-5 - i

power coneraiton oists can be achieved By comparison with a coal dust.
*ired fower staiier with wasts gas 2asvlphririsation.
h R
. .

Tharaby the circuit shown in Fig.22 is used as a basis.

1he fiue gases cemirg from the fluidised Yed Firing sysiem are feq,

after clezning, o tha cas

necassary couera

twrbine at €60 9C. This generates power and “:
ce8r outaut. The waste gases frcm the qas turbine are
ager Lt t0 an sconemical waste cas temperatura.

3 stows concapts Sasad ¢n a study by VG

& 22aing and the gas turbine arisa ir
a censiderably Jowsr tomcerature rapca.

The Tiuve gises Ieaving he Tiuidised Sed ¢gol in 2 following heat ex-
changer to 3 soint whure tha f3llcwing gas turbine, during expansian,

- 2§ -

-.ars only the compresssr cutpet without sdditicral pu-er generation,
seaam qrreratizn heating surfaces are in the suparcharged saction and

T

.- ~a %x2at extremaly Small oeing to the high heat flow dedsities atzaridu-

stz the supercharging. Dust excraction then takes place #ishin 2
..o g=atyre range which can already be mastared, The gas tyrbine can also
. -structed with adeguate resistance to erosive and corzasive swar {n
- temerature range. ‘

Trg 58 N process efficiercy =s comparsd with tha circuil ia Fig.22
- v2 offsat by lower investment overneads and improved availability.

F13.23 shows 2 concept o 3 500 My, unit if which six Separate and
- azavdent fluidised bed firing systeas operate on a'_fo‘nuwing comaen
re% 3xThanger,

*he Toad can e regulated by bringing {n or.Shutting off -ingividual
4 =g systems.

“he pressurisad ar superghargad fluidssed bed firing -system still
“raiz considerable development aficre, so that cacmarcial ceplovment of
'3 technology 1s nGt ke anticipated for stout 6 1o 8 years,
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1 -azaats of che woTid coal produztisn prediet an inereass Soenm
Say L»ow: ' - ‘09 TCE today to usous 5 . 107 ICE in the 7year 2000, Mook
- tie produced aavdcoal asd lisnite will be burned in power
viis. According to Irdonesian foresasts, anout 12.000 ¥ pew
y. fimed power vlants will Te in opemrian in the year 2000.

czal-Tared power plaats

fired power plant urits for durning 1ow—g-iﬁe bituninua coal

ignite Witk high ash content and undesirable aeh properties

&, Advaassd power pLagt coacopts 1:a a Tery higha standard in Gemany today. An mpoz-’cant: reason
- ©r whig is the very good cosperation Letween utiiities, maru-

5. SoweD nlant CORTSPT ; . - . :

- . “eetures and R & D-ingwituves. To meet the high requirements on

’ v ocemicel aud ecological operation it is wecessary to ucdertak?

:vezgive efforts in devAleping new power plent consepts.

% Copveztizsnal cga—-fiarsad power Dplants

with cootined cwele and cool-Size?

Suean EenaTA

. Towsr placs sonzerts witk coal gasification

(4]

")

Togwes plant conceprs using fluidized ted sombustion - ming

pm. 5 mTaTatTRe DOwer Statise of Saacbergwarks b sestanen,  Biletplozte ozd demonstration planta for naticnal and
LT Y Lo pem = P - . .
sTermationsl projects.

Yeluling

Prwer wlact effiziencr, Scmparicsn of differnt conesyEis

“e ccdern power plant comprises of a mulititude of components thot
s-e produced in a number of different fuctories, Inevitsbly, sach
vie2e of equipment han an influence on thé relisbility, the avai-
:ility and the herce on profitability of the plant. In order to
**sveat plant break down due $o unforeseeable direct or lpdirect
‘Reges, reliabilily of each cowponent is inper:.tive. Preventive
Wltmmance and imvestigatioe of dazage, asm well g8 operation under
Yool zondivinns ond conseientiond serviecing sre of prime iBportsnce
i tze natignel ecopemy. The oprrating :z*cx“ wadl heve o fp1fil)
TAiiiag requiraments which nesessitatss acgood profsssioas) educatic;
=% zontinmed advaeced trainizg. In the 23% few yeers, the raquire-
#3238 inpeged upen power placis bove stesdily mcrea..ed. Tae most
FEriant phinta sre depicted in Fig. 2.-1.

try for Geseasca ard Techuolopw is sunbortits gumersus % & D
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3.1

3.1.1

Cooyectignal =oal fired power plmnts
Eccounical comsiderations

Tuararl cycle afficlency, availability, reliabiiity
and high load shgnwe= xad stariup capabilities avs the

‘wost imporwick factors fer ipfluencing the ecomomical

operatica ¢f 3 oower plant.

Sizce 20 years, w0st Gerwan utilily power hlants are
equirped with onnce through DINSON-steam-generators.
Thay peet Tt adove :entioned characteristics in an
excellent wal.

Fossivle mettod of iwprovinx thermml cycle efficiepey

Tre orimaxy =zasures to lmprove thermal cycle erffi:iency
are:

~ Increasing the =cin stesw Sressure

- Izcreasing the main stesd temparTature

~ Incressing the Teheatex Temperature

- ‘E:ovhi::g deuble reheat

These weasures zre discussad in relation %o & 2720 MW

reheat mait that wakilizes the steanm conditicns of
185 ber/S3C 707530 Ve {2670 paig/985 ZF/oes “F) thes

are S¥xpically employed In West Germary at preseat. Rig.3"

depicts the fellowing possible efficiency incrszents:

- Baisipg the main steam pressure to 250 dar (3610 psig)
brizgs atous an approximate 2 % net improvement in
efficiensy. & further incraass to 300 bar (4335 psig)
yields orly an sdditioral improvement of 0.75 %.

— Baising tte nain stean temperatuce from 530 °C to 580 e
(985 °F to 1005 °F) results e & C.25 ¥ improvement.
Yo further apprecizble increase iz temperalure was
coveresd by tke study in order to allow the well-proves
curraztly wses materials to be enpployed in the boiler
azd for the zteawm pipes.

o
— 5imilarly, raising the reheater tezperature frow 53¢ *
to 560 °C (985 °F to 1005 °F) incresses the e’tficien‘-?‘

1
By 0.25 {. A further increase %o 550 °C (1080 °F) yield

- b -

2 0.75 % effisiency iaprovemert, Lers agsin, any higher
Tagperature raquires the sdoption or other then premeatly
standard materials. .

- Providing twg ztages of reheat 3llows the efficiency to Be
incressed by 1,5 % to 2 %. Of course, this greatly tomplicates

- the plaat, thus repdering double reheat og.anonically ju:ti-
fisble only in special caaeas,

~his stucdy shows that the most effective way of ix‘grovinc
thernal cycle efficiency is to increase the design main steam
pressure. The game investigations reveal that. adoi:tins
supercritical steen conditions wmaken &coamc nnn even for
nedinu-3iTed power plants.

It is essentiel That an incresase in sfficiency showdd mod

lesd t0 & lowzring of operating availability. Since in the

caze of Benson boilera, the adoption of supercritical stean
conditions does not imvolve any change in. the basic desiga,
systen an-mger.e... and con¥rols, the poui'bili‘c:r ot a reduction
in avellability can be discounted. ‘

3is~3.~ashéws the intiuence of fuel prices, séeai-pressuim on
the attainable profit of & 720 MW hsideosl fired power plant.

3.2 Fopvirogmental pratection problems

In Germany, very similsr than in the US4 o ;];cpnn. New
Po¥or Dlants nave To meet very high envi:onueneal prot-ction
styndards..

7.g.3.-3 ghowa the pernisaible dusty and gﬁscwi eli:aion- Tor
cyuventional power plants an Germany. -

H

The most important pollutants are 50, and HO,. :

7ig.3.-4 shows a comparisop for 3 different cas¢d. The remar¥able

Teduction of 505 snd NO_ for a comblned ! bycle with coal
gusificaticn and low B’Eﬂweuriflcat:.on is’ obviouny.

The gas degulfurizatioa is necessary for tll nev power nla.m's
in Genau;r.

1 ! 1
t, .
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. r:zal faed—water teamperature 247 Ca
. =3, of extractions:b
. ~=zdender pressure 0.C6 bar

Temacks: for ‘a baze loed undt the design pari.meta:-s would have
-»sz 280 bar, 45/545 9C) with 8 extractions and 0.03 dar)

e pode of o;ﬁernticn wan decided tn be gliding sressures as usnal
iz Gexrmpny. ’ '

ere wns a strong opposition from the populetion agaipst this
szal fired station apd, the permission to built it was Linally
cteained from the governtent under the Iollowins conditions: -

- ssack height must be 275 @,

- flue gas must net cortain more dust than

75 2g/m” at O °C, 1.0%3 bar,

sovision of a desulphmrizasion pispt for 20 %
aof the fliue gas flow,

- Linitaticn of the S0,-suissien to 5 t/h,

- limitation of the moise level %o Z0 db (A) &t
» diszance of 2 km from the power sitation fence.

ot o2 2aw explain in sequence dhe mzgential featnures of the power
£Iaven whivh wag cezaissiencd in 1976 after 3 years of conatructicn

.
Yo% e

“te steem genedator (Fig.3.-5 ) 3% a Pensoxz boiler of the two-pesses

design with a rated ctemm flow of GO% Zg/s supplied by Babeodk AG.

e wall reazing curfaces of the furnace, of The horizontal ges pass
1 wrll a5 of the secon?d gus pasg consist of welded tube wulls
{zemurane walls) which sze:flue gas-tigat. The furnace up to the
*arizenta) pass has tubes arTanged in the shape of o spiral. At

*Za top of the first pass (radiaction spmem) there are vartically




Traare Z,.—5 3hows TTpical lzad characrteristlss of rne Dower stavior.

Tiii ThZes ave al3d o she sias walls of the horisoctal pass -o oml cuzve oa tep of thls figure is a typical base load éha-
=l tne sszand pass. cenvedtian heating surfaces are ~spteristic. The cuxve below is also for base laad cpe:?:ion but
~a0fazed in the secoend pass asd nmot as usual In The horizontal -~ gddition with lazd changes requives by the grid system to

%, (e entive i wody iLs suapended IZom She tDansversal ;estrol the frezusncy. Zoad changing rates of up to. 50 “'«',’m.n.

T T2 Tze Top of ler wialch Test st the steel columns, -ive been perfrrmed with slidiog pressure control.

- R

2eadexs and gaparators ia the pressure Turing the fizst year of operaticm the 3rd curve at the betton
culd ""r:'. e ita3 ilex*n‘ ity have been

<f this figure was t:—’p:.cal for daily shnt-downs and shut-downs
-rer toe weekznd.

use of Tevtier matserisl. -.axr:.g headers

“ava marhem Sk o - fien used = - R . s
ather thizi wells and which are oZten used Zor tempe iz results nof load changing tests are shown on figuze
¢ e:_:ali:a:ion within the individual streets ¢f the super- : :
are camplas 1i=irated In tkis boiler. Temperature - ; s ad 5 v ; o
ate cozplevely elizinated oil S z case of large and fastload changes (in the medium loed range

‘=% %o.avoid temperature chaages, in cass of a failure 32

cances in tte fiume g3S aTe compensated by crossed arran-

Jfe

saperteater streets {strands].

rorol zimeuit 3s well a$ the sprays are

‘2 % of nominal rating/min are possitle) there iz no c»anse ‘of
wvis steam vemperature, The reheat temperature 1S oxly '.:arylng

«ith the load i  accordance with the zmatural reheat ste2am texpe-

Twture characteristic.

= with load ciaages of 1Q H%/ain the perxmisszible li_...ts Ior

d' '

IeTdal stresses are now‘*e e reached, 2 Load changing ra.tes

tot thexefore limited by the respornse of actuator amd thke capa-

=g

21Uty of auxiliary egquip ment onlz.

‘Lzenziozsof tre furnace ave: . ] ]
: *.th cold sharts omly the wall stress evaluator is l"-ﬂ_tzng the
(ot frex %he unpe joted the hopTer to th ~a® . .
S4BT ST Se uyper end of The Bowy c vae tie2 of speed or load incresses. The cold stact is done wizh
e P - Bl o . . 1.7 a0
2 ARg 9L ‘oe ~4~'?a°e 4 vuaily inereass g steam pressure and tegrerature to achieve
L -1 - - v
n 23.88 = ¥eTt starting times. :
sren AR 27 .
BT "% unit cap be started up and ut -
L1 Flma gzas inlet teaperature of the convection : tarted up shat 5‘0 0 auteznaticells from: any

fzz2ition with dxry superheater suazfaces, Gold start,of "he unnt
s it sccomplished in the variable pressure cne*a’cmg mcda. :

L7 5% shows tne autowatic stariing pexformancs vmt}.‘. a cold'

. Beaz-generator.The unit supplilied 3CO MW Lo the po\-er svsteu orly
" inutes wfter the boiler was igznited. P .
Y varn gtart (after 8 hours shut down) meeds sbout 30 minutes
lt:.. toiler ignition to full load. - ’ '

t / oil burrer?
front and. back-wall of SX¢



Y, 3 = s
ast 2tility hasz about 15.000 MY ligmite lirel
scwes 3laats iz eperwsicc. In 13FR/TL sim EC08Z0 MW-unils ad ter
: o we A3
- S we~ Q973 amd 1975,

. of the £00 N

aigh: the oo~
- The me3b iz~

~eriatizy of
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ngy surlaced.

e gag waguing

{2cabined cyele umits)
acceptance in the

acontages. This ceve-
of advazces in gas tuThine

1o
-r.e= apd through the increased avallebility of low asd contens
ax '

<

s,z zuca g5 matural 85

.+ =z =he fact +aab the availatilisy of fuels fiuctuavtes,. it is

I TETeSsgTy Yo ‘mainz provisies for emplirzent of cosal for pro-
~1iz3 of eleswrical power. New combimed ovele vaits wast there—

© e 2o gaitable fow oaeal Iir.f.ng. A furtzer reguirement ig thet the
v reoicgically favouzable coal processing technologies such as

fieation and fiuvidized ted wroustion must be irntegrated

: teobined syele systems if these techonlogiea are to be epco~
=1201ly eaploved in lurge capacifty power Dlanus.

»» 3221l now consider three disferart syws of eonbined eyale umavs,

»*.22% pTe either in operatncm . under comsisucrion d': in ,It‘he rlacning

1z iz tue Federal Hepuklic of Zermany. ozd skall deszzibe thce
criit, the efficiency zad ¥ for furtiexr development.

A Ipw dsel fivimg. The

i

=3

§1d ignlighes el ligaite Zired N ) ,

- ey nre snewn. The Z4TSS *:-iif cyclé with s:upgrch:s.:‘gcd :nte‘:: gene:atort N .
gazergier [LCO/LSDSR00 MWD nas akeut 17 rezaskarle Sedigh __;_:;:»mfi:nemtor ig inzftalled in *the gas turbine comhns«txan
mamsrmerisTiss. 1o coatTaSt te vhzt, all ECU miebnilers are el Zither matural gas or ccal gas,produced ’;:r a aoal
hu-""A-:::_: ,::_.. O Tisakion Tlan%,is employed as fuel. & plant of this Tyme
oF meRiEEE e Batesn iy operation for o mumRer of ears. In Rellermsnn power

-t the gonl gas is generated in a Inrgi px:es#u'.rizcd coal
tuification plaas. ’
Reproduced from
hest available copy
T Al . .



uidized tea combustion.

- Combloe?

Tze Theiza

pmadused %y Sluidlized bed combustioz i -
Toixlizger Frotnotroe power plant  The o

to o Fas
tursize el
st2zm Gan2Talor.

s 18 employed as ca:busA icn air for th folli..:

4.)] activities in Germany and in other csuntries

i a classificaticp £ the most impartant
ranced fower nlant concepts. The getiviie
is not Tossible to l1ist

Table 4. -1 sk
R % D ~ profects for a
in thiz ....eld re So mumerous That it

up all projects.

A comparissn e 2iffernt £luldized bed-c .mbustion- and coal
2 main laberestirca

sevaral nelevant compacits
th

other

&
wi

suncessivl cocpezations

. Fowel piant concents with combined o7 . snd ccal fired
S4esm generator i series '

e detailed circult of- 4nis eoxbined cyels is depicted in
5.-1. The gas turbine sxhaust is fed tn tae coa. firsd
cmanm genera 0T a3 SoThustita air. Birce an gir preheatar heasted
*r Zlue gas is mot employed, the fizal shage of ;esl.ng of the
s.ie gases is effected by the feedwater Ledters, which are
szecsad in parallel with the stesm heated heat rs. A higher
memmedynanic effiziency 3s obtained as a result of the parsllel
-zzection. The heating suTfzce costa ped the Zusl costs gre |
‘we1 into accourt for optimization of the feedwater pu'tu_. Llovws
w:ag the heaters connected in parallel. Gensrally, bet:ue 4Q and
L% of the feedwater flows through the rluq_ gas .;_uted haatars,

Tre temperature of 450 - 500 °C of the flue- gas leamg *he gas
s.rhire is too kigh for coal &rying, for w‘licn “eason a ce':‘t:a.s.n
Tatity of ¢old air must be mixed with the sas mrb.mc exhaust.
s contragt ve matural gas or oil fired power plants a'fen zust
‘e continually in operation. On failuve of the gss Turbine. the
“stustion adir provided by the forced draft am is heatad ¢

v iToxirately ..OO °G in a Steam air preheater 1.n oTder. to ensure
ririuate dr:rmg of tke coal.

¢ Zellowing ccmbinations skownin Table 5,-1. emulomg Sas turbines
r*% the range at present manufactumed by KWU are practible in ondsz

* Achieve u uait rating of the order of 700 MW: ?;.5

P32er of gas ‘l‘u.rbines : 1 R

‘3 Surhine exlaust flow ' % &5 " ag
wl2itional air flow . o 5 - - s

U Turbine :r:a:t:mg ' ol 108 - 2 xom

i vl_ turbinea ra»&-us betd 6"‘0; - G4g

"I pover output ¢ 78 Lgge
“*‘—dl——_-. . .

™l n

* 3.~LCombined cycle unit with one or two gas tﬁfbings
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rasulis 1o a
azhaer wmalutien,
surenet. The uze

ciz2ncy over the

i

agest toe Fi-fans,

2 3 3 an & ~a
~hich are conviauous srperatini., ase dimensisped for 80 § of tas
retal eoprusticn alr flow. Om faziuxs of @ gas tuzbine a sianle

ToSag  cen S=pply tho combuEtion aix

mha met efficiercy (fuel-lew-vwaltage terminals of transformer;
sutained wit: this sizcuit is Sowen ia Figuxe 5.~2. Caleulatioz
gas turtine iomlet temperature of 930 ¢, an e
16 92 ozd coavenbtienal stiom conditioma. The
natirally raey o a cortnin exteot Jepenlant. T

coid end of the turbime

sicicacy 13 5 % at

i
turbize, coeling mode). The Improwvement L]

fuil load.

e net affigismcy of combined cycla wxits atarts o L£all ropiz:
in 4hp lower pertien of tie parbtiad Load ramge, singe the copsia’’
“nermzl snerzy of the gag turtipe exhzual L teads to nealb toazsler
in the laading socticm of the ~Ioon ganeTAIT. 23 A result af
sazorarica may seeur in tae acopowmizor. T28

= = dopicted in FigS.-2 applies 137 a%es2
geperatore of cemrenticzal design. It is howawer Yogaible fo |
altar the desism ol the Zeatisg sarfase and t2 meir arTapgensut 8-

i

whics pramaTare v

‘4

<he gteom generatsr in order to ghilt ot
- to even leower pavsial land ranges.

BNECH stesm goneratzc fer a combined Sye.e
semerates iz chazucterized by csoling =f bl
s =f 155 90 ¥y mears of 28

roheaters. 4= alr prezealcl is

by
o
0
5
i3

: = 3
+np zas tuzbize erhauat is injected akeve
wes sasiial Load Trozge. Adegualte nieeoF

e =
ian the fing gases fToxm tam fiming 29
- ings. O W pasus A3
£ “zlet opsmisngs. Bhosi flow P N
e
npeical seccndazy ain coangels loke whics

ce of the low znreas.
ey

= TaTgine ewhprzt zases on frer- 2l . fed.

- .apis stewm TIIrAter design cintimes the advantazsz of

£ dual dzalv degige. Water
oo spsards WACOUEL The WABST testing aater surfaces of

- rasgnd dzaft and the beating curlace are arranced in an
ee

. wzimed gycle unot with coal Tireld shoau fererator "equireu
- W H of the therzal epexgy in tie foxm o high m.a_uty
1. "gas or 1igkt oil) in the gasturtine. Furthersors tke flue
2 0f largs uriss must be desulphurvzed for ecg’_ag-c.&l ressors.
v tup ToguiTomenss can bhe avoided woem the ceal gagifieatica
s itloET, t:,fnc Vapsintligre Slektrizititswerde Westinlern, Stein-
« a7, i integToted i1 tne cogoined cT2io. Tha coal will ba dagsaen
« Tartizlly emsified ia this process resulting in the geperamicon
nr azd eoke, Ash oand sulp::u: are rezoved Zzom fhe ges whick ia
*1in the gas tushine. The odke iz fired im th ‘t:%llr:'nfinx_:‘steoa
T¥ior. On the Tasis of the resulm obkained in grcte:ivpe olants,
Tt pxtizionted “hat, as @ reszwlt of removal of sulp.'r:.v.‘t‘ from tha
'.‘:sd'aced the Drezsentiy obitalnming acologizal :-equﬁ.re'u:encs far
&

thus possible o

ot 2 = e uge of coal as a
Tte IZe zev efficiency wow however, hWe lower tiaxn that of z
W gas/eond) combirned oycle Dower plant due to <he lgdaes in
"o t2nl conversion nreceas. ‘ .

¥R £ives the ressipility fo ’
Te er & importuat preccmdiTions is az availadle Eh- 1‘ me
" A gus~izloteemperciurc i3 erder of 1700-1 z:"o"c.

|t emmteved that, At vne and of the 0.%h., She davelegmenz of
T cecking syssems Coy a3sule thav goal.

*ted mogl gasifizetien processes ia a commerzial .size-are

Reproduced from
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alss available witain the naxt Zecads,
‘Tae fallowir pressuzcized processes a2e now oaperaliac iz 2

Pil3% plaz=t size

L (ETW) | Fiuidized bed
-RA ) Fotrained had
B Iztraized hed

]
. n

6.2 Cozbined zyclie with diffarnt DregsuTized procmsses

Genaxally all the above Dexticned gasificaticn processes aze
oo comczned crcle power planats.

Pig. B. -1l shows the flow scheme cf a Sheag process~comdined aycl

= i F0or x max. cusput of 135MW +

CT-Sted7.

'E'ié;. 5. =2 is & very simplifies schexze &f a combined cyele
-

<he ZIV.

e IXW-Sluidized gasifizaticon procesg, developed byRheinische

X Rowes plants dased or
eatraised Ded cagifisr zre shown ia Fig.B., -3

s
Pig.8. =%: Coal gasifiere can be tuilt togelles with the power
piaﬁ:s, mabehing Saen iz gize and shazing shke sare location. iz

esseniial feature of thiz eption is the irvtegration of
gasifier and power plant.

g 2: Gas <z te produced in lavge coal gagificatien col-
'iex_s ¢ "coa.‘;.::le:c") azd piped for jmstance To powsr rleuts of

ned crele-t7pe. Mo integraticn ce"ween ;:asiheA and

Reproduced from
hest available copy

fawer Plant Csneoents Usinz fluid-irzed wbed Cempbustion

»:le3 2Sing atmospheric fluidized-zed combusticn (AFRC)

b —a:t:.r-x...a_ in regpect of adc!..nn: the 1ubl whizk, if ..ecassa.r{y,

e injested f£Ion Abnue into ‘::he fluidized Ted withcut the

r+«2 Jor pre-drying. Furthermore,. ash removal pregents less

:7:2%¢as than is the case with rressuc-ized syctems. In at:d._i_ticzi.

gas dust separation is possi¥le at low Lemperatures JHaturally,

verign difficulties may due to the low specific cross-—sect" onal.
alizg with plants of high rating. Thus, for instance, a 350 M

a3 generator wonld require a finor apuce of over 25 m x 25 n

" the combustion chamber glone (a conventicnal stem genera.‘:or

-1 this rating would:only mequirs 12,5 m x 12,5 m).

P

" wever, with a conventional Teheat steam cycle both the ex}apo:atar
“vailzg surfaces snd some of the superheater heating surfices may
* wcommadated in the fluidized-ved zone itself. This substantially

T+i:223 the overall reignt whken co:npa:-ecl with a comp:i.i-able ‘conven-
1223 plant. o

‘8 slg¢ possible to incorporate latmosyheric fluidized-bed

"tiized gas turbine-stean turbine dycle (Fig. 7-‘1}-»041!"’&1‘, the
VTe-rentioned desiga disadvauntage renairs. The compresso-va,*

! :fafed in the iZmersicn heating surfacss in the finidized bei.
Wii22al heating up to the required gas turbine inlet tenperature

¥ 12zomplished by means of gas in the gas bturbine conbustion

‘®Zer. The exhazust g28¢s Irom the'gas turbine flow iato the
Trellized-ped combu@t..on zone, thus:serving as carriex’ and coctus..
'-=_‘xir. The regultart stack ;:a.se., at a temperature o“ apprnt.:na 1y
¢ are thep cooled in the tailing steam generator. For the sk

* ve may assume, as 'z basis, that the steanm exiting’at the

Tlash, <111 be at a mressure of S5 Tar and 1 temperatu.- »

-~«gte* utier
< tzm 0L

- The t‘eedwa.t;er is prehemed by means of flue: gaa azd
UM osteam,

o

RIS IRE 5



sine L€ used as combusticn
irecily te $he waste heat stean
o gas wurbine abt A tewneranios
sasuTe) of %0 neoor, matehing -

wapshe heat stesaz genezadsn,

exzoust £as to She fluidized-

gases zze first ccoled b7
850 7 we 430 °C azd, aftex
2 frex the gas rurThine, are
Tme steam ¢onditisns at the

5%

in met 2fficieneT to & goo
-

t0 the crele Tesud

ced fiving, Toks

an ampTesziastla T

‘-;.

In esnc.xst, due ts thas high elficiency. e asrangeRsnt ZEowa
-

repsionel
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»
44
1
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®
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O
P

red stean geesTator insorporatizg
S

n3 ghegrads s:ea;.-ge:era:i:g parametars acd a weheaber is prranged
a:;er—éha gas ru~tins azd sre fluidizad-ted cozbusztion zone. A
promortice of the Fas rustize exhaust gaged Serves i combusticn
;LirA fa- the ghean ceseraTer azd The =ot flus Sases Sroo the
cijdicad~raed cozbugoLon ROme ore amszed, AT R Tengexatare of 850 "%

T————
reellized-ped COmTUSLIIO I
—————— .

K
i
I

aoimad crcle izcoroorating rrogsurisaed
srazzad-bod ccooustion andg waser/stesm cooling

fluidized-bed comvustieon gystel, we
tnat taze fluidized-hed suxface avea will dderoase ‘
wimarelr imverzelT proporinopal to the pressuze of the flue
o

=ables gpa’ler, moTe uaiss ©o be
exzicved, which may te shop~zssentled depending wupec the rating.
s_orrarzore, increasing pressure has a favourable effect co the
~szersion of sulfur diokide end roduces the formation of nitric
--ﬂes.

rocazmbindng A gas burbine eycle with 2 surbhine

-yile, we mmy achieva maxizus plant efficienc f . The

cstustion mir for fluidized-tad conmbustise is supplied by the

ns tarbine acmpresasr. Sufficieat heei isn toemsfexTed %o the
wrtax/sheam cyele i ihe fluidized-ted immersisp heatimg suzfaces

1+ that the temperatuTe of the fluidized bed does not exceed 850 ©z,
~s dust is sepavated from the flue gas and the pressure-is reduced
=2 tte gaz turbine frem .an absclute pressure of appraximately 1C “pax
1 a <emmeratore of S50 9C =o eotient pressure snd a texpersture of
wrromizmately 420 %0, The cesideal

teat from the gas turbize extaust
fres 39 largely dissipated in the fecdwater heaters. Tae nes
efiziepcy is avoroximately 37 %
nzewging the Sesperature of the fluidized ted to a walue of
=7C would insre

2
5
“.Maererficishey izprovencats ars met pezsible since
-

suse the efficlensy bo agprowizately 40 %, Hrwever,

-

iz Ste cese
' srecific crades of eoal ab tamperatuzes above S0U TC, thore i5
4 risk of fusicn of ash particles deverierating tae

Tirezg. Fupthersors, the sulfl
“*se high tenperaturas..
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Toma

ined cyele incsrporatiz

- P a : . I
=t alventages of pressurized fluidized-ted cembusiion @Iy also te
©rlied to iy cooling (Figs.-S5The coxpressor all is tous split




inty twd par¥ial sireams: cne pavtial stzean serves as cooling
aix axd tze otiker as the combusiicz alr for She fluidized Ted.
Tme fiue zas., as 52 J(: mesulting fZoo the conmbusliign process
Lx serzrmatel Irom tzs Qust whickh 1T coavalizs p-d is then Tixed
“with the cocling air (2ot aix) telore extering the gas turbine.
In the stear cycle tailing the gas tuxhixse, the steam parameters
are selected so that daxizmum elscoXie powWwer ig geneXsiad Inom ths

paprl v iage’ -

[gas turbize extumst heal.

This <L.*r-.s:.cn oX the cormpressoxr alr Inte tha twe parbial sireass
plus thse temperatuTe 21 the hot alr eflfect the nlat temperatuzs
to .tne gas turtine aad, thus, have a geverrirgeffect on the
efficignsy of the combined cyeie. Yaxiwem efficiency is achieved
in tke toundary-line case OF using all of +he compresseor air fer
sombusticn purposes. asd, Thus, acre for cooling purvoses. In this
,case,:_tb.e fiuidlzed-bed comtustioz eguizment is operated at high
exsess aiz She dimensions incresse acsemdizsly. With a cooling air
sompodent ¢f SO %, the result is a cet efficiency of approximartelr
Bu %,
‘1".:; ::we-l‘ net efficiencry I cumpaTiscn with tkhe cycle :anorpcrati:;
2 water amd steax cooled fluidized Ted results from two facters:

: 2 staam c7ele Is pocrer ard secoadiF.
& To tize Telasively i 3 turtine sutpuz, the influence of
s=s pressuTre lesy o= the aiz and flue gas sides of the fiunidized-2e:
cetpistion sTaten cn the efficiezcy is iacTeased.
Zowez:plant desSign i.n..o:;crati:g alr-cooled {Juidized-bed ¢ombus-
- sn:e;téil a lerge gas tucbing-to-~stean turhine power ratio
reduéing the coeling water :’lo- required. Thus design of this patert
2@y be used So advemfage in sumicipal cozbined heabizg and power S
£iénsiwhaze az adesusse SUPP.Y of cooling watern is oSterm lacking.
?‘zrth:: Tmere, with z lazge cooling-alir flow, the flue gas after e
fluidized-ted socbustion zons is ~~,.1.1:43:1, Tthus correspondingly

§ai i L
-:educi::g tze dust loadinmg at the inlet to the gas tucbine. In col

: i ici re
teig: system extalle the disadvaniages of a low efficiency and ¢ reer
s : (o8 ¥
it of m.g;--..-q e materials ¢ oz the air cooled heating S
> sed

- 21

setz z7cle UTing & Superciarsed Steam gemerator

caecarized fluinized-ted soztusticn will nst bacome ge:xeraily
R «_:‘-cd until the degres 27 Jdust senara‘cicn of the et flue
arez fmom the fluidizedebed furvace ashisves the values pe=-

- rs:tle for gas turbines. Haturally, the problez zay te allaviated
- srpreciavly cooling the flue gases hetwaen the Fluidizedebed
zustion zone outlet and the holefss dust sepaTator by means of
vracvion neatire surface. The lLower flue gas tempe:a‘;'u:e also
v 3 favourable effect on the desree of corrosion preduced by thke
.» gases in the gac turdine.

"¢ gas turbine compresscr delivers the combustion air to the
:iized-Ded furnace of 2 Steam gemmrater. Firsitly, the high-
ressure and rensater heating sunfacs cool the Sluidized hed and
oz, in & convection section, ¢aol the flue zas fzom a te-pe-
a%re of 850 °C to approximately 440 °C {¥ig.7,-%)These hogt ing !
ces ars subjeet o a fireside absolute pressu~e of between 3

: ‘D tar and are thexefore relatively srall as z resuly of ‘the
» 't Leat transfer characteristicsa. '

t
tefow

‘iTe envering the gas tuchine, the d.L.S't 35 Separated f“om tHe

* -t gases. The inlet te_.::e—‘am.re is 'selected so “hat the gas,
riize produces b"eu..:tselv the outrui xeauized for d:iv:...s "r.e
UATTEssor. A perceatage of the axtausi heazt fmom the gas "w-b
! 12111 used Sor prelweeting the fredwater, Dispensing wifh a
-*-gas-beated reheater £implifies Yoth ¢ooling of the! .rluid:l.zed.~-
*~-{utnace and alse the steax cycie arrangement. E

37 % pat efficiency of this eycle is ample, being in the same

e ot wagnivude as vhat: of & converstional steam cyele :.ncorpo-~
“"s Ilue-gas ceswlfurizabion. However, this eycle permits the

% pressurized fiuidized-ted ceakiistion for the stnu :wc:“:a
fker with all its advantages and red..xces the protlem. of 0
"ating dust Sron the hot gas wkich, at present, has not yet
®4% 3olved at an industrial scale.
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a Tewer Stakicn of Zaaxeorsverke 4G,

- ¢ design sod cnviroszental compatifility of the protuiype ‘statien,
semioit a gumper of important Leavures.

erigm of the station

~e lesign of tae statzsn iz illustrated in Fige.3.-% azd B.=%, The

cuntine, The

[

5

7 ey the workimg pressure nesesszary far the ga
sogsed air i passed through heat exchaogers immersed ia the
‘idizad-ved smd its femperzture is raiced to agprovizately 700 °C.
= ke rurbine com‘t:ustich shanter the firal turbine inlat Zempeza-
.e 02 spmrowimassly 824 9r ie attained when coke-sven mas i veing
-.zed, The imlet apd outlet alr ducting between the g3 turdize and
"ie Zegd exchengers it ceaxial. In the gas vurbdize, pxgansion in '
cernied dewn to 1.04 bar (absoluze) asd 4375 %¢. wuer the axtient
ezzevatare L3 1% °O, acd wion cveTating with Slnidized-bed combuse
13, the elesirizal output of the gas tmrbinn gemezater io 72 M.
" fnidized-ted snd Stemg-generats

"ouong in moTmal operation the axyeln conveiaed In the gas tuTsime
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FRadst In sufficient for cemplete comsulition.
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o
IrsTrion zatier uy am averag
=Tassfer ©o the
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e of approwiza 2 Ve, with imtensive Lea

2 of The exhmugt from the £as tusbinze is used as prizasy azd
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The coxbusTion gases Soon ke Iluicized-ted comTusticn unnts and
=3

the stean genarsior ccmitize wilfiin the Stean TureTator oT@dUTAlT

sZanser and Ilaw TIge = through ke

sIn

The flue gas tenperasuife 3lher the stezm generazur is approvwimatelr
= ol

80 .~C.

2 heatizg seation.

¥l

T4 ig intenfed that furtier kaat wil) te exrrasted froz ihe flue

gases iz a fluldized-bed haat exchanger for the Saar district
naatiag 2¥stan sn Chat fiael

7 the flue gases can bte admitted oo
lans,incoryorased in the cooling fower
at a temperature of asprixizatelsy 90 S¢. after the wet serubbicg,
£ R
2

es 2ix witk ‘e cooling tower aix and ave dis-

she cleared flue zas
charged c:gethex witk it (%he cutlet texperature of the desul-
prurizits zlamt will pes eiceed €0 °C under 2oy corndibions).

The steaz produced by Yne stems gererator (532 °C, 127 kg/s, 190 Y
-

is admiztred To the single—flow Yigh-pressuve cylindex of the stess
tachine, mebeated Lo 332 B¢ ip the toiler Tereater 2md then aczitis:

to tle couble-Tiow Z.

t. agd . 2. tylindexrs of the turbine belert
being exzaustad to cord
-~

=ser. The turbirne gazeTator produces ao
. p. and L. D. bypass vaT

. we.per=it dusping of the zain sTesm in the condemser for typass

Twa a3in mendensabte iz cirounlated Ry the zainm condezsate puaps
{zesftey pusps) Shrous: a demineraliziag plaat, Two coolers and
stnsa L. w. fesd Begters {a duplex izmersion-type heater is used

for the First twp feed zeoatimg stazes) To Ske eTray-iyDde deaerasss
\
L=

5
=3
“of the' feed taxi. The boiler feed punps draw Sron the tapk and

o

o

2w “hrough three k. p. Tegemesative foed er
lei-gcnmected parbial-Sflew accnomizer. Wbes

s . Tl . a1y
i. @a. at the izlse% ©o tze full-IiT
Lap

: . i Anqnt
e is agproxizately 250 Op. Tue A1t

= . coz

A steazSwaser heat exchazcer of comventioral desiga is nsed ¢

shmplying tha distict neptiag systen
TRLTLSE g

" gtead is exctracte

[
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33
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- izders. Pumps cizculats tie hot water thrgum  ae sysZex (tae
- =pizg s%aticn is sutside rze power ftasicn zuildizes).

csamaganeratnr and Sluidi on units
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1

e plany will kave atmcoscheric fluidized-bed zembustion uaits

i1z Zuel feeding from above) with the stean genezator. placed
-~wesn them [Fig.Z-5)The area of each Tluidized ted ie ap;xy'qxi—
2=#27 100 n°, which i5 ccnsidersbly larger tham amy otaers in
wezvice or under constraction. The depth of the fluidized ted is
wzroximately 2.3 =. The combustion gases from the fluidized-bed

- stustism univs axe fed inds the furzace ¢f <the stean generatolr
‘rough ducts below the burner levsls. The supoly air (éxFgen -
-ariar and fInidizizg medimm) is the gas turtine sxhaunet which

.1 forced inbe the beds through nozzle plates with the aid of higne
:zessure blowers. This piext is the first ¥o have air circulating
sirzugh heat exchargers ipsersed in fluidized veds. This air I8
“uien from the compTessor of the gas turdise. The prefeated ain

.1 fed %o the combustion cham®er of The gas turbine through the
‘=22 duet of the coaxial dustiag. Dne to the relatively poor'
2tmaal Beat transfer of the airm, wail temperatures of -approdizately

1. 0 fas « i3
S 7C zust te anticipated ai the heat exchangar tubes. Such Hign

‘ezperatuves maka severe demgnds on the Taterials ard structusal
I

182 desPite an absclute pressure of only about 7 bax.

*-7% this keat oycle it is the Sirst time that coal teat-will pe
wslerred diTectly to a'gas turbine, L. e. without prior con-
mrsien 1o 2 combustible gas. S

b Zuidized-~bed, combustion test rig for conducTizg 'ra.rious: e:c%éri-_
#2313 already usder construction. on the Fenne power sééﬁinn,s.ite.
"3 test rig will also provide informabion om material. selaction
©: 2Tangemont of the heat exchanger tuces. BN

: o N
*nson-type, once~through boiler {147 kg/s) is of conmventisnmal
P .

YRR except for the introduction of the heat from the fluidized-

‘e

* tombustion units below: the burner levels in the toiley furnace.w

-

-
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> with a STteam gemeTaztoX and
2 TZe ziming of the
ec‘---——n dasoritved

<han convaenTispal reheys

Tae use of 2 closed cacliizg wisth a matureldranght conling
1

*aw-“ avnids any undegizatle zeating of the River Sagw

.
in add:." or., ©se Iz alsc made ¢l the waste nTocusts from the Tlue
zas desulpzurizizg plant {sypsum for the tuildingy irdustry) asd
tze furnacas (ask, a. g. JoT Toad comsTrueticm).

Noise levers Will e Redt wWATrino L= values set by the lncal aupheri-
3 o

on She sitz and The izmgtallaticn of the site power
Systexs tegan I Cotaber 1973, Z¥cavatios work on ihe
ewex statico muilldings comuended ia Faebruary

1)

o
i
<}
£
n
i3

The.sheil of She weoling tower will te coxgleted b7 The end of 43S
and wotk steel stoyctures for the steam generatcr and boller
kouse will 3 ctarer TZE0.

ate 1321 azd hypass opela-
0 Wwith the turbine shus

2200 iz Apmil 1982 (clozed-~cizcuis opewasic

222S OR az experizestt.
adegiate relizvility will »a"e

.. Powez olan¥® efficienzs ~apnarisen of different concepts

iz izportarct element in compasiag the Yarious systers s the
zesoravizog efficiensy.

Tze clean, full-load efficiencieg nequire cor*‘ef\’u*n ©o ﬂ._cv
73r a pumber of factors viz :

- esfaciecey logs due to parc-logd

-~ efficiencyload relation for coal gasification
- gtart~up/shutdewn lasses

- agiag and fouliag losses

fig. 9. =1 chows a typical leed efficisncy for a échbin'ed cycle

ased SHELL/EOFTERS coal gesificavien (publishe’d oy Sbeufzappe::s
% 19890)

A cozparison - betwsen conventional ard advanced power plants is

thown Sn Big. 9. -2, S

2. Cenclusions

% cogelusion, it can be stated That coal fired puower plants
sxning low-grede bituminous coal arnd lignite kave a vn*:r h:.g.;
2eczpicgl standard Ln Germarny. B '
e £0 meat high ::equ*..re:\ez:.s on economicyl and ecolbgica;‘-_ operation,
ctv on coal based rower plLani Cocdeepis e under developTexnt in
serzany and some other couabwies, L
~oing thne next years, z nuater of pilotplants azd dézostration
7-mts will be ‘taken into operatien. - Lo [BEE
The VElklingen protct:roe power station is the moat imteresting one.
2e zost important characteristics of this plast ares ;.
- the large scale “lu:.d:.zed. bed comtustion chambers s.nd.
© ke eavirormental compatidility..
'-'== German “Miaistery for Reseavch and Pechrology,which is..
rotsoring neariy all, new projects, is very m,erested in inter-
“lonyl cooperation in the field, of new power plant cc:cepcs. .




Krafsyzrk Unicn

-

Mudern coal fired power plants have to meet the following

main requirsrents 2

~Economic sroduction of eleciric powar

High envircrmertal praduction slandards

« High availabilify

»

Burning a wide range of dif
contuslion chamter of the be iler

. Flexibi@'opérational beha iour
- Hich Icad change raies
- short start - uz capability
7- restart contiiions afier a black out
- High degree of zutomatization

e Maxiwum standardizatinn of main coTpooents

ont kinds of coal

in the

e Llong running times, shert timespans for inspection,
chart overhaul time, good maintenance condificns

Requirements an coal fired cower plants
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Synzas from Coal on the Basis

of *he Cevelapmans of

Texaco/RuhrkonlesRvhreiemia
b
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The nesessity of assigning cval a To-tregs Tatunan
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eneray carriers in ocur timg, j¢ 2 precauticn Far the

Futpra, This 11 valid sa the #ald of eaw matav’al supplying

cremical industrv.

Atteants tn obkain this coal are numergus. They go bazk €ven
w0 tre year T334 Th

veleomants Paving orodused 2 simélar variety of “deas as coat
peilization sid. Noverthelsss, enly verw faw tacheplogles

ere are very few tacenglegica’ de-

have burst through:
- coke-turaing far the preduction of

. 2ake for eodueticn of dron-cre

. £1yid nygrotarhons 25 rae materia) for
chenical dndusiey ‘

. Sumga 33 o bwniding Sioak for The spminens
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Cue o the faci. that thwesa :cal gasificatisn processas
staxd at the smry peginning, they are callad "procerse;
of the Tirst generation”,

Casification Prozasces of 2he First Seneration

The established jasification technics have provad their o .
howsyer, their acplication is limited by their own princs .
The following paramaters are typical for them:

- Lurgd pressurizad gasificztion is a fixed bed proces:
for coal pieces in the range of 10 - 50 mm of non~cr
1ow-caking coals.

- dinkler-precess is a Flytdizad bac gasification az
atsossheric pressure for non-or low-caking coals wit-
2 particie size Tess than 5 :m.

- Yopcers~Totoek-process 95 an entrained gasificatisn 22

atvospheric oressure jor the feed of all coal types, "=

pendant 9a caking properties of cgals, with particiey

Jess than 85 um.

Each of the mentioned process has advantages as well as 2ise-

tages, which have to ta balanc2d. The following criteris s=.
be apzlied:
- Coal tasis
The applicability of a gasification process {s given:r
« caking preperties
- rparticia size distribuvion

. ash maiting temperztura

8y this tihe establishad process can be classified:

Gasification
fluidized
© fixed bad bed entrained
caking :
prederties  SI <3 <3 . all
particle size mm 10-50 4 40,1

casification temp. '
A3 e TEing Terne < IR 1

e o

Table 1: Effsct of coal properties on choise of process

- Utilization of the coal cas -

As a consequence of different pfoczss‘:erformance the
produced nases differ frem each ather. A comparatively
high heat value of the gas car ue achieved utilizing

the fixed bed process. Beciuse of its low operation temse
rature a high methane. contant of.8 - 12 % can be reached.

IF the Hy/CO fraction s important, ene should consider
ihe concerned ratio ta be fypical for the process per-
farmence. Lo

The »ield of hydvecarbons i5 due to the nature of the
fixed bed gasification in the order of 13 3 of {aput
coal, This is & coproduct which is to be considered va-
Tuable if it is saleable besides the cas.



camaarsion shews tne follcwing talle:

Gasification

fined sed fluidi2ed bod  entraine:
Hg-zontant % -t 9-1,2 <C.
4.,'CQ - a=2,% £,7-1 £.87
on tn 5 2.5 n.8-1,%
Tars,zils % 4-13 - -
Su 55%1 2800 28302200 2600-2270

i

Jazle 2: Typical gas data of differant taronelogies

2nly the Luegi-gas®Ficaticn is orerated under oressure. O

corning the crocass stens dowrstrears this is of seac*s’

taca with ragzect 1o the investment zzsis of the jas uif¢™'’

#ing atmesprericoasificaticn procass €osts for Tomon
af the zas must te affarded

- wpatrer for subsejue~t chenical reacticns or For ent™™

uritizatioe, a.q. by —eans of “sonbined gyales™. £ °

L] -
roscor procsurizad precesses are ~ore prafiiable 47

“rpe i 3ReS.

a

- Tnuirgrrental demands

&= Tease i Atgrly imdustrizlized countries ensirg™T
. . P 3 Fam.
cansideraticas tand fo Yetore Jegisive crfteris. &

aeunds as H,8. (03, NG, reawy watals, smelling agents

i

ar hyaeszartona can oe vecaead foon the produced 17
with mara or less svpeegiture, het, howeves I 1% 03°
£isTn, £a SunprESS the forgtion enviroatentd] re 3ttt

-
camgziads % can de avaluited as 2 oositive effect.®
urn mrocagges tenifil ¥t b

‘-
sxinn. TRz redutes €258

£

1.2

figariin of wasse water, whizh 15 2 revarkabie

fractian of totai costs.

Pragosnss 0F theIacand Gereration”

A sunmery in beftsgen leads o the resylt, that the
masification tecknologies at present available shows in-
portant restrictions ahich small be gut aside ty tke develng-
ment of modern technologies, Processes of the socallad "decon.
gensraticn” are suppgsed to satisfy madern roguiranants witk
respact to foodgtanck, orocass iechnaloge, gas utilisation and
ezoromic yspacts.

Thig inslycas:

- coaration a7 high sreasgru, shich cuarantess 3 hizn
spacific pecformance sms reduces the investment costs
and vosts fur coopression of the‘gas for further utiliza® on
Progsures Setween 20 and 190 bar are envisaced.

- soaratisr at high oss fication ta=perature 1n order
£y realize %igh yie“ds and 2 sﬁrpress ‘orrasion for hys: -
cartans, which grherwise Surfens the water furificaticn.
The ash resoval 15 sitnlified as 1t §5 granulalea oy
slditication in a water bath.

- cossintlity of unilization cof pulverized 2031, which oce
tre sasification to a1l carkonacacus #Ateridl Irdozerdac:

sn its zharacter and i3S arigin, In periicular olarn

gasification te:hnc1agie§ mygt take 1a ascaunt, that hig?

Jutsnizad mining techrics produce fires at remarkanie ev-

- sragarateon of 2330 s 2 slurry for the advant2ze ¢° an
eetre~e stenle handling, There 15 ro need “or srectal safi;
srecauticng, crodrying 2€ run 2f wine 23l on other demie
of spacial eacification of coals. T Shoulg Be mentinras
trat coat faad 30 3 slurrs makes sep contral 3f arn in-

aariant [0-ratio 22ss:0e In Savtyr of 2 coegtant gasef

catism temparyey-e.




Teracy Zral-G3s1fication Process

Tha 2zove Tenticred rmaguirements to a mocern gasificatics
oracess razaanized the consortium Ruhrkohie AG/Ruhrone~-:
{RAG/RCH} ta be combined in a orocess, which has been 3.

in a Yahoratory scale bv Toxaco develcpment Co, in e 2:-

1950 years. RAG/RCH cained x licerse for this process :-:

ciged to Huild 3 deronstration plant for a capacity af - -

eoal feed. This plant war completed in Febr. 1973. [t 3
inaugurated by trc Minister of Research and Davelopment ¢
tha Federal Reoublic of Sermany, who has supgorted the «2«
(Fig. 1).

'
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Fig. 1  RA3/PCH coal gasification cemonstration plant
3z Gberaaysen-tioiten

2.1

€ig. 2 Flow-diazram of the fubircnenie/Rutrxone sdantion
of the Taxaco coal-gasification plant

Discription of the Process

Fig, 2 Shows the flow diagram fa the process.

pracrushedcoa) as it is delivered forn the mine is fed to

ball mill, Depending on the primary water contant, additional

water and additives are {ntroduced to the mi1l, The suspensior

is prepared in that way, that solid content will reach adout

70 % still remainicg pumpable, Thé slurry fs pumped. into &

storage vessel, where it is nomogenized by stirring.

From therg tha slurry is delivered through a svecial pumn

2o the burner on the top of the reactor, which sprays the siu-v

together with oxygen into the reactor. .

The gasification is cperated at:a presé.ure of about 43 bar ar-

a temperature of about 1530 °C. The slurry-vxygen-mixture 1s

jgnited by spraying it ints tha reactor. The gas generated pirs

thraugh the throat of the ctrami‘c.-'!inea resctor %0 ihe subsequent

heat recovery system, which consists cf two stages.

- 1 radiatice ccoler, to €20l the gas}belcu'- the sintering
tetparature, and ' '




P

™

- a =znvestion cooler, %0 €30l the cas down cicse

to the drwpoint. '

3#arrassing the nsat recovery, which is used for staa- o .
ration, the gas i5 washed with waver in 3 235 scrubler 4.
Toval of 1y asnh doun 20 1 - 3 mg £919ds/m .,

Ths further usgrading can he done in a corventicnal fi=e’

cleaning teo.

Tha agh 9§ rgmoved from the process 3t tte potfon of e o
vion copler a5 1 watar cuspension via 3 Tackhoppar sysuwe-, -
works autotatically, and from the dotiom of tha scrudbter !

water aither. Wxter and 3$01ids are separatad in 2 setiie. .
rakgs 3 recycle of the fly ash possible, if it is reagcesr -
As no hycrczarbons are formed, tha wasn-water clean up 2o

nead furtner axslamations.

Coprating Sxzeriences

up g mow the nlant has Been operzied more Rze IET R

2ag £23] chrouesut is 3pout 29.033 t teing converted ¢
5¢ millicn Ym© §ngIs. alth cal aiffizulties £ie°
d%q ralatiles botazen
v
1

i 12 pund LrYTT
have hasn gasifieg. Ev this toe
-

farent coal 2yp5 W 3
camtest Setasan @ and 2
Sluxinility of the sroess could e Apranstratot.

The practizal tasavisur of the plant proved to be very 5
ta thz predicted, Tho IIACAriSon DRtatdn gagign data ard 1

sarfurmarce thows Table A,

Tha god-natured
+rpubla—frea transpert of the coal-water susrenstcn, Tuz to
shis the tswperature oF tre zasificaticn can we zept in lime

T e Acweend

Temperaiuen R L3 I L
Pressne rar © %
Coal tnTeuah DR e ' 1841
Gas qaantiey TNt by g 1159
Slucry narentritan s 6
Gramerzoditphutirn S - 1

Gas compusiton ival ‘%3 .
ca 35N 31
i, 2040 o
o 120 1
CH, el cat
H.5COR t o 03
e - A%
Cavmutien Ry 3 943
Efaienay  Cuid 2250 . 5 (3
“thermal) E 20

Tabl, 3 Cagign data 3nd achievad cerformance of the

82A/ECH cosl-gasification-plant {Stat: 20.39.1959)

;%

hekavinar results 4y 3 high extaad from the

by 5°mple Teans. Trus the plant is zalh and 2mn de gmerated

over a wide Joad ranze.
fagices these general romarks 3 fme results shall 2e discussed:

Differant geinding facilities lgad g different rasults.
Aftar ore vears work the first mill was replaced by &

pall 7911, The advantaces of this grirder Tie in Tow
jnveskrent costs and & goad cantrol of wear, The changad
sartizla size distributicn opaned the capasility of ore-
paring a slurey with solid content vp 20 78 %. Even carhen
conversion reze. ASgitionally the grinder is insensigive

agairse foredge bodies.




Zarticular atiention was sgens qn she ~africtory
raterizi used far 1ining the reactor. Nigh demands

o the material result #rom the raducing gasificast: ;-
atroschere as well 3s from ite chemical attack of =
Tinuid slag, which heppens oreferzdly at high te-za-
ratures. Systematical investigations with testmate-
in sevaral test fields inside the reactor have brig<:s
the coarrosion mechanism. Mew materials have been ¢:-:
succesfully. Taday i Yocks possinle to run a gas:¥e-
over one year,

The temperature teasurement inside the reactor prave:

to the especially difficylt. AT thermacauples faite:

after a short running tine as a consequence of stag »°
In the near 5ast 3 syreneter has hean testet succassé.

afiar several egnth of discouraging attempts.

The teg-stage-heat-recovery System has proved itsel*

satisfactory. The raciatice cagler solidifias the "+, -
slag without Seiing sericusly affacted, Fly ash, v :*

desases on the heat exchangerscan be removed easiiy 2.

ozeratien. Since scme technical modificaticns in the ~-
diation cacler and the convaction cooler have been =™ =
no operation -estriction could be found.

Initial problems of slan remaval from the radiatisn <o °
have desn salved by increasing the water flow, since .-

factory s2dimentation of the slag in the transportat™™

water due %o 2 Yow particle density has besn obserel.
The racycle of urreacted cardon has so far not froves ”
ba nacassary. The conversion of carbon was high encsi’
estirate the recyzle rather costly. Thys the convers™”
Tadle 3 refar to tests without carbon recycle.

The effluentwatar is charicterized by table 4.

The analysis is determined without water wacycie for
slurry preparation. [t should te mentigned, thaZ na or-
ganics are contained. A1 other impurities are necessarily
brought in by tha cczl, so far this water sust be com-
parahle with water coming froy other high tewperature
processes. ‘ ’

pH - T
Rardness 44 L
fvalve mvsl; [
w-¥aloe mealt 4
Elexe. eonductivily «S'em 3.900
Evtporstion residves mg!! o
Teasl auifur me'd *°
Chforide g 00 -
NH, *NH;~on3 mg) 00
o mg't s
con ) mE 0,1 [
KMatds consumgxion mgl., . L]
Arsfic mg/) 0.1
Cadmium mgt. Co 40002
Hickel mgh e py

Phosgharus mef, .93

Table 4 Data for afflyent water quality (valid for Ruhr coar.

As expected the sTag can be depased without. risk.

Air pcliution is governed hy the fact, that the gasificat
is'a pressurized pracess. The gaseous emissians are con-
trolted by proper operation of gis-washing and sour gas
treatment. A

Since February 1680 a fractiq‘ﬁ of the s_vng;as produced in the
Texaco/Ruhrkohie/Ruhrenemie process has been fed to the Ruhr-
chemié Oxo-Synthesis. Mo changes: Fave besn neticed. Therefors
it can pe stated, that the replacemént_ of. syngas from oil
by syngas from ceal is feasidle. ’



I

Srosasts
ITEayined

Since “4s arocess of Suhrikonie and Ruhrcheme mas been
araved f2asible, it ear ke offered for Ffurther appl-ead:-
as e.g. syoclier of haating gas, reductiongas o Synéis.
naings there are stii! some investigatiens to be -

Nevarch

far the redustion of technical rishs:

1 npmimizatior of the durner, whizh rermits a further
increase of solids content in the sturry ard a3 redsst
of oxyqan CoRsumMDLioON.

2. lnnreate <n the thermal efficiancy by redusing neat

Togses.

Tages of rafracteries and mesel materials for highe-

Tifatina.

1. gesifiearion oF rasidues fror coal liguifaction 3%

tarageated part of coal iz

oF 51

Tae Federal Earman Minister of Economy has cummissicnad 2T

R3320 -cansartiuT, to wors cut A preenjincoring stugy fart

el
mas=glaet, 22" led AR, for the production of 20.000 fn
mha costs for teab slant wrli be din the grder of 250 ai
te ig awpacted that this plant #51] Ea aracted in 1783

34disTamally it greg)d be montigne2, thay seversl sotentid

u
corparias in the 1S3 are very much intermsted in Gut proest

o2t ¥

“‘:v';‘l 2.

| L g

The WH:OTH-npncoss hzs 2Trpady bean Tilenced 2nce.
Several gesificaticn 45%3 sver 3 wmmsg 2ack «%th

fmarican caals w117 Se perfarmed within this and tre
navt year. Sa it {8 possidla o say, thas ¢cal ig under
way to bacome again an imperiznt eneray cariar in gur time.
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ash
cszal

=slting ¥shavigur

»
nydroganation plLEATS.

suld slag

5 as a heat
nigh energy
The molti=n

s slag <an
I w#aste

-

ur conpounds Ln the raw

XSense. orante

N
cad. Zmpurities

: -

«x pooycled product gas o a lower :e:peraturea four Zwo~thannel
.-arlas aras inscalled in the gasificatlen-'z2one to injest o
readstock and the gasificaticn media (ox/ten/stea-a 'l-"("ures or
vigen eariched zir or alrl. The ¢aactants are Zix=d 27ter leaving
P ozzleé, oxysen and Stean are mixad exterailly in 2 ricg

s23n before flowing to the rsacticn zene. T4 excess slag cver-
rLows throush a ceatral raised taphole at tne baze or the £3S.-
fier, is granulated in a watar tank tensalh nhe g§33ificr and

snen d*sc‘\argﬂ'd tnrough 3 lask hepper. A

ure § shews the Flow diagram of the process arrangezent ra2a-

fig
Liza% in the demonstration plant.

she grindizg and dryisg fnsilisy (1) the coal is pulverized

2z 3 grain size of less thaa 2 &m (3.1 inches) and Cried To 2

<:isture centeat of sprroximately 2 3 lbrdwh coal approximately
g- i (&1, ITram k2
ur° and unger niﬁr:gen,
(31 te the pressurized
Tasd tank (&), The cgal Taading syscem conzinuously. supplies

tza four fesd plpes to the sasifier (5) wish the reguirsd guan-
tities of coal Sust. Azgycled praoduct gas is used as carrier.,

Tes faedstack and the gasificaticn media are ‘nj- 4 iato:cthe
f1sifier throuzh tne system of nezzles, which ars direc e
antially towards the surfass the noltén slaz. The fea
~acts with the zasification aediam at tenperatores batw
*,550 and 2,400 °C (3,000 and 4,350 °F). The exvgen iz o7 -heated
%Y saturated stea=m from the waste hea.'_xsﬁen (7,. Supartéazed
S2223 from tha high-pressure steldnm systen ser cs as process stean,

"
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ndustry.

gas wag {rie 37 hysracarsons.

-

AL.7 2

scher-Tropseh

Th
hydrczarbeons can de praducad,

23, methanel and othapr 0xo products. Via taoe

Qqul L

-

Jatitesis ar froft methansl L

T

tudes ma-

he direct radicsian ef:

(e

cre

lron

gas is furcher

ha

.
L.

ceriz

L&

0.
(1

an ¢f 3G 2y Soun

= fer

he proaducti

*
14

gasi

54
s

(3]
0]

fication with alr or cxrgen 2ariched alr 2 low Dty 325

ch can Be usad

roduced whi

-
=

tion

lacericisy gonera

to drive a gas

ia
F

ith e

sguriged ¢

Ite gre

1]

ean ga
7 allowavle inle

hrough a waste hea

-
PR

Rt

ryine at max

I3F paSses

<ur

railer

~z A-e 2

ine

+
=

.

——n
ad Soe2

w

A

e hea

-
-

sasifier was

hs

“he produced steam and the srean fron

25 and drive 3 suean

7

urblee

T

=

asifier is

&

to
{th 3 comblined cycle power plant, Secause all k

& Saaryarz ¢

-

wdraa-

&

igher

sd 2f b

)

3

3

5as

n Ba £3515i23 and the produc2d rax
“irdons 25 oils, tars and phanals.

-



13

M
it
by
non
o Y
3.0
aqr
v
it
at

"
K

&
It o sox
i et
vl . -
o 0 @ [
Y ot "t
© 2 I3
R », &
O W e
3] - . v
. e LRl el
3] @
2] L ot
ar o s .. .
- €3 - K qr
e - ab
N rt .
b A i 2 o
(TR N v A
-t [ Y N 1
«
at = T
(] i
e 3 "
«Q It 1
1 13
I ~1 g
4
o w r:
. T
m i i

PR L T

I
i
© o
I I3
o
2 At
L “r
in} i
73] 7
- L
[af
+- o
& A
2

~
. 3
» i1
. I3
R W
[4)
el
M
«
3 4
€ b
N0
i
oo
oo
19
" ot
4] o e
a1 <
I "
[} £
i 3
at Iy
" 3
-y
i
: 1
o .-
"t x
i [ .
a
Ve
i
N
e
-
Kot
(4]
L
“ -
[ I

v ]
0 moo
tr -
i X33
) o
et g -t
[y} HE 3

PR 4
{
0 e
.1 et
.
ot .
N et '




A
@a v
o
(R
LR S 1
PR

.

tisnzy

ies of the authers

i nanaging direc

red RZsstach L

P

-

fir Hoh

s-allechaft

o

eceapch and

aartergwerks

Ll




) ca #
conyertian (\q
urea : :
syathesis {05 O (l:j ~erausl
~N

fandsrags

’3: > coy. ficatian (\H,‘.S
- N
423 removal sutphur
.. S my2oiyus [ recovery

Cia o - gxra;:"
: rempval L__.I'-J“d“';)y .

|

)

=

™
1y
AF

methare,
C » O I-qu o ) synthests

£5 pad 10y

o

<

mer=opratian

HZL7

ammdna
synehesis

Sagrberg + D0 C.Otf0

SYNTHESIS GAS PRODUCTION BASED ON

SAARBERG-0TTO (OAL GASIFICATION paROCES:

Jraa fire

Enz' LY

=

o . T
k a9 =
o 2 e b
- a | =

- - <

T

= -

[

[:]
-
CE %
o o .
[ -
v

o
“ 4

—

T o e—gt

9

Tt

nig

[ren-Spongs

INTEGRATED

KORF - MIDREX DIRECT REBUCTION PROCESS

WitH

SAARBERG - OTTD GASIFiCATION

Searberqg « Or L. Otto

Figqure 10




LOAL
1 : p: 5210041088

GRINDINGRORTINT

l AR SEPARATICON l

£3AL HANDLING

h P S———— e,

TCAL GASIFICATION FecD WATER CEnfse

UNCES _PRESSURE QND STEAR SENERLT [+

COMPRESSORS .
A o et ————y PN
A tu gaTIHG WATER RE-(OOLING l MOTOR, FUELS FRCM ©COAL
AKD COOLING  hRadd TREASS
13

DL. K.®. EISERLOER

DESULPHUR: ZATIGN by
15Y _STAG .

COS-HYDROLYSIS ) OXIDATION

P

DESULPHURILATION }
2 NO_STAGE

At
SULPHUR TRA? - |SULPHUR ey ° l
DA

METHANATION

CO~CONVERSICN

i LURGI KCHLE UND HI.\'SRALELIE&?!-I&IX GMBH

Frankfurt/Main

Cﬂz-\'ASHEﬂ

Coal Sympasium ip Jakarta, Indonesia, 'O;to_ﬁér 1980

TC'WN GAS

‘8

PRODUCTION OF TOWN GAS BAiEﬁ»I

Saarderg+ O C.Otto | SAARBERG- TTO CDAL GASIFICATICY
PROCESS

Figure 12




et

Le—y

va:: co
foy Yrnd

i=z a =owal of

rodas
zadlaxkle

&

-
ne

ia

=

anchu
low

A
=la,

A
“

i

Jazan an
af the am

view

in Gzrnany.

france,

paoy

T

4]
ar
e
u

w




TAs Degn Iontrxddzs and 45 almaady u:&-: exectian.
wnug, 3% Antual gradusiion of 4.5 to F nmillicn tons of
mozer fuel fron dcrastic seal Will e ava~1nnle to the

Rapubliz of Sousth afriza in the nmif-eighties.

The Tisc-er~Trapsch Symchesis supelies inservediase
S vorer fuals.
Son e hydrcaxnzens, rethanal blended with
T fuel are tzday €9 ke
censidered as weil. A promising variation for the
ticn ¢f methancl as norer fuel was developed
zy Mobil Qil. The sonversicn cf meshanol inta
1

Fasclive with @ high octane nenzex and a high efficie

Fassline sr also alons as mo

weceeded,

Iiszher-Trepsch Svntifsis, Liw-gressure Yathens?

Svachesis and M2kal Process

Coal Gasificatizn

The pxocess concept is shown in Fig, 2. TInltially,
synthesis gas is produced frer +he coal prlrar‘ly
corprising carben cxide and hydrcgen. This gas nmust
be _urified ard, if necessary, ccmpresscd before being
converted to hrdreccarbons or methano! cen catalyst.

In a szeparate stage, metharol can then te ccnﬁer.ed te
gasaline nsiny the Nobil Prccess.

Over the years guite a nurker of coal casificaticn
systems have been proposed and realized alsa. Each
systen attempts tc best exgloit the chemistry and
theramcdynanics of coal gasifica*‘ch. Commeén to all
systems are the gasificaticn agents - air c:'oxggcﬁ

and’ staam - keLig applied te the coal a+t n‘cﬁ
tenpera*"res, t least TU0 *C and conversed iﬁ_: a raw
gas cemprising carbon monoxicde, hydrogen, caz on diczice,
methane, hydrcgen sulfide, nitrogen and ceztain
irperities. .The quality andé quan:gty cf raw.gas are
mainly influenceé by the type of ccal anz the ccmpositic
0f the gasification agent. For classif;catién puUrposes
we may @éifferantiate batween three main reactisn groups:
moving bed, fluidized hed angd en.rai edtsuspended bed.
As shown in Fia. 3, they differ -ﬂ Fespect cf the
folluwings size of feed coal, flow of reackants. and
preducts, residesce time of ccal particies and
temperatures. T .
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In th2 AZGE reacrnr ine gro-ipitited jranulac catsawse,

ewelling and cakins Avexican crals rof the Frg. 3, is arrarged in tubes 12 1 long which ave
ani ¢ as well 1s Fittshurah 3 were surrcundsd hy beoiling prassure water £~: ntensive cooling.
large scule =ests. Tha fouren The crerating temperature is in the range 215 o 25¢ *C.
generatisn 15 & gasifier with a Jianeter of 5 m whigh Today’'s reacters nave dianeters from S %o 6 m and are
is also suitable £0r all types of ceoals. 3 protosyp agzusssed with €600 and 3540 ecubas respectively., They
is ::::en:ly Laing teszed in Sazzlturyg. In this praduce about 85,000 ané 125,300 ¢ of primary pracucts
connectizn the develcprment of a slagger and a high- C,* per year respectively, ‘Synthol System, Fic, 13,
pressure gasifier Tusk ba mentigsned. ccmprises the roaster Eurnished with coeling alerercs

and the catalyst set:ling chasker. Thl reactor L3 about
40 m high. Ccntrary to the AFGE synthesis, the catalyst
is a fine powder. Its basis ts mill sCQlelfrcm steel

schenr-Toczssh Svathesis works. The powdery catalyst is p:apor:xcnnd usirg a
special valve into the stream cf hot rake-up and
A sizplified bleck diagram, Fiz, 7, shows the layout of civeculating zas and carried intc the feaczor by the zas
a synthesis unzt. By-produsis, tar and narhtha, which stream. Here, the gas valocisy d:cps so far :haé the
e refined to metcr fuels and, thus, increase the heavy catalyst is just carried by the gas st zean.
wield aze obtained on gasifying bitumincus ccal or Conversion takes glace in the range 366 to 340 °C at a
2igmita under gresgure with oxygen and steam using the prassure of about 23 bar. fhe gay stream and caia‘yst
? leave the reactor and are separzted in the.catalyst
& < setiling charber. The hot catalyst is rgc;clgd thrcuch
9% this Ractisol wash, Eid__é tite synthesis 935 the stand pipe to the resacs=or. ?ia. 41 shows the three
2 yrd +the methass sasol Svnthol plants in which as out Bo oco t of primzzy
£ < <. en oxide ard preducts are procduced per reactor. The cap, acity-of the
hydrogan are then cocaverted to hydrocarbons on an izom new reactors ac Secunda is eonsiderably higher with

is exatherzal. For 200. - 300,900 t of primaxy preducts. In both systems
cntrolling the reaction .

have proven themselves:

the reactich heat is used for generating stéam.~-Thc

Fas leaving the reactor is ccoled in Heat exchangers,

the hydrecarbons formed and the reacticn liguor bainyg

dendensed cut in part. A portion of the cooled gas is
wixed with wmake-~up synchesis gas and after heating by

heat exchange recycled w2 the reastor. The other portien

- the fiked-bed yeackor, termed ARGE reattor,

dewralnzaed joinsl:- &=y Luxsi and Rehrchemie, and

. ;
of the gas is coeled in several Ssteps tc lower

temperatures to recover the low mclecular keac:;:n products.
. 1 B
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The yasuites 28 she up~Frafing cof the primary products
cf aka AIGT Syminasis and the Sy-profucts of the Lurgi

THBLE 2

Cuarackeristic Tasa of Gasoline and

shewn 4n T33LE 2 in which the
motar fuals are given.

Siosel il

ARGE Synthesis with
Tar Prccessing

Dissel Cil

Densivy
Arcmazics, wi.d

flaghthene, wt.%

Cecane nunber

6.79 - 0.81

less than 10

less tha% 5
7o

by

Cependent vpon 432 tar 2ontent £ the coal, tae Sensilty

ootane aunter of the gasolina iné cetane nunber of the
Ziesel oil alter sligntly. The diesel cil basis is
rrimarily paraffinic/clefinic with abcut 15 % arogatics

and nachthznes. The gascline largely comprises iscparaffins

together with aronatics stexmzing fxem ?hs tar naphsha.
The cetave nurher -f the diesel oil 15 exceilant whereas
the octane numter &f the gasoline meess the currert
standaxd for a regular gasoline. 'Bue to the low sremati
ard naghknane contents of the gasolineé its blandabilisy
with rethanel is problematic. In;compariscn with-this,

the octane numser of thae Synthol gascline is higher but
the cetane numher of the diesel oil is lower.

It is %o be seen from the structure cf the étir =

préducts from Synthol and ARGE Synthesis units thax the
Syathol Prccess is predestined fcr the ¢Axi£um producticn
of gcasoline. <Cenirazy %o this, the strength of the AXSE
Synthecgis iies in diesel cil. Due o uewer develcnments
of the prassure gasificaticn it is pcss%&le to cperats the
7hthasis Ln the pressuTe range Exom 40 ko 50 baw. Thus,
the reaction tamperature can be reduced., Due to this, the
life of <he catalyst is extended égd the Mwax selectivivy”
improved, Under this term cne understahds a:moderate
withdrawal of the proportion e¢f Fﬂe p:iﬁary preducs
boiling above 320 °C in Saveour of 'the p:cberticn boiling
below 20C °C over the cvcla time of the catalyst. It is
possible to supply up te 50 % of the primity‘;rcdu¢t asg
kerosine and.diesel oil of the kest qua;ity by the
cexbinaticn of cligoverizaticn of:the ci2fins boiling
below 140 °C anéd hydrecracking the waxed Soiling above

120 °C. Therefoza, the ARGE and Synthol P:céesse;
supplement dne anothes in a ;racti&al f%sthﬁ.
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0f the reackicn sroduct 35.4 wi.t ox 374 k3 can ke
utilized in the forxm of gasoliné and liquifiei'gzs-
The rest 1s used in the process as fuel zas., 7The
technology of converting merthanel iz tofay masterved
£o the extent that gommercial piinms can be buiit.
™e methanol synthesis 2nd ite corbination with the
4obil Process thus xepresent real alternatives to
Fischer~iropsch Synthesis. It cught +o te remarked
that todate it has not been possibkle tc produce diesel

0il using the metnanol route.
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damesan Cagks . Tre waly oormerclal - synihesis in arplicatisn
T curzently iz eha Fieg h Process.
They are tho zum of %5 suatazle for covesind the Tarxzet recuc
gaseline, Jiseal o] and liguified sas.
- the fixzd czsts and can nandlz ash-rich coals, wnick in regax
- by parisbLe =SSR of feedstock i3 0 ke viewed as a partisular afuantass.,
ccal cests can ka axpected in this case ‘Whalch are
Tha £:xed £asts are Jetarmznes an the basiz of the especially low per calorific unit.
capital Imvestrent for & tura-zey plant includfing
the Qff=sizes erested on a Tupincus coal basis. Hathanol assesged calerifically a* moter fuel lies in the
The inwvestment ©osts contain neither f£inancing nor Yegicn of the FPischer—-Trcpsch p;coLct. The spgclfic
cests AcT sralinizanies, costs for the site and its ' investwent related to Geal/veéar) is also nct far distant
feveleprent, interes« cn rhe c3pital during the frcm Fischer-Tropsch Synthesisl'Ache§e:, ethungl is
censnractisn period ans the starcug, infrastructure then especially interss=ing when it can be uged to
ané the cozts £¢r mining or landing ccal. sudbstitute gz2e0line in zotor fuél. I&i< <3 the'tase in

th2 oxder up to abocut 13 %,
iasisn and interest,

Tegairs and maintenance, The cenversicn of methanol to gasoline Is tachnically
cn the working capital. soiveé. The Breducstion cosss for zascline ‘usike he
' . .
: Mebil OLL Process arxe lass thar the costs of Tischer-
The vazwiakle ¢osts ccmprise lazgelyr the coal cests. ’ Tropssh Synthesis due ko a batter seldesivity. . .
The maka-ns wazer rasuiresent is ccnsiderable in all Regrettably, tcdate 2iesel eil anos he pracuced using
cases 2nd, ast2l water cosling being presumed, is v te this route.
33 *¥ /e produnt. Tne ccn-Jup-‘: =% chemizals and
b,
G Fig. 17, Secunia
Mot tazen inTo ascownt wexe tha sales costs,. profit aud CONCLUSTON
— TR e
raves. - . R : -
The eil price situatién at the end of 1232 is ¢onfysing but the
e id B Lo ve 3 - r .
o drawn from the trend woulid apgeax to ka that crude cil a; less c“an 20 USS/karrel
3 oy - . = - ey e . .
Gcal ox 1 merric tomne 2§ a thing of the past. If cne counts ca hs ner figures in the

fature and considers the transgors and ccﬂ"a*si:q zosts, th

e ccal costs, Fig. 16.
_— profitabilisy threshald Zox coal cenvexsidn will be reached in
.

A relatively shors ¢ ég larze .deposuts of
€asily mined cmal available. -
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Jymthesis 3as vade frop osal 5y Eish-Testeranica=honklar-proctess,

2y X.~J. Murde, Usde CGonH. DerTrund, 05

ta yule of sunchesis sas ang Bws-szen

k]

123l conmudities marnufacTurad and

may 2y orediczas tc play an aver
, when patrz=fuels have %o fe
bBulk of spnthasis gas so far

=n of awmonia, methanol, and

mira will he n d e

fyathesia zas is “he %«
traded im larse Iounnagss
inryeasing role in Suture
replaced Ly coalebased fuasls, T
hias been usilized In the grocust
o:\-

sthshitute petrsfuals,

In gereral terns synthesis gas is definel as a gis;:cntaﬂninq [ 3
zixture of carbormonoxide and hydrogen as its esssntial : -
corpenents. Depending upon the use of synyas the ratio of H2 @ <o
Tay VAry iz an ipfinite vangs £.i. :

amronia, hydrogen

H2 . COF o :

H2 : CO = 2 H nethanel

E2 : CU = 1 : cxoO syntiesis

-7 e I 1 z iron cre raduzing gat
22 0= 0 : phosgan [

Special emphasis shiuld be given t©o hydregen, which is at the
ugper end ¢f the scale of H2/CO-ratios, The main consumer of
hydrogen so far Ls the ammonia 3ynthesis. We Tow Llcok 2ack to an
armenia produiction of almest 7C years. During this sime it
growth rats has been in the srder cf SO ¥ ger decade within zhe
first 3 decades, but afiesr the sscond worldwar itislimied tor 200
% per decade,’ lazely sumged £o 250 % per 2ecade and it new has
surpassad the 120 mio tons per smiun-mark of nizrsgan ation.
in the course of this ragid develiopment She nlaces of wraduceicon
have shifted from industrializad areas o develeping a s, and
raw mazerlials have shifted from coal o natural gas and iigund
tydrocarbons. . :

dnticipated use of hydrogen in substitubicy of crudewsil-preducts

In these vears of our confromntation with diminishing na ural odl
Ia3ourees we are faced with the prchlen of substituting petrslieunm
derived products by coal-based fuels, ALl ¢f +he processses waich
¢an ke considered for this purpose are hydrogen <dasumera to &
farge extent. I£ for instance we undertanke To predist the
Nydrogen consunztion in Cermany during 2 decades of contijusus
reduction of oil thtouchput at a rate of 5 9 'per annum, We Errive
ag a forecast of hydrogen requizemant as shewn in Sigure 1. -This
figure should demonstrate that nydrogen zegilvemants: in' Germany
#ill B2 a multiple of what is useld powadavs in an alreasy highly
developed chamizal industry. Methanol and its further conrersion
Yo liquid hydrocartens are expected %o contribusa heavily o the
Sverall consumption, and will share the mavkerv with hydrogsnaticn
Products and possibly Fischar Trxopich-Froducts as the sources of
SLransportation fuel. Synthetic natural gas (£XG) will a'so have a
Gonsiderakle share in the hydrogen market, particulasly as a well
istrikutable demestic fuel. This szenarin shd:cazes she grand

VLxM01002250980
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ccal and gasification agen:t
a therzugh mixing of coal
achieved, and

on, eroviding eu-currance of coal and

nese gasifier TysSas are the lurgd
¥ and the Rogperxs-Totzaek gasifiar.

vic ter c¢f units.
FE3-2X emany, when
Scrced the 203l sut of nearl;
5 planzs. ~jexr i thosse few
ssex justified the uwse cf
cperated successfully and are

IT should ba manticned, that
zigns according to tiae classic

aan Zawslopad in past and

“nen. In mest zaszes thase

many yeirs, whaich have been

a throughput figures, Procass

2 & by the properties of coal-faed,
=r lass reactive ctoal, may it ke hard
= rm, or may 4T3 ash meluing peint
C] 8T essantial parsactars to define
on precass. Eigh throughpus figures
eased gasification pressure almost
P

as
rom a azargyy saving point as well as
of

T = Ee) gasifica
Tass 3 coal, .
£or the most sultabie procaess. The
a given okl gualicy gasification
ived, This szatermznt will
ad gasificazzon, cn which this
ner processes have keen ox will

ALtz -20ar

[Gveise] -5 . .

“he zlassic Wionslae JRgificanizn Wrocsss

The giasgiz Waniler srocass was develored in Savmany in the
zventies. Sinza then, a nanker cof rlants axirng th.t pracess have
rean coastrucsed, simae oF waicen are s3:ll in use. The nesic
principls of this process iz gasifi:caion in a £lurd:ized bed. The
zoal is zenveyad intz the jasifier DY a suravw fesdear; She
gasification agen® iZ admifted thrzuoh nozsles arringed at the
circumference of the Zluidizad tD=d. In sider o mainzain the bed
in fluidized state, the gazification temperature musT "ain
below the xelting puint of ash. -

The characteristic features of the Winkler process may be:
sarmarized as follows.

- Lew copsumption of gasification aqents,’i.e.]oxyden and steam.

- Simple c¢oal preparation precess, becauvse a relasively broad
grain size sDesTrum cid ke used, the maxivum grain size being
several millimmters i1 diumeter. This means that crusbirg of
the coal will be sufficient without fariher grinding.

~ Eigh gas quality, because the casificafion process Takas
place at a uniform Temparature and hecause firal gasiZicaiion
in the upper part of =he rmactor achiswas ccmplete conversica

of the higher hwwdrecarbons. ) :
-~  High ash cantent in the ccai £2ed is parmissible.

- Sue o the lLasge q;anti:y of coal in =he veassor,' tihe reasicer
can continue Lo cperats even ixn. case o0f a TEMDOrAry stoppage
0f the coal feed, . |

- o conzidezadia r
saxrtial loads.

Suction in afficiency whan:cgerating st

1
The disadwantages of the conventicnal Winkler pricess are the
reiatively low ccal conversicn rate due to the Zact that misute
chaAl particlLes are antrained by the gas leaving th@ reactor, and
operatisn a%l atmespheric pressure and moderate tanterature.

s

The Rkein-raun ETH-Zrocess

The disadvantages mentioned here have beer the startisg point of
the development work o0f Rheinisthe Braunkshlenwerie with the. ain
of pexforming the gasification under pressure and at an elevated
tenperature. ‘ience the narme waz derzved: EIW x High-Temperature
Wirkler Process ' H :

Cparaticn under pressure and at eievated temperatura cffexs the
foliowing advantages: K S :

. e < { : . ;
The gasif.cation rate is increasad and the affective gas velocity
i? the gasifier is reduced. Thits makes i¥ possible to econstruct
high-capacity gasification reactors of cemparatively small

Physical size.
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Ten.dSnny. asTesially lignite

wla a logX ncpger systen underazath
-

stallaticas The Two ash Jischarges

[EK T
ann

PN U]
0w

£ g

gughsut: 1 2% 25 dry lignite
mstacn:  15GC m2 (stpi/h
aATilon pressure: 10 bar
=isn texrperature: 1100 oO

lzaticn agsanT: onygen <

Suesw

Trhe pressure chosan £2r thiz pilot plant does nct present a

zaticn %tz the process, b
nstallations, 3 diagram of
. Semopstratas, Thalt

gasifisation pressure iz L

cose of the tasts Is
ucing synthesis gas b

funcdamentaly £ox cihex appll

redueing gas, substitute nav

ut can de raised in future
cenoression energy reguircemant,
the azichesT iLngantive o increase thas

The Low pressure rance.

net oniy 4o erism
uT aise Lo Iawv

catlieons, such as rocucticn cf
sral gas or fuel gas for a combined

s possibilities
-

Sycle pracess with stean- and gas surbise.

Tha pilot slan% want on sSream in summar 1973 (figure $). The

casuzLss cbtainad so far haw

upcn the Rneinbraun TTW pIoc
procass ©o fuzthers tasus in
perfsosing the anginearin

preduchisn

agiivalent

Iz shoulsd = ad at
suizabla £2 ifiza
appropriate pr cary T
< Swadish ang Jrazzliian
pilot plants for weod gas

the
engl

25s

jal-scale gas generaticn
Sour mudules will previds

sameritoxs BuT speratad at e

+the axpaztaticns placed

esz. It is planned to sukject the
a largas slans. Unde is currantly
amenstrazicn giant for the

% a capacity roughiy
in a medular way.
© The HIW precess is also
g Wwas shown by
= prassnt undsr contract
the & ¢f lawge-scale

Pilot plant oreratlions

baing of about tha dism
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Prt e
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PFT
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iency of csal

anazgy Ssmvaysion effic
= 2 ccal based
&
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af in € % £Trpa
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tased cpen other raw xatarsials. as an

4
-4
-3
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w cihe large~scale hvdrogen production.
iy that hyvéssoen if o Le considavas
e juse ax the merh . Inargyvwise
Tas 2y it3 neat of corbustizn and processes
=3 mroguce SaT=2 2] & peazuvesd by usirg 24s heat of
comsusTien as a vazd Sig. 1 shews such eompariscn Sfor a
numrer of saw ratery sestively anargy sources, £zoem
matural dsmater 4 mere forms of energy susi as
ouclear tna 2nexgy input Yo increase step kY
sStep and we ca g extreraly high Sox thermochemical

cysies, whick <=

=he prasent consi

leztzolysis shall ke exempted frem

1:;.[9_7

Tnforsunately we nenice an lnaraase of iavestiment simultaneously
Yith The increass ¢f ansrgy inpul as wa g¢ aleny this saguence £
pracesass. This means sneTgy 3kould be considersbly chesgar
than 23 the I3¥m 2f ¢ £ e more we more downwards in
whis Tamulatizno, Lals have %0 be

satural Fram may demonstrate this

fisuras esta=lishzd Sor the ¥RG, £ig.11[3].
inmvastmens ~ selazed costs and frecdstock - ralated costs
Ta the antire gproduction €28Ts, in its ordinate this
Siasraz Tughly Tesresants The ratio of invastment Ior the
73

raricus plants, capending upen Seadstsck. W can see, that coal
e availanie at no Sore than 40 I of the aatural gas cost.
1S an cpTion =3 use either of the fesdstatks and hence
thase fsadstacks ar: 9 CoNEeTe. In a pilace LiXa our counthy RIS
sTpetitiva situasicn may e gives for strip-mined coal, But i
na-ural gas <€ost 2= low, the situation may Qiffer and J certalily
do nol fmel coTpetent oo sudge The situation in this Zouptyy. OF
5 2.l of uar az2 aware of the exhausting rascurues o
araas gsal will s9:ll be availalle, wien the gas
Tize ta prezaza the Zransient state may be 30h.
wa stars worRking on this wuransiticn, the smoathar

It

£ an
b |
[}

}

4

L]

producing meshangl Srem coal comparad to othar

3ulx <k can avan ke producez
- -

L Sramosca wa use geal-types =k are easy =0
=ine and zupglied at low a cosz. Based unst
carzain collactad frsm wvaricus places over

- Yo o av
<he wax 2 ¢srrect in any given case, we o ;9
computad osson ©o5T frem the main xaw maverials
Ve b . - <
- awd noa s ail over the world. An extract o
This shown in 2rn the =25t of mathanol-production =3
clazted angy contasned in wha Lead.
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Ueerading of Coal Tii

carlock

L]

wrozerties have crnuriboted to continuslly

insreasing demand. &t the carrent cOnSUTPELS
+
rate of about S5 — 60 nillion h/Q, the

world's preven petroleum reservas repressnt

atout a 30-year supply. The iafrastructaze
to supply, distribute and eonsuma thaoe
sraduces is available, €2 it i abricus that
ta. major il sonsumers will fequire ax
alterngsiveé anexsy scu::e‘with the sane or
La tic 23 el de:;ved‘fznm

crude oil.
The coal hydzoyenation followed by apgrading
A1 0il cas bs a major step In swder o

jal
soeure tne further mupply of liguzd fuels.

Tnaivest liovefattion of esal f£iwmst involues
o cnversion of @oal and stegﬁ Lo A mimhurs
2515 23] and then =he

Liie

of €C aad X, {gvnthe
ek

0

sen . gas te foim

reeotion T 2NN Sr¥L

e direct esnversicn of ccél to kydrccarbe:g
+he most cimole pr:écdurp far a

le peodustien of both funls and

tocdztocks: we call it hydrogenation.




T siow wou the principle of this dirsco:
czoversicon le% us have a lock at Zigure .

35 vom know coal has a very high molecular

£ the reactive linkagss in
es. At these Lrezking

the Irsaking

1
pesizisns hrdrogen molecules have to be
added %o Sorm liguid hydrccarkbons with lower
zcleculer weight.

with Taseouc hydrogen. Frimary products
axs fuel gas, lizht oxl and mediux boiling
4 point oils which are upgraded 4o diesel oil
weaicht. The liguefacticn frictess reculires and gassoline.

o

The producss of the 2ergius-Pier-process
have lowey boiling pcoints qdmpargd to the
products of the Poti~Broch-process. Therefore
in our days the Bergius—Pier-process ls

prefere? due to market and econémical reasons.

These reacticons are eshanced by the action as v

af catalysts. Furthermore the hydrogenztion
ef ccal cceuxzs 2t different conditions of
temperature arnd precsure depending upon the
scre of product Jdesized. Zut always the
frdrogenaticn resclss in a change of the

carbon/hvdrogen ratic.

iguze 2 Zdancnstrates the dilferent conteats
£ hydrogeir 5SS ozoxl, orude oil, diesel fuel,

gasoline ans gases, The gap of hydrogen nust
he added when hydregenazing ceal.

Q

)

h

cme of these processes were alrzady cermexciall
available 1n Germany in the 1930°s, especially

the Bergivs-rier~ and the Fotk~Broch-process.

In the Poct-Srcch-process the bituminous ccal
is digolred In a precess—derived solvent,
which is wsed as a I~Donor-Solvent. Produchs
censist of oil, =ar and electrzede grade carbon

gins—~pLlox~process the coal is

rocess derived oil and catalyst

i%e consistency. and hydrogenated



and tax pitches was examined. In 182% M. 7

e=prtad ko caryy -ut the Sesicn of

-Arsgonation, today knawn as the

T_~G. prseess. Ta 1927 the fizgt cormersial

plant was brouth A stmeam at Launa with a
G b5

cagacizy @I

inweminous Lignize. &
a% formerly use a
0L begann wLX
apt in the woril

ae Gelsenkirchas

cperating &t & TYassure o€ 300 kaxs

s9a 204 mons of casclime ger year wex? preduse !
Lazeron up to 1343 more nvdrsgenation planss
wewe Build in Saf-any grocessing fard eal,
Bitunminoss iiemane, £

Waea

Pregcess Basis of e

tegan again workinre en

This nistorical review 2lreadw shows one cf
I

cr
the typieal charasteristics of the process.
h 3 £

‘thazd coal, lignite, pitch and tars. Lateron
‘it was no preblen to convart the old eoal

W

hyérogenation plants in ordex to process

‘mireral oil residues.

In 1974 RUBRKOHLE AG =25

b

srocess of formar Eines.
opind and optimizing
ef he proven procesg. Duzing this work the
technnlogy was modified in tiae folloﬁing war:
slurried with a mixtu?e
Vo distillatés chralred
sad of the formerly

of

fepm the process ingt
usad cverilow cof sentxifuges.

« Tha residue which containe solids is
uced as feedstoch in prassure gasificasicn

units for hvdrogen generation.

]

e PR gil-mixture is

2}
D
0
0
3
5
L]
G
P
1B
- £
]

separated by distd
mechanical treasmen

jarion inscead of
o by centrifuges.
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Twis modified process - we call it the
gerran “echnolegy ~ 1S expacted ta resnls
in =he folleowing improvenments:

- & drop in operating pressire from
7060 == 30D bars while retaining pzoduct
».ality and using the same izron catalyse.

- An inc—ease in coal throughput by 50 %,

- Improvemeat af heat recovery due to
alteration of snlid and asphaltene content.

- A éecrzase in the specific conversion costs.

furthermore as menticned above the process

is extremely flexible in oxder to use Cifferent

kinds of feedstocks, such as hard coal,
jruninous Lignite. pitch and tars and also

5
j

wacuun residues frem gonventional crude oils.
This is in contras: Lo US—technclogies which
are limited to very particular kind of

hard coal.

- T -

The Project "P.lct Plant Baottrop”

In order to prove the German Technolsgy in 1977
RUHEFXCHLE AG und VEEA OEL {RAG 60 %, VEBA OZL 40
decided to bu:ild and cperate a pilot plant.

Dﬁscrlption of _the process

In fzguze 4 a flow sheet of. the proces s is
showm. . : ﬁ'

The coal is ground to a size smaller than

1 mm and dried to a noistuze cont ent belcw

1 wt.-%. Then the cocal is s*urrzed_ia a
nixtank with a middle and heavy cil in a

43 : 60 ratio. This slurried coal'is croandd

te less than 0,2 mm and the, catal"st is

added. The £final slurry ccntalﬂs apprcxznarelv
40 wt.-% of solids.

The slurzy is pumped via ﬁig\ pressure. :lJﬂHa'
pumps to 300 bars. Now hvdregen and rec;cle

gas is added and the slurryiis beated 1n a
preheater tc 420°C. The sus"ension enters thae
reactor from the bettom. dere.on-g cng reacior
is shown but in reality three in Sériés connected
reactors will be used. ;jﬁ ;‘“

'

The exothexmal hydrogenation Eeac?ion ocerrs in

=

the reactor and is controlled by feeding guenching

hydregen into the reacter *n'a way"*ﬁat the
temperatur does not exceed 475 °C, The proauct
leaves the reactor at the top. eyt .

Follewing the reactor a phase separaticn

it : . .
takes place in the hot separator,;where gases
and vapours arxe removed from,the top while



The gasas and wapours are wooled. The
condensakes are roduced in prassure and

pumped te the atomspheric distillasisen.

The reraining gas is led to an absoxdex 3
togwer where the hyd=ocarbons are washed out %
and the conceptration of hydrogen is increased.

The abscrber boway 15 aleo eoparating at .

3960 tar and the leaviny recvols 938 xeturns

to the process in Sront of whe preheater.

~he condensad liguids aze the sroduet: of
«
L

the process. They are
i

The botiem pxedusts of the ROt separater

are expanded =@ wacuunR distillation and
separated into distillate

cil ané residue.
The disaillate resvrne «o the gprocess for
slusrying the coal. The residue contaiaing
minerals, unreactsd coal and canalyst as

0lids, are cocled on a steel belt anz fureae

24

3
combinations ©f grescurizing, peeheating and

<Ia3h evapozating.

Furthermore a testprogramm will o estaplizhed
in the pilot plant. In order to test
develegad eguiment Jdesigns of slurry

=al

ar@ preleaters are installed.

Descrizticn 9f the plant

The location selected £or the pilat -plant is
Bottrop Close to refineries and directly
adjacent to a coking plant and a coal mine-

Pigure 5 shows some characteristic devails
of tha pilot plant which has an inpur ¢f 200 ¢
of ceal per day and produces 100 w-of liguid

hydrocarbons.

A plat plan of the pilot plaﬁﬁ is shown in
figure t. wWizh a length of 272 m and a width
of 245 m the plant covers an area bf 58 700 m?.
The xain procass units inciuding méasurinq

and zontrol station are lccated in, four
ssetions which are connecked to each other by
pipe bridges. These units reguire an area

to talling 13 000 m* (106 m &% 13D m).

In order to faciliiate the supply of the
and the evacustinn n€ residde the zlapt
connected with the above nenticned,cokiﬁm clant

via a kelt conveving Svotem. A Llare and hlow-<own

system 15 installed and tanks are provided oz
storage of the coal oil f£ractions. Furthexmoxe
however offics buildings, staff facilities,
workshop and s5tore reoms are §rovi§ed.



Uparading of Coal 033

A Ianrther asgect of the project .
"Pilot Plant Botircp” 1is the upgrading of seal
derived cil which will e decne in kench scale

and process Jevelcoment units in laboratories

situated in Talse Scholven. The uwczewties
coal o0il which 2re in some parts quite
fierer® frzn those of nine'als oils reguire
zecisl napdlire. Figure 7 shows a
comparlsan of characteristic data of oil

from c5al and arabian ligh=z=.

Arong the different properties <an be
mentioned aspecilally the high amcunts of
nitregen and oxygen. A let cf the latker
being boum in phenolic enmpounds as
well as ¥he high concentration ¢f azcuatics
in 211 fractions, which are restonsible for
the high specific gravity of che coal ¢il.

These upgrading tests have the CQal o looxk
under technical and economical poine of view
for methods of preducing fuel cils such as
heating Suel, gasoline, Dlesel~fuel or

jet-fuel as well as raw materials for chemicals:
which may substitude or susplsnensz the
corresponding products of mineral origin in
the future. The test progran includes the
utilizatisn of the specific properties of

tha ecoal gerived distillate oils for example ;
by extraction of the phenols or by isolation :
of specia’ arozatic substances.

The main targets for the upsradipg of coal eil
are shewn in figure 8.

The data chm=ained by analysiwg neasurents

will enable RAG and VEBA QEL %5 Preject and
construct & ccmme:cial plant to manufa ture
and procass coal derived distillates.

The following fractions of distiilaticn will

be treated separately:

light oil 18P - 200 °C
middle oil 200 ~ 329
heavy oil ©.325:°C

The different ways of treatment éo'be:;ersueé
during the tests are shown in.figure . -

In case of the light oil the main pirpese

of the treatment lies in the isolation of
phenols and pyridine bases and in ‘the production
of gasoline and BTx~a~omat*cs. A qreat iaportance
has the hydrctreating step bccaus ‘of the .

high c0ﬁcertratlcns <3 suliur ani-nitroqer.
«hich are bound in eyclic ccmpcunds twa
great extent, sgacial teactxou ccnditxcns and

) catalyets must he chasen to meet the :equixameﬂ s

of the following process, =i' !

The main products of middle uil upgraaing shouid
be heating fuel. By severe hy&rogenat;on Diesal
fuel and jet fuel can de produced. rurthermore
fydrceracking to gascline is stualed Interesting
byproducts are naghthalene andvtettaline. .

.t

. Thn natn upgraqing roukte fo: tha heayy‘f:ac“ions

of s=oal oil is the prod Zuction of ligﬁt
hydrocartons by catalytic cracking and |
hydrocracking as well as the' recovety of

NEEE

chemicals and special oils,




&

Sutlsch

New let ne say seme words of the . further

development of the process.

In Julg 1972 the govarnment of the federai Republic
£ farmasy decided to promote without delay

i, G

he cosrpercial preduzzizn of middle ail, gasoline

and gas from coal.

ey

In accordance with the government's plans
the two coppanies FAG ard VEEA OEL subritted

similar proposals $o the Federsl lgsvernment
to plac. build and operate commercizl-plants

fex eoal hydrogenations basad on 'the German:

Techrnology. These p:c;csals\cnlyzdiffer in the

fackt that the plant promesed by WEZA JEL shall
provide +he pessibility to hydrogenate extrens
a

“
b Ned

Leavr cils and oii X 2ues besides oz instead
of hydrogenation of ccal.
The prelinmirary ccncegt of hoth caxzpanies is
taged on an input of six miilio i:ansicf
ceal p. a. including the plént'S'own scnsumpticn
for the prceucticn of enexgy and hwdrogen. The
plant will produce two millien tons of gasoline
nd middle dlstillates. FTigure 11 shows scre

charactaristic details of such coémmerzial plant.

figure 12 gives a view of the producticn lines
oF a teshnical gize hvércgenaticn plans. I8
the ele:tri:al‘enc:g :
fox the process conl

sourses, the coal in

onay = would e foux Ml
concept. 15 only an examp 2
hydrogenaticn plant. Tt has to ke adapted to the

special corndirtons of tha Aliferent prrojecis.
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COAL LIGUEFACTION PLANT BQTTROP

FEEDSTOCK :

COAL (mat) 200 t/d
RAWPRooucrs :

GASOLINE | =200 °C) 1301“/::

MIDOLEOIL {200-325 °C) - 70t/ 4d
VARIATION /N PRODUCT SPECIFICATION
1S FOSSIBLE

FURTHER TREATMENT (N LABORATORIES

INVESTMENT 135 MI0.OM
SuUBSIDY BY STATE OF NRW
PARTNERS RAG fVEBA QEL
START UP DATE BEGINNING 1981
PLANT OPERATION 3 YEARS
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Possibilities af M:ilising Indonesian Coal

by Carbonisaticn and Gasification
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Possibilitics of Dtilising Indenesian Coal

iy Carbonisation and Gasificarsien

Since the Pifties and Siuties, mineral oil and natural
g2s have superseded coal as energy carriex and raw
ﬂaterlal throughout the world. Howaver, in the mean-
t.ne it has generally becore cbvious that the re-
serves of mineral oil and natural ghs are rather
limited, whereas coal is sufficiently availszble, al-
thounah & great Zea2l of it is of infnrioi cuality,

To engure- the future supply of energy, ﬁne; ard raw
materiale, the use of coal will become absciutely

nacessary.

The measures for the substitution by czal can only be
carried out on-a lcng term and must, therefore, ke
taken at an early time, under ~cns,de*at1cn of

specific local conditiens.

The basis of such considerations for Indonesia is
thas certain croal rescurces are ava.l_nle, but due o
its poor guality, the ceal canndt He evenly employed
for any coal ukllisation techrology known at’present.
As an cxpericnced engingering ccmpeby &oaling Wikl
processas for the bejeficiaticon of cocal we ndw see
a passibilily of ucrilising Indenesian coal far beth

carsenisazien and gasification., I am z2ing 0 ex-
oY

plain this briefly in the follzwin :

/2




k3

1. Cazponisazion

Let e xtast with the classical method of coal
benaficiasicny the carborisation.

When bltuminous coal 25 heated up under exclusicn

of aix, to approximately 1.009°C, a thermal con-
wersion takes zlace which can Le degcrired as ccoking,
carbonisarion or Ary distillation. During this pro—
cass, the volatile constituwents of the coal are ex-
pelled and <cige and gas are obtained as final gro-~
ducts. The by~products centained in the gas, parti-
cularly tar, suighur compounds, awmcnia, and benzcle,
are subsecurengly removed.

If no lean c¢as is avallable for heating the coke
ovens, agcroximazely 25 - 40% nf the gas ouhpub must
be used ingtead. Tha rexmaining surplus gas vclume
can be processed for Sursher use.
The Zigsres stared hereunder agply %o a ccke oven
plant with an cutput of 1.5 million tens of coke per
year, which produces about 80,000 ¥m® gas per hour,
50,300 Wm? per hour zemain aster deducting the under-
firing consumption.

If the gas is intendad €0 be used for heating pur-

cses in s

2lwor%s or pewar stations, purisy require-

3

ments axe s::ila“ to chese of gas used for underfiriag
the ovens. More extensiwe cleaning is reguired, if the
cas {s %o ba utilized for diseribution in towns or
transpartaticn over long distances.
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Ancther zethad of asing ¢okz oven gas. iz the pPro-~
ducticn of hydroger by catalytic steam reforming,

Frem 53,200 m3 coke oven gas, abeut 55,000 m3 hydrcgen
of $6% purity can ce produced, By application of
roleculaxr sieves, <he degree of purity may be in-
crezsed to 99.9%,

If catalytic steam reforming wi*h the addition of air
raes place in a secondary reactor, ammonia svnthesis
gas is obtained. When 50,000 =3 coke éven gas are
processed per hour, synthesis gas fornapprﬁximately
700 t ammcnia per day is yielded. )

Also, tne manufacture of gas for reduction purposes
is pessible. 30,000 m3 coke cven gas pef hour supply
the necessary volume for direct reauction at a
capacity of 700,000 t sponge iron per vear.

The coke yielded by carbonisation can be used for
firing in power stations or hauseholis'qr for :
metallurgical purposes, depencing ‘on its quality.

Fox the procduction of cextain coke gualities, corres-
pornding coal blends have to be prepared Blas:

furnace coke, for instance, which must; mee* strmngent
requirewents aof strength, *ump~sxze and retarded
reaction can, in ecnventional carbonlsatlcn.*roc¢£°es,
only he preduced from coal with gncd chiﬁg character-

istics.

Now, what doas this mean for Indonesiaf Will it at
. i

all be practicable to uiilize lndiganocus cral vew:

sgurces for carbonisaticn? The types of coal which




gun-bivuminaus ¢cals have wexy poor coking gualities.
IF guch a ccal is eonveaticnally carbonized, coka
breasze is cbtaineld, i.e. nc ss2lid sintersed plecas.
This coke sutstance s unsuiteblie for further use.
Howaver, today sapplementary technelogies arxe avail-,
able, parmitting ihe inclusion of non-cckine ceal in
the ezshoniszation grocess. With thesze technologies,
whe feed coal is pretreated in such a way thar the
poar coking charasterisrizs of the csal blend are

improvad during cazdonisation.

m

All of the three zrocasses have in common thac

Cgartenizacion can take place ir converticnal coke

SVens.

zaghnelogies, ohly

upzle

he pocr corking cozls can be

chambern haighes and, due to ecmplaicaksd cperaticns,
2]

has not permiziad largs throughpues.

In the last f2w years, however, Saarbergwerke AG,
west-3ermany, have sccceeded, By intensive research
andl development wark, o prove that the process is
also appliceble for ovens 6 m high, Fu;ihcrmcre.
stamping operaticns were mcdified in such &'way thae
in spite af shortening the stamping pericd,. the
density of a coal cake could be increased and home-

genized.

thimerous types and blenfs of coal havejﬁeen caxben~
ized in the Saax area, Some cof the coa;é shewed

chérac:eristics similar to these of Indpnesian coals
as far ag tte centant of vola:ile‘mattEr'and the

Swelling Zndex are concerned. When these ceals ware
stamped and caxmonized wnblandsd, stem—iikc aake was
wielded which, however, pussessas guffitient gualiny

for use in electric furaaces.

Far the manafacenrs of blast furnace cckxe with
gufficient guality, 50% nen-teking ceal iwas mixed

with S9% eghing eoel and stawped, 5y adding piteh

If the cthe sroduced is intended fo be fired din a
pewer stasisa, i.e. if coxe grality requirements are
lower, the portien of nch-ccking coal may‘be raised
o 70% cr aeven 75%.

The gacend menticned process concerns the pareial
prigquacting cf the feed blend. This :echﬁolc;y was
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developed in Japan in the last few veacs, Teday,
nearly sne half of the Jararzesz goke sroduction is
cbtained fzom partially briguetced feed coal.

A ccmpariscn of Indonesian ccals with coal types
used for partial briguetting permits - with all pro-
visos - the assurpticn that 25 - 30% of the local c-o°
can ke used for the oroduction of metallurgical cake.

Last Zut nct least X mentioned preheating. With chie
precess, the corplete charge is preheated cutside
the carbznsiaction chamber to approximately 200°C.

tasements on optimum blend ccmpositions

5
and reguired additives carach te made Sor the thrae
{4

5
availahla and carbenisation tesss have teen carszied zut

Summarising, I would like to make the following brief

statemants w.th regard =a carhonisation:

. ToGay, it is 'ell pessible to carbonize Indenesian

~oal blended with imported coking coal, whereby,
:a:l- by the stamping process, an optimum

Indonesian ccal can be utilized

2n be used in fire places or, if
wality; used as blast furxhace cevt

1o
(24
fae
0
0
"
»
0,
@
1
(t4
w
it
1
Y

3. The ccke oven gas produced will be available as
energw, as raw material or as synthesis gas.

ses uvatil =11 coal data are Fig. 2.1

2. Crnal Gasification

Ansther methcd to use Indonesian coal as xaw
marerial, is the gasification of coal where its

- organic constituents are completely converted

into gas, with oxycen and/or steam,sevv;ng as
gasification agent.

Tests carried out by us with both ombilin and
Bukit Asam coals, produced good results for an
sconcmical gasification by the Koppers-!atzek

process.

The gas yielded can bz used wherever gas is eon-
sumed; thus; it offers a genuine alternative tc
the use of natural gas or cas from hine:al oil
derivatives. : '

. The first figure shows the most important fields

. 0% cas application.

Gas from coal gasification may be used directly
as fuel or reducticn gas. Fuféhevno}e, it is of
significance as feed gas for the fol;nwlng ty"es
of synthesis:

Methane,

" Ammenia,
:Methancl,

The coxo~synthesis, and

The Fischer-Tropsch synthesis.

The hydrogen contained in the ‘gas cah also be used

in hydrogenation processes.
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fluidized-bed grocess,

The zlants suils for the apriicaticn of the abaove

procassss, which have been adepted for many years,

.
nawe seached 2 hizh techaolagical Jeoval due to Gon-

sagificznicen wechnigse axe il

output was inerzased fron 3,
- k4

&z 3 “/h as

The next figure shows the principal mode o34

operation of this process.

3
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By adjustable screw conveyﬂrs,'the coal dust
fed into the gasifier. The gasificaticn agents
oxygen and steam are admixed with-the coal dust
immediately hefore its aatry into the gasifier,
Tn less than one second, the coal is jasified at
temperatares of approximately 2 gacc.

The het raw gas ficws  frem the gasifie: through
waste heat boilers into the washer csplers in which
the gas is cooled and any entrained sasification
residees are washed out. after final ?u:ifica:ia:,
the gas can de further treated for the most di-

versified purpcses.

sanufacturing Costs of Scmg Products

eticn costs, I will shew vou scma -&ata in
1iw.ﬂemﬂsﬁwhwn®mmmﬁ

on tha basis of prices crevailing in she Federal
¢ ¢f Sermany in mid-1979,

spenge irch, the following picture shows investe
o £ ‘

monts as cuxves clot

The investoents refar to conplete self<sufilcazat
. i
rlant complexes with the necessary afi-gites.
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- Incresse in the yield of useful gas

Fig. 2.5 In the next -wo pishtures, calculatien paramesers )
Fig. 2.7 a-e stated. These pzrameters nave hesn used for ~ Irprovement in overall eccnc;y.

c2lculatica of t=e manufacturing costs of the .
5 ch thes: 2 & . it !

individual producic. Ia the next ficure these Ways o raach these goals ar: ciffereat with the
various development projects, Which syszem will,

in the end, leal %p ac optinmum process combination,
canno: be finally juiged ncw, All precesses of the

Tig. 2.3 costs aze plotted wg. the thermal price of ccal.

Somcaring the manufacturing costs of varicus )
new generavion are ot present at the test stage in

ordex to obtain the basic data required Zfor plarning,
constructing and cperating industrial-s¢ale pro-

mrodurts made fxen ccal, natural gas and mireral
3L, i* wzan be found cut that costs are gencerally

2

higher when using coal.

Juction plancs.
Crnerete comparisen figures are available for the
With respect to the time schedulms of the proiects

prcducricn ¢f ammenia. This oo ~axizon is illustra-
to develop new gasificaticn technclogies. I can

Fig. 2.3 ted ic the greph showh as =he nex:z figure, If the " -
thermal prime af nazhtha iz three tires, and thae only give vou details for the Shell-Rngers preasgure
gasification procesz, It is planned that by 1986,
sefficient experience should be javailzble by cperat-
ing a plant for 1 200 t© ccal input zer day, to
offex the new casification technigue ;ith a1 the

of heavy £281 @i) &tozt 1.8 tines the thermal
rrice of ccal, manufacturing costs ave 2t the same
level. This griss re.atlon agplies similariy 2lsa

wc the mazulfaciurs of ocher praducts such as :
guarantees as are reguired for present day ccal

methanel, hrdzege
gagificaticn proiects.

Summarising, I would like to say the following abott

'

Now Coal Gasification Technelenies

coal gasificatien:
The r=alisation o the next gasifier generation ' " .
1. Indonesian coal is very well suited for entrained-

ie moved on intensively iu mzny countries. The
. : : . i .
bed gasification, without any! restrictions.
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main aims for th
2. The gas produced c2n be used for a'variety of

gurposes.

- Reduczion of eavirsnmental prctlems 3. The processes now availabie for che gasification

2f coal offer a matuxe and modeza techrolegy which

- Lowering of sgecific invesument costs

can be verified by numerous reference plants.
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