoz-sl-~-dy. 

:;! E- ~. ---~ iS a very s~-r~i~.~ied scheme of a comb~.~ed cye!e 

Zer zfe ---l%.,;-flui~-ze~ ~ - .... e Eas .... ~_.n Frocess, ~ev~-icpe~ by~einis=ht 

Era,:r~kohiewe rke A.~. 

-/i_f_--~ ~r~zos~i~ for Cc=~i~ cycle power plamts ~ase6 on 

~-S Shel!-~ozfe--s e~-~rK~-~e~ be~ ~asifier are show= im i~iE°6o -~ 

mn ~i_=, 6- -~- 

~i~-=." -~=: Goal ~aslfie:~ ca= be t~il~ toEsther ~zh the power 

;la=zs, =atchi=~ -h-~ i'- si=e ~-~ shar-i~ the ~u~e locatlo~. A~ 

e'sser_hlal feature of ~hiz c.~:io~ -3 the inte~'r-ation Of 

~ssi~Ler a~d Dower ..la~, 

• ~{~r. 6- - a :  ~a~  c~-u be produced ~ larEe coal ~asifica~ic= oom- 

i exes ("eoal Dlex") a=d .~iped fo-- izsZ~.~ce ~o power =l~nts 0Z 

the zcmbL=e ~ . cvcle-t~---pe. "{o !~ze~r-a~ic= he~deen S&siZier and 

~ower pia.q~ -~ouid %~. c=u-~ider~_d, the c~--i.n " llrd< boil: E a tru~k iL:~ 

. - . . . .  

-:le~ usin~ at=~s.~heric fluidize~-'~ed com~us~icn (A_vBC) 

,-::~-beric fluidized-bed =omfu~tic.n a/fords many advantages, 

-_ :~zlc~!~r in re~pect of add4-~ %he f'ael which, iZ ~.ecasssry, 

• ~t: he 4.~e~.~ed S=o= ~bo';e into the Zl~idized hod wlt~c,lt ~the 

, . - :  Y o r  pze-,Iryin E. Furthermore, i ash removal presents !esa 

• -::l~ms ~han is ~he case with ~ressuriz~d ~,73zems. ~I addition. 

" . . : - ~ a s  ~ust separation is ~ossi~le at low Zemperatu/es .~a%nlrLll~, 

• ,.:~m difficul~ies may due to ~he low s~e~ific cross-sec=ional 

:aJ.i=E with ~lam~s of h~/x ratlz1~o Thus, for ims~azlce,i a j~f 

, ' , L ~  Ee~er~or -~u16 ~equlre ~ Zimor space oZ over 2~  m Xl a9 :m 

":-" ".he combustion chamber alone (a convenZicmal ste.~m Eene~'.oT 

-.:~ :his rat~n~ woul~ozlly ~equir~ 12,5 m ~ ~5 ~);i ~ 

" -~.rer, with a conve~ional rehea~ steam cycle bosh the eva~or&~ 

r ' *the SU~f~CeS ~uld some of the s~Iperheater heatin~ surfaces ray 

, ~:mo~od~ted i~ the Zl'ai~ze~i-bed zone i~sel. ~. This Subs%a~ia!lly 

"+:;=-.s the o7~rall heiE~t when compared wiCh a comp~able 'C0=ven- 

• ::~/ plant. ~ ! 

i: 

;" :a ~i.~O possible to i~oorpora~6 !at'aos~heric £1u!dized-be~i 

"~:L:e~ g a s  t~.,b~ne-s~ea= ~arbine !cycle (2i~.7.-l>Ho;~evez~i t h e  : 

,"Te-~e~i~ne~ dosi~ disadv~ut&Ee, rem~i=s. The compres'sor': air 

• :ea'-e~ !u the iume:sion heatin E surfaces in the flu~dized be~'. 
i 

%'::~=al heaZin~ ~p to the required gas ~=rD'2_~e i~let ~empera~/re 

' ~:'-0~Plishe~ h~" me~Us of ~as in the _=as =urbine com bus~i0n : 

'~her. ~le e~h~us~ ~ases from the' S~ ~LTbine flow ih:o t&e 

""~-~!=~-hed eombustlo~, Zone, tbus S~rv~.~E as cattle1-! and dOmbuS- 

",'-: t i . " ,  .l~he ~i~r~t st&ok ~nses a~ a ~em.~er~tlure of • approx~_mazely w. D~ 
• - are %he~ cooled i~ the taillns steam ~cenerator, Pot the s~ea~ 

"~-'-T we m~7 assume. ~s a ~as~s, th,&~ ~he area= exitin6; ~t the ; 

e*:'rh~ate-~ ~%%ie'. ~ill be &Z a ~ressure oI 95 h~r and" • ~emper~ure 
..- r :~  OC. " • 

• -'~ The fee~wa~e~ ~s preheated ~v meatus of fl~e ~as -~ 

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  | 
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Cf zha ~vev~L! hea-- ~-~.quir.:<~nr. SZ K, ".S su¢Nlied t.hro~jh cool 

cf sli£h~l.~ less ~Z~ ~ 5 ~ a ~-~ t-~Tb-J2.e i"-/o: ~ezper~r~re of 

.-e&.a~._-ed for flt'J_d---e&-bed ~-r~z~, th~ m-~ ~--hi~e has a rei~tzz'.'ei 7 

!¢w ~ttzDu ~. ,u'~-e ~- us~_.! for zh:3 c?:ie- 

of '~'20 C¢ ~nd a hac'..,Cp~es~'are I[~auE~ ~re'a~ure) of ~O mb~2, =~Ch~ " 

A "~iowe= "~ro~fe~a "~..~ass flow ¢f zhe eyj~a~st ~& to the fi~idiz~d- 

he~ ~ombu$'-io'- zoo-e- Th~ --~su!~z f!'le ~&ses ?re fics~ ¢co.le~ 5Z 
O - &~O O- best;-~'~ ou2-~aoes ~ & tg-_pern~t2e 05 ~90 ~ ZO .~ ~,i, after 

mixic_~,w~_t~ "~he rem~ir-im5 e:Cnau3Z Ea~e~ f--~-~-- ~he Eros ~--:rhlne, ~rc 

th~a ase~ sga'J~ Zoz steam ~eneration. ~e s~e&m ce~diti9~ at the 

s~merheate: D~tltz .~e 90 "b.~/5~C °C- 

."k-ls ~}~_~ememt ;re~,:e-" ~ increase Ln ne~ e~._c_e$e: to 

~7 ~. ~cwe~--?--, ~7 ?~ 9f :he .'ue3. he~t LnpuZ to ~e cVcle res~'-~ 

had fi~in~, ~o~-- ~ ~.~,ece c~mh;-~e4 :Vales e.%talk ";.he ~'~aiv~a~e tha- 

iz~ eo~.azt, ~ue to the ~-~ efficie~c.v, the a2r~'~$eme~ ~h¢~% ~- 

~iE[7:~_-e;resen~, c--e :_~-.~rezZ~E c~Itez-r~at-i~'e tO a ccuVe~-~-io=~'l 

ste~ ~V¢ le- A p-~l'zer-ze'~--eo~ i-fire~ steam ~ene--'ato." i~zo=l~or&t'/~ 

h!~h_~Z&~e ste3.m__~ezer~z4~-E ~or~er~rs e~ ~ - ~ qeh~ate." iz 82.-~2~[e'~ 

~iZ .'or the sZe~ ~e.-era-¢-- sn~-I ~he h.~ flu~ ca~es frT~ ~be 

Zo the sZe-.m E~ner&Z ~r- "Jc~--~'~ this ,~rr,~cme'-z, a ~et efficie~T ef 

=.-zmOd c - , . c le . i - c ,3 r "oora : In~  .~r~ssuri'~ ~i 

~-_ the c&~,e efa ~r~s~uriz£d fl'&idiz~:~--bed comb'aSt~-om ~7~±e~, ~e 

:.~ ~s,~e that ~,ae fluid~-zed -heal ~urf&ce ~rea w~!l decr~ss~ 

,r:rox,:.m~[~eiy i~-v~rzelT pro~.o_-t:ozal to the pressure of ~he ~lue 

• _-~e~su~ize~ op,-~rat~-o~ e.na~les ,ss~-~ler, more u~i:~' ~0 be 

• _--'.:?ed, which =a~, be Shop-~.ssembled devem4-~mE uper- the zati~. 

• "_.~:h~ore, increasi~-E p.~ess~2e h~ a favoU~mble effect cz~'~he ' 

---~--'.io~ of sulfu~ dio:~e a~d reduces %he fo~--aation OZ ~±~ric 

:'des. 

;r zombininE, a E~ ~u_vbime e;cle w~zh ~. hi6-~- ~Er-a~e st ~,~m t~r~i~e 

-:.-'~e, we m=~ aclieva maz<im~t= ~i'~_z~t efficient? ;~i~.~-&q. Tee 

• --_~.us~.ioz~ air ZOT fl~idi.-,ed-bed comhustiom is sup~lie~ ~y ~he 

• ~'.er/$te,~ c~'e~ e ~ Zhe £l~i~i--ed-bed 4~.~¢r$'-.~zt heat!mS suzfa=eS 

• "" "-ha~ the Zempera~me :of Zhe flui~ze~ bed does mot e~ceed 850 °C, 

--: dust is sere.Tared fro~ the ~lu. ~as amd £he pressure is reduce~ 

-- ;he 5as t-~bi~e ~ r c ,  m ~ absolute pressure o£ a_Dpronlma~ely "O "ba~ 

,-'! ~ ":e".ue=&~,.'.'.'~e o~ $53 °C no s~z~ent ?ress'~e a~d a t:~m'pe~.at'U~e of 

,:-roxi=a~e!z ~0 o,-u. T~_o _-esidual he~ f.~c~ the Eas %-a~bi~e e:~C~aust 

r*-'~s is 1_~s-~v.._. diss~_~_~Ze~, i.n ~he .~eedw&~er heazers. The =e~ 

"-.=~=_~ %~e temperature of the fluid~-zed ~e~ to a va~ue OZ 

uT< :'C woz~Id :~*-Lcr,ga~,: the e~fi~iea~y ?o aF.pr~-'c~=ate!y m2 ~.~. Ecweve~, 

%.-~.aeret~f.i.eiehcy i~Dzovemea~a; ~re mo~ ~oaaibi-- ~i.~".e, i~ ~he ~:~c.e 

:: ~;ecific ~-ia:&eG OZ co~JL at 2am2era?oce~ above EC'~ ~C, ~here %s 

"re risk oZ ~'~siczL of ash paorticle~ de:el-i¢~.'%~-~ ~he :'" ~;'~ : 

:,~'-~ess. ~%/2ther-~ore, the sulfu2 absO~--P~ioz~ ~ate will decrease at: 

t',se h~ %emperaV~-~es., 

::'-:ine~i cycle ~-~,::~orati-~g pre~sc21ze~ 

~ a-~,vamt~ge5 of eressu~ized fluidlzed-bed ecmhu-~tio= S~y ~I~o he 



:.m.=O ~.~m =~.~--=i~l s t r e a c ~ :  one :a~.i.~! scream serTes a~ c ¢ o l i n g  

air and. ".me ether a~ "-he ~.o='cuatic-~ air for the fq-uidized "-~eC. 

~e flue _zas, az a ~.~... °C, reS"-l:~--u~_¢ from ~he cemS~s~-ioz yr¢ce~s 

is ee.~c-Tm:e ~ - fro TM tae C.'/SZ "*high it c e m ~ a ~ . = s  ~.-~d is nhen mixed 

'with the c o c l i u E  aLeX's-- (hCZ air) ~e-?e~e e n ' . e r i = ~  :he E~s turbiue. 

• ~u the sZeaz c~:ie tali~u E tke gas T~bi~e~ ~he ace ~-~ p~rsu~ete~ 

ate sea-coted s o  :ha: m~X=.~.U.,'~ e!eczrLc ~owe~ ~ o  _Kem-ero.:a~ ~rs'- ~h*. 

'l~iS di.~'.~iCm OZ the co_-pressoz a i r  ~-J~to :he ~c .D~Ttial s~.reaTm 

~lus .h_ te=Dera.--'~--e c~ ~- he: effec~ ~-;-o ~--- air im_!et : emDera~e 

to +-he ~aS 5"~Thi~e ~d, Zh'.%s, have a ~verf/-~effeet cn the 

ef-~icie~=~ of the co=bi~led cycle. ~L~_~.~ ef.~icie=c.~ is achieve~ 

i= ~.h6 bounde=V.-!~ue case of uSiu~E all of "-he co=presser ~d/ for 

c0"~bushic ~ - p~oses. ~-td, Thus, ~-cne /o.- cooii~ pul~oses. 7, this 

case,. ,The ._uld_z~;" ~ : -;.~-he~n com'cUS~IO= eq'~i_D=~ -; S opel'~e~ at h~-~h 

exCesS a----~--~ ~ ~-~-=-e=slo=s i~c.~ease ac~c_-~.-_Eiy. '*'i:h ~ ccoli~l~ ~i." 

ccm;0---e~: Of ~¢0 ?&, t h e  resul~ is a net efficie--c~ 05 app~oxim~ntel. 

~z~ i~m-*~r ~e ~. efficie.-.c.v -"i Cc~T~zisc~ with the cycle i~c0r!~cra~i:-_" 

a watez ~'*~ SZe~ c o o i e ~  flui~i.~e~ ~e~ re-~-uZts f~c= I-~o factorS: 

f~rs.~ly, the e~fiCieuc~ of ~he s~esm c .... ~ poster and seco=diy, 

d'~'e ~.0 the r-.!az-17el~" ~i_zi% Eas ~J-Tbi~. O~t%~U'., r.he ~-~f!uence of 

"hew " Dre~suDe. less c ~_ ~ke a-~ and flue ~_ si~es OZ t~e fl-aldized-h'-: 

c~=~b'is~io~- s--s:e~ c.u the efZicie--c~ is i~creased. 

.=9. wet! p!a=~ ~esi~ --/r.co.-~oratln= ~i---coolel fluid/seal-be4 Com~us- 

ti0n',e~:~-'i a ~.T~ a Eas ~J-Tb~--~e-to-stes~- %'Jrhi~e ~ower ra~io 

_ _qu~ .... Th'~s des~E= oZ ~his n~ ~-'~ 

ms0" be used ~o ad,~-'a~e ~ --~=icipa!. co=b~-~ed hea~.-~ and ~ower st," 

~i6ns~*wke--e a.= adequate SuppLy of coolln 5 water ~s otter laoY~r~- 

~/rth:.-~--~re, -;i~h ~ l.~£e c0ollzg-olr .~.,"-'" the flue 5as a~ter ".he 

fl-li~ize,l-bed cc=buz.'~o:~ zoae i s dil--ed, rh~s ccrrespomdin~ly 

.-eeuciz 5 ~he dust loadin¢ aC the i~ie~ zo :he ~s ~urbine. In COn:rIF 

~h£S, Sys:em e_-tails the dlsaavar.-.ages of a low e~f~ciency and t ~-e 

=ece'S6i~.~ o£ "-,a~.----.~2ade --aZeriais : ~r the air cooled heating s ur-~*:' 

i:1" .~.he Ziuidlze~ be~-. 
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• .%-.~.cd uu~il :he de cre~ ,'_f d~. separation of :h~ -hot flue 

...-~: from t~e fluidlzed-bed lure.ace achieves t h e  v a l u e s  per- 

- rs..~_ for ~as %~rbiaes. " T a ~ : ~ s ! l y ,  ~he treble= z~Y te a/levitieS_ 

stereo.icily co~liz~/_ ~'~ o ~n. flU~ gases between ~he Zluidized-be~ 

: : : ~ : i o n  tome outlet 8.~d the hot-~s d%~z: 8eTarator "~y me~ Of 

".:ec~ion nea$in~_ ~--~.rface. ?he i~.wer ~lue 6as tempeca~e also 

L: s faVO~Table effect on the ,~e~Tee Of co~.-sslo~ ~.rcduced 5 Z the 

.~ ~ases in the ~ %nlrb~e. 

"', ~as CurSiue compressor deliverS the combustion airilto the 

.'~ized--ee~ f~l~--~iace of:a steam Ee~era~cD. ~irstlv, the hi~h- , 

- , . ' : ' ITe  a~d ~ehea~er heatin_~ surface c o o l  the flu-'dize4 bed and 

• ,z, in a co~Tection section, cool ~ke flue ~as from a Se=!~e- 
t_~. of 8~0 °C ' " to appr0~rima%el~ ¢aO °C (-~i~.7,-~_),These hea~i~ 

• .-faces ~e sub~ec~ ~o a fires'~e ~bsol,~:e pressure of beV~een 9 

"- "0 brc an~ are therefore relativel Z small as a resu!Zi of ~_e , 

. z hear ~zar~fer ch.sra6teristics. 

'-::--e en~erin~ the gas ~%.ize, the dust is separated from t ~ e  

• .e ~_aSeS. Tile inle~ te=DeTa~cre is selected so zh~t t~e ~3~ 

".:rite produces precisely ~he out;ut required for d~iv~g the: 

""~;res~or. A percentaEe of th~ ~.~haust heat from the .¢as t - a r b i = e  

, re:ill ~se~ _~O_ ~ .D~eheazi~g the feedwater. Dispe~zsing *~ith ai! i, 

• -:-eeS-he~tea reheater Simplifie~ beta coolin 6 of the i~luldized- / 

":-fU=Uace ~nd also ~he steam c~cle arrangement. 

~ 57 ,~ met efficiency o£ ~his cyclel i s  ample, being in: ~he Same 

~-~-" o~ ms,nit-ads as thah of a ccn;en:ional steam cycle income- * 

",:tzg flue-gas desu/furi~-a~ion. ~c, w e v e r ,  this cycle permits ~he i 

• " :f Pressurized fluidi~-ed-be~ combination ~or the steam eycie 

" , , h e r  wi~h a!i i~s saran:sees -nd Teduces the probl~-~i0f i/ 

'~,=~tiu~ ~ust fro= the hot gas which, at present, has :not ~e~ 

• : ~ o l v e d  at an indus:rial scale. 



fl-/i&-zed-~ed cc -~'cust~-¢--' ~e u~e ~ - c ~- ~ -'__,,,lust--i=.i SCO.Le, ~ i~ 
S~il! .nece~iAr?j ZC ca2.'2~: ou: co'~ --ehe"-glve develo~zez~ work i& 

rezpec'- Of the ~S ~:-~-'4~e- 'lhe szea~ ~C.Th~-~ circle mat %e con- 

s-~.e_-e ~ . zo h~','e ".~ee- lazEel? . ~e-~fecze{° C°=z'~ehe"-s~-';9 6evelopmen'. 

p.-=_~r.~= ~e &l.-'e~d~ un~e~.ay fz~ the ~nree --er.;-~=en=s ~" £!u&aize~-" 

~e_ 4 ce_-hus~ie:~ sy~zem. 4-u~t :,eP ~ra~-io= fro= not S0us 3~d S~s %~rb'-,. 

Co~preher-~ive f'-z-d'--~-ES a2Z ~f~re~dy av:~il,~le ~'- reZpacz o5 

fluidi~'e~-~ed -~om hustiO~-, ~e~ a whole n~ries of pZ~oeG~ en~i~er'.z-- 

~.~oble,~s are 3t-!! ' t o  ~e  solved ~efor~ this s~szems ca~ ce u~lli:. ~'- 

L in~usz_~mi_sc~le pl~-~3. ~¢_- p~ess.'._-ize,i p':gnts, problems of 

solid=fuel fee~ImU c~mi ham-ash e:~-~'& ct~-u~" &rise i~ a~ditio~. ~2:'-'* 
z~.--', re.- ai.-swe~z :--~linE ~-~rfaees. ~ ,-.~erim! s~il-I .n~ds -o %e 

fo,:n~ [wh!---n re--_~Li.T-S s,~ffici-ati~" S~---~'--E a~d C~Z-'o~io ~--zeSi~t~'~" ~'- 

~.emr.e--az'~t~es abcve =~CC ~$. 

The u ~ e  of ~r~s~'~ 4-me4- fl._-~i-_~d-hed c~usrl¢= syszems slso de z~z'-~ 

~--2_eszl Z c-- ~-'-4-~-~ a sazis~ac~c-? $olutlen zo ~he p.~oClem O." 4uSZ 

seD~azlor-- The 2rezpec~ of ZuceeSs iz~ the fiel~ cf se~a~oz 

deSeio~me~_- ~.re, ~z ~r~se~- "-, c-_'-'~-c~'.!z re azs,~,s.o ~inc~, on t=e .':'-" 

hard iz no dus~ ~=e_'-~:l- ~v&ii~ie c~ ~he -_e~et "~hich iS $ui:~i~ 

bed ~h. 

Yxe E~ tcu~'~-~e ZO-'--~ Z~e ".hir~ "_'oeu& e~ de-,-elcpme=~ slnee whes 

~=-roriTe amd ernsive i~-fluenoe~- 

f o ~  ,lust-la,!e~ ~sez ..... 
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, :.~.l t~hows how the new -~T.~t %-i~'1 be ir-~.e-~1"-aZed i-,~o ~.h- eXis-~i~- 

:-t~ ~f ~he 9owez s~at!oa system ~nd =-~.= -'tb~ "-a$-ou~ of ~he various 

" e  l e s i k ~ .  ~zd environmental c~m~a .... i-.y the 

,-:~hit a ~oe- ~ 0£ im~rt@m~ Zes~%zres. 

• ~ of ~Ae station" 

"" ~.eS~ Of the s~a::~n iz i~lustrete~ in Fi~.5.-~ at/ 8.=5. ~'he 

• .:;tosSed all- i~ passed ~h2ou_~/& heat exch~E~rs ~.merSed i~ the 

"..i~.izt:d-'ce,~ ._qr,..~ its ~¢:#e--a~re iS rzi~ed ~O a~p-oximately[700 °C. 

iz th~ t2~bi~e com~,~szioh ch~m~e~ the f~,&l ~'-~rhine ira!e: :ezpe--a- 

.-~ed. T%e inlet ana guile: alr dua:in$ between :he E~s t~rSi~e am< 

"*ageva%-~e :_$ ~ °Z, a~ wh~ ~ - cze-~a~.i-n~ with _~l~dizedLbed ¢omhUs- 

"~" flu!~ized-%c~d r.~d ste~m-Ee~atcr liriz1~ Systems -a--e de~4-~-'~sd 

"~ flu£~iz<i-bed zc:;hustlOZ u~S %ttrn h~ ~ - eO.-ul ~o=ta~=i~ S a high 

t~.~-~r'~io~ o f  ~o=b'.t~Z!Dle zatte~ ~ a.,1 average combuszioc tez~e- 

~: flcwin~ zb.TGtz6h ~he heat exch~ers. 
) 

"~ ef 1:~e e.-~,ust from the ~&D ~urbine is usa~ ~z ~-"~c~"5. ozd 

~-~ .'o: ~ulver~zed fu.~! !t-z.,in£. 

¥ 



_ ~:= _ 

¢/~uber ~_u~_ fl~w - . "gerh-- - -  ~--rct:gh :h~ c c = " e c t - ¢ :  heati=~ se~. te- - .  

The flue ~s ~em~emaT~--e ~ter =he Ste~-% ~e~e-.'a:~2 ~s a.~pro.~/m~el~- 

~50 ~CC. 

~ is i . ~ e : d e C  zh~ f'~r=her he~t wil! he exT.rac~ed f r o :  t h e  f1~e 
gasp's ~ s f~-uldlze~-he~ he~'- exch~-u~er fo. ~ ~ne S~ar district 

heati~ :zys'-e ~- so :hat fi~ilV ".he flue gases c ~  he admitted zc 

:he fl'.'e-~S *esu!r ,~''-~-:','- .-~ - _ _ _ .  ~.is~_ ,~--u~ccr~ora~.ed~ i ~  the c o o l i n  E tow,- 

~t a t~ipera~are of a~prcxi=ataly 90 °C. After ~he wet se.~bi~E, 

~he. el~ed Ii'/e rases, mix "w.~.:~ t~e coo!i~._ towe~ a~ a~ ~Te ~is- 

C h ~ L ~ e d  z:~ethe.- wi~h it (~he c~:tleZ ~ez~e.~ATe of t,ke de~l- 

~huriziz= ;}.a~t will = : :  e: :ceed 60 Oo u=de~ amy c~nditior~s). 

• ~he s ~ & ~ -  produced ~y the ste~= ~ezera--or (5~2 eC, ~a7 k~/s, "190 ~.*: 

is a~-ul---e ~ - zo -he ~in~le-~Low hi_~-pressu~e c71~der of the s'-e~: 

to, ~he double-z'iow !. ~. a~d i. p- =yliuder~ o£ tae ~b~_ue '~elc:'e 

bei_~g ,exhausc.=d to ~ -~- ~ i~ls ~oine ~±=era~o= ~roduces am 

e!ecz--izal e~cpu= c. ~ ~9~ :'?i. ~here are h..~. a~d i. 9- bypass val-',' 

- re, ;e=-=ic ~.~p~_u~ ~: ~-he =~i~. areS= ~ ~be oozdemser for bypass 

~_.__ =ai -~ ccnde=s~te is ¢ ! . r c u l a ~ e ~  h7 *~.~ main co~demsate DUmps 

(.-Cent=5- E,:r-~s) t~--rou_-Y.h ~ dezizera!iziug ;i~ut, ~wo co01ers ~d 

-'--.a ~ ~. ,~"~ h.~are~ (a ~uo'ex ~-crsio=-ty_-"_-e heater iS used 

for the Iirs~ r*o 5e~d heati~ 5 stares) =o the S=rsj-t;--@.e deaera::-" 

the" ~eed ,~ar~- T ..... ~._ fee ~ _ pu~ps 4raw from the tank and 

c T=ulate =he f~edwa~e. ~ throu-~h tb--ee h..~. r?qe=erative f~.ed he=: ' "  

and ~__-oUSk ~5e D~-~a!!ei-=q==eete ;- pa.-blai-flew eComomiz~r~ ".4he: :" 

econouiz4r, the feed :ez~.-~ture is a~pro~-=~te!V a~0 °C- ~_~e d_-l"'-' 

~-r~ di~chsrr=.d i~ a c.~smade a/ra~=_e~e~= "~o t he  feedwater tank ~-~, 

~ =h~ !. ~. _-~..~e, =0 the cc-demse. ~. • • , m 

, A St~ac-/',a~er h~.a= e.xcha~¢er of conventional desiEm iS use4. ~er 

S}I'.DIFi=~ the district he~t~'-=~ 3":stem fro= t h e  ste?~ ~'~L,Tbi~e, ~'~-~ 

: she~ i s  = e:~racted from the crossover be=wee= *-he ~. O- ~4 [  I. ; "  

Reproduced f rom 
I best  ava i lab le  copy 

• -::zders- -~ps circulate t~e hot water throu~ .~e system (the 

-~=-ce~era~or ard f i = ± - ' ~ i z e d - b e £  :om'~us:ioa vm_!=.~ 

. a.-m~s~r-_~ flu/d~zed-De~ :cm~usti~ ,~n~_ts 

.:-= .~uel -"ecdi=8 from a'oove) with -.Re steam go=crater. ~la=~d 

-T~ee= $~m .~Yiz. ,--~-61~e area c5 eaci fl,lldize! bed !~ aD~oxi- 

:*'.~!3" ~00 m ~ , which is -~onsiderably large~ than a~y o"~.erz :fm' 

• -r.~ice or under covert-aCtion. The depth ~ the ".'lui~Zt~i he~ is 

,~;r."xim~rely a.5 m. The combustion ~ases ~r0m ~be fluid-red-bed 

• :~.usti=~ units ~ e  f e ~  into the fum~ace 0£ =he stea~ E.e~z=L~O:~ 

"'.-~'a~h dUctS below the 5u.lnle= lev_~!s..mhe supp~7 ai2 (oxyge~. 

"*.':'%e." ~ fluidi=iu¢ ~.edi-a.~,) iS the gas ~u~bime 8xhal~S~ whi:ch 

.~ .'o.-ced into the ~eds through nozzl~- plates w~zh t~e ai& Dr: ~i=~h- 

::-~sure blowers. This pla~t is the first ~O have air circulat~n E 

"=rcuz~h h.~a~ exchangers iz=ersed ~ f!uidi:ed beds. ThiW air ~# 

"~:e'- £.'o~ ~h~ compressor of the ~as %-ombi=e. The prehea-.ed ai-" 
., :e.~ to the comhuszio~ Ch~.er of "~he gas ~/~ine throh~h t~e 

"--.= ~%~t ~f the ¢ea.~is-I du~Zi~. Due to the =ela~ivel~ ~oor 

. : t¢. '~ l  he&~ transfer oZlth.* a i r ,  wall temperaVares Of-appro/-iua~ely 

:?: °C =as~ b e  8-~%icipazed a~ the hea~ exehazger ~-b~s. •Such ~=h 

",:p--ra~ares ~a.ke severe dem~uds on the materials ~ atz~ct-J~al 

"'='~ d~spite ~u~ ~'-"sol~te p.~essu2e 0f oD_l~ abou: 7 bar.. 
• [ , 

• -'-h this he~t cyc!e i~ is ~he first time tha~ c o a l  ~eatlwill b e  

":~zSferred directly ~o a~sS turbine, i. e, without prior conr . 

"r~ion to a o0m*busti~le ~=_s. ! 
[ ,. 

& "'"i-.~ ~ized-be~." ccmhus~io~ t e s t  tie -or~ conduczl--g various: " ' e:~eri: 

• ,=t~ is already u~der const.--~ction o~ thb ~'eZ~e power s~tionisi~e~ 

~--* test rig will also provide ~-n/orm.-~io= on materiall se!sc~ion : 

c.: ~--:*a~em,j~t  of the heat exchanger %'~oes. * ~ : 

~': 3easo~-t~-~e, once-~hroi-~h boiler [~'7 ks/s) is of c0~emti6na/ 

"|'.~ except ~or the i~t~od~ctio= of the heat from the fluidized- = 
": combustion units below, the bur~er Isvel~ in the boils/- furuacej;: 



eemh,~tio-~ ~.a~es -"r.-: :he fl'ii/~ze'!-~9! co=bust&or. "A~zs, 2o~- 

S~de.'-ahle em.zhasis m~ ce~:~ pl.~eed c,u p':.Ovi,ii~-s t~cr~.u~- =ixia~ 

£e---e.-a':C~, ,_'es~.~ ~i!l ~hnw waozhe. ~ .'h~ o£.f.i~z, bcrize--za!iy-e_Deos~ 

s~s~e. ~ cf flr~ chc$~: will SaClZ~ ¢=is ~C":- ~ ccmplerely. 

Co'_~- e n d  

T.he nacz-~-t--'L-,u~_-kz ¢ooi!~ c~-'-'~ z (~C.2 m high), wh'.ch e~tplc.y¢ Ch~ 

,.-zos~f~o'~ ~ri~ciple, will %~ the £~.-st tO i.~3~ora~e ~ fi'-'e-~ 

~as is mi.xe~ wL~h the ,=~clin{ Z~'~'em ~z Z~ be ~-~Is--h~z~ed. ,~ae 

flesi ~r- m~i~es striD.=ezt dem~-~ds e~ Zhc-~ou~ -~v~--l'= ~f the, ~ . a ~ s ,  

".h~ cc-Fns!Zio= of Z~e ~o=er~e ~nd the p.~e~ecz-.ve ccaZim E fo~ the 

c o~_c_--exe s t 2-~ c .t-J-~'e. 

-"~-is srat~cn has ---c ehiuz-eF ' 

Ct-em ~a~ts of Z~-e -l~s'.~!L-~Ti,.-c 

the Ir.zz-'i/~---t~ ti~ ,~T.~ COr,~:'Oi [w~--iCh ;C'~eS sCr.~ co~-Dle:< ~roh!e--s 

this ~t~i¢:). the gas ~'-r.~i-~.~ e~mhus ~i~:n ch~u~ez, the ~,u_v~ers 

¢,~ ~uCh ¢here ~iz t~zs ~e ~ ¢ i ~  e~r-d~c'--~C ia orde r Z~ e~'~imi:~ 

~-h~ ?~lilil~e~ ~_-otct~-~e pO;'. '~ St~:i0~ h3~ been desi~e,~ ~O Use 

De-~.ic~_ cf i-_~c::'&ztib~-e ==tte_" chat "-~ "d.2U.i~ -'=i-'-~lly ~e -'-~r~d-, _. _ 

s~aZ¢Dn .~er huil~- 

-~? - 

.zrod~:~.¢.~ of ~i~rs~ec o:<ides is ~e~uGe~ ~'le C~ ~he !e~ -~si~enee 

-~e ~nd the low cem'.--csti~ "-em~e.~a%~Lves in the flui4~ze,~ he,~..~he 

~z~ortien ~f sui~hu. ~ ~ioxLd~ ~1 the co~usti.-a Cases is ~o~- 

slder~'oi~ reduee~ b V _~rx~-~.-y bindin 5 ~ =he a~h due to ~he lime 

~/.~eadY contained i~ the ,~sh e:~ introduced by ~i~/_~ E carhona~ 

:f lime). 

U~reu~ the ume ~:" ~_ir-coole~ he,~ e;'ch~er t-abes ~h~ c~zpreSser 

aiz 0f ~:he EsS ~b~-.e is Dr~hea*-ed /.~ ~-he £1uidize~-bed cum- 

~us~io~ ~xuits ~o such sn extent th&c o~!v a ~ma!! amc~:~t of heat 

~r~ h~, zo "~e added Z~ "~hs ~o~ aID I~ ~-he ~as ?~_-bLu~e eem- 

b"stio~ ch~bee. 

~u~n~ieies cf ,~-/z.-o~er~ exides. 

Y~-e desl~_ cl ~-he electrostatic flue ~ preci~ita'~or ens,ITes 

tha~ the legal levels of dust Lu the flue ~ases me :oc e~.ceed~d 

• 'I~¢z lea.~i~ ¢h¢ ele¢~r¢~%at~c preciplt~to.-, flue ~as ~,~as_~ed 

~-~-~u~h a dcru/~nttTizi:~ Dl~r~t where Zr is ~emAbhe~_ • t~ Se.-~h~in~ 

t c t  ~,r-~7 ~.0v¢~ ~o.--e th2m ~cj ~$ 0~ ~he SUlD~ILT di~zide hut :~,kSo a 

f'~r~her ~T~pc_~.ic~ cf ~he ~-uGr, 

flue E-as are e:,~c~d %~ "-he -~sidez~,hiV bettec ~-istri~uti~n 

:'-n~!*-io~ in ~-9 ceei~n~ ~owe. ~ d~ch~Ee. ~ehe~tic~ of ~ie flue 

C --~, which would ~e ~-ecezsarv.. ~f a c!'~mze~ te~-~_~--ared :he ~-s~e=. 

~ there,~/ ellm~a:e~, which ~!~o izpr.~ve~ ".he ove~!l ef.~-~-_iescV 

! 



~ e  c~==r-~atic~ o5 ~ 6a~ ~:hi:e wL,h ~ s~e~_u E.neTazora~ 

ZOI~ fl'~c e~ WLZ: ::he c~ii_~ tower ~Ch~T=e ~eseri~e~ 

e~e~es ~c= tea!. 

l~w-~r_?.~e ~ea= cr w~,--te he,~ _-':== the stem: ciccu!t a~d f=O.~. 

~ s e  u s e  o~ a C!ose~ c0¢ii:~ w'zh a =5~r~d=-~'~'~ht c~c!in E 

%~we~ :a,:~'oi~= -xv.. 7 "zr-*.ezir~:!e hea, L~-~ cf ~he ~C.%'e-" Sa~r. 

~_u ad~i~io~. U~e "~: also ~_ade o-" %h~ wasZe .~rcd'~s from %he fl'/e- 

~.'--.-e ful-~a,:es ~ash~ e .  E- To-- -'~ad cc~-s:.---'czi::). 

,:~.i~,e " ~ v = , =  will %e kepz wlr~-i_~- the_ values ~e% hy ~.he ! ' = c a l  authc-"- 

z~s,ldes~-ze a hi_v/i*..-- a~hie~_~ ~--olse level. 

Cens ~-l-a¢~!o~ s ehed-c/e 

",-~isl wc=k 0~ :he size ~_:~ =he i:~z~lla~-ic= of ~he si~e p~we. ~ 

• and.  i~./u,L=r zys~e:s "~e~S~ i_: Cctebe: q979- -:xca:-~:io. work on the 

fcu~a~Lcns 

Tke.sP.~il o£ :he ,colin~ rowe: will ~e ccm~ie~e~ b~ :he e~d o f  ~C 

anP~ ",¢~=: O~ :he s~ee'- sz_--4c~e_Tes Zo: ~.~.e ste~u Eeze_-&~.c: an& h~i!e." 

house wz~_'~ ~e~i~ ~ C c t , s b e r  q~O. 

:xcn ta April =9~2 (:iose~--c~cu-t ope~zic~ wl-'- the ~:~bi~e s- ~-'~- 

TI/~ ~hoie ply-q: will o~e.-~=e for ~:cut "c~..~ee --eo,.'."s o'~ a~ ex'gez~e::al 

"~-is. By ~,~= it is es.-~.ecte~ ,hz~ ~dequ~te relia'eiii=y will ~ve 

b~-en a~-~'~,'-'. "~'~ =- ~ ' . 3 =  nz.--zal o.n-!i~e ope--auio~ Can be =omuence~. 

: Fcwe. ~ Dla~t efflc5 en~-.-~mgL~isc~ ~f d!_~fere.n= ¢~ncep~S 

~: ~_mpc~t~ e ! e m e ~ ;  i n  compa~-i~ t h e  -,,'ario,a:, ~yste~s ~.s t h e  

.-~ -_era~.i~ ef/ieie=~y. 

::e tie.U, £'~ll-10ad efficie~_~ie~ :~quire c~r=~.~%i,.-n 'co allow 

f=r a number oE factors win : : i 

- e_"fAcieucy lo~s due to p~r~-io~ 

- ei£icie~ey/lo~ re~xtion SoT coal gaslficatio~ 

- s:a.~-u~/sh'/tdcwn 19sees 

- ~i~ E a~ fou!~ losses 

~'5- 9- -i ~hews z ~-2-£~eal load e£~ici--ucy for a Combine~ c~cle 

.'sse~ 5~ELD/KO~-'T~'~S coal E~sifio&~--ian (~,l~llshe~ hyi~h~Ll/Ko~ezs 

• :-~ 19S0) 

A co=pa/ison bet~eem conventional and adv~ced ~ower p!~tS ~S 

Shown in 3iE. 9- -9. 

;D. Conclusions 

lu couclusio~, i~ can be stated -ha~ coal fi~ed pawe. ~ 9~u1~.a 

::-nin~ low-Er_ad e bi~aniuous coal and finite have a ve~ ~ hi~5 

':,~=hnieal s~and~rd -in Germsny. : . .  

~.~ *-O =eet hiEh ~equi-~emeu:s on economic~l a:Id eeol0gical ~. oper~ion, 

=ev On coal b~sed ~ower pi~nt co¢cepts ~uTe umber de~-elo~ze-.~ Lu 

~:.':.~uy a u d  so--e o~her ccuatzies. ' [': '. :' : 

-~'[n~E %We ~ yearS, ~ numbe= of ;ilo~lants ~ua d~os~2a#io= 

~i~zts will be ~ a k e n  into operation. ' ~:i:. ' 

,'~-e %~ikliu~en preto~yp.e power s~iO~ is ~he ~@st i~ter~s%i~ one. 

~---e zo.~t impo=tan~ ch~-acteristicls " "  o f  this .mla~t a r e [ :  : :  

" -'he large scale lluidized be~ combustion chambers ~ud 

" =he e~viro~_~e~%al c 0 m p a t i ~ i l i ~ 5 - . .  

--e Germs~ "Y'.~ais~ery £0= Resesrch and .~echnul0Ey,~which isl. 

';o:sorin E neamly ell ~ew ~o~ects, is ve~ in;erested iu ~i~.er - 

:~t!ousl cooneEa~o~ i~ the fle~.d 0f ~ew ~owe~ plezlt ce=ce~¢s. 



I P  , . ~ l J l  I _ _  " . . . . . .  

Modern coal (ir~.d power plant~ have %o mee% %h~ following 

~ i n  requirements : 

• Economic:production of electric power 

• High envircr~e~ta[ oroduc~ion ~zndards 

• High availabilit~ 

Burning a wid~ ra~e ~F 4ifY~r~n~ kin~s ~f coal in {he 
combustion chamber of ~he boi!er 

• FlexibleoDerational heha~our 

- Hi# !cad chan~e rates 

- short .star~ - up ce;ab[lt%'/ 

- restari conliiions afi~r a black ouL 

- High de~ree o~ auto~izatJGn 

° ~a~.~.~ stand~rdizat~nn o f ~Jn co.?'9onen~s 

Long running [i~es, snort l.~_~p_n~ for in~oection, 
short o~erhaul ~ime, good ~aintenance condX~ion-s 

, ,  , , ,  • _ - 

Recuire~ants on coal f~,ed :cw~r p~en~s 

I ' t  ' . . . . . . . . . .  

FT~= 3"q 

i / 9 .  . . . . .  

. . / "  
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i .  Irtrucuc:ion : 

]uhr\cei~ ~C ~c Ru~rcnZmCe ~G C%es~-Ga~'a~y) ec~ra:e 

9~÷- ~n :Seratlcnt:~ Cf 5~JC ~ 2 S:~Q n~; b~Qn ~eneratec 

wtt~ :re ce~e~it~cn OF ~ x CO. ~c t ~Z' I; ~ CO 2, 3.5 : ~ - : "  

~aS qgr ehs~'ct] Or hea~l~a 2~r~es~5 ?rc~ Csa~ iS thus ev~!':" 

I Reproduced from be~t a v a i l a b l e  copy I 

The necessity oF ~S|9~ fno  C~al a Co-tre£s wo~ti~m 

energ~ carri~r~ in cur : i ~ ,  i5 a precaution Cot the 

c~mi~a] industry. , . 

Atte~t~ t~3 obtain this ~oal ~re n~merouS. They ~0 back~ven 

to tme Fear "~37. There ere very ee;v tec~nolcg{ca" de- 
, ;~ lCgz~t~ ra.~n~ ~ r o 6 ~ c ~ 6  ~ Si~l~r ~r !e ty  of ~d~as ~S coa  ~ 

~tiliZ~tiOn ~id.  Nevertheless, on ly  v~-,.,. ~ew technologies 

have b~rs:  thcou~h: 

cok~-~rnln~ ~or ~9c production oF 

~lu~ hydr~IZarbcns ~s r ~  ~ateria~ for 

chemlc~l ~n~,:sz-y 

:a~ifIC3~ion ~? C¢2], ~hic~ is t~ou~h: to ~ocver~ 

C~a] ¢~letly T~ cpp~s~icn to coke-burning. 

eg ¢im~niSh%¢~"e m~cz~ive !nflue~:e On ~rice yie%d fpr th~ 

~r~csc:s. TPeir CC.~,,er:i~I ~c~ess ~s r ~ ; c ~  b~ 

- 2 



. . 

~ e  to ~ e  f~c-t, t~at these Coal ~sific~ti~n procelIe; 

~ta)d at the ~ery be~i~i~), they ~re cmlled "Pi'ocesse) 
o f  the first ~eneration ~. 

1,1 ~asification ~ro:es!es ~f t~e f i r s t  ~e~eratlon 

The established ~sificat!o~ technics have pr~ved thee- ~). 

howeser, their a~licatlon is l!mited b~ t~elr ~ print':, 

The following parameters are typlcal fo~ the~: 

L~rgi ~-essurized gasification is a fixed bed proce~ 
for coal pieces in ~he range of I0 * 50 ~m of non-o- 
ld'w-caking coals. 

W~nkler-prcces~ fs a fluidized be~ gasification a: 

at~osoher~c pressure ~or non*or low-caking coals wit ~ 

particle SiZe less than 5 ~. 

Kop~ers-TotZek-process is an entr3|ned g~$ificati~n ~t 

atmospheric ~ressure ;or the feed' o f  all coal types, "': 

pendant on c~klng properties of coals, with particle ! :" 

l es )  than ~G pm. 

Each of the ~entioned process has advantages as well as di!~:. 

rages, which h~ve to be bala~c~. T~e fallowing criteria s". 
be a~;lie~: 

Coal basis 

The applicability of a gasification process ia given :) 

caking preperties 

~artlc~e ~izedistribu:ion 

ash ~eltlng temperature 

- 3 - 

S/ th~ tl}e established ~r~ces~ ca~ be cl~ssifie~: 

Gasiflcat~on 

r l u i d i z e d  
fixed bed bed entrained 

caking 
p r o ~ r t i e s  SI ( 3  • 3  

p a r t i c l e  s ize mm i0-50 ~ 5 

oasificatlon temp. 
eel ti~g ~emp~ (i (! 

ill 

LO,l 

Table t :  E f f e c t  o f  coal p r o p e r t i e s  ~n c~oi'se o f  p~o-.ess 

U t i ! i z a t i o n  o f  the coal gas • . • 

• ~5 a consequence o f  d i f f e r e n t  process =erfor~ance the 

produced gases diffelr frcm ekch other. A comparatively 

high heat value of t helg~s car ~eachieved uti l izing 
the fixed bed process. Because ~i~ iI$ IOw ooeratlon tempe, 

ra tu re  a high =ethane Content OF,3 - 12,'-, can be reached. 

IF t)e H2/CO fraction is i~ortant, one should consider 

the COncerned r:tio to be iypical' for the process per- 

f.grrB3,flce. ' ; 

The yield of hydrQcarbons isdue to the nature of the 

fixed bed gasification in the order of 13 ~ of input 

coal, This is a coproduct which is to be considered va- 

luable i f  i t  is saleable besides the CiS. 



Ga&i=(cation 

fixe~ zed f l u i d ~ : c d  be~ entrli-~: 

~.,'CO ~-2,~ C,/-I C.67 

;~u kcal 2 ~ 0  2630-2930 ~ ~ ' "  .uu-c .. • 

Table *" Typic)I ~s data of ~ "¢~ ~ " :Q:-noloqle% 

Cer~i~g t'ze =recess ste~s ~Strga~s ZhiS iS Of SD~'a~ ~f 

t~e :¢ i t~  res:ect to t)e ~nvest~rt c~sts o? the ~as ~:)-;~ 

_f ~r.ed 

wo~t~e- f~r S~b~e)~ect  ~ e ~ i ~ a l  relct(cnS or ~r  an( "" 

~t l ~ s t  ~n h,)~ll ~ndJstr~)li:~d c:untrieI en~i rc''~" 

c~n~i(er~tic~) te~d tO become ~ecislve ¢-(teria. C~" 
~e~,,~s as ~ZS. COS, ~C~. ? e a s y  ~eta]s. s~llln) a 2  "~; 

t9~ ~es~ect h l~  t~-:e.~tu-e ~rO~e~%e~ ~enifit ~" ~''" 

1.2 

A SUmm, ery ~r be~'~een leads :~ t~e resul~, th~ the 

~asiflcati.)n techoolo~fe~ at =reSe~ available Shew~ im- 

portant re~trictions ~hich ~ # a l l  be ~u~ aside ~y t~e develop- 

ment of ~ e r n  t~chno|oqie$, Processe~ of the soCalled "Se=o-. 

gene~aticn' a r e  SupPoSed to i~ t l s fy  m¢6~ra rQq~re~nts ~Kth 

?hi) l~¢luc;~s: 

~ c~stS f~r cC~;~eSStO~ of ~ e  ~ for fu~the. ~t~li~a" ~n 

.et~.~ 2g ~d l~D bar ereeav's~ed. 

Cart.)ns, which o : ~ r ~ i ~  )~r~ens t h e  w a t l r  ~u-ific~tic~. 

so l i~ t f iCa t tO~  in a water b~h~ 
i 

- pOSSibility of utilizat~O~ Cf ~lv~ri:e~ :O~I, which o ; t  

~n i t s  . :~a~cter  ~Rd ~t~ ~r i~ inL :n p~t~C~la~ ~¢Cer~ 

~ $ i f f c ~  te~h~c1~es ~us% ta~t ~n a:c~uat, that hlc,~ 

tend. 

~rpr~rat'~ of ¢C~? ~t ~ sl~r~v ~;r the a~o t )ce  o* In 

e~re-e sT~le h~ndI~g. There IS v~ ne~ ~or Srec~1 s~f;~ 



Ten,c)  C~al-~3slf(cAtton Proes$s 

Th~ 8~ov~ ~ent(cre~ ~uirf~e~tS tO a ~ e ~  g)sfficatit- 

orocess re=oc~Ized the consortlt~ Runrkohle Ag/Ruhrtnr'÷ 

[~A~;~C~) t~ be co~bine~ ~n a ~rocess, ~ch has ~een :C- 

in a labontor2 scale by Tox~c) ~evelop~ent Co. in the (:- 
I9~D Xears. RAG,'RC~ ~a~ned ~ ltcerse For this prOCesS ~-: 

ci~ed to build a d~nStrstlon plant ~or a capaclt 2 of ~ " .  
Coal ?eedo Th~S plant ~ar completed (~ Febr. 1973. I t  -~: 

inaugurated by the ~(nister of Research and Deveio~ent ~" 

the Fedora/ R~ou)lic of ~er~,any, who has supported the .: . ,  

(Vi~. ~). 

~ :  ~ ( ~  . 
, Y-~- ~ c ~ ' ~  i~ -~: ~F~ 

. . ~ t ~ . ~  ' ~ . ; . . - r ' - -  m ' 

~,~ • ~..,]- . ~ , , ~  
~ ; • , , - , . - ~ . - ? ~ , .  , 

Fig. 1 ;.A~/PCH coal gasiflcation de~onstratlOn pl~nt 

at Oberhausen-ffolten 

- 7 - 

Z.! 

! ' ! 

¢~g, Z Flow-dlA~ram of the guhrche~ie,'Ruhrxonl¢ adaotton 

of the Texaco coal-gasiflCAt~on plant 

Oi~cviptlon of the Process 

F I ~ .  2 sh~s the f low d~agrae fO the ~rocess. 
PrecruShedcoal as it Is delivered for~ the mine is fed to 

ball ~ill, Oepending on the primary water cantent.~Idditionil 

water and )ddltives are introduced toihe mill, The sulpension 

is prepared in that way, that solid cOMtentwil| ~each a)out 

70 ~ s i i l l  r~ainirg ~u))ablm, The slurry is pu~pedinto a 

storage vessel, where it IS ~on~gen|zeJ)by $tirrlnl. 

Fro~ there the slurry is delivered through a s)e¢i~l p~p 

~o the burner on the lop of the!reactor, ~Ich 5prays the sl,,-~ 

together with oxygen into the r e t c t o r .  
The gasif icat io~ is operated a t e  pressure oF about~40 bar a'". 

a tempe-orate of a)out ~5O0 ~E. The slurry-oxygen-mixture is 

ignited by spr)ylng it into the!reactor. Thegns go)orated p~','~ 

through the )h~oat of the ceramic-i|ned ~actor to t~ sub~eqt~e)t 

heat recovery sys~. wh(ch consists ~f two s t )ges .  

- a radiation cooler~ to ¢o01 the aas below tn~ ~interin~ 

temperature, end 

- 0 - 



2.2 

- a =cnve=tion cooler, tO coo! the c3~ ~o~m close 

a~sr~s l i ng  th~ d~at reovery, which ~s bsed re- stea- ;. • 

r~ ion ,  t~e ~a5 i~ w~sh~ wi~h ware- in a ~s $crbb~- ~ • 

=oval o f  f l y  ash doun to I - J mg soll~s/:,m 3. 

Th~ further uc~r~ing can be done in a c0rventienal f~'~" 

c!e~ninc 3teD. 

Th~ ash i$ ~G~ov~d fro~ t~e pr~coss at t~e ~ottc~ o w t-~ - 

tion Cool~r a~ 3 w~t~r S~spenSlon vla a l:ckhopp~r sys:~:.. 

v,~rkS auto~at~CaIIy, and fro~ the bott=m cf tha scrv~b~" : 

~aZer aither. Water 2n~ $01i~$ are Se=or)~*~in a ~ettle-,, 

~akes a recycl~ o? th~ f l y  ash p~ssibl~, i f  i t  is relscr~:" 

JS ~0 hycrC=ar~cn$ are ~=r-~ed, th~ waS~-water c l ~ n  'O : : ' "  

ne~ fu-tn~r ( x ~ l ~ t i o n ~ .  

~ :  ~ ~x=erlences 

:e,: c:a! :nrouCput is lbo~t 2g.C~3 : )eing converted ): £ 

?erect ccal ty~s ~itq Yol~tiles 5etxle~ 15 "; und 32 ~ i ' ~ ' "  
¢J~te~t t e t ~ n  ~ ~ d  Z) ~ h~ve b~en ~ ! ( f f ed .  ~7 this t'~ 

f a ~ i ) T l i t y  of the ~rO,:OS$ c=uld be de~:~nstra:o~. 

The praCtf=aI ~navlogr O~ the plant proved to be very S" ' 

to th~ ~re=~cte~. Tho :cm~r~Scn ~et~0~ ~esi~n d~ta ~ ~'" 

GJ$ c¢/11, p~f t  ,nil ' i'(II *'~) , 

C(~, ff":~ 
CH, T , I 
I1.~ "('(3.~ 

;{} 

I: 

Tab1. 3 =Qsi~n ~ata ~n~ ~¢hl6vad ~erfor~amce ~f th~ 

trouble-(r~e tra~s~o-~ o f  the ~0)lowate"su~r ens~cn. ~uo to 

thls t~e t~=perature of the )asiFica~!on can b0 ke=t in 11ne 

by s:mplo =~)~.  T~us t ~  piant is = ~  ~n~ ~n be C~-ated 

eve- a wide load r~n~e. 
~ t d e s  t h e ~  general r~xa~ks a f ~  res~I ts  shal l  Oe diScusSed: 

9 i f f ~ r ~  g- ind i~g  fac iT i t~e~ l ~ d  =~ ~ i f f e r ~ n t  ~esul ts .  

paring ~ Sl~rry with ~o1~ ¢ o n t ~ t  UP to 70 %- ~ve~ carh~', 

COnverSion re~e. A~Oitl~n~lty t~e gr in-e" ts insens i t ive  

o <) . 



)a~tlcular ittenti~n xas s)ent ~n t~e ~.fractor/ 

~aterial used ¢~r lining ~e  reactor.  High d~nds 

on the ~a:er~al resul: fr~ the reducing glslficat::- 

a-,~osp~ere ~s well i$ from the chemical attack cf t-- 

liquid slag, which ha)oens )referably at high te-:e- 
r(Zures. Systematical InvestilatiOns wlth test~ate--~ 

in severlI test  f ie lds inside the reaCtOr have hrf;-:,. 

t~ co~oSlon ,~w~chanls~. flew ~terialS have been c:-: 
succesful ly. T:day I t  ! ) o ~  OOSSible to ru~ ~ gab:'"" 
over one year, 

The t~nperature Te&Sure~Ent inside the reactor pr}ve: 

to ~be especi~II~ diffi:~lt. All then'=~¢~les ~;~:  
af te r  a short  rtrnning time as  a consequence of $1a~ ]'" 

In the near b~st ~ ~yro~e~er has been tester succ~ss'. 
a~ter ~everal ~onch of  discouraging at~c,~pts. 

The two-stage-heat-recovery systc~ has p ~ v ~  itse~" • 

S~IS~Cto~/ .  T~e rad~a~ic~ cooler ~ol~diffes t he "~ ,  • 

slag without beii,g set%us13 affected, Fl~ ash, ~ ' : "  

deposes on ~he hea~ ~xchan~e~can be removed e~si~ :." 
o~eratian. ~(nce s¢~e ~echnica) ~od~flcatlcn~tn the -~- 

diatlon cooler ~nd the c~nveccion cooler ha~e been :" " 

no operation -estriction could be foun~. 

In i t ia l  probl.-=..~ of sla? renewal From the radiation C'"  
have o4~e~ s~Ived b~ increasing ~he water flow, since ." 
factor~ se~imentatlon of  the sla~ in the transportmt"" 

water due ~o a low particle density has be(~n ebse~e~. 

T~e recycle ~f u~reacte~ carbon h~$ so far not prc~e: " 

b9 necessary. The conversion of carbon was h~gh e~ : :~ ' "  

e~ti~ate =he recycle r~ther costly. Thus the converS'" 
Table 3 refer so tests ~it~out carbon recycle. 

- 1 1  

I I  - 

Tl,e effl~entwater is c~r~oterized by t a b l e  4. 
T|Te &ne!yI(S is dete~ine~ without w ~ t e r  ~ ? ¢ l e  for : 

s lurry pr ip3rat ion. I t  should be ~n t i~ned ,  t h a ~  n~ or- 

ganics are ~ontained. A l l  other impurtCte~ mre necessmril~ 

br~ugh~ in by the ¢e~1, sa far  this w ~ t e ~ s t  h~ ¢~m- 

parable with w~ter coml:ng fro~ other high temperature : 

processes. 

F H  " ' T 
I~rdnl. ~dH i S 

ra-Val~ rnvtV~ 
EI~,.XI'. ~d~k'~i~'ii)" -aS/cm ; . ~  
Evtl~rlien r ~ S ~  nMI/I i ,~1 

c.~r mL,'l" $ 
COD m~ 0~-I 

,4~-~i,c mlVl' 0.1 
Ca dt~.,l~m m&'l; ", ~O(OZ 
• '(ickel mlYi " ' ~ " a.~ 

Table 4 Data for eff luent water quallty (valid f~r Ruh~ coa~. 

- AS expected the slag can' be deposed w i thout l r i sk -  

• T , 

- Air  pel lut ton is governe~ bY the Fact, that  the gas i f l ca~ . ,  

is a pressurized procass. The g~seous' e~isstons are con- 

trolled by proper operation of iSis-washing and sour g~s 

t r ea~en t .  

Since February 19~0 a fr~ctidn o f  the :svng~s pr~uced in the i 

Texaco/RuhrIcohle/Ruhrcb~ie process has been fe~ ~o tile Ruhr- 
chemie Oxo-Syrthesi s. }So changes, Pave .beenTn¢~iced. Therefore 
i t  can ~e stated, that the rep|ace.~nt~ofi'~yngas iron* oi l  

by s~nga$ from coal is feasibie, i 

_ } 2  . .L 
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~rOS~tS 

Sinc~ th~ ~rocess ~{ ~uhr~:anle and ~hr=h~m~e has beea 

)raved = ~ b l e ,  ~ ca~ ~e )ffered f~r further appl'c~t't- 

~S ~.~. S~=c!ier of he~Lin~ ~s,  red~ction~as or s)mc~s. 

nevertheless ther~ ar~ s t i l l  Sc~e InvestiBations t~ be =:-. 

r_~u_.,en ~f technical r~Sks: 

!. 
increase of so l iJ~  content in t~e sl~rr2 ~r14 a r~C~=t • 

i f  oxygen ccn=~.m~ion. 

2. ln,zre~e ~n the thermal ~ef ic~cy by rcd~=ing :~)t 

3. Test~ of r~fractorie~ ~nd met~l natere~IS For hi,he" 

l l feti~e. 

~aS~?i¢)ti~n ~: r~sid~es frt~ COal li~uifaction a~:-7 

the ~roces~ te ~eczre ~ ~cte~t~d part o£ coal lit.'. 

~!:ti:n plants. 

TxQ Federal E~r~,~an Rini~ter of Econc~/ hes c~T~lissicn~ t'r 

~s-)l~ct. Ca'l~d ~A). for th~ )r~.duetien of  )0.008 ~ ' : ~  :'" 

The C~St~ fcr t~at )last ~ l l  ~e in t~e order of 2 ~  n|ll':" ~ 
:~ iS ex)!cteu that this pl~nt ~II te erected in I~3. 

A~dltf;n)l:y i t  ~u)d ~e-!~ticne~, that ~v~r~l ~otentls" 

c=~rie) in t~e U)~ ~re very ~uch !nterest-d (~ ou~ )?=t~Ii 

~r~can co~ts ~II ~e ~erfnr~ed ~ i t h i n  this a~d t~e 

next yelr. So it {s )oss%le to sa2, th~t ¢tal iSt ~n~r 

w)y to become a~a~n an Im)or~nt ~nergy car~e~ inour time. 
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>:~re Z~a~ 9Q % =f :bz ~ner~y c::zunp:~cn is ::ue~e~ ~ 

f~er ~h~uz ~C£: "years. 

:z: h~ :f~era= tn ~ c~n~u~er fr~en~i~ w~ F. 

.'~,~ ~ve .-~:~t~-',~. ~ $=c~ ~ - ~  :n %n- ~ ~ec~='.~y ~f $~C%, ~,e-" 

- ~. ~e=i~i .'b.'ec'-~, :~ -he =u,'ren: ~e-e~==-.~r.t =f ==~: ~.---s;f'.- 

. =o improve the ~.::&_r.~ <f "he R.~.c,;n .:rr-:e~zez 

. Lb eDSU~ ~ ~- l?t; e~vlr~nnen~l Z=;?.:t. 

":7 ~ ~-n ~e:en~ee I~: ~ "~ ?.i~nt w~ ?~u~ [in'.: :~er-~'.~.~ "<~ ";~ik- 

:Y the Western gOr:~n :-:'.nisrrF of .~sear~. ~n~ T~:~r.:icr~7 '~'::h 
"~ %. 



:~zLz~ p~ccezs, i~ ~i! s~ne/ t: nee% :h~ ~. n. requi:~m~n%~. 

ccml :~nver.elen .~ea::i:r.s a.n- ~ e:aD~e the p!ent 

vC ~'r,'-b IT. 

" e ~ a t e  :he 

~e sized fa- 

T<is ~scess is suits:Is for :~e ~siflCa~i~n :f a~l types o~ 

:c~ ~!~h a~ ~s~ ccn~e~ u~ %c cO % ~i~hcut an?  r e ~ r d  Of c&ki=~ 

pre~er:y~ ~r~in ~---'-° ~ni aa~ zel:inE 3eh~v!cur, and for ~e ~uzl- 

fl:~:icn Of resiZues fr~: c:al hy~ro~natlon ~l~n~s. 

As ~ re~ulZ :[ the nlEh ~sifi:a~ion uemper&~ur~, liquid slag 

callects in :h~ lower =ar~ ~f ~e ~&sifler an~ ac~ as a he~t 

3hi~!d, wni~% enah!e3 high f i n n s  temperatures, ~5U3 hiKh energy 

~Sluy and high c2al conversion rs=e are oh=aimed. T~e molzen 

z!~ stab!as zhe ~_-~sif!csti~n of relatively i~r~e ~r:lcies~ 

uhu: ~h~ ~es:~ for =~al pr~;ara~icn are reduced. Dis:bZr~ed ~r~- 

=~iK~e~ 31~ c=:=~ins less =net ~ % ef unuCn~er:e! C a y b o ~ ,  

-.eC-&. .e.- 2he :~eca~ion Cf ~he ~&zrbe~z/Ot~o_ ~!-n=~ and i~ c-. ~ ~ ~ ~ 

m 

is 5r~e~ O~ z~=~ ~v~--"=-~n ~ . . .  . . . . . . . . . .  ~ 3i!3~ ta~S an~ ~enOls ~Ich~ 

12 present, cou!~ ~e rezcv~ only at considerable e~pense. Granu- 

13:e~ ~I~E is :he :nly ~oiid ~are~ia~ produced. This sIaE can 

,~=~e. _ .  in cons:ruction. ~':= ancun~ of ~aste 

.... :..e ~:oun~ ~ f  Eas :r~duc~d. ~ m p u r £ t i e s  -,ate~ 13 Sm "~ relative ~O ~ 
Of tZe ~aste ~'%-?~ &S ~ell ~ ~ . . . .  s~l?h~v :onpzunds In the raw 

5 m 

T=. c~Z~-fle- - ~-~'~''~ ~n ,-.h-- d--~:n-~t=~tion ;lent i~ & vertical 

c'.'llnZrl-.&i v~_-.ze_~ zf ~.e .: [:~2.~ f~) heirh~ and ~..5 = (&~9 ft) 

• :÷ lower pzrt!:n~ 5he ~231/ic3~0n zone sn~ she . . . . .  ~z: E!slfl¢~5:c~ 

::=e is zhe ~asfi~=:cn ena~ef~ 3re ~rote:te~ =~ ~e ~ns~e 

:? ~ter cocl~ finns: t~De:. Tn? Jppe~ ~ortins, t?~ c:cl!n~ 

::=~, La re~r~c~y linel s~a~ t,he K~s in this :~ns is C:¢ie~ 

:F re:ycle~ Fr~duC~ ~as :o a luwer ~ezperature.; FOur t~o.¢h~nnel 

-::ales ~re installed dr, th~ 8~si£!ca:ien~zone .,~O ..'n ' * ' ~ - . .  the 

f*~dstock and £he ~asifi:atlcn ae~i~ (oxy~n/s~ mixtures o r  

--~=-n enriched &i~ ~r ~ £ P ] .  T~e ~e~et&~s &re ,z£xel after le~vin~ 

~ nozzles, o~y~n 3n~ Steam 3~e. mixed externally in a rln~ 

e~in before flow!mE t o  the reaction zone. T~e e~c~ss slab ever- 

[l:~s ~ro~gh & central r a i s e d  taphole ~ £ne Dane Of t h e  ~ a s , -  

~l%r~ iS ~rznulated Zn a ~a:~r ~&nk hene&t~ She I ~slfi¢~ ~n~ 

:net discharged ~nrou~h ~ le:k bopeeP. 

r~ur~ ~ sbow~ the flew d~sEca~ ~f ~he sCoCesS ~r~anEeme~t ~a- 

i~ze~ in the ~e=osstra~Icn pia~t. 

=: a grain siz~ 0£ less ~han 3 nm {~.1 inches) and dried =o a 

= : ; s = u r e  tensest of ~roxi~a!Y 2 ~ [brown coal ap~r~xlma~eiy ~A 

=t~r~6~ biu:, w~izb i3 at at~=s£he£1c ~res~u~e 3n~ under nitro6en, 

:no ~oal dust is =~s~ vla a 10cX mopper (~] tO ~he pressurized 

:~Sd tank (&). The teal fa~inK system con=inumusly supplies 

::~ £nU~ fee~ ~i~es ~D ~e s&si~ier ~5% ~h the req~ioed ~&n- 

~tles of coal ~ust. ~cyclel product ~asis'use~S carrier, 

Tie £~edatoCk~nd :he ~asi$1¢a=io~ :edis a~e !nJeote~ into:=he 

~]sl/ier throu=h ~:~e system of nozzles, whic~ ace ~ f r e c t e d  t a n -  

~nt~ally towards ~ne surface cf ~he mClt&D Sle~ The feehs:ocM 

"~c%s wi~h ~ ~ssi~ic&~ion medi~= at %e=~er~o~;~S be%weeT~ 

",5~0 and 2~400 °C (5,000 and &.3~O "F}, The Oxygen is ~rehest~d 

:~ saturated sze~ ffc~ the =~ste he~5 rvstem {7~ SUperheated 

:tea~ from t,he h~-=~sssu~e s~ea~ ~yS: sm ~ e r ~ e 3  Ss~rzces~ ste~m. 



TZe ~SZeZ ~e:erzze: LZ t<e ~Z21fut~ti2n Z;~ :'Lie ~L%h ~ r:%~. 

~iZ~ 2zr::rle2 are c~rrle~ ~ttl :~e ~a~ 21re~- t,: t:e ;~t ~ZZl- 

.~-_E = ::_::-_.-~.tu, -~. f-:c,-u,'- f_~.'_ter (:_:) "~h~. ''~' .-:~-='~ :? =he ~'us~, 

Y'ie CC:~I~E ~-'e -~ c5 %re ~.~r~: Z~,z!er L& cirzu~ate 4 vL~ a £e~- "~ 

~-+ e +"'+".. Z V +'. + .  e 

- T - 

- i ; - :+~ a n 4  c:=~,+erci~ sc~ g~z=.fZ=asic~ pl,~nt~ a s ,  energ7 a~' rau 

~i~';~e 5 ~ $  ~ ~er~ +~ =~=~%~%=~ =? t'~i~ ~ u~ ~ ~h 



:~=~t Z : C C  2 E ~:&n=a~.=: ar "z~ sF~hes~s E~s ;e~ :On ef coal 

~?e FT&&uz~ an~ :~r~cn ccn:en~s of !ez= %hart  : ~ in t~e sla~ 

;gr~ r~ach~z_ A =ell ~zs eCflz1~ncy ~f T~ % =,suld ~e real~zel. 

~e =ar~cz ::ncx~d? a[~ hydrcgen ,z:n~n= of :no ~r~uc~ ~as ~ s  

Czpz lra=es :f z e ~ a z ~  t~e g~s ~s ~ae of ~Za~ccarbcns. 

Toe ~csli~ sysl~n cf the ~aslf!er ta~ to n-m: - e~eclaii? az 

full ic~ c~e~a~icn - ~Eh ~n~ Inuen~ive neat fluxes. ~cent 

=~:er~z~ Zeal3 d~ ~et 3~e;z f~:La~S cf Zne cao!in~ ~u~es ma- 

aerial. 

AS Z::u~ ~v. :asia ucZ~r certain .:CCC~SSln~ cc~di~n~ m~re than 

5Z ~ :f :~Z ash c:nten: cf zhe :tax :~---. -e ~ ~.~'="---,. o~°~ as l~%~id 

~!~. T~ :~r~? cv~r in :n? .~_x Ezs - 3!~g and fly'ceke - did 

n.zZ ~r:~n~ ~ ~ cf :~e i=:~t. U~ ~: 50 % cf ~ne !zr~e~ 31=e~ fly 

¢ ~ .  ~arzizi~s =-re 3~;z~:ad l: ine ~?ci~ze, ~er~s up to 5~ 

cf :za nln-~zl= ,Zu~z  p~sx ~h~ ~yulc~ . . . .  TZese ~ac~tcias and th~ 

~o~ l_z_z~Z_~ ~ ~ = .-~;~ cake h~9 7e~ zmal! grain 3i=~S- and are tc 

~cuZ ~ ~ =f ~ze =US% 2eg~ra~e~ Dy i~ cyclone ~a~ Erain s~zes 

between }C an 5Z ~, ~} ~ are izai!er z~an ~ ~ .  Here than 90 

c~ the D~rlizles se;a~e~ ~? ~he [~cus f~!ters are s~ailer 

~i~n ~ ~n ~n~ :z~e ~as &5 ~ arm Still smaller than ~ ~. 

~Eu~e 6 Dh~w: ~he po~,si~l~ %p~li~aDi~n~ ~f tze £~af~er~fet~ 

"~:~i £~s, pr=,~u=eQ DF gas~=!ca~Icn with sxygen/s~eaz, ~s ~ulta~l.- 

~cc ~mple i-- can De u~ed for ~he ?r:~uct~cn'of hydro~e~ s S,T.m~- 

.~1~, methanol and o~her OXO ~roducts. ~ia 1~hm ~IsChe1"-T~'O~sch 

z~ntSesis 0~" [ram metb~,ao! liquid hydro=crOons cZ~ Dg ~roduC~.d. 

".he ~as is fur~er 5u~t~_d ~.Dr ,',.he ~&."'-C'- red%c~i~n cF!Lrus ore 

:r for the preHuct:[on of $:~G c." z~wn ~SS. , 

~y ~asifi~ioc with air cr ox?ge~ enrKche~ a~r ~ low ~tu ~ a ~  

a[ecCrici:y ~erabion in a =~blne~ ~/ste~ turbine ~r:ce',~ 

F%~re 9;she~s ~n~ pOSSibility %0 in~r~%~ co~l =KS!f~%icn 

wi~h combined cycle p~wer genecat~on. 

[he pres~sr:ze~ Clean gas is co=b~Ste~ with ai9 to ~riVe a ga~ 

zur~ine a~ ~sxi:u= allowable !~!~ ten~er~tUCeo T~ exFande~ 

~; ~a~ses throu~ a waste ~a~ holier. , ~  

~e~eca~oc f,e~. 

;t%h a ec~blned cycle power plans, becauae ali ~kln~ :f cc~l 

:~-~ ~e E39itled and r.he ~>rCd,lc-=d ~.%'~ <aS:is frei O.~. bi~e. ~ hydFe, 

c~r~sn.~ a~ e-~.~s, tars and DhenDls. 

I - 1C - 



~ . ~ : : ~  : z ' - : ' : ~  m:nZ.%:  ~-e ~n ' .  - : i : x ' _ : ~  := .@" .~z" . l~z2~ .  ~":." a S~T t : $  

n %'. u : c  DIAZ,S. 

- :  - : ' z n  ~ G  c ~ : ' . u : ' t i : . " .  
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::..ral ga3. The factor an:,un:~ to :.3 if :;~e ~aS ~.: ;rodu~e¢. 

'-:z heavy rue ~- ~-'-,. 

i 
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~r:} ~r :~}" (i. e. ~-',6 X':,; SCFS), i;ar. ~ C.~=-I z~r4ugD.fu~ :C 2" 

".;n~ " . . -  ::n=! aln ".s =- -~-~" h~vi-~. -" -~i:.m-a'-er 

,~n T~chnelO~}', st~%us o~ its develcp~ent an~ i:~ f~:~er 

~=aphies ~f the au~or~ 

-:-Tred ~:ss~ac~ ~ mmaagln+ dlrectcr cf the ~sar~er s + Dr.C.C~o 

• -elt~cbaf~ f~r Koh~dru=kverg~sun~ mbH. Pefore ~I$ a=~lvi~y 

- ~ execu~v~ of the depar~meo~ for re~earc~ an~ dev~!o~en~ 

" ~aarbergwerke AG. Yr. ~ossbac~ ho~s ~n M. S. ~egr~ in ~i~n~ 

-'~:zeer~ng. 

"l. ~%iner M~ll..__e~ is wo Ig w!:~ the c~rber~ ,* ErZC.OuDC Ge~e!l- 

• "~f: f~r 'Koh!edruckve:'zasun~ ~bH. S~fore ~is -- ~,~-~ ~- 

" ' ~  f~eld of cca~ ~a~i:'icazlon he wo~e~ ~i~ Saarb~r~wer~e AG 

.~ :ha dep~ctsent for research an~ ~evei::ment.i Dr[:~'d~*r holds 

:" ~. S. d~gree in cnemlstry. ' - 
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Figure I 2 

~A6 

t~R|ND~G~RY~Nq 

C3.,A L .H.,&N~L ~ NG 

~OS-HTOROLY 5 ! S 

:SULPHUR TqAP 

I ~°" °~' i 

RE- CO~L:4,~ 

L 

I 
i 

SULPHUR " ~  

SAA~SERG" OTTO CO~L GASIFqCAT~" 
PqOCES . , . , 

NOTOR FUELS FROM CO~L' 

bM 

LURGI KCHLE L~ ~x~Tzcs~ix u~a~ 

F~ankfurt/Maln 

Coal Symposium in Jakarta, ~ndonesla, Octoher 19aQ 



Stat~s of :echnelcqy 1950 

Available ~o us ~= ce~v~rt c:al into ~ot~r fu,~!~ 

gasoline, ~lesel oi~ an~ liq~ifled ~rsp~ne ~nd butane - 

iS i 
t~e F~SCHEZ-T~OPSZH.SI~;THESTS. 

7n the !~tcr half o~ the thirtLes Zt ~alned ~rem~ 

i~por~ance. ~:ine Fi~her-Zrc;~ch~Int~ ~ere operated 

iD G~r~ny- At zha~ =~e ~urther p!anfs xer~ built ~n 

France, J~en and Manchuria ~rodz~ing m ~:al of 

~ili±cn :¢ns =er year. The Fi~che~-Tr:p~=h plants 

~e=~ baaed cn ~=zumixcus real. liqm~te and coke-oven 

qas. 9nly a fe~ plants c=nt=nuc~ :Ferati~ after ~94~. 

rn v=ew of the am~le, iew ~zi~e sub~!~iof c:ude e~l, 

cc~l l~que~c=~:n =co=me ::n=c~zcz:c In :he r=d-fi~es 

and :bus, ~=h=ut ~r;crt~nce. 

H=wever, th@ ~e~:~bl~c ef S=u=h Af=~=~ was az ex=~gt~c~ 

the he~innlnq of the ~iEtles. A ~i~ ~h, :hea~ 

bituminous coal in am~!e ~:az~L~e~ ~'~s ~ avai!ah~e a~ 

~9~5 and ~rcduces ~as~!!~, d!e~el ~i ~n~ ra~ ~z~erials 

~n th~ ~eantlm~, the c==~lex ha~ been ex=az~e~ ~'.-erzl 

ti~es. The e~Te~lence ~aln~d dur:ng %c ye2rs C~ 

c~e:~zien ~n~ re:ear:h f:rrA th~ bas=~ fee iT? 

re~ntl~ ~u~ on ~tream. % dupllca~&c~ c~ tZ:~ c¢~!ex 



• o ~ -, 

Thu~, ~n ~==~,~i ~rc~uct~n ~f 4.5 tc ~ ~iil~en tcn~ o£ 

===or 5~e! fr=m ~ c ~ s t l c  =t~i u~il he available to ~ ¢  

The Fi~=her-Tx=p3=h 5l~hesis supglies ~nzez~..,e~ate 

~cdu=~s wh!ch are %hen Cor.~r~ to ~.o~er fuels. 

:n a4d~Icn =e hy~:ecar~ns, ~e~anol blended w~th 

gasoline =r a~ al~ne ~s ~ =  f~! are t~y to be 

ccnsid~re~ as ~ei!. A ~cm&s~ng varlat~e~ for the 

uti~iza~e~ C~ =e~canc~ as ~ c t c r  fu~l " * ~  ~eve~ope~ 

hy ~chi! Oil. The ¢cnversicn cf methanol ~nto 

qasclZne wi~h a h~ph c=~ane n.zrlber ~t~ a h~h e~flciezc? 

s~cceede~. 

~£scner-TrcDsch ~vnth~is, LDw-=ressure "~ethenol 

S~'n~hesis an~ ~ = b ! I  Pr~gess 

Coal Gas~fica~z=n 

The process concept is sho~m in Fie. 2. Zni~la!ly, 

~n~hesis gas iS ~oduced frc~ ~he opal primar~!y 

cemprlsing carson cxlde and hydrogen. Thls ~as must 

be .~rifled and, if necessary, compEessad before being 

converted t~ hydrocarbons o r  ~ethano~ on,catalyst. 

In a separate stage, methanol can then he contorted ~o 

gasoline us~n 7 the =~Jbil ~rccess. 

Over the years qui~e a n~v~er of c~al 9aslficatlcn 

systems have been proposed ~nd reali~ed~also. Each 

system attempts tc best ex~lolt the chemistry &nd 

thermcd~na=Ics cf coal ~asi:ica~!em. COl.=on',to all 

systems are the ~asiSlcat~cn agents a!/'cr~ox?qen 

and ~ staam - hei~. applied to ~he Coal ai hi~h_ : 

temperatures, at leas£ 700 "Cana converted int~ a:raw 

~as ccmprislng carbon =onoxide, hvdrocen, carbon d i o x i d e ,  

=ethane, hydrogen sulfide, ni~rogenand~c~rtaln 

~mp~rltles. The quality and quantity of raw gas are 

:a~ly influence6 by the type oE teal and the ccmpcsitic~ 

o~ the gasification agent. For Classlf~cati6n p~=pcses 

we may d 4=~ ~" ~.~eren.~ate between three~nain ~eactic~ ~oups: 

mo~Ing had, f~u£d!zed bed an~ entrained isuspe~ded bed, 

AS sho~ ~n Fi~.___~3, they differ An'respect c~[ the 

= i of ' fol~ing: Size e~ ;e ~. .d COAL, .l=w= reactants and 

prod~c~s, reside:ca ti~e of cz.~l partlcles and 



- ~e ~:inkler ?~:C~S: e~ ,~sifica~=n in the 

- -~^ ~:~--~-Tctze~ ?ro~eG~ ~f czs!gicet~n i~ 

en~:alned ~usTen~i~n. 

T~e ~asi~icaui~n of COa~S or char with Oxygen ~nd stea: 

~n ~he f[u~d~:~ hod under n~r~al ~rezsure ~s a proven 

~ec~nclcg~- tarred xin~!cr Qas~c~z~o::. . : ~..~ns~er 

cf :h~s %e=~unD!c~ t~ ~asi~ica~icn under ?r~&~uEe ~ t= 

I~ ha~ ~S curzez=! 1 hein~ ~Zu~!ed ~n a la:3e ~ilct plant. 

~=cm a~rcsFh~:-: ~:essur~ to p~es~ure ~lll also nave 

?esi~n~ e~fez:~- T%~D prrce=se~ using this prlnci~le 

are c~r=~ntly Ze1~ deue!:~¢~. ~n %he ~he!l-~e~ers 

DrccRSS C:~i :uZ% ~s ~rl~dizaily char~e~ in:o a press~r~ 

ch~-~t~e~ an~ 9rC~erZ=cnef ccnt~au:~siy 5rDm ~e=e ~nto t'e 

r~c:or ~herea2 Tzm-%~=m z~za~ ~h~ ccal d~s~ ~Lt~ %'ate: 

a:d ;urns t%~ ~i~ture ~:nt~nucuzIy into the gasificatlc: 

=C~CtDZ- 

The ,~evcl~:en~ ~f the L~r~i P:CZ~S~ O~ qasifying Cm~i 

gasify c~a! un'~e= ~reszure ~:~n cxT~en sn~ ~eam a~ e~ly 

a s:all q~ant~:~ ~ cf axy~en hag ~o i~ cczpre~&~ ~ste~d 

,zf a =uc~ ~rea=ar ~!':~e c~ ra~ ~aG. Z~ =h~ pres~e 

~a~:fier, =~. J cc~! *s ,:~ntlnually and c~plete£y 

..... c ~-= .... :-~ Zc~ at a mr~cre u~ t o  

~O ~C~r. -~ :C~l IZ cna ~ into ~he ~asi~er u~inq 0 

~ccM hzV~er 5~tcn an~ ~r £:~ there ,.:m .,,. distrl.=t~- 

a~ l= ccn~i~uou~!~ ~i~dr~ v~a a rctalln~igz,~t~ a=d 

dzscharge~ thro~Sn a Second l~ch hGp~er ~/stem. ~he 

reactor itself £~ a prez~ur~ v~el with ~:er 3a:ket. 

The firs: ~lants were built frc~ ~93~ fgr ~he qasif!ca~ion 

off li~n:~e. Frcm ~949 ~uhrvas an~ 5ur~i ext~nZed ~he 

feedstock range to bituminous coals in ~o~nt develeD~cnt 

work, ~hls applyinq i~ par:~:ul~= tO wea~£y caX~nq ht~h 

vo~a:l~e bi~mlnous C~a!, sezi-%ithm~nc~s coal, se:~- 

anthracite, ~eat and anthracite, coals wlth extra:ely 

high ~ ecnten:~ also ~+~Ing included. 'Plants %er~ 

co~Structe~ in C~r=an~, ~n~!an~, ~ak~t~, ~=rea, 

A~stralia ant South A~rZC~. 

The ~v~Ic~e=t ~ge~ c~ ~e L'=~ ~L£i~r a~ c~ar~ 

in F~q. 5. Th~ f£rst generation, 1936 ~ 19~4, ~a$ 

~es~g~e~ f~r the q~siflc~ticn O~ lignlt~. ~he ~eccnd 

~enereti~n ~ laLd Cut f:r h:g~ ~rs~ch~uts a~d f:r 

This q~neraticn i~clu~e$ =ha plants at ~5urg, ~o~ten, 

~enerat£cn was developed with the target of ~n~re~se~ 

suitable for qa~i~yin~ ~I ~orts cf c=a~ and has a 

~[c,~ ~h~ the Se=un~ p!~nt ±~ t~ ~-,,~i ~ c~ ~ut~ 

cross,ruction. Each ga~e~ has a capacity cf "¢08 



z , --6 - m" 7 " x 

5:rcng:y ~'el!Izg 2n~ ca~z=g Azerican c~als c~ the 

ti~e Z!!~:ci~ ~ ar.~ 6 as well ~S ~tt~burqh 8 ~ere 

~aszfle~ dur~:~ large scale tests. The f o ~ r ~ n  

~enerati:n is & gaslf~er m!th a diameter cf 5 m Which 

is also suxtaDle for all ~-pes ~f coals. A ;rmtot~'~e 

±~ =u--rent!y ~£n~ =ea:ed in Sa~c~burq. Ln this 

ccnnectlcn ~:ne dev~ic~:ent of a slacker ~nd a high- 

~esszre ~asifie= ~US~ be =.entl~ned. 

Fis~he~-Trozs:h Svnthesls 

A si~pltfled blcck ~iaqr~, ~ i ~ ,  7, shoes the layout of 

a s~-=~esis un1~. By-products~ ear and naphtha, which 

are r~f~ned to rotor fuels and, thus, increase the 

yi~l~ are ohta~ne~ OR ~asifying h!tumincus ecal o~ 

llg,i~ ~nder pressure wi=h cx~en an~ s~eam usinq ~he 

Lur~! ~rcces~. ~he raw synthesis ~as is purified by 

~ashi:~ wi~h retha~ol at ~ow =e~perau~res. Dswnstream 

Of ~is Eect~sol was~, ~ ,  the synthesis ~as 

primer%i? ccm~rlses carbon oMide, hydrGqen and the me~aT" 

f=.'~e~ in ~ze gasification s~ep. rye car~cn oxi~e and 

hydrcq~n are then converted to hydrocarbons ones iron 

:a:alyst, F~. ~. This reaction is excther~al. For 

rezovi~ th~ r~action heat and ccntrol!kn~ the reacti0n 

tempexatzre, two reactor t~'~s have p~oven themselves: 

the =:" * m .e.,,,e~ ~--(ec-he- xeactor, ~ ~ " ARZE reenter, 

~eveio~e~ jcln~!y by Lur~i and Ruhrchemle, and 

the enZ:~i:~d s~s~snaien reactor from Zasol, 

SZnt:ol re.~cter. 

In ~he A~GE reactor the 9r~cipi=Ited ~ran~iar ~a:a~Vst, 

Fla. 9, ~s arranged in =~hes 12 m lena wh~=h a • 

surzc=nded by bo~lln~ ~ressure %'ater f~ ntenslve cooling. 

The ¢;er~tlnq texpera~ure is in~%e range 210 : o  25~ *C .  

Today's reactors have diameters from 5 ~0 5 m and are 

~;~ed -.~h ~ and 9~¢0 tubes respeotlvely. ."~n. ey 

produce ~bout 85,00C and 125,900 t ofprimary pr~ducus 

C, ~ ~er year respectively. The 5ynthol ~ y s t e m ,  = ~ c  ~0, 

" ~ cCClin~ eie=e~=5 :cmprizes the rea~tcr fu~nished.w-~h 

an~ the catalyst setuling chamber, r.%e =sector is about 

40 m high. Contrary to the ARGE syntheszs, the catalyst 

is a fine Fowler. I t S  basis is mill seals from steel 

"A~rks. The powdery catalyst is propor~icn&d ~slng a 

s~e¢ial valve into the stream el' hot ~ake-up and 

circulatlnq gas ~nd carried into the ~eac~or by ~he gas 

str~a~. Here, the ~as velocity ~ r c ~ s  so far that the 

heavy catalyst Is Just ¢arrie~ b y  ~ei~as ~tream~ 

Conversion takes ~lace in the range 3¢~ tO 340 *C at a 

pressure of ahou~ 23 bar. Th~ gks s~ream and catalyst 

l~nve ~he Z~actor and are separated ~n ?~.e~[ca~alyst 

setZling chamber. The hot catalyst is recyc!ed through 

the s~and pi~e ~o the reactor, i~ia. %1: Shows the three 

5asol Synthol plants in which about 80,000 t of'prlm~ry 

products are produce@ per reactor. The capacitylcf ~he 

new reactocs ac Secunda is considerably hieher With 

200 - 300,000 ~ ~f prima~y products. ;I~ ho~h s~stems 

the reactlcn heat Is used for generat!n~ st~.~ .The 

~as leavinq the reactor is cooled in hea£ e:cchangars, 

the hy~rccarbohs formed and the reaction llquorbeing 

dondensed out in part. K portion of th~ cooled gas is 

~txed with =ak~-up sh"~'.h~SLssa$'ane a~te: heatin ~ by 

heat ~xchanqe recycle~ ~ the reactor. The other portlcn 

of ~he gas is cocked in several ~teps tc l~wer 

te=perat~res to recover the low iclec~iar r~acthcn pr0ducts. 



Tn the El--~..::ci ~=::es3 ~ ht~h ce~hcn :~:iHe ani hydr:~: 

ccnvgrsi:~ :at~ ~s atta~ne~ in cn~ s~age whmrea3 ~:e " 

A~GE ~?~esi3 IS ~r zul=z-s~a~e ~ e ~ i ~ n .  Here, abcu~ 

6~ ~e T3 % ~re ccnverte~ i~ the ~rs5 St~qe ,  c~clln,~ 

iS ~er. qffec~zd b~ h~at exchazqe t o  zg=~rate wa~er az~ 

hy~Dccar~cns 3n~ ~n zhe ~eccnd :eac=or state a fur=he~ 

6~ ~3 TC % ~ :he car~cn ~ : ~ e  and hy~zoccn is ccnv~rt:: 

TSu~, a tct~l ccnTersacn cf 50 ~ i~ attained "*%ich 

~r~z~ic~[i~ i~cre~s~3 u~ 130 % h~ =he recycl:ng of ca~:- 

m~nc:.:i~e an~ ~!~-~rccgn der~ve~ 5r~m ~he icw ~,~F~atuze 

se~r~=~n 3f =h,2 t,aiL~as. :~=ha~e, ~cr:'~.,ed ~urlng 

gaS~STZ~i:n a~d slLnthe~. :s re:cucrc5 e~ a ~e~raze 

fra&zicn l~d can De ref~rze~ t: ~arbcn ~onc~:ide a~ 

hyd=cge~ as ~cz~ in Secunda. F2=.  ~2. 

~he c~=c~=i~n c£ ~ne pr:~ar~ ~rc4u~t~. ~n ARCZ 

bEZ~Ch~ ~2e _ c r ~ - ~ .  AS op~cse~ =~ :his, t h e  Zyn~hCi 

- ' ~ L ~  1 

i' 
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~res~r.e ~aslf~:atien are s~;n ~n T~LE . ~ Ln %'hi=~ the 

.e~tur_- 0~ :ot~: ftelo are ~Lven. =har~zteris=i= ~ ~o 

~I~LE 2 

Ch~:a=terls%ic Data c~ Zaso!ine and Diesel cil 

ARGE S~n~qesis with 
Tar Prccesslng 

.... 

. i  ~azolt~e 

Density 

Ar~mazics, %~.~ 

~esear:h octane number 

0.6{ - 0.71 

:8 - 20 

90 

Diesel cil 

Dznsi~y 

Aro~:i:S, Wt.% 

0.79 - 0.~ 

less t~an ~0 

less than 5 
70 

Dctene number cf the ga£ol~n~ and cetane nurser of :he 

d~esel ei! alter sllgntly. The diese!,e~l basis i~ 

~ri~arily pa~affi~ic/c~efinlc with ab.=ut ~5 ~ are~anlcs 

a~d na~hth~nes. T~e gasoline largely co=prises l£cparaffin~ 

t~gether wi~ aron~z~cs ste:x!ng from ~ne tar na~5=ha. 

The ~eta~e nu~heE cf t~e ~iesel o i l  ~ s  ez~e~en~ whereas 

the ccta6e nu.T~he= c f the gasoline meet~ the current 

s~andard fo~ a regular gasoline. ~Due to the low arc:eric 

~/,d naph~ene =ontents o~ the ~asoline,. ~tsblandability 

w~th methanol is problematic. In~compa=iscn wlth.this, 

-..he octaDe hummer of ~%e Syn~ol gasoline iS  higher but 

~he Cetane number of the diesel o'il is !iower. 

It is to b~ seen from the structure of =he prir~y 

p~o~uots fro n S~=thol ~nd ARGE Synthesis units ~:~m:t the 

Synthol Process is predestined £¢~ the ~xi~um ~ro~uctlon 

of gasoline. CCn~ra=~- ~o ~his, the str?n~ of ~h~ A~GE 

Syh~hes~s lies ~n d~esel ell. Due =o n#wer ~evelc~aents 

ofi~e pressure gasiflcaticn i% is possgble to operate the 

s-n%thesi$ in the pressur% r3nge ~r0m ~ ~o 50 ba~. Thus, 

the reaction =~mpera:u:e can be re~u~ed. D~e to this, the 

life af ~he cat~lys~ is extended and the ."%-~X seleotlvl~y" 

improved, Under this term one understands a~mc~er~t~ 

w&thdra%-al of the ~roportion of the ~:i~ary produce 

boilinq above 3Z0 ~C in ~avcur of ~th~ prCpo:tlcn boiling 

belOW 20~ "C over the cycle t~meof ~he Catalyst. ,It is 

possible to Supply up to 80 % ef the Frlm~ry ~rodu~t as 

kerosZne and•diesel oil of the best oual&t%" by the 

cor~inaticn of Ol~gcmerizaticn of:~he 0ieflns boil~n ~ 

below 140 ~C and hvdrcc=acking the W~ze#':ho~lin ~ above 

220 ~C. Therefore, the AKGE snd syn:hoi ~ro~esses : 

supplement one another in a p~actihal fashion. 



Tedate ~ne a~l:c~t!cn of net!ariel ~:as Li~i~e.~ 

~q2 %~:qi su:cmzde~ mn ~:kizg a basic ix~rcve=ent an~ 

r~::zln~ ~he methanol prs6uzni2n ~z,~Gt~ hy %he de,:~Icp~÷~- 

cf ~ i~:~-pr~3z=~ ~=o:es2 uh!ch szperae~e~ zhe ~ev~o~ 

e~e.a~.ng at 303 bar~ Du~ ~o %n~ °-. • r .... . 
and ~ i~re~em~nts in e:al . ~ ~ ~On 

=__a.a~a.a~..,'='- - -- ~he .~z~ductic~ of methanol has b~oore ie~ 

e~r~aive and itz ~.~pi~cgtien a~ an e~er:~" carrier 

~z=erestlnc. A~! t~e e,~ai~men~ re~iTa~ ~r %his 

.uc..n_,.g 2 ha~ already =ann ~er~ta~ ~z large-s~al~ ~zLzF 

~rcduclng ~ millicn t o~ pure ze~anol ~er yea~ an~ met:. 

F~=. Ih 

Carbon ~xi{e and hyd=cqen i~ ecnver:ed in the ~e~erat=:~ 

range ~f 2~ ~C an~ ~: p:es~=r~s ~f 50 ~m ~0 bar on a 

~r~nular ~a_a!ys: arr~n~z~ ~n • tubular r~ter, in 

r~::~:~ ":iTh rh9 Yi2che~-~r~mDc~ ~ynzhe~, ~he 

rear,ion ~ seLecz~ve en~ p=a=~ieaily uluhouz ~-~r~a:~ 

fc:7~.~,~ng- Ze~hanc! and ~mall ~uanti~aes cf water are 

se~er~ua~ from t~ ~as z~rea~ by czo!In~- ~lan~s ~c~ 

Erzdcca~ =e~hano~ are In~ee~ cr "arable w&th F~scher- 

~c~ch ?lends ~n ~helr iay%~r a~ r~ard~ gas ~rcdu=t~n 

an~ ~as ~ific~ion b~ ~ne ~rc~ess~n~ c5 t~ge rea~icn 

~z~ur= ~ censid~r~b!y ~:~91ier az It cnly c~n~pr~se~ 

~x~t~!i~%~cn. Yn~ aVVl!c~Icn 45 ~c:h~nc~ as ~<tcr ~ue~ 

blended wi%i ;azoi~ne er ~ a cc~enent ~n t~e-~cm~cnen~ 

~n~ectien for dleze! enq~ne~ Zs ~2c~-n. Zt is nmz 

int~nde~ ~o ~o in~: %he ~eh!e~$ c~nz~cted -;ith this at 

th±s =clnz. 

2.3.~ Cznvcrs!cn ~H :.:ethan~ in~m Hydrocarbons 

~b~l ~$ea/ch and ~evelc~menz ~erp~atizn has s~c:eeqe~ 

~n converting ~ez~an~l int~ hydrocarbons ~n zeD!!~es 

separating ~:ater au ~he san~ t~ze. Th~ e:~cth~rn~l 

reaction ~ee~ ~electivet~ £n ~h~ %e~er~tzr~ r~nge 

between ~63 and 430 ~C under pressure and supplies a 

mixture of Ol~fin3, ~se~ara~flns, n~pb~hen~s a~d arcmatlcS, 

prlmarily in the gasoline boiling ranqs. Ths excth~z--..~c 

~rccess can t~he ~hree ro~es: 

- in the mu!~i-s~a~e ~:~e~ ~ed ~eac~zr 

- in the flui~az~d had ~naI~eus t~ ~I~Z~ 

c~aly~c =rachln~ er : 

- in ~he ~ub~far resct~r anal cg~us ~ zhe F~scher- 

Ttop~ch S2,n~hesls, cenera~nq steam. 

The latter system De~nq ~=eferr~ hy ~ur~i. 

Th~ Frcce~z i~ sh~:.,~ di~gr~T~atlcailyxn ~t=.'{- 

::ethanol, e.g. aqueous raw ~etha=ol, is evaper~zed :n 

the recyTle cas ~h~ch cczurz as react!an by-pr~ucU. 

~he qa~ ~x~urc enters %he reactor wher9 th~ ~,~rh~n~l 

c~nversicn ~akes pla=e. The product ~eav~ng :~e reactor 

ha~ £~s heat remeved by %eat exchsnq~:and I~ t~e~ cecled. 

Te ~ei~t~i~ the r~c&i~n ~ze~re, ~eicn lies het~e,~n ~ 

a~d 20 5~r, co~G~3nt~ t~iqas i3 withSr~n~rz~ t!>~ ~'~m, 

C 3 and ~4 hy~rccarh:~s recevere!ih y =0ol[n9 the tallqas 

are :enver:ed int= gese!~n~ by ~ky!atlcn. T~e hydro- 

carbon yie!d is v~z~ c!ese :c th~ theer%'. The c:~pesiticz 

an~ the ch~ra::eri~c ~a~a o~ ~ne ~aszl&-e are sheen in 

TABLE 3: 



a • ¢ • 

YIeLd. ~n, =- C=--~,.:slt=cn c- = GasolL~-a C-'cbil ?r.-cess) 

Gaio:,~',~ in=l- a!h~'Zate 

Fae! 9as 

?.ela=e~'=O 
1~00 k 5~e~hano! 

390,S 
2 3 . 4  

7 ~ . o  

566.0 

1000-0 k q  

O~ the =~ac~en ~=odu:% 95.4 x~ or 4;4 k~ can ~e 

utilized in the ~crm o~ ~a~oline and iiqui~ie~ gzs. 

The rest Is used in the pr:ce~s:as fuel ~as. ~h~ 

~achnol~ ef c~nverting ~e~hanel ~s ~ay ~s:e:ed 

to the ¢xtan~ ~hat ~ommercial p~an~s Can ~e built. 

The methanol synthesis and its eorbina~io~ with :~he 

Mobil P~ccmss =bus represent real alterna%Iv~s to 

~ischer-Trepsch S~nthesls. :t eusht t3 he remarked 

~hat todate it has not been possible tc produce diesel 

Oil usinq the methanol route. 

• " .  A.ua!vxis cE =-~ G-~c!i=m 

zezs~ty, qI:l 
47 - 169  

9 7  

~a.~f~n~ (lar~e!y i-P) 

Olef~as 

~ht~.ezes 

A~oma=i~s 

56 

7 

4 
3~ 



~_ - ~7- 

T:~ ~r?al T'-" - tc i ec.=i: 

~h-- ~errai e~flclezc'Z i$ calcuia=:~ cn =he b~sls cf 

the ne~ z~lzrifl= v~iues. ~:~e effiz:~ncy ~s Z~ fin~ 

zs =h~ ca!crafic ~e:"~e ~f ~e ~rc~c~ien - 9as=lin~, 

d~esel eLI and !~a:~l~ qa~ - =~!3%eC t~ tile =~lcr:f:: 

v~iue o~ u~e :cai use~ ~¢r censers:on ~r.d u=~ilzies 

~=z~ctizn. The c=nsuDp~:~n 0~ ~e off-s!~e~ ~s ~a~n 

~t~ as=curt= in ~he halan=e- Central" te =hzs, the 

c~:c~ic cr~dltn for su!~h~ an~ a~.~on~a are n~ tahcn 

:n=~ c~z~derezEen. T~e ~[ue~ ~cr the ~rzcesle~ 

@es=rzbe~ nre as~embie~ Zn Tg,~L~ 4. 

~ue ~o dryLn~ [he coal %5e effLciency ~ a ~sw ;er=en= 

Lower , :n  Iig~±t~ bein~ used. ~he =Ca! =~s~s f== ~e 

in£!~-id~I~! ?=~=asEes =elate~ ~ ~ z,et=5~ t~n~ as 

funcLicn c~ the con% price as sh~ ~ 9~?~ ~5. The 

h~wnes~ ray r~erial =~sz~ ~r~ f~r[~he Eisc~er-Tr~?~ch 

Syntlnesi~ ui~}~ the nethen~! gZn'k4~: ~&vt:,~ the fewest. 

The Mchi! Prccess lles het~en ~h~se ~;o:i~zes. ~n th+s 

FigUre, metnancl is ~he,~ in ~arti=ularl? favc~rah!e 

liqht ~ue %0 i~s low ~al.zri~ic ":alue rela~e~ to %he 

wai~n=. 

.~hez.-al Z-= rifle.- ='_" 

T° yi~cher-Trz V sen 

:'e ~_h :.-.c ! ~i.'n-he$ i: 

.-e~.a--ed =-- .'::v 

r 

4? 

=5 

I ~=al real ; 
I ~er ~=a! 

2.50 

J 

.I 2.,34 



T:=e i" are "-/~.o .z~ C5 

_ t_=e =:..~z an~ 

- ~z~ vzrlahle c~s~. 

The fl.xe-~ c~3ts are dete..--r~'ned ~n the has/= of the 

capital ~Tes~-e~ for a tu~-~ey plant including 

~he off-=i~es erected cn a h~zumlncus c~al basis. 

The inv~s~.~ent costs cc~t~ hairier financing nor 

casts ic= preilminaEies~ costs ~cr hhe si~e and its 

development, i~teres~ cn ~he capita! d~rinq ~he 

ee~t2~cti~m per~d an~ the szaru.u@, ~nfrastruc~ure 

~d ~h~ cc~ts fCY ~inin~ or landin~ coal. 

~he ~:,¢e~'" " ccs~=_ csva~ de~r~ia=!em and interest, 

~erz~nnel costs ard everh~ads, repairs and ~ainten~n~, 

~nsur~n~e as ~iL a~ interes~ o~ ~e w~rklng capit~!. 

The "~a~iKhle costs ~cmpr!se !a~gely ~he coal costs. 

The ~a~e-~p wauer ra-q'airemen~ is considerable i~ al~ 

Cases a~nd, z~a! -.-~ter =~¢l~n~ being pres~me~, is ~ tc 

3~ m~/t prDd~Cl. ~he ccnsuzp:Isn ~f zhesi=als and 

e~ta&y~t~ alzm :e~resc:~ fur~r n'ariable cos%s- The 

ia~e- are i~" and can be neql~c~e~. 

" ' ~  ~ak~n into account ~.re the ~ales costs, ~rofit a~d 

~... ~iiO~'im~ concius!cns can ~e ~ra~ frem ~he 

~rcd~czi~n ~ost rela~d ~c ~C Gcal c r  ! m-~rtc tcnne 

prz~u_z ,zs ~inctic~ cf ~he cca! costs, Fiq. 15. 

T~e cnl~ ~ c-'r-~e-'Cla[ T~t~r ~uel m~'nthesis in m nplicatiz~n 

currentl}- ±s ~i-.e ~cher-Trr.~sch Process. Th- ~rcr~s~ 

:s s ~ - . a ~ l e  for covering ~..~.e -ar.,.e: rec:'l~-.e~sn', for 

case!ins, -~ierei c-~l an~. ~ liqu~-fled ~as. ;.s thl3 Synthesis 

can handle asm-rlc~, coals, ~T.icE ~n re~ar~ tz nr.e ~u--plv 

of feedstoch "-'s to k e v~ewed as a parti=ular a~va.%ta--e, 

cca! costs can h ~_ expe--ted in this case :Which are 

~sp8clally law per cal~rifiz unit. 

Methanol asse~sc~ calcrlf~cally as mot0r ~UeZ !~S in the 

region of the Fischer-T=opsch ~ = C d h c t ~  TSe specific 

inves~T.ent related uo Gcal/.%'eer~ilS also net far distan~ 

fr0m Fischer-Tr~csch Synthesis'. Hc-ever, ~ethangl is 

then esFeciall y ~nte.-es--in~ when it can• be used to 

~ubst~ute =asol~.ne in meter fU~!o This "-s the case in 

the order up to ebou5 ~ %. 

The ccnuersicn o £  ~...-~-%--.ano.~ to Case!i-he is Zechnlcaily 

Solved. ~.he prcauction costs for --aso!-ne 'us~m~ ~he 

.~Icbi! 0il P.~oce.~s are less than ".he casts cf ~i~scher - 

Tropsch SFnthesis c/us ~.o a ~ e t t e r  se!eCZlvity. , 

.Reqret~ably, tcdate d~esel oil cannot[be prDduced using 

this route. 

F~c,. 17, S~cunda 

CC~CLUS~0!~ 

The e l l  ~ r i c e  m i ~ u a t i ~ n  a t  : h e  e n d  o f  1 9 6 ~  ~ " ' ~  =.. ~ . ~  

rren~ ~'ou!d a~ea~ ~o he that crude oil at : e s s  than 50 US~iharre! 

iS a ~hing c~ the ~a~. T~ c~e ccu~ts cn'h~herfiauresin the 

f~ture and considers mhe transport and ccnversiDn zests, ~he 

9reSitahi, lity thrg~hold for coal ccnvers&on W£]! b 9 r~ahhed in 

a relatively short ti~e in c~un:rlas haTf~ large.deposits of 

easily mined coal avai!~b!e. . ~" • 
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:~ded in la:~ ~nnage~ and !~ ma~ by Dredi=ued t¢ ~lay an ever 
:ncre~sln~ rol~ Xn future sche~e~, when ~r~-f~els have t3 be 
replaced by ~oal-~ase~ ± u e i s .  The bulk of ~yn:h~i~s ~az so ~ar 
has been u~i!ized in ~.he ~ro=ueUlcn of a.T-~onla, ~e~h~n~l, and 

s'~-bst~u~8 pe~rufucls. 
i 

~n genera! terms sy:'..~hesis gas iS define/ as a ~as cc~ai~i~g • 
~:'~r~ ~£ caz~onD~noxld~ and hydrogen as its ess~n=ial 
cempc~en~s.D~pending upon th~ use of s~n~a~he ra:io of M~ ~ CO 
za~ vary im an ~nfin~te ~ange f-i- 

H2 ; CO = ~ : ammonia, hydrogen 
H2 : CO = 2 methanol 
F ~  : C~ = 1 : cxo syn~esls 
H~ : CO ~ 1 : iron ore re~!ai~ ~•z 
F~ : CO = 0 ~ phosgene i~" " 

$~eci~!. e=Dhasis should be given UO hydrogen, w...c.~ ~ iS at t~e 
u~per end ci the scale oZ H2/CD-r~tios. The~main consumer sf 
hydrogen so far ~s ~he a~.~onia s~thesis. ~ now idok ~aCM~O an 
ammonia pro~-~/';cu~on of al~c~t 7C years. During this z~me ~s 
.~:ow~h r~te has been in zhe order of 50 ?i ~er decade wl~in ,~he 
first 3 decades, buu a~ter ti~ second =~rld~a~ i~=ii~ed to,!CO 
X per decade,' l~:ely 2u~Fed to 250 ~ per de:•de ~nd ~'now has 
~Urpassed the IC0 mlo ~ o n s  per ar~un-zark ~6 niur:qen ~ixation. 
in ~e course o~ :his rapid development ~.~.~-~:p!~ce$ oS 6,r=~u~Ion 
have shifted £=om ~" .... ~ ~'- ~,.c~s~..a_._ed a~e~ ~o developing a - sr_a. and 
raw mauezia!s have shifted from cmal uo n~ura~ ~as ar .~  iiqu&d 
hydrocarbons. 

AntlciDatod use of hydrogen in subsZi~u~icno~ c~de-oil-~=o~u~:~ 

[~ ~hese years of our conZ=ontatlon with dimlnlsh!ng natural oil 
~ourc~s we are faced w~Zh the ~xeblem of substituting pe~rleum 
a~rlved products by coal-based Zuels. All o5' ~he~rog~sses Which 
Can be considered ~o~ this purpose are hydrogen ~nsume~'s to a 
!ar~e extent. If for ir, s~ance ~e underzanke'~opredLat'th~ 
h~rogen consumption in Ge.--m, sny dD~i~g 2 dec~des o~ccn~Inueus 
red,circa oi oll th~oughpun a~ a raze of 5 Z'per annum," we a=rlve 
at a f~ecas~ of hydrogen requ~rem~n~ as shown !m fi~ure !.'This 
fi~Jre shou!d'de~ons~atz t~at h~dro~n requirements:in ~ Germany 
will he a multlm!e O~ ~h~: :s ~sel nowadays " i n  ~ Already hiqhiy 

- /~'eloped chemical indus-~ry. Me=hanol and ~S ~uz-~her cznvers~on 
• t~ iiquld hydrocar~¢ns are expected ~o contribute hea~!! M zo the 

overall cDnsump~Ion, ~nd wil! 3hare the marke~u~=h[hydro~n~:±cn 
p = o d ~ c S  and possiDly Fischer TroDuch-~roduct~ as ~he source~ of 
_~ransportation fuel. Syn~hezie na~ura~ ~as (~NG) wile also have a 
e0nsiderable share in the hydrogen market, pa=t~cu!arl~as ~we!! 
~i~tributable:deme~zi~ fuel. This smenario ind:cs:es The ~rand 

~LM~O!OOI2509SG 



Ai:h:~:=~- %~.e Vre<~,:2! h*::-~:-~6- -. c:~ su~zt:zn zh:'=. ~. in "!q~'.-e ~ i~ 

m:~e~-" D=i. :-:ne~,-'a~ .=e:~.*i~.u: a.~i ".--~ fcaGt:c.-.s are ~ru,~,~= h" 

"-a~::n-.- ~::u==:=~:: :a: Vre:e~;. ;cy~_-.-qe.~ --22 cnl'~" b~ c~nsi'~r~ ~ . ~2 
~e::n~g:- en~..-v y =zr.-:er :S hy~.-~=en -.~ ne ~ - F~=d~¢ei ~: a 

~ . ~ - - ~ - . : ~ . = % : . : n  r : - . ~ : U ~  - ?f hy--'r::ar:@.nS, "~e =:'~,a~-eiv r.zv,- ~ . :~ 

available : . :  :~=:~ ~'-.'~.'-~.:n~-a, h=~gver :,. ', : . t =  mOSZ ~_x~:=zel *-; 

bu'- ~-.=Ll a~ - - . ,~  . . . . . . .  " . , ' . . u ~  a.,. a'- a 

pr-~dg_,~"n~,~. - ~n= =2 ~.-=du¢:n~; s-.'nt~es'.s q~s ~nd L% w~ll cer'.a!n!~ 
.~ 

~."-:=.'.~r- ~*.-.'-s h:--n e.'-e--Z'.~ ~2c, ve.'~'.~D ef.:'-:'-~c~- LS d.u~ =: : ~ e  

pr=~:ed ~.~" ~'aZer '~ezo.--..z~.z~'-=:no k'.nere%s :he .,~a~Dr'it? i~ h~.nq 

~l-.ak~.e 7uc,:es~ -.% :~czentra-.? z~d re~'.'~e =~zl.=~:u~ a.~,d ~e'.a!s 
~.=.-.ta'_.:e~ .'.-. ~e :=e~:~¥ Suel ~i, .~J.:e :-.e==,a: e£.~!c:e.~my :f "-1::~ 
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~e:wec;. ie~an~ ~:r s~.~%e~l: ;as an~ l:s ~asl:ie ~&~iy fr0m 
n~.:::ar::ns. Bu:n:: ar~y ~: ue  h a v e  us Io~k ar the expertise 
7~in~d 3C t~ ~ > - m - s  ~ es~e=ia!i~ in C~--~an~. we ~ a o  nust 
!~ck f&=>war/ tc ~,!ern =~=kn:i:.~/ ~r:vli~ i:~r=vei e:~nomi~s. 
~ere a r e  :e~ h 3 ~ l :  ~:~n::Di~ t o  descried an= =o c!asslfy ~ce 
:e:~n=iaq'/ of ~zal ~a~if~zazl~n. ~hese are for i ~ s : a ~ : e  

- the ~!~e~ had gasi~iza=±:n, ~h~re c~a! a~d ~asi£i=ation a;en: 

- ~e field bed qas~lca~!c~, where a thorough mixing of coal 
gar~i=i~ in : h e  fluld:zed had is achieved, and 

~he El~-u~ ~asl~Ica~l~, Dr=vl~i=~ c~-curr~nce of coal an~ 

T~?~cal rmpr=senta~ives o~ the~e q~sifier =~..s are the Lurgi 
~rocsss+ ~e zinkler ~azlf~er an~ ~ne Koppers-To~zek gasifler. 

Tc,~av ~he Kcc~rs-Tctz~k ~slficatlon as well =he lurgi 
qa~iElcatlcn are in co=mercial ~e~¢i:e ~n a nu~Z=e¢ c~ units. 
These pr:cms~ ~ve reached ZeshnDi:~=ai achlev~me~=, whm~ 
cheaply avali~ble ell and gas have E:r:e~ -.he :o~i ou: 0£ near! M 
&l! a;pilcazlcns in c~.~lca! pr=ce~s plants. ~wever in ~hose fe~ 
cases, when s;ecial e : 3 = ~ = i :  pre=~ssez ~s~ifie~ ~ke USe Cf 
=Pal. these ~w¢ ;rc:esse~ ccu!d be cpera:e~ successfully and are 
also he;.-.=, advanced In tec~--.oLcgy. ~z should be men.ached, ~hat 
z h e r e  a : e  also sz=e lnszai!~zi~ns accmrd±nq ZO the classic 
Mire<let przcesz In cperazlc=./i] 

:A ~r~e= of ~urT~er prc:es~es h~ve been ~eveloped in ~asu and 
ca=e :lose ze zez~_-.:ic~lcm! m~zi~facrl:~, in mast cases these 

~have hewn zrDze~s czncepts kn=~n for ~any yeKrs, which have ~een 
adopted :o':he re~a~re=enus 3£ i~r~e ~h~:ugh=uu fixates. P=ocess 
prlnci~ies mre ~sneraily gave:ned by =he properties of coal-feed, 
may it be a high!y-teas=lYe :r lest reactive coal, may ~t be hard 
or scfz ~r eD'en ~n f~ne qra~n form. or may 1:3 a~h ~el~ing point 

i he h~gh  or low. These K=e :he ~:s: ess~ntlal parameters tO defi~e 
~e ~ost suitable qsnlfLcauion process, High T/~rc~ghpu= figures 
=~:~e =he ap~ilca:ion cf increased gasification pressure almost 
~mperat~ve :o all pretenses from a e:er~ saving pol~t as well as 

~ir:m ~n e~alpmen: size ~o!nt c~ v:sw. 

: ! S : n c e  :he :~era:ing par~:e:ers s~ c~l gaslficasisn ha~e t;~ be 
re~pun~Cue =c :he :azure ~f respective coal, =here cannot he 
:D~m:~ anz~r rO r/~e r~uoSt for the moo= s~i~abie process. The 
answer :~n :n17 be, ~:a: f o r  a ~iven coal q'~a!i:y gasification 
pro=eases may ~e :ore OF !e=s ~uited. ~hzs s:aZemen= will 

T llke.:ise a~ly t~ ~he 5~uldlZed be~ ~asi~i=a:iDn, c~ which this 
~i ~esen:a:lcn will f:c~s, since other processes have been o r  ~itl 
~: h4 described ~ur:nq :his sy=.posium by more competent 
:~trLhuzors, 

Vtx~2:%Ccl:e:9£0 
! 

principle u£ th~s ~r~cess i~ gasZE~calon :n a fi=~==e~ be~. The 
¢3a! is cc~vee*~ int~ the ~asifle= by a s : : e ~  fee~e:; ~./~e 

clr=umf~rence ~ :he ..u.d.~.~ bed. ~n l~er ~ ~a!~:a~n t.h= ~ed 
in f~uldiz~d ~ate, Ehe g~Iflcauion ~e~era:=re~=u re~e!~ 
5slow the ~elti~ p~in~ of ash. 

The characteristic features of the Winkler procej~ may be: 
~mmarized as followS. 

- ~w c~su~p~ion cf gasificaulo~ age~s!.e. I oxyge~ and steam. 

Simple coal preparation ~r~es~, b~cause a reia~ively hroa~ 
sz • hein~ grain ~!z~_ ~pe:=rum c~n he used, the m~xi~u~rain "z 

several millimeu~rs l~ diameter. This ~eans ~ha~ crushing of 
~he coal wi!l be suffic~en~ ~Ithout fur%her q=i~Inq. 

- High gas ~/aliuy, beG&use ~be ~sleica£ion proces~ =ak~s 
place at a ~n~form ue~er~nure a~d boca,lee f~al ~sif~El~on 
in ~he upper Tart of ~he relc~or achi~Vms ¢c~plete conversion 
of ~he hiqhe~ hydrocarbons. 

- High ash czntent i~ T.he coal f e e e  iS permis#ible~ 

- DUe t o  ~ h e  laZge q~n~it¥ o f  c~i in the r e a c t o r , '  the re~=~r 
c a n  cont~e ~0 cpera~ even in case o ~ a  ~OEa~y ~toppaqe 
of the coal fled. i i i 

- ~o censiderzbie reduc~io~ i~ efficiency when!operating ~t 
par:~al i~ads. "' I 

."he disadvantaqes ~f she eenv~ntiona~ Wi~f~er prccessare ~he 
rae relatlvely low coal conversi:n t due to =he,act that =i=~ze 

coal p~tlcles are entrained by uh~ gas lea~ng ~ reactor, and 
operas!on a:[a~mospheric ~ressure and moderate ~em~erituEe. 

~he ~.einbraun ~T;/-?r~ces$ 

The d/sadvantaqes =entioned here have b e e n  ~he s~ar~i=~ ;oint of 
the development work o£ Rl~e~nis=he BraunM=hle~we~kewith %heaim 
o£ performing the gasification under ~rmSsure andat an eieva~ed 
temperature. :~ence the name ~a~ derlved: H~W ~ E~gh-Tem~erature 
Hir.k!eT ~ r o c e s ~  ~ 1 

cpera~ icn  uSder p r e s s u r e  and  a~ e l e v a t e d  ~ e = ~ e r a t u r e  c f f e = s  ~he 

The casif~cs:len ra~e is inc:eas2d and ~heef~ect~e gas V 4 1 ~ c i t  w 
in the gasif~er is reduced. ~h!s makes i~ ~es~ibl~ to c~ns~rue~ 
high-oapaci:9 gasification reactors O~ comparatively small 
~hysical c~ze. ' 1 
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:Z ~ep~n~enz ~cn s,~i:d par=&rle~ ~ e:~z in ~s ?~a~zi~n z~e, 
-~_:2r~ zh- h~er ~ezFer~%~u~e ~rea~ez ~e r:sk of ~ezz~nq 
z~[zen dr s~i~=er~i ash. ~rei:~inarZ Zas~s hav~ shown ~a~ t~ 
a~i~z:zn ~S i:mes~cn~ :n=rease~ zne ~=h melz:nq ;eln~ =f ~he 
:nves~:qa~el ~eai Z~os. Simui~aneouz:y zhe Zi~esz~ne ~eaczs %~h 
~e ~i~h~r reZe~sed # ~ ~oa! an~ re~ain~ it ~n "~ ash. 

A p~lct =:azt has b~n bu~z bV "~'-~ .... and ~n e~a::en 
s~:e t~o years ~ ' :  Z e ~ Z  zhe ~ro,:ess. ~ze devel~ze~ iG ~ei~g 
szon~e~ ky :he Fe~ere~ ~,T:n:~zry cf Zechn~lo?':, ~?~T, ~z 
Se=many. ~nT:ne~r±nq ~erv:,c~ ~n design, ca~sZzu~,Dn an~ 
¢~eratisn have been ~v:le~ h~" - ..... ~r~ ~ sh=wz z~s 
:natallaz~cn wh:ch ~s i=caze~ zn a 9.ac~ near ~oi:qne, 

~l~. 4 ez! 5 [~j ~i-:e ~ f[~w-41~rmm :f ~h~~ p:azt~ and i= may he 
~:rlbe~ br:efZ? Th~ hearz ~f zhe ~r~ess ~ ~ne ~iu~!ize~ he~ 
and ~e en~rei~en~ rsacz:en ~ha~e~ mbeve the fl'a:~=e~ be~ w~h 

" -. ?as .... a...n a,~enz .... 
a~e ~e~n~ un~ernea~i~ z~e f"i±~ze~ bed an ~he uec2n6 ~ne be&n~ 
~cv~ zh~z bed in ~e ~cszre~cz:&n =¢ne. S~Z~ ~arZ:=ie~ sZ:il 
zarzied ~:~h ~ze =a~ az zhe ~u~iez ~ :h~ ::no a=e ze~araz~ Zn 
a cT~i:n~ - :~e =e=a~z~: an~ ~re rezzrne~ ze -~.e £1uldized ~el 

z ~ a !  .r~ 2onvenz:o~al ~c~:~r i i q ~ i T e  ....... ~ -  ~-,~ ~c : rw~%~zz:s of 
~*~-~T~-- przvlsien has been n=d ~ in the zX~ot pl~Z Sot 

.lu:ui=ed-:e~ ~Xa:tm ~: =ezrtzen Drez=~:e a~& ~ e d  ~nt~ ~he ~ ~ ' 
re~z~or hy ~ ~cre~ Z,ze!er. :znzro~e~ ~ian~t~e~ C f  ~esZo~, 
i~ Cr ~,:ic~Ze can he f~'i ~o Zhe =e~ztzr ~i~Gl~e:~s~y ~h 
-~ r~ai zhrcujh ~he i~ hzDge~ s~az~m sh0%~ zn the ~e~. Zn t~ze 

~hi:h can ~e ezy~en a~ ~:ee~ ~z alz ~d zteam. The £lu~dlze~ 
re~z~:~n zene ~s ~Ver~'o5 ~n the u~er ranqe ~,f ~er~SS~ble ~a~ 

w~nh ~h~ 9rc~u=t ;az. ~<~!ch ~s :n~n~el. 

. co%r~e ~z ;~r~c[-~ are :e~'¢e~ ~n zhe &brat se;ar~tsr which 
& 

. . . .... ..-= .... 
7 d~p-Z~. ~ur~her ~'as~ ze~araz:cn ~a~es ~iace :n t'~ ~ec~nd 

z e ~ r a t ~ r .  :he =U~Z ~e!n~ d:~r~ar~ed t~r~uqh a iO=~ hzD~ e~ 
..... ~ - ' ~ ;  ,z~¢ie! and Dre~en:!y :s burn: i~ a 
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=ar~_:.-ula.'i7 =-u~--~ie~ £== r e a . - t = ; - e  ==al -.}-~ez w'-~ ".=-,r =l~n.<erz.n~ 
----~.. u-¢.%=i~ , es=e=i ~i~>" . i.~...l'-e.~ 

--'---6- :ha_-~=-_er-*sti: de~i~ da:a f.~.r t~'.-- :Ci'_d ~:.ion ~ian n~e a s  
f: I l:ws : 
=:~i ~-:-r=u~-.~u:: 1 " = / h  cf d:7 l~T.='.e 

• S$ • I 0  b a r  
gasif~c=:'_on te~perat'~re: IICO c--- 

_-lhe ~ressure ch:s~n ~ T.hls p~:o~ ~lan: d~es nc: presen=a 
i~-m!t&uic.n ~: the pro:sos, hut can be rai~ed in ~u~.ure 
!.~-~ai!atic~s. A dlaq.-~u-., o£ =om.p:ession energy registrY-merit, 
-:w-~7=.r, d-_~,.-ns~:a~--$, ~hat the h~.=hes - in~e.~=Ive ~.o increase the 
~nsl" & -ice'.loll pressure i ~- !.~ r_he k~'~- pressure range, 

T..e Fzrp~se :f "-he z e s t s  is r.~: only tm e.~a..~ine the Doszlbi!itles 
of producing s'..~:hesio ~as bu~ a'~o ~..o =nve~-'~1~Kze -.he 
fu.-.~a--.ent~is .=Or ~T~eer apDi'-c~:le~s, s~ch ~s ~ production O f  
reducl.'.~ ~as. . s'~b.~i~.~:te r.au=ral ~as cr fuel gas for a co.T~ined 
=ycle pre:esm w!r_h sze~- and gas ~urbin'-. 

"~...e pilot =ion ~. we.~: an s-re~ in s~.T.e~ I~78 (f~%--'re ~) , The 
r e s u ' i = s  ¢b:a:ned s o  _=a t  ha'=-_ ~ 0 - = " : - - , , ~  ' 4 _  .~ . . . . . . .  the expectaK-:cns placed 
upon t h e  .~-he!.~-~'~n .~TW pr=:esa. It -.s p!ar~ed "~O suhjz:'." ~.~he 

m pr--cess to .~:~i~er :es~s in a !arg~-r =ion:. D-nde is surren~iy 
_c. ~ T/._ perfo:-i:~ r/-.e eng:neerl-q ~or a d-.mcns:rau/en plsnt * ~ 

produ::ion 05 y.,e:hanci zyn'--'~.ez~-s gas "~'-th a capaci:y roughly 
eq-;-%-.'ale--Z to a 12C0 ~-d_,...r.ethanel plant in a mc~u!ar way. 

=: shoui~ he men-.i=ned a: this ~olnt ~.ha= -he ~.'~','1 process is a!so 
=ui~&ble -~E ~.~e ga~ific~'Ic.~ ~f =cod. as =as ~hown by 
a=oro~ri~te preliminary =esPy. Lq-.de is a: p--esen~ u~der con-.ract 
to" S'~edi~h and ~ra:llian ~-:.~r~anies. -=r ¢ the de-~i~n of large-scale 
~ilot Dian'-s ~ "-'O'D~ qas'.flca~Ion. • . ~ o r  

.-h.e ~.-/:--~-~-e~oT.'---ra~-ic. -- ~-e.-.,-- 

~:li=~:n~ "_ice -~A:CeSS cf ~he ~ilo~ plan~ opera~ions the deuizion 
.#as made ~c ~-uil ~ - a com:e_-cia'i-sca!e ~as genera=den plant :o feed 

.-:i , . , . ~ # " . -  the syn-hesis aiZCO tpe methzno! uni=. Four mudules " ' " "  " - ' " ' ~ "  
~as, each cf ~he=e ~asi-:i-.rs belnq of about =h ~ - d!2.T.e=e: of 
• ~ z . . - .... .:.. eri'" cDer~:---d ;.;:nkler -_e.-.~_r~ors ~..~ -~m-a-~ a-- elevated 

=n ch=sln~ :he ~ecme:r~c dimension of f o r m e r l y  epera~ad fl'-'id'~zed 

beds ~ ~ o - W. e.".-ec~ to have a f~.rlv good ccnu--oi of ~h~ -~ehaviour Of 
~he re~C'-~. ~, pm_-~icuiar'y "-'i~-h re~pect : o  ~he even dzstribu='~on 

-2~ ~azlfica~le.'. agen= in :he ==a!. 

PA~A%I~ T~W W'l'~ P~tG~'~L~ ¢O~wINIrIONAL " 
~ 'Aq4  | ' t ' l  WINKL~R PR OC E~L'i 

AT UXl IK  

Dr  ,ram b~" uP ta, ~0 ~ S ' 

C c e e ~  , j l ,  % Wlm ~6  9 |  . 

CH 4 C~nlm.t  ;n *a~  tn  ~ By ~ ; ,  $ 1 ~ 
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The ~ a ~ = ~  ~Le ~i~ ~ ~c~i~ ~y a ~a~t!~l ~h~ 

un!Z ~nd :zc:e~z&~z~zn~ ~ feas:~l~i~ may ~ Car~e~ ou~ s~on 
aft~: ~e ~ave resze! ~ther cm~l-~e3 ~n zhe D~ke~ --~ "'~ 

iS o~ ;r~ze ,:~nver~. ~ : ' e ~  ZF ~hi~ =en=ern ~uld n&Z he " ~ : C ~ d  

~C19 ~ue ~a ~e Z~t CE e~erqy ~: be ~lss:Date~ z9 ~%~9 
~Z-r~rt:~en~ ~r:z ~[~nz~ u2 c~arz~al ee~a:Izy. 

~he=e~r~ ~n?:~,~:~n~ eff~t~ have ZO ~e rcnz~n:uG~y ~cz~d 

~a7 b~ h~Z~e~. The ~ve~nL[ e~e~y e~:~:ency c £  :he en~=e 

an~l~r~i~ OS ener%~ d:s~t~a~i~n ~enn[~:~s ~he ~r=¢es~ ~re~s wh~r~ 

dri:nq ae~-i~n, ~ne szur ,~e7 re~c~'al ~÷:r~cn ~n~ the r~,mthesis. 

a~=i~*~te,~ ~: the ~t, ~hat ~aw Li~nlt~ invez~a~6~ ~e~-e 

menz::~e~. :h~ z~e vaiu~ ~ ezer~y noe~e~ :n coel ~=yinq ~s low 
~n~ n%nee, :f ~ra~e s~ e~er~E ~s ~i~o ~a~cn ~n~= a~un~ (i~kz ~n 

f g:'g"" L ~s 

m 
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- h e  •.-.-'=r=n_nt.~ .-h..e S=~-ar.~ ~- Shc'~', -_hat =.~ !eal=nq %'~.-.h -_he 

"_z~zea ;=" i~w en~.r.-y =cntec'-, :u= .,-~..u"~" ~_r.e.-; . ,•  irate. 

• -z'~"~'--"'~-~.-.. fr:.- rzgl 2z.?-a--~.'i :e :=h-"r r~'-" =ater:3ls 

~l~..h ~ur ~un='~le-q ~. : .= ":he en~-r~2 • z:-2:ers=en e.a.~ir~enzy Of cos! 

pr~,_-esse~ ,3 --recesses has- -~ - ".'pO:'Z o'--her ra'~ .T.a,~rlals. As ~n 
e:~a~mle :f ---'--is "~ ~a~" use ".~e lar~---s=a!e hylr=gen "~rcducrion~ 
i- has been ne--.l~ned e~r:_~er, :ha= :~T,'dr--~.en ~-~ n~ -e c=nsi~r-.~ 
• s a s-_=:n-'a.-',~ e=~r~'." c~rri,.r ~us~ a.~ =.~.• mer.~.ane!, ~-n-'r~lr~se 

m am& c=r.hu~_~icn ~nci proces~e~ i-a -,'a-us -z r..Dre-~en--e! by l~:s -~.- = of 
".~ ;r~u--e h'i~rcq~n can "~ me~'--~tTe6 by US~Fq " .':.= heaz of 
CC.~US-lcn as a y%rds=L-.k. ~!~. ~Z s'ncw= such cO.Fares=r, for a 
.-.u.~e-- e- ~ raw .--.a--.r-a!s, r~spe--Zi':ety enerqy s,~raes, f.-om 
r.a'.zra ~_ .=as a -~ a "-."-rzg--n~ d=nazor = c  mere forms o f  energy su:h ~ 

. ~ ~-~ i.nout ~¢ l.-.crease step by nuclear ~ower. ~'le c~n .-.e . . . .  energy . 
~'-e~ and we can ~ee "-t becem!.-.g ~x~-r~me!y h~.qh ~,9." thermoche.'.,i~a'- 
~y-.ies, %kith .c~e~ "-e•r wl::"= ei--:~.rolysis sh&ll be exempted .~rcm 

c:n~eraz-~ °z~s "[P2 

Unfer==n~'.ely we De,ice an i.~.er_~a~_ of ~nvez:men: simultaneously 
-.al~"= =he ~n--re~se Of enerqy Input as ~e gC ~!enj this se~-uence ---~ 
pr--c~-saes. ~.~.~.s .--,.ea=s. ~[".at ~c.e~-~y should b~ cmnsiderab!y ches~-~r 
:h-~n -.~ the f~=m of nauurs"- ~as ~he mote -we ,~or~ do'-'.~.war~-~ in. 
~i :a=--~i~-=cn, if %he o-.her re'-. _~zerials have =0 ~e 
: = . = o e = i T / ' . - e  - 0  matt---'-'. =as. A -~iaqra.-.. may demonstrate ~his 

s established for ".i"_e FRG, £i~.~l[5]- 
Smnce invest-e=- - r'-la---d " : e s : s  and feedstock - :ela~ed =osts 
i=:!na:e ~--he entire :.=:du:Zlen cos:s, in its ¢r~ina=e ~his 

r~. r~uio o. ~ 5:':es%.--.en: for ~he -~:aqr ~-. --:.ug'-".ly re . : re~ .e= 'as  "-e 
var~.o'~s plan:s, de~en~:-~-q ~u~.-. _zeeds~¢c~. We can see, ~-ha*- o c z !  
~:nculc/ "-_,~." av~ilabie a~ .--~ .~,o~e than 40 ,'~ of the .~_.~a.~al gas co~-.. 
[i- ~ ,h~-re ~s an opz=or . '  ".o use e!~n.r of ~k~ feeds~oc~:s and henC~ 
:hose feeds:o=ks are ,o cem~e-e. -'-n a .~iace Lake o=r caun,=7 :h=s 
c=.-_=e:_i-_i';e a::~a~l~n ~ay :=~ given ~er s-rlp'mined coal, 5u, if 
mazura! q~s COS'- ~.s low, the sinus:ion .,nay differ and J cer:ai:,tY 
do not 5-'ei CDTpg=~---~t ~3 2U~e ".he sltuatlon in -.his co~c.~-~y. ~.'- 
--he .~her hand all ~ %%~ a ~ " re ~. the exha'-'s:ing res~%LTues cf 
penr=Zuels, ".'i~e.-~s coal ---ill s=:ll be available, when the gas 
-ae!~_s e.utt o~_ ~. '~'~.--e to Due;a=s ~.he =ranslent sza~ may be s e e n ,  
h~a: ~ine ~3oner w~ s-_ar ~ . ".-orki.-.g e~. this ~ransi'-icn, -_h~ smoo~he- ~ 
~'~.ii l: C:car. 

_-:e cos: cf F.'odL'can~ r.e-:~anoi fro.-., coal compaEed tO eth~r 
ra-; ma:e.-laL~ 

B ~ L k  = h e = = c ~ i s  s u z h  a~ ~ e t h a = L ~  c a n  e v ~  n o w a d a y s  ~ ~rod~ce~ 
~fr~m z:al c~mDe,~z~vgiT. ~ we uze~oa!-t~pes whl=h are easy =o 

!.~=Ine an~:her~fs~e can he zuppi~ed az !ow ~n~rqy-~esu. ~ased ~:n 
• ~ cer:aln ~nfs=m~,a=ion We ~'re cmilec~ from va=icuz places ov~r 
T ~h~ w3rld an2 whlch ray n~z h~ cDrrect in any given ~ase, we hav~ 

cz=Du~d -~.e me=han=l produc=~on c o s =  from ~h~ mai~ ra~ ma~=ia/s 
= ! a n d ~ : n  a n~ber o~ iota=lens a~l Dyer the world. A~. extract o£ 

' ' ~ - h l S  shD~n in ~i~r9 12 ,  u<~ere the ==s~ Of meZh~nol-pr0duc-£on ~S 
plau=_e~ a~nlnsn c=sz c< energy ~en=a~ned in zh~ fe~d. 
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:='=he h~her :la~: Investme~=. T.he E:~:a~me be:ween :he :~ 
lines :e~errln~ t : :  a ~in?ie 5eeds~ccM :eE!ec: ~he cap~'~al ~h;~r~ez 

~ Aiab~an ~i5-~a~e~lal a~,d e ' : 9 ~  ~C~ ~'~ ~m We ZS ~ COSt  0~ ~TT~Z . . . . .  
trar/~,;e~ ~o co~s~erazi~n ~5 we[l~ wk~eh we ha're tO  ~O~Zie=. 

~ O r  She :es= ef 5~zEVin~ we ~ay have to a~d ~neth~r ~ to 4 ~ / 

~ensumers ~rea ~ a ~  ~£zrd cc~[~~.-~ ~ = ~ e ,  CUr ez~a~e eZ 

ha= ~e:~er r-~,~r,~d ~ethanDi .:=S~ ~ censurer-oriented 
e ~ z r : ~ ; ; : t z : ~  ~ : n ~ S ,  ~ l C n  h~S be~n ~cne ~n an .a=lzer ~:agoEY]. 

~r~=ezs ~c~ri~mn m~re ~=azmp~ren=. 

z~:fiza~z~n. F:W. ~ represenz~ the ~pec~rum :~ ;r~iueZ= ~s be 

a' iar~e :znna~e Cnz~ci~Z~ zni ~= ~il me=i~n:l be. b~zh haze~ 

ene~V ~r~z =e~e~e :=~l ~ i ; ~ w ~ .  ~e::z ~D tniz ~re :he e=her 

p!anz~. Like : ~ =  ~!zzhZic ~nZ r,eiuc~n7 qa~ ~eir . ~ e n ~ n !  ~ii 
mcs: 9:~hakiY b~ mush ~" f:r rhe .................. 

ener~? ::he~e3, hc%-evez ~ ~S ~0Z e~=~ to be zh~ped ~n a 
cmunzry ~ke ~i~ ~e przimmmnan~ Vmc~ucz~ T~y be methan:i a~d 

~ne ~e~ year~ ~f =hemp ;e~r~ueiz t~ ~ne ~o~z-~ll a~e when Coal Wm 

. aS~&i~ he re~dy ~r Zh;s a~e :n iu~ Z:ne. ;, ~,~y Ze She :~i.hase~ 

prmc-:~ ~ be ~ hz~hl)" ~aiu~mle zz~l z~ ~h=eve th~s ~:a~. 
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2. T~e ~er~us-P~er-Prcces~ 

2.~ Z~stzrlca! Zev:e~- 

~.2 ~:ocess ~asi~ of the Ge-~:z..~zn Technoi0~y 
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4 .  UV~ra~L:~ of C~al ~LI 

~ C ~  ~, 

51qUld fUClZ are ef pric~ nec~asZty zn the 

~de=n w~rld. They can be more eusil'/ a~6 

effl:ien~ly tr~,n~gcrt~, ~zmr~d and ~sed 

=has o~her energy sources. Suhh ideal 

~ro~ezties ha~ ccn~rlh~ed tb continually 

in2rea~ing demand. At t~e csr~nt c~ns~ion 

ra~e D~ about 55 - ~0 ~il~ion~b/d, th, 

%~DZld's ~rGv~n petroleum =ese~;es represent 

ahou~ a 30-year Supply. The in~rastrucuure 

eo sU~X%', 4istriSut~ am~ ccns~m~ th~se 

;rodUcts i~ ~v~tl~ble. S~ ~ %D ~bvieus that 

ta~ major e[~ const~aers w$1~ ~equlr8 az 

alternative energy Source w~th the sa~e Or 

D~mLI~ ~har~teristlc ~f~e~ de=L.led ~r3= 

crude ~i~. 

The teal hydrc~?enation ~cll~w~d hy uFqra~In~ 

[he roa! oil can h~ a =a~cr st'e? in :=der tc 

Se~re t~e ~r~her su~i~ o~ liquid fuels. 

~here are two me~n ways to l~que~y coa~: 

th~ ind~recz l~quef~ctlen and the dlrec: 

Zn~IYe~z i~que~tiDn ~ CD~I f~rst In'~o~';&n 

of CC .~C ~ (~yn%hesis qzs] and th~n the 

react!on :~ ~h~ syn~es~a~ £e ~o~-r~ 

hy~rz, car~cns. 

~he d~rect ¢~nver~ion of ee~l t~ ~ydr~carh~ 

seems to b~ the ~e~t z:~=!c prDCe{ur,~ f.~r a 

i~r~e-~cale ?r~u~cn ef both fuels add 

chemical £eC~s~oc~; w~ call At hydreqena~n. 



2 

Tc show ~ou ~he pr!ncly!a of this direct 

c~nver~icn I~t US have a ~ock -t ~!~11re I 

As y~u knew coal ha= ~ ve~ i %ic ~.. ... mole=clef 

weight. The liquefaction ~ro=ess re,aires 

the hrz~2~ng of the reactive linkages in 

the !ar~e c~al :~lecules. At t~,ese brezk~ng 

~cslzlo~ hydr=qen ~oXeculcs have tc be 

added to ~urm !~q~d hydrocarbons w~h lower 

=cle~alzr weight. 

These reactions are enhanced by ~he action 

cf catalysts. Further~..cre the hydrogen,%ion 

cf coal oc~irs a~ differen~ comditioss of 

temperature and pressure de~endin~ upon the 

sort of prmduc~ desired. ~u% a!°~ays ~he 

hy~rDqenati~n results in a change of the 

carbon/hydr~qen ratio. 

Fiq~ze 2 demcnstrztes ~%~ different cente~ts 

of h~'dr=~ ~f ~oa!, c~=de oil, diesel fuel, 

gasolin~ and qase=, l-he gap of hydrogen must 

he added when hydrogenating coal. 

some cf thes~ processes were already commerclall 

available is Germ, any in the ~9~G's, especially 

~.e sergius-~ier- and the ;oth-Broch-precess. 

In the ~oun-B~rh-prccess the bituminous c@al 

is dlsolved in a Frock=s-derived solvent, 

~hi~h is ~sed as a ~-Donor-S01ven:. ~roducts 

consist o~ oil, :~r a~d electrode grade carbon 

fez ~ne a!uminiu~ in£u~t~2. 

~n ~e ~er~i=s-Pier-process the coal is 

~ixed ~'ith ~Eocess derived oil and cana!yst 

to a pasze-!i~:e cznsistency. ~n~ hvdrog~nated 

- 3 - 

with ~ase~:~ hydrogen. Prlm~ry products 

are fuel gem, li~ht c~l and m e ~ i ~  boiling 

paint oiis which are upgraded ~oldi~sel oil 

and ~ a s o l i n e .  

The pzodu¢~s of ~he 2ergiu~-PierL~zoc~ss 

hKve iowe~ boiling points compared 5othe 

products of the Pott-~rcch-?r~cess. Theref~rm 

~n our days the Re~gius-Pler-process Is 

prefered ~ue ~ marke~ and economical reasons, 

4~ ~e 



. The ~erT ~ u~-Pier-Yr, gcesc 

?.T j~mm~_~ 
~ Zlr~ inv~tiqatlons ~n thin h~'dro~en~<: " 

przces~ ~re dc~e by ?. ~er~us in the 

y~*a: "Z~3 us~n~ hea':y fractions Oi mlnera~ c::- 

La~ercn the h~r0qena~ion c5 hard reek, L~gn:', 

and tar FitcheS ~as examined. Xn 1925 M. ~ier 

st~.rt-zd ~o carry zu~ the ~esign of a cc~:erzi~: 

~cale ~lar.t cn ~he basis o~ catai?tlc h~qh 

pressure %ydrc~e~a~on, ~eday ~m~wr, as %he 

~.-C. Prices%- Tn 19Z7 ~.e ~rst c<~mercla! 

plant ~as brc~h~ on s~re~= at Leuna w~th a 

cag-aci:y e~ 7G~ C~O :cns per ye3.rusinq 

bi~'~n, inouS llqni~c- (Fiq~re 3 glees an overran- 

of ~or=erly use~ hZdrcqena%ie~ plants.) 

~n TgZ~ ~he zraditlon of ~KS~A e~L bemann w~h 

the h,aIidir.q cf the f<:St plan= in the worl~ 

uslnq har~ coal a~ ~eeds~ck az Ge~s en~irch~n 

~Verauir.g at a ;ressure o~ 39~ hers 

2~0 200 ~n2 o~ qazc!±n~ ;or year wer~ Drrduc-f 

L~Z~ron ~p to 194~ m,~re hyd:eqemat~en plen=~ 

were ~i!e in G~.--c-any ;rocessiz~ hard coal. 

After I@4~ ~h~ c.7dr:~e~a~icn 9 recess ~as not 

res~ed in the VederaL Ke~zbtl,z of Ge~r-Y • 

Zn T~5~ V-~BA O~'s coal h.-drog~na~[':~ ~lant~ 

et Gelsenkxrchen-Scho[uen an~ Zaise nkir:han'= :"  

were c~nver=e~ ~i=~ a view ~O hydrc~en~=~nq 

=~z~a! oil residues, p~oduction continued 

until 1954 when it ~as stc;~ed ".'or ecenomlc 

Th~s histmr~c~l rev!ew ~ir~adv shows one cr 

the typical chara==erist~cs of ~he~P rgcess- 

~ i~ ~he h~gn f!exihii~y, inlre$Se=~ t~ a 

broa~ Tango c~ h~=~qena~icn applications. 

So ~=ccess was crig~:eili~ ~eve~q~ for zhe 

hydr~qen~tlon o~ min~r=! oli residues. 

Because of the short suFyly of these residues 

• the process was also use~ ~or ~0al'such as 

~ha~.d co~, ~iqnite, p&tch and tars.~ Lateron 

it wa~ no ~rcblem to convert ~he old[c~al 

h:/~rcgenation plants ~n order tO process 

minera~ ell residues. 

2.2 

I~ 1974 ~L'HRKOHLE ~G ~s ~ell a~ ~ OEL 

:~egan acain wor}:i~ ~n ~he coal l~_ue_ac,.~om 

~rcoess of former rimes. The main ~az~e~ 

~as the £urther de.eloping and e~t~miz!n~ 

~f ~he 9xev~n proce~. D~=u~ this w~rh %he 

technology w~s moa~f~d in the fol~ow~nq we?: 

The fee4 cmal ~s s!~rried w~tb a ~ixtuT~ 

of middle ~n~ heavy 6istillates c~t~Imea 

f~om t~e prices2 instead ef the ~or~.er~" 

~med ¢verilo'~ cf cent:ifuges- 

- The residue which cen~ain~ s¢~id~ ~s 

• used as feedstock in pressure gasi~ica~lon 

un£tm for h~,droqen ~eneratlon. i 

- The ~roceDse~ solid-~!-mixture is ~ 

separated by diszi!lat~cn in~:ea~ o~ 

meohanicai tr~atmenu by c~ntrifuges. 
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This m&dlf~ed pr=cesz - -~e ca!l it the 

~e~au te=~nolcgy - ~s expected to res~:l~ 

~ the f~Iowin~ i~provements: 

- A drop in operat!n~ pressure from 

7~0 tc 3~ ba=s ~hZle retaining pro6uct 

quality and using the same iron catalyst. 

- An ~%cr~ase in coal throughput by 50 %. 

- :m~rovemenu ~ he~t recovery d~e tO 

alteration of solid and asphaltene content. 

- A decrease in ",he specific conversion costs. 

~urthe--n~.ore as =enticned above the ~rocess 

is extremelb- flexible in order %~ use differezt 

Mind~ of feedstocks, such as hard coal, 

hit-aminous lignite: pitch a~d tars azd also 

vacuum residues from conventlona! crude oils. 

This ~s in contrast to US-te~hnclDgie$ whi c-h- 

are limL~ad to very particular kind of 

hard coal. 

3.~ 

The Project "Pilot Plant B~trcp"i 

Xn order ~o ~rove the German Teoh~no~cqy ~n 1977 

~U~F:~CHL~ AG ~n£ VE~A OEL (~AG 60 %, VZ~A OZL 40 ~) 

~ e c ~ a e d  t o  build and operate a pibot plan%. 

~n figure 4 a flow sheet of i the  ~ r o c e ~  ~ 

shown. , i i 
Th~ coal i s  ground to  a scze sma1~er than 

I mm and dried t o  a moisture content below 

I ~.-%. Then ~he coal is slurried in a 

mlxtank with a ~iddle and hea,~5 c£I in a 

43 : 60 ratio. This slurrled coallls qro~d 

to le~s than 0,2 ~ and th61catal~,st: . tS . 

added. The final slurry contains ~p~roxima~ely 

40 w~.-% o f  solids, i T , 

The slurry is pumped via high pressure,~lung~r 

pumps to 30~ bars. Now hydrogen ahd recycle 

~as is added and the slurry!~s he'ted Tin a • 

preheater to 420°C. The suspensionienters the 

reactor from the bottom. Here onl~ on@ reacuor 

i~ ~o~n ~ut in real~t~ ~hr~&i~ ~:~ies oo..oc~e~ 
reactors will be ~sed. i : :  " ~ i  

The exothermal hydrogenatiohlreactlcn occurs ~n 

the reactor ~nd i s  controlled byfeedi'ng uuenchin, 
hydrogen into the reactor in a wayi~that the 

temperatur does not exceed ~75 °C%iThe'product 

leaves the reactor at th e top. ~. : 

~o!~cwing the reactor a phase sepa~atlcn 

takes place in the hot saparater,!whe~e ~aseS 

and vapours are removed fromlthe ~6p While 



!iqu~d Srcduct~ and s~ild~ are diuch~c~4- ~_ 

from ~he hott~. The hot se~ara~er CDerate~ 

a~ 3c0 bars an~ 45~ "C. 

The gases and vaFours are cooled. The 

ccndensa~e~ are reduced ~n prsssure and 

~umped tc the a~omspher£c d~t~!ia%iCn. 

The re~%inin~ ~as ~s led ~o an absorber 

tower where ~he hydrocarbons are washed out 

~nd the =oncen~ration of hydrogen is iscreased. 

The absorber ~o=er ~s also opera,in7 at 

390 ~ar ~nd the leavln~ recycle q a s  ret~rn~ 

tc ~he ~roSes~ in front o~ ~he protester. 

Th~ condense~ l~qu!ds ~=e the ;rod~ct- of 

~he process. They are treated by ~:mo~pheric 

distlll~tion a~ separated in~e llqh~ oil, 

mld~i~ oil and heavy oil. 

The bottom products of ~he hot separator 

ar~ expanded hy vacuu~ distillation and 

separated into distli!ate c~l and residue. 

The dist111ate re~:rm zo the process ~or 

slurrb'inq the coal. ~he residue co~ta!ning 

mlneral~, unreac~d coal and catalyst as 

ao!t~s, are ccei~d on a steel belt a n ~  ~urther 

;recessed ~o qran~!aze which &~ giuen Zoa 

CCkID~ ~lant ~!=h i~ situated nearby. 

Yn crde~ to meet with the tar~e~ of ~lid's 

enr~c~ent up t o  appron~mately 50 wt.-~ 

~ev~ral ~!~ferent processes e ~  treating the 

reS,due ar~ p~nned. ~hese are dlfferen~ 

~embina~ions ef ~reszurlzlng, ~eheatin.~ and 

~iash e~apora~in;. 

3.2 

Furthermore a ~estpr0gramm will b~ establ~zhed 

in the ~Iot plant. In order to te~t n~wly 

~veloped equlmen~ designs of ~[U~F ' ;  ~ fee.~ Dcmn~ 

and preh~aters are ~nstalle~. 

Descr~=tlen of the D~ant 

The location selectee for the p~lo~ plan~ is 

Bot~rop close to refineries and directly 

adjacent tO  a coting plant and. a coal mine. 

Figure 5 Shows some eharac~erlsti¢ detail~ 

o~ the ~ilot plant which has an ~n?ut ~f 200 t 

of coal ~er day an~ produces 100 t of !igu~S 

hydrocarbons. 

A plot plan of ~he pilot elan: is sho,~TA in 

..,d~h flqure 6. w!~h a length O~ 27Z m ~nd a .... 

Df 215 m the plant co~ers er~.ar~a bf 58 70~ ~ . 

The main process unit~ including m~aZUrlnq 

and control stazion are Iccated in. four 

sections which are connected to each ether by 

pipe 5ridges. These units resulre an area 

to tailing 13 ~00 m ~ (~00 m ~ I~0 m). 

Zn order to Z@cilitate the ~upp[y of tbe feed coal 

an~ the evacuating O~ residue %he ~!ant ~s 

connected wltb the above ment~ene~ eokinG ~l~nt 

vi~ a ~elt conveyin~ system. A flare ani blow-~wn 

system is Instal!~d and tanks ar~ provi6e~ for 

storage of th~ coal oil fractions. Furthermox~ 

however off£ce bulldings, staff fa~ilitl~s, 

workshop and store re~s are provi4ed. 



UD=radinm cf coal Oil 

A f'arther aspect of ths project 

~iiO~ ?!~nt Rottrop'" xs the ~p~rading of c~al 

~erived oil which ~ili be dcn~ in h~nch scale 

and ~r~ce~s ~,/elc:mc~ units An labcrmtories 

situated ~n Gelseok.-Scholven. The prcpertles 

of cea~ oil which a~e in some parts quite 

dif~erert from those ef m&nerals oils Tequ!re 

s~ec~al handling. Figure 7 shows a 

comparlsns o~ characteristic data of ell 

from coal and arabian light. 

A~onq the different properties c~n be 

mentioned especially ~he high amounts of 

nitrogen and oxygen. A let cf the latter 

hei~,g h0u~d in phe~ol%c compounds as 

well as ~hc high concentration of ar~t~atics 

in all fr~ctions, which are responsible for 

the high speclf~c grav!=y of :he cod! ~il. 

These up~=adinq tests have the goal to 10ok 

under technical and economical poin~ of view 

for meth<x{s of pr~duclnq fuel oils such as 

hea~Inq fuel, gasoline, Diesel-~uel or 

je~-fuel as well as raw ~aterials for chemlc~Is, 

which may s"~bstltude or su=plement the 

correspondins prod~c~s of m!r.eral or±gin an 

~he future. The West program includes the 

utillza:i~n of the specific properties of 

~he coal der~ve~ distilla~e oiie for ex~T, ple 

by extraction O~ ~he phenols Or by isolation 

of special arc=eric s~bstances. 

The ~ain targets for the upgradln@ o~ coal oil 

ar~ shown in f~gur~ 8. 

The  d a t a  e b u ~ n e ~  by analTsing ~eas~- '~ . . ,ents  

wil! enable .~AG and ;'EBA OEL ~ projeo: and 
• z 

construct a commercial plant to manufa:ture 

alld process coal de~iv~ distillates. 

The followin9 fractions of disti~latlc~ w£11 

be trea~ed separately: 

light oil !~P - 200 "C ! 

middle ell 20~ - 325i'C 

:325:'C heavy ell !" 

The different ways of treatment £o he~[=ersued 

during the tests are shown~In.flqure 9. 

~n case of the light ell the main purpose : 

of th~ treatment l~es in the Isolation of 

phenols and pyrid~lle bases and ~ni£he produd~io~ 

Of gasoline and BTX-aromakiCSoA qreat£mpo~%ance 

h~s the hydrctreat!ng step becaUs~iof t he 

h~qh concentrations of sulfu~ andi ni~roge c, 

~hlch are bound in cycli~ cc~pe,~nds to'a ~: ~ 

~reat extent, s~e~ial reaction co&d~i~ns a~ 

Catalys~s ~u~t he chosen tDmee~ ~he r~qulrement~ 
• ~ :: = 

~f the foilowin~ process. I IIL: ~r 

Th~ ~£n p~aucts o~ mldale ~i u~raQ~nq ~h~uld 

be heating ~uel. By severe ~ydr0genati0n Diesel 

f~el ~d jetfue! can >~ produced~:Zur4hermo%e 

hydrccrackirqto ~scline is Studied. ~qtezestlnq : 
i byproducts are naphthalene andtetralinel , !, = 

~ The ~aln ~pgrad~nq route for !~h~ h~%~ylfrac~ions 

of ~l oi~ is ~he ~r~duet ien  o~l~ght! . . . . . .  
: hydTocarbons b h, c~%alyti~ e=$cking ! and ' 
h~rocrackln ~ as ~ell as the~:recov~ry of 'i, 
chemicals and special oils. i i, t ~ i ' ~ i  ~) 
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The hydrotreat=n~ ~es~s ar~ yerfc=med in 

a bench ~cale ,:n~t ~ne c~ them is shown ~n 

=~ .... ~ ~0. Ccrme=c!a!ly ~[:aL!e catal,j~3 • 

5e£ si:e e f  1 i are uzed after ~re&u~furir!=~ 

In order ~o rea=h une q~a!~ty of refc~mer 

feed very s£vere hy~=ot~ea~&n~ cDndinlons 

are ~c be chosen =~mpare£ ~o those for 

conventlonal naphtha refininq. 

5. Cutlock 

Now ~et ~e say ~ome wor~s cf the,~rth~ 

~evelopmenh of the process. 

Zn Jul~ 1979 the ~ovarnment Of the, federal ~epubl!c 

CS Ger=,,any ~ec~ed to promo~ e without ~ei~7 

t h e  co=xerclal prcaucticn ofl midaie ~i l, gasol~ne 

and qas from coal- 

In accordance with the ,cevern~e¢.t's plsns 

the t.~'o ccr, panies ~AG and %rEEA CEL 5ubr.!tte,/ 

si~'.,ii~r ~r~Dosals to ~-he ~edera~ !~ve~.n~en ~- 

tm plan, build end o~rete cor..T, erc~al,plan~s 

for coal hydroqena=iens based on 'the German 

Technolcqy. Theza crc=osa!s ~ ~n! l ; ~ =~ ~ in th~ { • 
~ac~ ~hat the plant ~.-oV-cse~ by ',-'-~..=A CEL shsll 

provide the ?cssibilik-' to h.~droqenate extreme 

hea--z c£1s and oil rezid'aes be~iies c= instead 

of hydro,~ena~ion of coal., 

The preliminary concept ef both companies is 

based on an i.-.c,lt of six mi~ILon •tons' c- ~ 

coal p. a. incl,adinq ~he plant's own Ccnsumptlcn 

for the proeucticn of ener~5" and hydrogen- The 

plane wil~ produce two milli~n t6ns cf 7asol~ine 

and mid41e dIs~-i!!ates. "[i~.ure I I shows some 

eharac~erls~.ic detail~ 0': -'u oh cOmn.,er-,ial plan=. 

Fiqure 12 ~£ves a view Of £he'p~0~u~tA ,zn lines 

of a technical si:c hydrcqenation plaf, t. Zf 

the electrical energy on@ the ~v~rccen :e~sired 

for th8 p~.zc~s ccu!d be suppi~ed b? other 

sources, the coal !n~z - re~a~dlnc hydrc~ec~tzcn 

onAy - ~oul~ Z~ fo~r m1111on tzns 6~r ~year. Th$~ 

c~nc~pt Is envy an e>~a~ple :~r ~ technical, szze 

hyd=¢qenaticn p~ant, r t  has to h e adaF~ed tD Zhe 

special conditions ef ~he aif~er~nt projectS. 
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COAL LIQUEFACTION PLANT BQTTROP 

FEEDSTOCK: 

COAL (mar) 200 t / d  

RAWPRODUCTS : 

GASOLINE I <200 °C} 30 t / d  

MIOOLEOIL (200-325 °C) ?0 t /  d 

VARIATION IN PRODUCT sPECIFICATION 

IS .POSSIBLE 
i i 

FURTHER TREATMENT IN LABORATORIES : 

t NVEST}.IENT 

SUBSIOY 

PARTI',~ERS 

START UPOATE 

PLANT OPERA'flON 

V~_,EB~ OEL AG 

tss oH 
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Pos%Ibilitles of Utilisin? ~n~cnesian Coal 

hy Carbcn~sati~n arid Gasificat~n 

Since ~e Fifties and Si:~ties, mineral oil and natural 

gas have superseded coal as energy! carrie~ and raw 

m terial throughout ~he world. However, in ~h£ mean-. 

time it has generally becc=o obvious tha£ the Ee- 

serves of mineral oil and natural ~as are rather 
limited, whereas c~al is suff{cien~lY ava~l~ble, al- 

thcuqh a ~rea~ ~eal of i: ks of inferior q~a1~ty. 
To ensure the future Supply Of energy, fue~ azd raw 

material£, the use of coal will hecoFe Absc\utely 

neces2a~]. 

The measures for ~he substituzion[by coal can only be 

carried out ona !cng te-~r, and must, th~rgfore, be 

t~k@n at an early zim~, under consideration of 

specifi: local condltions, i 

The basis of s~ch considerations for Xndonesia is 

tha~ certain ccai resources are a~il~le, but due to 

its poor qualify, ~he coal cannot be evenly employe~ 

for any coal utilisatlon ~echnology kno~ at~present. 

As an e:<Derienced engineering c=mpany dealin~ ~i~h 

processes far -.he beneficial!on o~ coal we n~w see 

a ~ossibil!/5 of u~lis!ng Zndcnesian c~al for both 

earbenisa~icn and qaslficat~on. : am ~cing ~o ex- 

plain ~.:S briefly In ~he ~ollcwinc. ' 

.../2 



~. Carmonisaulcn 

Let ~e ~zm.---~ ~i~h ~%e classical method of coal 

beneficlaticn% ~h? carbonisation. 

~en bitu=~nous coal Is hea~ed %~ undo= exclusion 

Of air, t o  a~coximately 1.000~C, a thermal ccn- 

%~rsion ~kes plac~ -which c~n be described as cokimg, 

carbonisa~icn or d.~- d~tlllatien. Du~ing ~his pro- 

cess, ~e volatile constituents of the coal are ex- 

pelled an~ cu.~e and gas axe obtained as final ~ro- 

ducts. The by-prcduc=s cot%rained in the gas, parti- 

cularly tar, ~ulphur co~pounds, ~T~onla, an~ benzols, 

If no leon qa~ is ave!fable for heating the coke 

o~ens, e~proxima~eiy 35 - 40% o5 the gas output must 

he used inszead. ~he rm~ininq Surplus gas volume 

C~. be ~rocessed fc~ fur~er us~. 

The fly~res stated hereunder apply to a coke oven 

plan~ wi~ ~n o~tDu~ O f  ~.5 mild!on tons of coke ~e~ 

year, which ;~oduoes about 80,0~0 Nm ~ gas per hour. 

50,000 Nm 2 Fer hour =ema~% a~teE deducting ~he under- 

firming consumption. 

I~ the gas is intended to ~e used for heating pur- 

Fcses in steelworks o r  ~c%~r stations, pu=~y require- 

m~n~s are similar to chos~ of gas used fo~ underfir~s~ 

the ovens. More extens!,:e cle~inq is required, if ~h~ 

gas is %o ~e %til£zed for distribution i n  towns or 

t~nsparta~ion Over Ion~ distances. 

.../3 
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Another ~e~.hcd of usin~ ~oh~ oven gas is ,~-',e p z ~ -  

ducticn uf hydragen bl catalytic steam reforming. 

~rc~ 50,000 m 3 coke oven ~as, ~bout 55,000 m 3 hyazcgen 

of 95~ purity can he produced. By a~pl~caticn of 

~o!%cular ~ieves, ~he ~ree of purity may ~e i~- 

creased t~ 99.9%. 

Zf catalytic s=e~un reforming wi~h the ad-;~tJcn of a~r 

ta[.es plac£ in a seccndnFj reactor, a~monia synthesis 

gas is obtained. ~Taen 50,000 m 3 coke Civet gzs are 

processed per hourj syn~hesls ~.~ for a~pr0ximately 

700 t ammonia @eE day is yielded: 

ALso, -~ue manufacture of ~as ~or. reduction purposes 

is pcsslble. 50,000 m 3 cske evengas pe~ hour supply 

the necessary volu.T.e Eor direct reduction at a 

capacity of 700,000 t sponge iro~ per year.' 

The coke yielded by carbonisat!on' can be fused for 

51ring in power s~ations or households or for 

m.e=allurgi~al porposes, de~endi~c'on its quality. 
i i 

~ua~ities, curres- Fo~ the production of certain coke 

~ondlng coal blends have %o ha prepared'~; Biast 

furnace coke, for instance, whiuh m~st:~.eet I stringent 

neq'direments of strong'-h, lu~.p-slie ar, a reta_~ded 

reaction can, in ¢~ventional =arbon~satlcn.proces_~es, 

only he i~rcdu~e6 ~rom coal wit~ good =eking' character- 
i 

is tics. ~ "• 

~OW, what does this mean for ~ndon&s£a?it~iIL it at 

all be practicable to utili=e ~nalgen0us.cca~ Tel. 

sources ~or c~rbonisation? The type s of C0aL which 
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we have :esued in recen: years involued various 

C.m.bii~n-czals ~lch =etrcqraph~=ali~" ranged betwaen 

!i~ni~e ar.d bituminous c:al ~ith low degree 0£ 

cc~liflcatioz. These hieh vo!a ~ile bituminous and 

~,.b-bi~umi~.ous cca!s have ~e,.~" poor cokinq qualities. 

If su=h a coal is oo~veaticnally carbonized, coke 

br~eae is cbta~ne~, i.e. nc 3~lid s~nzcred pieces. 

Thi~ coke s~zstance is unsuitable for 5ur~ner use. 

However, ~cday su~lemen~a.-y ~echnologies are ava~l-. 

able, peIT~.,itting the Incluslon of n0n-cckin~ coal in 

the c~rboniseti~n ;recess. with ~hese technol~gies, 

~e f~d c~a! is pretreated in ~u~h a way ~hat hhe 

peer coMinq eharac~erls:icS of ~be coal blend ar~ 

improved d~ring carbonisatiOn. 

Three processes h~ue now prcuen ~elr aFvlic~ilit7 

cn an in~,:s~r~a! sc&le: 

St~p~ng, 

Partial braquettin~, ~d 

P .-~ahe atlng. 

All of ~he ~hree ~r~aesses have in co~n ~ha= 

~ar~nlzat~o= can ~ake place i: convectional coke 

ovenS. 

Wi~ each ef ~hese sup~le:&nta.--_." techneloqle~, c, nly 

a c°r:ain port!c: of dee poor C,S-~ing co,Is can ~e 

utiii:ed. 

S:~!ng is the ~Idest ~f these processes a~d has be~: 

kn:~ for IC~ year~. From ~ze  enmplete coal charge of 

~n oven, a coo! c~<e cf hich density is =ado, which i~ 

~en pzched i~o :he ceEbcm£~azien cham~er ~s a whole.  

This ~::cess ks2 =~ :o nc~ been limited to low 

cha~r~e= heights and, due to e~mp!loated operations, 

has no5 ~ermi~ted lar~e throughputs. 

In th~ last few y%ars, hDwever, Saarberg~erke AG, 

West-Germ~r~y, have succeeded, by intenslv~ research 

an~ ~evelo~ment work, to prove %~a~ the process is 

also applicable for evens 6 m high. F~[~hermcre, 

s~ampinq operations were mcaified in s~ch a way thac 

islsp~te o~ she=teeing ~he otamp~ng per~cd, lthe 

density Of a coal c~.e could be increased and homo- 

genized. 

Numerous types and blends of coal have 'b~en carbc~- 

ised in ~e Saar area. Same cf the ecai~ showed 

characterisZlcs s~mllar to those' Of ~mdcnesian ce~is 

as far as th~ cCntant cf vol~t~le matter and the 

S~e!l~?g index ars ccncerse~. ~en these reals we~_ 

s~amped and carbonized un~!~nded, S~em-iike cc~e was 

vielde~ which, however, possesses S~f£icie~t~aiity 

for use in electric furnaces. 

For ~he ~an~facture of bisst furn.ac~ ~c~e wi~J 

=~c~en~ ~uali~!, 5~% ncn-oOkinq ccal:wa~ mixed 

with 50% co}%in~ ~eal ~nd 3t~,?c~. 5y a~inq pltCh 

~nd cche brae=e, the po~tlon of non/coking coal ~ a y  

b~ increased up to ~0%. 

~ f  ~he  c = h e  ~ r ~ u c e d  i s  i ~ e ~ d e d  ~o h e  f £ r e d  i n  a 

~wer station, i~e. if coke quality requlreme~s are 

l~xer, ~e portion of nc.n-cck!ng ~e~l ~ay be ~alsed 

~o 70% ¢r even 75~. 

The second men£i6ned process concerns the ~ar~ial 

br~que~tln9 cf ~3~e feed blen~. This ~eohnole.;y was 
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developed ~n :aFan i~. ~Se last few years. T~d-ay, 

~early one half o f  ~he JaFazes~ coke ~roduotion is 

~btaine,~ fr~artially bri@~e~ed feed coal. 

ccmparlscn ef ~ndonesi~n coals with coal types 

used z -~r sartial br!~uettin~ cer~ts - wi~h all pro- 

~iso~ % - ~.e assumption that ~5 - 30% of the local c::~ 

can he used for the production of metallurgical c~he. 

Las~ hut no t  least Z =enriched preheating, with =~is 

prccess, ~he ,:~?.:p)ete charge is preheated cutsi4e 

the carbensia~ic~ chatter to appEoxL~ately ~O0°C. 

UsLn V ~hc preheating system, it can also be expecte~ 

~at apprcx~maue!~ ~C~ of e~e indcnesi~n coal ca~ be 

utilized. 

More exzct sta=e=en~s on o~t~um blend compositions 

and r~quixed additives zanno~ he made 5or v_he -,.brae 

coal-pre~r~atln~ ~rocesses ~ntil all coal da~a are 

a-za!!ab!e ~nd carbonisaticn tests ha'-e Seen carried c~: 

S~.-/~arising, ~ would like to make t h e  following b r i e f  

statements ~!~h r~qard ~o carhonisation: 

i. Today, it is ~ell possible t o  carbonize ZndonesiaD 

~0al blended ~i~h imported coking coal, wherebl', 

particulari~ by ~he s%a.~sing process, as optimum 

portion of Zndonesian coal can be utilized. 

2. The produced coke can be u=ed in ~ire places or, if 

i~ is cf adequm~e quality, used as blast furnace c~t 

3_ The come oven gas produced ~ill be available as 

energy, a~ ra~ ~er~al or as synthesis gas. 

Fig. 2. I 

2. Octal Gasification 

~nother method to use Indonesian coal as raw 

~aterial, is the gasification of coal where itH 

organic constituents are completely converted 

into gaS, with o~en and/or steam.serving as 

gasification agent. 

Tests carried out by us w i ~ n  bo~h ~bilin and 

Bukit Asam coals, produced gOOd results for an 

economical gasification by the Koppcrs-Totzek 

~rccess. ~ ; 

The gas yzelded can be used wherever gas is con- 

s'umed; t/~us, it offer~ a genuine altez'natlve tc 

the 1~se of natural gas or gas from mine=al oil 

derivatives * 

The firsu figure shows ~uhe most L~.phrtant fields 

of gas application. 

Gas from coal gasification may be u'sed directly 

as fuel or reduction gas. Yur.t~hermo're, it is of 

sign!fic~unce as feed sas for the foTllowing types 

of synthesis : 

[ 
Methane, i 

~.~mcni a, 

Me t~han ol, 

i • The cxo-synthes-2s, and 

The Flschsr-Tropsch syn~hesis. 

The hydrogen contained in the ~gas can also be used 

in hydrogenation processes. 
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The Cas!fira~ien ~rc~esses #f,,~he ~re~ent 

For 9a~ifica%ien e~ coal, t=day, three Ird~s=~iail[ 

e~taDl~shed ~recessas are available, which uere a~i 

developed ~m Gerr~n?: 

The ~:=ppers-~ot=ekeS~rm&ned-=ed gasification przr?-" 

• ne burg~ ~olld-bed ;recess, and 

~he N~nkler ~luldize~-bed process. 

The ~lan~-s built .~cr ~-*e apFilcaz1¢n o£ the ~b~ve 

p~oces~e~, %.nieh hays ~een agcpted fr~r ..many ~'ea~s, 

nave reached a h!~h 5echnol~g!cal level due ~o con- 

Fig. " " 

Fig. 2.2 

Let me, quite briefly, i!iustra=e this by -~ay of ~he 

KeVpers-Tu=zeh T~s!flcation ?rQcgss as an ex~!~. 

=n ~he =ex: figure, ~e development s~aqes c~ this 

~a~iffca~c= ~=hr.lq~e ~=~ illu~%rnt~, qhe g~s~fi~r 

o~tput ~'as increased from 3,000 m~/h in ~he Fifties 

t3 ZC,0¢~ m2/h a~ attained ~n ~'cfer~ Vi~nts today. 

~ith t~z!s deve!cF~en~, the s~eci=ic investment ces=s 

c=u!~ be io~,ered and ~etter ec&ncm 5- achieve~. Since 

~e =ons=ructlcn of ~be first plant in ]9~2, 

77 plcan~$ ccngr!sing 32 9asif~ers hav~ been built or 

ate ~de~ ccn~=r~c~ic~. 

~he Kcppers-Tct=e:~ qasifica~i=a pr=ces~ operates in 

c~e~_=rer.t f!.zw ~n~=e- - a~zheric pressure and can 

be ~-~'ov~; withc'~t '_'r,:tazicn for any sc~ f~el. 

..- ~.F. 2.4 

Fic. 2.5 

T~e me:¢~ f~ure shows the princLpal mode ef 

operation of this process, 

By adjustable sere~ conveyors, the coal dust is 

fed in=o ~he gasifie~. The gasilicatibn aqen~s 

oxygen and steam are admixed wlth the' coal d~st 

i~ediately Defor~ ~ts entry into =helgasifier. 

~ less then one second, ~be coal is gasified at 

tempereture~ of approximately 2 ~O0~C. 

The hot raw gas ~Iows from the ~asif!er through 

waste heat boilers into ~he washer c¢glers in ,,,hich 

the qas is c~oled and any entrained Gasifica%xon 

resldues are washed out. After final yurificazion, 

the g~s can be fur~er treated f~r ~%e moss di- 

versified pur;¢ses. 

:'~anu~acturinT Costs ef Some ~redue~ 2 

To give you an. ~ea of ~,~.e inves~en~ and ~he 

~roductien c~sts, I ~i!l show you s~me data in 

~..he foiiowin~. The ccsts have been detez-~-ined 

on t~e basi~ of ~rices prevailinq in =he Federal 

E~public ¢f Sermany ~n mid-l~79, 

For planKS tD prc~ce am~nla, m~th4u-i~l ~r,d 

sponge iron, the foilo~ing picture shows ~nvest- 

=eats as curves ;lo~te~ vs. o~put. 

The i n,,es~_~,~ts r ~ f e r  t=, cem91ete s e l f ~ s u f f i c ~ - n t  
o _ _ - s 1  . ~ s  . 
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=~= 2.9 

in ~e n~xt t~-o pictures, ca!calaticn ~ar~¢e~ers 

are sta~e~. These ~.r~metel's have heem ~sed fcr 

caZcu:atic~ cf ~_he manufa¢~arl=~ cos:~ o~ the 

~di%~idua! prod~cZz. Zn ~e nex~ ~icure ~hese 

Costs s_-e- pi~¢d vs. ~he ~he.-~.al ~rice o~ coal. 

Cc.~.--~.ar~nq ~qe m~ncfz=tUr~g cOSts of ~aricus 

~rcducts ma~ frc= czal, ~a~ral ~as and ~ineral 

~i!, in ~n ~e fo~n~ eu~ ~-%a~ ccsts are ~e~erally 

hitgher w~en u~i~g coal. 

Ccncret~ c=~pa=~son f~gures are available for the 

prcd~cticn cfa~=onia. This cu~Tarison is illustra- 

ted in ~e qr~ph shc~ as ~e n~x~ figure. ~f ~ e  

the---?..~i pr~-~e- cf =a;h~--ha is ~hre? ~-~es, ~d tha~ 

of hea,Cz f~e! 0£I a~o~ ~.8 t~mes the ~ermal 

F=ice of cca!, ~nufactur!ng c~sts a=~ zt ~he same 

le:el. This pric~ =e~a:icn ~p~!!es simi!~rly also 

~o ~..he m~n-iSaz~ur~ of o~her products such as 

=ethancZ, hydrc~en and sponge iron° 

~o; Coal Gasiflcatlon Techn¢Ic~.ies 

The :~-allsation of zhe nex~ ~as!fier qenerauion 

i~ ~nued cn ~ntenc~v~v i~* ~znv ccuntries. The 

=aln ai~s f~r this d~velDpm~nt are: 

- SZ~t~/O£1£:~ " f6r ~%¢ gasifica~ien of all 

~o!~d fuels 
[ 

- Bed~uion of e~ircnmen~ai prcb~ems 

-- Lowering of specific imvesz~.en~ costs 

- 11 - 

- Incre,~se in the yield ¢f useful ~as 

- ~mp~ovement i~ Ovezall economy. 

Ways ~o reach t~e~e goals are different with the 

various developmen~ projects, which system wlll, 

in ~he end, ~ead to an optL~umlprecmss combination, 

cannot be {inal!y Judged nc~. AI~ ~recesses of the 

new ~eneEa~on ~re a~ present at the teststaqe ~ 

order to obtain the basic data require~ for planning, 

£onstructing and operating industrial-seal e ;re- 

duction pl~n~s. 

Wi'~h r e s p e c t  t o  the  ~ime schedules o f  %he ~ r o ~ e t s  

tO ~evelop new gasification technulo¢~e~, I can 

enl, !cive you de~ai!s for th~ Sheli-K~p~ers presI~=~ 

~asification process, It £s planned ~.hat by 1986, 

sufficient e:(zerience should be iav~ilkble h,, cperat- 

ing a plant for ~ O00 = teal input :er daMi , to 

offer ~--he ne~ ~asifi~a~ion technique Wi~h all ~.e 

suarantees as a.-e ze~uirea for p~esen~ .day cGal 

gasi~ieatj cn pro~ects. 

Si~marlsln 9, I would like tO s~ythe folloW!n 9 about 

coal q~sifica~ion~ :i : 

1. Indonesian coal is ver? =ell s'~ite~ for entrained- 

bed gasification, wiuhout a/~y~restrlctions. 

Z. The cas ~roduced can be used ~0r a!varie~y of 

purposes, 

3." The processes now available for ~he:~asificat£on 

of coal offer a ~ature an~ mc~e=m ~ecnn~Ic~v ~hich 

can be verified by n~ercus re¶e~'enee plants. 



Page Intentionally Left Blank 



=- := 

r a m =  

,_ .~ o 

i m  m . - W  I I E I I  
m tim O 

: : ' ~  o o_= 
_0 ;= .~. g) . 

=. 
"- I= m,=. 00 =.- ~,/  

=; 

e 

Reproduced by N T / S  
National Technical Information Service 
Springfield, VA 22161 

This report was printed specifically for your order 
from nearly 3 million titles available in our collection. 

For economy and efficiency, NTIS does not maintain stock of its 
vast collection of technical reports. Rather, most documents are 
custom reproduced for each order. Documents that are not in 
electronic format are reproduced from master archival copies 
and are the best possible reproductions available. 
Occasionally, older master materials may reproduce portions of 
documents that are not fully legible, if you have questions 
concerning this document or any order you have placed with 
NTIS, please call our Customer Service Department at (703) 
605-6050. 

About NTIS 

NTIS collects scientific, technical, engineering, and related 
business information-then organizes, maintains, and 
disseminates that information in a variety of formats - including 
electronic download, online access, CD-ROM, magnetic tape, 
diskette, multimedia, microfiche and paper. 

The NTIS collection of nearly 3 million titles includes reports 
describing reseamh conducted or sponsored by federal 
agencies and their contractors; statistical and business 
information; U.S. military publications; multimedia training 
products; computer software and electronic databases 
developed by federal agencies; and technical reports prepared 
by research organizations worldwide. 

For more information about NTIS, visit our Web site at 
http://www.ntis.gov. 

Nlr  
E n s u r i n g  P e r m a n e n t ,  E a s y  A c c e s s  to  
U . S .  G o v e r n m e n t  I n f o r m a t i o n  A s s e t s  



~o~ 

U.S. DEPARTMENT OF COMMERCE 
Techno]ogy AdminislTation 

National Technical Informtion Service 
Springfield, VA 22161 (703) 605-6000 




