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ABSTRACT 

An ex;er~mental evaluation of comblzed ultraf:ne gr~nCing and ~ryin£ of a Martin 
Lake, Texas lignlte has been made. Analysis oC the energy requirements COt the 
pro:ess, determination of various properties of the proCuct, and evalaution of ash 
isolation are presented in this p a p e r .  

A smmDle of a Mart~n Lake, TeXas lignite was obtained and a series of tests 
. ' e r e  con~ucte~ in a fluid-energy mill at the development facility of ~he 
~icro-Energy Division of Ergon, inc. in Vicksburg, MS. The grlnd~ng fluids used 
were air at 116~F and ste~ at 225, 310, 350, LCO and ~88~F as measured in the mill. 
The products of these ~ests were analyzed for volatile matter, ash, total moisture, 
equilibrium moisture, heating value, density distribution, aerodynamic p a r t i c l e  size 
classification, angle of repose, porosity, density, and particle size distribution. 
The mill was ins%r~ente~ and measure~ents were made to determine the energy re- 
quirements for the p rocess .  Ulti¢ate analyses an~ ash m=neral content analyses were 
a l s o  made. 

In general, the fluid-energy mill was used successfully in simultaneous ultra- 
fine grin~ing and drying of the lignlte. Particle size reduction to less than ~0 
microns on a population basis was achiever. The equilibrlu¢ moisture of the smmples 
decreased with increasing grindlnE ~luzd temperature. Density distribution s~udies 
Showed that a significant frBction of the &9"ound particles were ash rich. This ash 
rlch fraction was about two percent of the mass of the sample and contalned approxi- 
mately fifty percent cf the ash in the sa=ple. T~e energy required for the process 
~ncrea~ed with increasing temperature. 

INTRODUCT~CH 

Re-~earch on ultraflne coal has shown ~hat when ultrafine grind coal is burned, much less 
slagging oc¢~-s than with conventional boiler grind pulverized coal (I-5) I. The small ash 
particles xn the u!trafine grind coal tend to follow the flow streams around the heat transfer 
surfaces rather than impacting the tubes and causing slagglng. This phenomena also reduces 
t~e erosion potential of the ash particles. These ultraflne particles then pass =hroudh the 
plant arts are caught [n a ~ag~ouse. The benefit of such a fuel is that a solid fuel, either 
as a dry powder or in a sl~rry form, can be burned in a boiler designed for ell or gas without 
ma~or boile~ =edifiCations. 7he tube spaelng in oil and gas boilers is closer than that in 
coal-flred bo~lers. These ultraflne grind coal and lignite fuels, which are potentially less 
expensive than oil and gas, all~a for a relatively inexpensive retrofit for using coal in 
exlst~ng power plants and boilers. 

Iz Australia, tests were conCucted with the use of ultraflne grind lignite in a diesel 
englne (6}. 7~e grindlng energy required for ultra/Ine ~rindlng was estaolished at a~proxl- 
merely 500 kWh/ton for median particle sizes of about 7 microns. 

T~e authors of this paper have conducted research on ~he ultrafine grinding of Missis- 
sippi li&nite ~n a /luld-emergy mill (7-9). These results have s,bown that lignite, even wltn 
~t5 ~i~h moisture content, can De ground tO a proouct wit~ a mean dlam, e~er, base~ on popula- 
r:on, of 2 to 5 microns and a mean diameter, based on volume, of 7 to ~5 microns. In-the-mill 
drying tests were al~o conducted, with the results showing that some permanent Crying of the 
lignite can be accc=Dlishe~. 

~t has been sho~n (~G, 11) that if lignite is heated to a temperature of about ~IO~C for 
15 mln~tes, the inheren5 molsture reabsorbed will be only about I0 percent as c~mpared with 
=he ~5 percent for the ori~inal ~;~=ple. Also, only a ~mall additional drying effect results 
at a ~:~rat~re greater than 319~C. S~muitaneous ultreflne grinding and permanent drying 
w:th steam at moderately high (>2~G~C) temperature has also been studied [8). The level of 
tnheren~ :oist~re ~as reCuccd from ~O.9 percent to 1~.1 percent. 

IN~mDers in pare=the&as re~er to reference~. 
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Kel~er and S!::OnS ( I~)  nave reported that for coals with good washability [ash distrCbu- 
~Lon w~tn s~ecif~e Erav!ty) characteristics, good cleaning of -325 mesh coal in a true heavy 
iiquid medium of Fr~on-113 can be accomplished in a ~wo inch nydrocyclone with an 85 psi 
pre~sur0 drop. Wasnabil~ty stu~les of Eul[ eoas~ l~gnites ~ndicate re.at some gulf region 
~iSn~ co have reasonably ~ood washability characteristics ~hile so~e exhibit alzost no ash 
c~ntent variation with specific gravity (I.3~). Paulson and Baria (14) have done extensive work 
on ton-exchange processes which result in a reduction in the sodi~-content of the ash. 
S~i~ ~s apparently ~he predominmnt ash component contributing to tube fouling problems in 
bo i l e r~ .  

in the work reported here, a Martin Lake, Texas lignite was ~n~ound in a fluid energy mill 
to an ultraf~ne size. Grindin~ with high t~perature steam accomplished a s~multaneous drying 
~aile 5finding. Density distribution tests on the products showed that a significant portion 
of th~ a~h is contained in particles which c~mprlse ten percent of the total mass. The dis- 
c~ssJoz of the tests and results are presented in ~he following sections. 

£ ~CP ER I/.',ENTA L PROCEDSRES 

The ultrafine grinding of the samples o£ the lignite was performed in the development facility 
oF argon-Micro EmerEy which is located at Vicksburg. Mississippi. In general, the facility 
Consists Of a fluid-energy mill with a design capacity of 2,000 Ibm/hr of solid material. The 
srindi~ medi~ me): be either compressed air Or steam. The air supply is capable of furnishizg 
cp to ~pproxisately ~,OO0 ibmlhr of air at approximately 100 psig. The steam supply is capa- 
ble of furnishin s up to approximately ~,000 Ibm/hr of superheated steam at 100 psig and 750 
~egrees Fahrenheit. ~'~,.e pulverization unit is based on the multiple jet cylindrical body 
~e~iEn con:ep~ present in t~e Taylor patent (I_~5). 

In orcer to evaluate the energy consumption requirements for the ultrafine grinding with 
~multaneous drying of low rank coals, it was necessary to instrument the facility to obtain 
~ne~gy and'mass balances on 5he fluid and the solids s~reams. The instrumentation on the fluid 
~tream c0n~iated of pressure and t~mpera~ure measurements upstream of the orifice in the 
Dupply line, pressure drop across the orifice, pressure and tzmperature at the nozzle ring of 
~he pulverizer, prcGsure and temperature in the pulverizer, and pressure and temperature on 
:he exhaua~ stream. The Instrumentation required for the solids stream included a mass flow 
rate based on a weight belt device, the t~mperature of the feed, and the temperature of the 
product. C ~mereial instrumentation was av~llable on the system and this ~as aug-mended by 
?ressure tr..:]sducers and thermocouples which were compatible with a computer based data acqui- 
sition system which a l lowed exper imental  data to  be recor.ded tnroughou: the exper imenta l  
p~riod. 

T~e energy balance required that the heat losses from the system be determined. Thi~ was 
acco=p~:szec by running ozly the fluid stream through the system at various temperatures and 
calculating the approprlate heat loss from an energy balance on the system. Then a heat loss 
correlation ~as developed which w~s used in the data reduction program to ascertain the proc- 
ess energy requirements. 

The Speed of the belt feeder to the pulverizer was used es a feed rate transducer and was 
calibrated prior to ~he conduc~ of the tests. The feed passed through a ~ate and was of con- 
stant cross section on the feeder belt for the speed ranges used in this test. T~erature 
~easure=ezt_~ of the feed material were also taken during ~he t~sts. 

Prior ~o the data runs all of the transducers were calibrated. The pressure transducers 
-ere calibrated againsD s~andar~ aevices over their appropriate ranges. The thermoeouples 
~ere calibrated against known reference temperatures. 

Prior to each ~es~ the system was preheated by allowing fluid only to flow throuKh the 
n~il. T~en the low rank coal feed rate was adjusZed to the desired value. Monitoring of the 
various temperatures and pressures allowed determination that a steady state condition had 
been reache~ in the system, after which data were recorded for use in the enemgy cor~=~ption 
determir~ations as ~cll aS for use in describing the conditions of operation for the process. 

The data acquisition system used was based on an Apple ill m~eroeomputer with a Micro-Mac 
ca~a acquisition mo=ul~ ~hlch allowed 12 channels of input ~a~a. A schematic dlagr~m of the 
pilot plant and the location of the various instruments is shown in Figure I. 

The runs were continued for approximately 30 minutes after steady state had been reached. 
T~c congitz~ns and runs which were conducted during the experiment are presented in Table I. 
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Figure 1. Sche=a~ic Diagram or the Instrumentation on ~he Fluid Energy Mill 

TABLE ]. Condltions of Operation for the Experimental Studies 

Medium Temperature Number of Runs 

Air 1~6 1 
Steam 225 ] 
S t e ~  3~0 3 
5tea= 350 2 
Steam ~O0 3 
Steam ~8B 

The temperature in the list above represents the mixture t~perature of the fluid and low rank 
coal in the pulverizer vessel. 

Feedstock samples and pro~uc~ samples of the micropulverized lignite were taken du1"Ing 
each ru~. T~ese were collected and sealed in air tlght cans. 

A:'ALYSiS P ROCTDUR__S 

The s~mples from the~e tests on the Martin La~e, Texas !ignite were analyzed to determine the 
cffcct~ of 8rin¢ing and drying on the products. The tests conducted were volatile matter, 
a~n, total moisture, equillzrium moisture, heating value, and density. Porosity ~ests, parti- 
cle size distribution, ultimate analyses, and electron microsooDe photographs were also con- 
ducted Dy the University of North Dakota Energy Research Center (UNDERC), £rEon, Inc., 
CGmmer:ial Testing and Engineering Co., and Mississippi State University respectively. Density 
distribution, aero~Tnamle ~artlcle size classiflcation, and angle of repose tests were also 
conducted. The volatile matter, ash, total moisture, and heating value tests were conducted 
accorClng to ASTM procedures D-3175, D-3174, D-3173, and D-2015 respectively. 

The equilibrium moisture value for a coal usually represents the in-place coal seam 
moisture value. This moisture value is obtainable in the laboratory by p!acing a cool sample 
in a 97~ relative humidity envlror~ent ~or a specified period Of time. The laboratory results 
aS:'ee well with t~e actual bed moisture for higher rank coals; however, the equilibriLmm =ols- 
tu;-e results produced in the laboratory for the llgnlte investigated are low compared to the 
~ctuel bed moisture. This pro~l~m is common with lower grade coals according to Luppens (16). 
~vcn ~hougn the equilibrium moisture prediction or the actual bed moisture i3 low for this 
ilinite, it is a reproducible property which iS used as a basls of comparison. 
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7we techniques were used ~o determine the equilibrium moist~-e content of the coal. Both 
Of these ~echni~ucs are £iven in AtTM standard D-I~12. The first techniq::e consisted of 
mixin E an approximate I/3 solid-to-liquid ratio eoa!-~ater slurry and agitating ia for ~hirty 
zizutes. The slurry was then placed in a water bath maintained aa ~O©C for three hours. The 
excess ~ater was then filtered from the mixture and the solids were placed in a humidity 
chamber accordlng tO ASTM standard D-I~12. The second technique consisted Of takin8 samples 
direcZiy from the airtith~ con;ainers and then plao~n E them into the humidity chamber acco~d- 
~zg to the alternate method siren in ASTM standard D-I~2. This technique was used. so that 
t h e  equilibrium moisture value coul~ be approached from above and below thereby increaslng the 
certainty in a final equilibrium moisture value. 

Density tests were performed by measuring the liquid displacement Of a weighed lignite 
z~ple. Tne density measured by this method represents the m~os of the material per unit 
vclu~ cf ethanol displaced when the material is submerged in ethanol. This is an apparent 
denslty of the individual particles because of the probability Of gas pockets in ~he h~ghly 
poro6m ~aterial. Li~nlte samples were completely dried in an oven and weighed before place- 
men~ into a flask of ~n~n volume. Etha~ol was then dispensed into the flask f~ a burrette 
until a known calibrated vslu~e ~as obtained and a!i of the s~mple was su~merge~. Ethanol was 
used because the micropulverized lignite floated in water. The density measurements reported 
h~reln are based on slx s~mples at a 8ivan run condition. This density measurement is defined 
as an apparent denszty uncorrected for mineral ma~ter. 

Porosity rases were conducted a5 the UND Ene rgy  Resem-ch Center using a hea~s of 2mmer- 
sion g~ermining calorimeter. The wett]n E liquid used was ~ethanol. When an ou~gassed sample 
is immersed in a liquid which wets its surface, a rise in te.r.perature of the system results. 
The ~ncrease is proportional to the product of the total sueface area wetted and the heat 
released on wettin S a unit area of the absorben¢ (17, 18). 

The particle size 4g3tribution (based on population and volume) was de~ermlned a~ Era'on. 
inc. with a CouiZer Countec model Ta II particle analyzer. ~n addition to the particle s~ze 
tests, mineral ash analyses and ultimate analyses were conducted by the Commercial Testing and 
Eng~neerlng Co. Electron microscope photographs were taken of samples st each tes~ condition. 
These samples were mixtures of each of the runs at a ~i~en condition. Photographs were taken 
as m~Enifications Off 1,000 and I0,000. 

Samples of each of the runs were used to determine the denaity distribution fo~ the 
product ef the ul~raflne ~rlndlng process. Because the particles are small, various surface 
forces become siEnifioan~ in comparison wi~h the E~avity o~ body force on the particle. Conse- 
quently, a centrifuge was used to amplify ~he bouyant and acceleration body forces in order to 
facilltstn separation according to sp=oifzo gravity ranges. The sm~ple was place~ in a com- 
~ercially preparea organic liquid of appropriate specific gravity ~n a ccntrl/uge bo~tle, 
Starting wi~h the low,st ~pecific gravit~ fluid desired, the sink and float fractions were 
recovered. Then the sink fraction was successively separated in progressively higher specific 
~'avitz fluids into further sink and float fractions. The fluids used in this test had spe- 
elflc gravities of 1.2, 1.3, I-~, and 1.6. Thus, ~here were five density ranges fo~ ~he 
particles to reporz to, viz. 1.2 float, I. 3 float, I.~ float, 1.6 float, and 1.6 sink. The 
resul~ant samples were then analEzed for particle size ~is5ribution and for ash content. 

k particle size separation wa~ also conducted by an a~r classification ¢0 yiel~ an acre- 
dynamic particle size distribution. A simple laboratory scale apparatus was fabricated to 
allo~ vertical airflow at different rates to carry over particles which were sufficiently 
s~all to be carried out of a s~x inch cylindrical section. The larger particles would settle 
hack through a conical section into the s~mple chamber. Three different size ranges were 
obtained for further anal~sls in this apparatus. Ash analyses were r~ on these particles to 
ascertain if there w~_s an ash rich fraction in one of the size ranees. 

Also measured in the analysis of the products was the angle of repose. The angle of 
repose is Oeflne~ as the angle of the surface of a pile o£ material wnlch wlll resu~ ~hen the 
ma~er~al is piled and all~wed to stand in its natural state. Two techniques were used to 
establish this an~le. The f~r~ was to gently add material to the center of e pile and allow 
the material to accumulate at a surface angle which was then m~asured. The second method was 
to establish a pile of material and then r~move some material from the toe or bottom edges of 
th£ ;gle until ~ho sloping surface began to move as a whole. Also, the tests were repeated 
after allowln E the material t o  be exposed to the atmosphere f o r  30 days. 

PRZ~UCT ;NALYSIS RESULTS CF CO[.BINED MICSOPULVSRiZATION AND DRYING TESTS 

The £quiilbrl~ moZsture, proxlmate and ultimate analyses, and heating value of the feed cuai 
are ~ivcn in Table 2. The results of the analyses of the products of the steam and air 
~ulvcrization 5estr, are shown in Figures 2-9. The feedstock analysis results are also uho~n 
on each figure. The mean values and the data scatter bands are given on each 

7 A 3 - Z ]  



TABLE 2. :<at:in Lake Texas Lignite Feedstock Analyses 

5quzlitriu= :~cicture (~} 25.2a 

Proximate Anai~'sis (%) As Received Dry 

Zo:s~ure 30.23 -- 
Ash ~o.2g ~.7~ 
Volatile Katter BO.25 ~3.56 
~:xed Car~on 29.25 ~1.90 

Tc~l lO0.OC i00.30 

Ul=ima~e Analysis (~] 

Moisture ~C.20 - -  
Carbon ~ . 5 :  63.75 

:;:=rogen G.72 1.0~ 
C~lorine C.03 O.C~ 
Sulf,,.u- 1.03 1.~T 
Ash i0.29 !~.7~ 

~x~ge~ ~0.~i I~.~9 

Tctal 100.00 ~00.00 

Cross Calorific Value (5TU/LB) 7279 IG~29 

figure. These ~azCs represent z 2 standard deviations of %Ze data. In aCCZt:cn, electron 
:icrcscoDe ~nctcKra~ cf %he ~round products are sho~n in Figure I 0. 

The scatter in ~h? ~%;a around ;he mean value as shown by ~he uncertainty bands i5 partly 
the cesu!~ Cf precision error in m~klng :he specific analyses, floweret, :he maser reason /or 
"'~ .... ~-.~'t_r~ = ~s ~-~_= variation ~ the products f~ca different replica:ions of the Lest Condi- 
tions. The ~D°9 and ~CG¢~ 3temm ~-'ound cozcitions-ere replicated three ti=es ~nd che ~SG®F 
s~e~m ~-,ouz¢ con¢i~iGn was replicated ~wice. In ad0itlon, ash variation in the feedstock haa 
a s~nlfican~ effect ¢n the feed~:oc~ analysed an~ on "...~- analyses cfi :no con¢i~ior& t~t were 
rapS:cared. 

Tn~ zs-recelve~ =cisture ~f the feedstock and "h_~= test products is shown In Figure 2. 
Th%Se ~ z , ; i e ~  were swore3 in air-;lgz; con:ainers ¢uring :me tes~, and cot&tufa anai?s¢3 =ere 
r.m cn them within a week after ~he completion of the ~es:. These vaiues should be :nolca:¢ve 
cf the moisture ~nat the products would ~iv=. "- _ i~mediately after bein~ ~round anO prior to 
~:En~f " ex;o&ur~ :Ca:r. 

~e equi!z~-.,,~ zrls~ure ver~u..~ s~ea.~ pulver:zlng ~;~.ra:ure is plc~eo in Flgure 3. 
T~ inlt!~i moi3ture Of the feedstock i~ amour 25~ and the =iai~um equilibrium =ois:ure value 
cf ;7~ ~cc~-5 ¢-t a _t- e~n t~perature of ~58=F. Air pulverizaticn at 115"F yields a final 
£~uii~5~_c moisture value of 20~. The~e equilibrium =ois:~-e values ~-e hlEher thaz those 
c:~a~ne~ a~ L:;355C, but the crying :~peratures were hlg~er for tho~e ~es~s (19, 20). A 
zct-xater dr~ng p r o c e s s  was ~ed in some o f  ~= :.,_ J:;DSRC :es~3. 

The dry Zasis ash versus pulverizing te~,.perazur? for ~cth cte~m and air ~rindin K medi'~m3 
~S ; i ~ e d  i n  F ~S ure  ~. The  v a r i a t i o n  i n  ~he  a s h  wi~h  p u l v e r i z a t i c n  t ~ p e r a ~ - e  a p ~ m r s  t o  b e  
cn~ zhe red,i: of varla:ion in ~he feecs:cc~. 

The Cr~ Zatis ;oi~til~ ~atter "~ersus ~m.perasure is 3hewn i~ F~ure 5 for ~he &:e~_m and 
~.. 5rin~izg :ec:u=s. The-e :s very little chan~e :n the values for either pulverizatlon 
;recess. 

T~e dr), ~asi~ r i ske r  nea~in~ value versus :e :~era ture  ~cr ~c~h szeam an~ act 
pulverizati~ is plotted in Figure 5. The m.-n~ heazln 8 value r~mains es~en:ial!y ccns:an~ 
~n ~.~r...~erasure with small vaciatior~ resulting from feedstock variations. 

The porosity versus pulverlza~on :c=,perat';re is ~ict~ed in Figure 7. -n_, = feedstock 
;~rc~Lty ":ai~e iS i~9.5 s~uare :e~ers per cra: (z2/K). The maximum poros!~y value ef 279.2 
=¢/~ cceurs at a steam :em-pera:ure -,~" ~%~of. The pcroti;y o f  :no produc%s Incre~e: ~i:n 
~rF~r~ t6m.p~ra~ure. This may ~e ~ue to the removal of ~ars a~c waxes from ~he ~ore3 durln 6 
the crying and £rlnCzng process (~9}. 

The apDar~n~ Darlicle density versus t,~':Der&~ure is shown in FIEure 8. it s h c u l ~  be 
mcte~ that there 13 an i~crease I~ the density value f o r  a!i 5rlndlng ;cr.,peraDur~ cc:~r~o ~? -- 
:me fecdz~&c~ ~alue. The ~roduct density :s between 1.u~ aed I.~0 g/co. 
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The particle size diatrlbutior~ based on vol~me and population versus temperature are 
s~own in Figure 9. ~e vol~e based particle size =ean~ are all above 20 ~m exoep~ for ~e 
31~*F and 350~F ste~ 8round products. The population based par~Icle size means are less than 
10 ~m for all c~es. 

The ultimate analysis resul~s for ~he 310~F, ~00~F. and 488°F steam g~ound materials are 
given in Table 3- As expected there ~s little difference among the three run conditions. 
There is also little d~/ferenca among these values and the feedstock ulti,~ate analysis ~iven 
~n Table 2. 

analyses 

TABLE 3- Ultimate Analysis for Oltrafine Grind Produc~s - 
Martin Lake, Texas Lignite 

310~F S.G. * ~00~F S.G. ~88"F S.G. 
As-Received *~ Dry As-Received Dry As-Recelved Dry 

Moisture a.~5 1 . ~  1.11 
Carbon 59.55 6Z.32 63.19 62.08 6~.93 53.61 
Hydrogen 3.83 ~.01 ~.16 4.22 3.97 ~.01 
NitroBen 0.99 1.0~ 1.12 1.14 1.09 1.10 
Chlor ine 0.01 0.01 0.01 0.01 0,08 O.OB 
Sulfur 3.23 1.29 1.23 3.25 1.17 1.18 
Ash ~5.1~ 15.B~ 15.~2 15.6~ 15.23 15.~0 
Oxygen Ia.80 15.~9 15.a~ 15.66 1~.~ !~.62 
Total% 100.oo 100.00 100.00 100.00 100.00 100.00 

S.G. - Steam Ground 
** After storage ~nd handling. 

The mlneral analyses of a~h results are given Cn Table a. As with the ultimate 
there is little change in ash constituents with pulverization condition. 

TABLB 4. Mineral Analysls for Ash for Ultrafine Grind 
Test Samples - Martin Lake, Texas Lignlte 

Constituen~ (~) Feedstoe~ 310"F S.G.* ~00°F S.0. a88~F S.0. 

AI2~ ~-98 15.~0 15.09 I,.87 

Fe20 B.15 9.05 8_8~ 7.6o 

TiO 2 ! .03 3.07 1.04 0.99 

~¢0 3-6~ 3 - ~  3-30 3.78 

~20 o.go 0.91 0.88 0.91 

~a2o 0.?0 0.55 0.55 0.60 

SO 3 1~.8o 9.55 12.05 12.28 

F205 0.16 0.~3 0.15 0.12 

SrO 0.35 0.33 0.33 0.35 

BaO 0.2~ 0.2~ 0.23 0.20 

MnS0 ~ 0.16 0.I~ 0.13 o.~7 

Un~e~ermlned 1.1a 2.88 2.0_.__!I 2.~1 

Total 100.00 100.o0 300.00 100.00 

Base/Acid ~atio 0.50 0.~9 0.51 O.~B 

, S.G. - Steam Ground 

The electron microscope ~noto~'aphs shown in F~gure 10 are at a nominal magnification of 
10, DG0. This magniflcatJon was determined to show the most descriptive surface characteris- 
tics of the lignite particles. The steam and air pulverized materials show the 8eneral ~rend 
of ~=e surface smoothing from th~ condition of the £Oe~S~OeM ma~erIBl. 
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Figure I0. Electron Microscope Photographs of Various Samples 

Feedstock II6°F Air Ground 

225°F Steam Ground 310°F Stea~ Grcund 

3~0°F S~_r_-~. Grcund &00°~ Steam Ground 

&88°F Steam Grovnd 

7 A3-9 



The density Oiztribu~ion of the Martin Lake, Texas l!gnlte ~as determined for the various 
£rin~nS COnditions studie~. Because there was very ll~tle ma~grlal below the 1.3 specific 
Krav~ty. the 1.2 specific 5rarity fluid u~s not used. Tnc mass in the various specific ~rav- 
lty ranges was relatively consisten~ for ~he different grinding medi~s and t~peratures. 

Analyses for ash fractlcn were performed on the density fractions with the signlficant 
result that the heavy frac~ion (>1.6 specific g r a v i t y )  con~alned over 65 percen5 ash. Consid- 
ering tD~t this density fraction comprises approximately 9 percent of the :ota! mass, then 
there 1~ approxlma~ely 6 percent of the to~a! proCue~ maZerlal as ash in s£para~e particles in 
Zhe )1.6 specific gravity range. This represents a little less than half of Zhe to~al ash in 
the material. 

Par c~rt of ~he various sDecifle gravity fractions is prce~ted as Figure II. Also, a 
bar cha r t  o~ the ash content of the various temperature treatments is presented as Figure 12. 
ih is very convinci~,g thac the heavy fraction (>1.6 specific gravity) contains much more ash 
than does the lighter fractions. 
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The particle size gistributions for the esh rich fractions are presented as Table 5. A 
co~pari&on of the particle sizes for these ma~erlais wl~h ~hose of ~he ~otal pro~ue~ smmples 
(Figure 9) sho~ that these heavy particles ere smaller than the genera! size of the particles 
:n the eEEresate. T~is suggests that the ash particles would be sufficiently smell to mini- 
mize the slagging effee~ on boiler tubes. 

TAgL~ 5. Particle Sizes for the Ash R~ch Fractions (>1.6 

Specific Gravity) of the Density Distribution Tests. 

............. Partlele Slze CMicrons} ................ 
Test Volume Standard Population Standard 

Average Deviation Average Deviat:on 

116~F A.G. ~ ~5.30 2.95 ~.85 1.37 
2~5°F S.G. ~* 16.87 2.57 5.60 1-39 
~IG~F S.O. 8.91 1.90 5.2~ 1.~5 
350°F S.G. 10.18 2.~3 5.20 ~.~6 
qOO~F S.G. 14.33 Z.25 5.29 1.36 
u~8°F S.O. 11.50 2.2~ 5.16 1.45 

* A.G. ~ Air Ground 
w* G.S- = S~eam Ground 

Acrcdyn&~ic classification tests were conducted to determine if an ash rich particle size 
frae~lon could be obta:ned. 'The products of the grlndlngl~rylng tests were separated into 
three particle =ize fractions (fine, medium and course). Very d~stinct particle size splits 
~ere obtained, but there was no significant ash variation ~mong the three fractions. 
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The results of t=c anEle of repose tests are presented ~n Table 6. 5 th as-received 
material and material tha~ was expose0 tO an ~bienL env~ror~en~ for thrce weck~ were invcDtl- 
g~ed. 

TABLE 6. Angle of Repose Results 

The angle of repose is defined as the angle of the pile with the horizontal as 
mea~ureC from ~he bottom of t~e pile. Four replicate tests were ma~e for each 
condition an~ averages are reported. 

T~perature 116°F 225~F 310~F 35D=F ~O0=F ~88OF 
CrlndinB Fluid Air Steam Steam Steam Steam Steam 

SAF~LKS AS RECE:VED FROM TKSTS 

Moisture (%) 17.5 15-5 2.0 1.2 O.l 0.0 

?Lleg Slope 41.2 ~0.0 32.5 36.2 35.3 37.5 
Fallen Slope 62.5 63.7 58.2 63.7 61.2 58.7 

SAMPL~S EXPOSED TO AIR FOR THREE WEEKS 

~mis~ure (¢) 9.4 8.9 ~.2 3.7 ~.2 3.0 
Piled Slope 29.5 28.7 35.5 35-G 36.2 37.0 
Fallen Slope 57.7 53.2 56.7 54.0 57.7 53.5 

As may be observed From the moisture data, the wetter, air-£round materials dried cut 
after- being exposed to air and the drier, steam-ground products gained some m~isture. The 
loss of moisture during air exposure for the low-t~mDerat~-e ground products caused ~he angle 
of repose to decrease. Also, som, e degradation of the surface in the air exposed samples coulO 
con~rlbute to the chan~e ~n the ankle oT repose. 

The increase In the angle of repose from the piled tests to ~he fallen slope tests proba- 
bly relates to the me~hod of piling the ma~eria! on ~he cone. The fallen slope values are 
more indicative of the related surface and body forces on the material. 

ENERGY ~EQU!REMENTS FOR ULTRAFINE GRINDING AND DRYING OF LICNITE IN A FLUID ~4ERGY ~ I L L  

During the grinding/drying tests on the Martin Lake, Texas ll~nite, data were collected in 
order to determine the energy consumption requlr~ents for the ultraflne Srinding/drying. AS 
discussed above, the instrumentation system consisted of thermocouples, total pr~sure ~ran~- 
duccrs, an~ a lignite feed rate transducer connected to a microcomputer t~mough an 
~nalo£-~o-dlgltal in=efface board. Data were recorded on a disk every two minutes during each 
tes~ run. 

The flow rate of the air or stem~ ~p'inGing fl~id, m:, was deteemlned from an orifice plate 
pressure drop. The orifice constant was ~e~ermlned from'~tandard curves for concentric ori- 
fices in pipes (21). The density for the air runs was calculated from the ideal gas relation- 
ship using t~e mea~ure~ t~mperature an~ pressure ~t t~e orifice plate. T~e density for the 
ste~ runs ~as calculate~ from a correlation for superheated steam specific vol~e glven by 
Keena~ and Keyes (2_~2) which is also a function of temperature and pressure. 

The liEni~e feed rate was determined from the calibration curve for the lignite mass flow 
rate versus feed bei~ speed. The feed passed through a gate to maintain it at a consLant 
cross section on the feed belt. 

Samples of the feedstock and products for each run were analyzed for moisture in order ~o 
Ge~erm~ne the amount of water driven out of the liznlte. The flow rates of the product li 8- 
nite {~o~iC * final water in lignite) anO the moisture r~move¢ frota the lignite w~re ~eter- 
mimed by the following relationships: 

and 

r 1 - qTl 
mL? = ~LF ~q-------J (1) 

J 

• . [~] 
r-~ v - mLF (2) 
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where 

~LF = Lignite feed flow rate 
~LP = Lignite product flow rate 
mwv = Flow rate of water vapor driven out of the lignite 
~f = Moisture fractlon of feed 

=Mcisture fraction of product. 

An energy balance on the fluid-energy mill is illustrated in Figure 13. The energy ~ost 
by the 5rinding fluid minus the heat loss from the system Is equal to the energ~ gained by the 
l~Enite and the water vapor driven out Of the li~ite: 

;-~(hF~ -hg  2) - OHL " mLp(nL2 - ~LI) + ~ogl/(hW2 " hWV ~) (3)  

mLphL1 , 

( L i g n i t e )  

~FhF2 + ~LPhL2+ ~,~=h~V2 
(Produc~) 

~L 

(Steam cr Air) 

mF " Grinding fluid flow rate 

" mLP TM Lignite product floK rate 

m~ - Flow rate of water vapor 
driven out of the lignite 

h F - Grinding flui~ en~halpy 

h L = Lignite product enthalpy 

h~ • Enthalpy of watep driven 
o u t  o f  the l ign i te  

QHL = Heat less from system 

Figure 13. Energy Balance of Fluid-Energy Mill 

Tn~ cnthalpy differences were determined from appropriate tables and thermodynsmiC ~COperty 
correla~ior.s (@.~, 23). 

During t~e calibration phase of the test pro~'~, a heat loss correlation was de-~eloped 
=hich ~as a function of the difference between the mixture temDera~ure in the pulverizer anO 
~'~blent temperature. Data for this correlation were obtained by running only steam throush 
the system at various temperatures and caleulatin E the steam enthalpy chance. 

With the abo%'e expressions it was ;x>ssible to determine the ene-'E~{ required tn dry and 
&rind the lignite in the f!uid-enerEy mill. It should be noted t.~at there is no way to sepa- 
rate the Erindir.g energy from the drying energy since the grlnding process creates hea~ ~bioh 
~ees into heating the lisnite an~ the water vapor. 

The left hand siCo of equation 3 is the ~o~'e2 required to dry and ~rind the 2iZni~e as 
determined fro~ measur~ents on the 8r~nding fluid. This quantity ser%'ed as the primary 
ca!cui~tion of the pOWer requirzments. The nominal conditions for the test runs are 81:en ~n 
TaDI~ 7. 
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TABLE 7. N~mInal Conditions for Mart:n Lake Texas Lisnite Tests 

Kill Inlet Fluid Outlet Fluid Fluid Feedstock 
Grinding T~mpera~ure Temperature Temperature Flow Rate Flow Rate 
Elgi~ {~F) (°F) C~F) (ibm/hr) (Ibm/hr) 

Air it6 320 It6 ~600 1600 
5te~m 225 689 225 ~525 1675 
Steam ~i0 688 302 ~925 7~0 
Steam 350 700 329 ~lO0 738 
Steam ~00 708 350 2275 737 
Stea~ ~88 730 ~38 " 737 

* Flow orifice pressure drop ~ransducer ~as overranged. Flow rate was 
[rearer t~an 2~00 ibm/hr. 

The Krind~ng/Grying enersy value for each run ~s g:ven in Table 8. These results are 
expresseo in k:~h/Ton and are the ratio of the power requirements diwided by the lign:te feed 
flow rate. Also ~iven ~n Table 8 are the enerEy-per-ton values de~ermined from the lignite 
feed and product moistures and tzmpera~-es ~the right hand side of equation 3). These second 
caiculatlo~s served as a balance check on the &n'Inding/~ryin~ energy measurements. 

~t the higher t~mperatures the comparison is £ood between the energy per ton ca!culate¢ 
from tie Dream anG fr~ the lisnlte data. At the 22~E steam Eround ccndition, the enerEy 
Cetermined from the liEnite is somewhat higher. As seen in Table 7, the exit temperature in 
:h~s case was 225~E and the exit pressure was close to atmospheric. $~nee ~hls condition ~s 
near saturat:on, there ~as probably liquid water on some of the ;ro4uc~ when it left the mill. 
The mo~e! u~ed to calculate the chan~e in enthalpy of the water removed from ~,he liKnite 
as~ued tha~ a superheated s~eam existed a~ the exit. Therefore, for the case close to satura- 
tion, the model wGuld over;redic: ~he enthalpy Increase. For the ~16~F air ~round condition, 
the exit was below Saturation and no calculations could be made from ~he li~nlte data. 

The Krindln@/drying enerKy versus the medium temperature is presented in FIKure l~. The 
enersy req~rememts are approximately linear with respect to Erindin~ temperature ower the 
range tested. 
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FiEure l~. Process Energy Required form Simultaneous Grinding/Drying as 
a Function of the in the Hill Treatment T~mperature 

It shout4 be stressed that these energy da~a only account for the process in slCe the 
flu~d-enersy mill. They do not include the compressor/boiler ef[Ic~ency, the transmission 
fosse3, anG ~he other inefficiencies that are part of the entire 8rimCinE circuit. 
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The exit t~.mperatures given in Table ? show that at the higher temperature ~rinding 
cond~tlons, there [s still si~niflcant energy in the exib s~eam. For an economical process, 
thi3 ho~ exhaust ~ould have to be used to preheat the boiler water in  order to reduce the 
overall systom losscs. 

TABLE 8. Energy Requirements to Grind and Dry Martin Lake, 
Texas Lignite in a Flulo-Ener~y Mill. 

Test Energy/Ton Lignite Energy/Ton Lignite 
Condition [Calculated from Fluid) (Calculate0 from Lignite) 

kN%/Ton kWh/Ton 

~160F A.G. ~ 2h -- 
225©F S-G- ~ 95 129 
310©F $-G. 

Run I 215 219 
Run 2 21Z 216 
~un 3 198 2~7 

Run 1 196 228 
Run 2 227 226 

~OG°F S.G. 
Run I *'~ 238 
Run 2 232 237 
Run 3 226 237 

~8~F S.G. **~ 259 

* Air Ground 
*~ Stea~ Ground 
~ Fluid flow orifice pressure drop branadueer was overranged. 

CO~:CLUSIONS 

C~b!ned ultrafine gr~ndlng and drying of a Martin Lake, Texas ligniteyields a ;roducb with a 
permanent reduction in moisture and a mean particle size (based on population) of less than 
ten ::crons in diameter. Both of ~hese results are essential and significant ~n the search 
fo~ a retrofit fuel for gas and oil boilers. 

Proper~y measur~ents of the ultrafinely ground products show that the ash and volatile 
contents as ~ell as ~e heating value of the lignite are not affected by the grinding/drying 
process up to t~mperatures of 50O°F. The equllibriu~n moisture of ~he product decreases with 
ste~ and air grinding over the value for t~e feedstock. The de~slty of the produc~s is 
~reater than ~hat of the feedstock and the porosity o£ the product increases wl~h Erlnding 
~e~i~m t~mperature. Ultimate analysis of the products and mineral analysis o~ the ash show 
little change with ~rindinE temperature. 

The product was separated accordin E to particle density and the >~.6 specific graYity 
particles contained approximately 70 percent ash or approximately 50~ of the ash content of 
th~ feedstock. AerodynEmie classificatlon was not successful in obtalninE an ash ri~ frac- 
tion. 

T~e eners~ required to Grind and dry ~he llsnlte was ~etermined from temperature, pres- 
Sure, and Ticw rate measurements made during the testa. T~e energy usage ranged frmm 2~ 
k:,~:/Ton of liEsl te for air ~IndinE to 260 kWh/Ton for ~8"F sZe~ grinding. 
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GASIFICATION ISLAND SYSTEMS 
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ABSTRACT 

The t e c h n / c a l  f e a s i b i l i t y  o f  us ing  i n t e g r a t e d  g a s i f i c a t i o n  combined-cycle  
(IGCC) technology  f o r  the  p r o d u c t i o n  of  coa l -based  e l e c t r i c i t y  i s  c u r r e n t l y  
be ing  demons t ra ted  a t  c o - ~ e r c i a l  s c a l e  (100 h~e) in  the  Cool Water Coal Gasi-  
f i c a t i o n  Program. This successful project is demonstrating that IGCC systems 
can meet stringent envirom-ental emission standards and operate with high 
availability. The Department of EnerEY's Horgantown Energy Technology Center 
(METC) has explored the performance and economic incentives for advance~ gasi- 
fica'~lion/gas turbine power production systems which build on the technology 
base generated by first-Eeneration IGCC systems such as the Cool Water project. 
The term "gasification island" is used to describe an electric plant using this 
advanced gasification/gas turbine power production technology. The gasifica- 
tion island itself encompasses all of the processing steps requ/red to convert 
coal into a clean fuel gas. In this paper, the term "gasification island" is 
analogous to the term "power island" used to describe the power generation 
equipment in conventional coal-fired steam plants. 

Gasification island systems use coal gasifiers together with hot gas cleanup 
processes, either internal or external to the gasifier, to produce a clean, 
low-Bit fuel gas. The solids handling, gasification, and gas cleanup processes 
are factory-fabricated modules designed to match the requ/rements of specific 
gas turbine systess. By usinE air-blown gasification system3 (which consume 
less auxiliary power than oxygen-blown systems), hot Eas cleanup, innovative 
tail gas treatment processin E schemes, and high-efficiency gas t u r b i n e  cycles, 
the thermal efficiency of gasification island systems is projected to be higher 
than first-generation IGCC systems. Because of standardized designs and simple 
process configurations, the engineering and equipment costs for gasification 
island systems are also projected to be significantly lower than first- 
generation systems. This is particularly true for new capacity additions or 
life-extension modifications in the I00 MWe size range. This paper describes 
the results of the gasification island concept system- studies for low-rank 
coal and reviews the systems implications of the Department of Energy-sponsored 
research programs being conducted in support of the gasification island 
concept. 
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INTRODUCTION 

While currently there is excess electric power generation capacity in many 
parts of the country, the effective reserve mar~iu i~ declining. A load growth 
projection from Edison Electric Institute (I) assumes a conservative 2.2 percent 
annual growth rate in peak 10ad and shows that, on a national basis~ shortfalls 
in generating capacity are possible beginning in 1992. Projections by other 
groups show similar trends. To avoid major shortfalls, significant amounts of 
new generating capacitywill need to come on line during the mid to late 1990's. 
Utilities are beginning to assess the available technological options for pro- 
vidin 8 this new capacity. A changing financial and regulatory emvironment may 
lead utilities to select technologies for the 1990's which ere very different 
from chose selected during the 1970's, the era of the last major surge in plant 
construction. In the 1990's, ~he mos~ attractive candidates for new capacity 
additions may he those technologies which are available in cost-competitive 
small module sizes, are fuel flexible, have low capital cost and short construc- 
tion time, are highly efficient, and are capable of meeting stringent environ- 
mental regulations. 

Several power generation technologies are available for utilities considering 
building new plants durin z the 1990's, including first-generation IGCC, a 
technology which offers several significant improvements over pulverized coal 
plants with flue gas desuifurization (PC/FGD). As is currently being demon- 
strated by the Cool Water Gasification Project, it is ~ossible to meet very 
stringent environmental emission standards usin E this technology. Because 
IGCC is based on gas turbine systems, this 5echnoloEy lends itself to the 
sequential introduction of power generating components -- first, natural 
gas-fired gas turbines, followed by a steam turbine bottoming cycle, and 
finally, by a coal gasification system. Heat rates for mature versions of 
first-generation IGCC systems using gas turbines with 2,200°F firing tempera- 
tur~s are in the 8,500 to 9,200 Btu/kWhr range (37 to 40 percent efficie,cy). 
The total capital requirement for mature systems is projected to be similar 
to ~C/FGD plants~ the cost of electricity (COE) is projected to be approxi- 
mately 10 percent lower. This paper describes a gasification island system, 
a system with the potential for further reductions in the COt, particularly 
for sma~Ll-size plants. 

GASIYICATION ISLAND SYSTEM DESCRIPTION 

The term "gasificat!gn island" describes a simplified approach for convert£ng 
coal into a clean fuel gas for subsequent combustion by a gas turbine system. 
This approach uses air-blowa, pressurized gasifiers and hot gas cleanup pro- 
cesses to produce a fuel gas containing very low levels of particulate and 
sulfur contaminants. The specific processes utilized in gasification island 
flowsheets are selected from a system point of view. The "ideal" flowsheet 
would incorporate a gasifier whose offgas temperature would exactly match the 
design requirements of downstream cleanup processes. Likewise, pressure 
requirements would also be matched. Both fluidized-bed and fixed-bed gasifiers 
are candidate fuel producers for gasification island concept systems. The 
temperature of the offgas from these gasifiers is generally low enough to 
minimize or eliminate the need for gas cooling prior to treatment in hot gas 
cleanup processes. For both options, the gasification and cleanup system is 
sized to m .tch the requirements of specific ~.S. manufactured gas turbine sys- 
tem~ in a nominal 50 to I00 MWe size range. 
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Figure ! compares the projected performance of four first-generation IGCC sys- 
tems (320 to 390 MWe size range) with three gasification island systems (II0 to 
224 MWe size range). (The basis for this figure is discussed later in this 
paper.~ The simplified process configurations used in the Easifization island 
concept result in systems with efficiencies which tend to be higher , and total 
capital requirements which are 30 to 40 percent lower, than first-generation 
systems. These trends result in a COE for gasification island systems which is 
lower than that of other coal-based technologies, iucluding first-generation 
IGCC systems. The gasification island COE is also competitive with natural 
gas-fired gas turbine systems, when all systems operate at the same capacity 
factor. 

While the target performance estimates for gasification island systems are 
extremely promising, the eventual commercialization of this concept is con- 
tingent on the successful resolution of several technical issues: 

• Compatibility of the fuel gas with the requirement of the gas turbine. 
Fuel gas contaminants could lead tc gas turbine corrosion, erosion, or 
deposition. Maintaining stable combustion with low-Btu gas is another 
concern. 

• Ability to meet or exceed existin~ environmental regulations. The 
ability of the hot gas cleanup proc~ms or Integ£ated gas turbine compo- 
nents [e.g., staged combustors) to meet enviroumental regulations for 
sulfur dioxide ($02) , nitrogen oxide (NOx) , and particulate emissions 
needs to be demonstrated. 

• System integration. The individual system components {i.e., fuel produc- 
tion, fuel cleanup, contaminant disposal, and gas turbine) need to be 
integrated into an overall system which is re2iable and exhibits good 
load-following characteristics. 

The Department of Energy is systematically addressing these issues in research 
programs being conducted both under external contracts and at METC. Results 
from several of these programs are summarized in the following section. 

HOT GAS DESUI21~IZATION 

Processes to effectively remove sulfur contaminants from the fuel gas at high- 
temperature, high-pressure conditions are a keystone of gasification island 
systems. METC has conducted research on hot gas desulfurization processes for 
a number of years. Iron oxide processes were pioneered at METC during the late 
1970's. More recently, M~TC research has centered on zinc ferrite, a metal 
oxide sorbe~t which absorbs the reduced sulfur compounds in the fuel gas. Zinc 
ferrite, an iron and zinc oxide compound with the chemical formula ZnFe204, has 
the following advantages: 

• High sulfur removal efficiencies. In addition to hydrogen sulfide (HzS), 
zinc ferrite removes sulfur compounds such as carbouyl sulfide (COS) and 
carbon disulfide (CS2) from the fuel gas to levels generally less than 
I0 parts per million (2). 
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Re~enerability. Zinc ferrite regenerates easily using a mixture of air 
and process steam and shows little performance degradation over multiple 
cycles. The offgas from the regeneration, consisting of S02, steam, and 
nitrogen is further treated in a sulfur recovery or disposal process. 

High sulfur-bearin~ capacity. The theoretical loading of sulfur for com- 
plete utilization of the sorbent is 35 percent of the initial sorbenL 
weight. In laboratory tests, sulfur Ioadings as high as 25 percent have 
been achieved. 

• Relatively low sorbent cost. Sorhent costs for large-scale systems are 
projected to be $2 to $& per pound. 

The optimum (in terms of sulfur capture efficiency and sorbent integrity) 
operatin E temperature range for the absorption step of the zinc ferrite 
process is 1,000 ° to 1,200°F. The sorbent catalyzes the exothermic water gas 
shift reaction which results in an approximately IO0°F temperature increase 
in the fuel gas. Thus, the fuel gas enterin E the zinc ferrite unit. needs to 
be in the 900 ° to l,lO0°F temperature range. This temperature range has 
several advantages: 

It is consistent with the equipment constraints imposed by downstream 
equipment, i.e., the fuel gas control valve on the gas turbine. 

Alkali species in the fuel gas are in the condensed phase over this tem- 
perature ranger enabling the use of a pazticulate removal process for th~ 
simultaneous removal of alkali and particulates. 

For a numbez of gasifier/coal type combinations, this temperature range 
minimizes the amount of heat exchange equipment required to cool the fuel 
gas betwe.~n the gasifier exit and thezinc ferrite process inlet. Com- 
pared to entrained-flow gasifiers, the offgas from fiuidized-bed gasifiers 
(1,600 ° to 1,850°F) requires a modest amount of temperature reduction 
either in z~ant/convective heat exchange or a direct quench, to reach 
the zinc ferrite operating temperature. 

For bituminous coal, the offgas temperature (1,000°F) from a fixed-bed 
gasifier is ideally matched  to t h e  requirements of the zinc ferrite pro- 
cess. In this temperature range, the tar and oils pass through the zinc 
ferrite unit in the vapor state and are essentially incinerated along with 
the fuel gas in r~e gas turbine combustor. Most data from fixed-bed gasi- 
fiefs operatiug on low-rank coal indicate that the offgas zemperature is 
lower than ~he requ/rements of the zinc ferrite unit. There are several 
possible options for obtaining a higher temperature fuel gas. The gas 
could be heated by introducing a small amount of air into the fuel gas in 
a precombustor. Alternatively, either the gasifier operation or hardware 
could be modified with the aim of producing a higher temperature fuel gas. 
As a specific example of the latter, G~-neral Electric (GE) Company dis- 
cussed an air-blown, slagglnE co~osite gasifier in a recent report (3). 
This gasifier contains two stages: a high-temperature, en%rained-flow 
first stage and a slagging fixed-bed (supported on a static grate) second 
s~age. The composite gasifier's projected offEas temperature is signifi- 
cantly higher than that from fixed-bed gasifiers using more conventional 
designs. 
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At ~fl~TC, zinc ferrite has been tested in a pressurized b e n c h - s c a l e  unit operat- 
ing on slipstreams from both fluidized-bed and fixed-bed gasifiers. Laboratory- 
scale tests in a 2-inch reactor have also been conducted. Test results showed 
sulfnr removal efficiencies in excess of 99.9 percent (2) for the gas-phase 
sulfur in the fuel gas stream. Sorbent regenerability in the METC tests was 
demonstrated over a limited number of absorption and regeneration cycles, with 
no significant change in the sorbent's sulfur removal effectiveness following 
regeneration. 

A nt~ber of technical issues concerning zinc ferrite are currently being stud- 
ied either under Department of Energy sponsored contracts or at HETC. The 
following issues significantly affect the performance and economics projected 
for commercial versions of this process. 

Lon~-term sorbent durabilit X. Amax Extractive R&/), Inc. is studying long-term 
sorbent durability, and the trade-offs between zinc ferrite sorbent porosity and 
crush strength. They tested a total of 13 different zinc ferrite sorbent formu- 
lations for up to 92 absorption/regeneration cycles (2). The most promising 
Amax sorbent, tested for 43 absorption/regeneration cycles (over 600 total 
hours), demonstrated twice the sulfur-bearing capacity and physical crush 
strength as the original METC sorbent formulation supplied by United Catalyst. 
Further improvements in sorbent formulation are anticipated. 

Reactor configuration for large-scale system. Bench-scale zinc ferrite tests 
at METC were conducted in a 6-inch diameter packed-bed reactor containing 
3/16-inch diameter extruded zinc ferrite pellets. The selection of the packed- 
bed reactor configuration was primarily dictated by experimental expediency. 
If this configuration were selected for a commercial system, it would require 
two or more packed-bed reactors installed in parallel, and operated with alter- 
nating absorption and regeneration cycles (Figure 2). Other reactor designs 
are possible. For example, a moving-bed reactor configuration is an option, 
but this may require further improvement in the sorbent crush strength. A 
moving-bed zinc ferrite reactor could conceivably also function as a particu- 
late removal device, i.e., a type of granular-bed filter. The chemical reac- 
tions occurring during regeneration are highly exothermic; therefore, a method 
to control the reactor temperature during regeneration needs to be incorporated 
into any reactor design. In the METC tests, the temperature was controlled by 
mixing a diluent (steam] with the regeneration air, but other approaches are 
possible. 

Ammonia cracking. Ammonia (NHS) in the fuel gas stream is a NO precursor 
• x and, therefore, a species of environmental interest. In prellmlnary tests at 

~ETC, zinc ferrite sorbents doped with small amounts of other metal oxides 
(copper a~d mickel) have reduced the N}{ z concentration in a simulated fuel gas 
by as much as 50 percent. The ammonia is cracked to elemental nitrogen and 
other products. 

Scale-up. Scale-up issues are being addressed in tests using a large-scale 
(4.5-ft diameter by 16-ft height), packed-bed zinc ferrite reactor. This unit 
is currently bein E demonstrated by KRW Energy Systems, Inc. (KRW), at their 
Waltz Mill, Pennsylvania, site in full-stream tests on a fluidized-bed gasifier 
process demonstration unit'(PDU). 
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COMBUSTION CHARACTERISTICS OF HOT, LOW-BTU FUEL GAS 

Turbine compatibility issues were addressed in a recent experimental program (4~ 
conducted at the GE Corporate Research and Development Center to study the 
integration of a fixed-bed gasifier, a hot cyclone for particulate removal, and 
a gas turbine simulator. In the tests, a nominal I ton per hour, pressurized 
fixed-bed gasifier, was operated on Illinois No. 6 coal. Particulates were 
removed from the hot (I,000°~), low-Bit fuel gas exiting the gasifier was in 
a slnEle cyclone stage. The fuel gas was then ducted in heat-traced lines to 
a gas turbine simulator where it was burned in a commercial-scale gas turbine 
combustor. The resultant products of combustion (POC) then passed through a 
first-stage air-foil cascade. A to~al of 2~0 hours of tests were conducted 
over a matr/x of test conditions: gas turbine f~ring temperatures of 1,800 ° 
and 2,100°F, and cascade metal temperatures of 600 ° and l~300°F. These metal 
temperatures are consistent, respectively, with water and air cooling of the 
airfoil cascade. 

Several very positive results emerged from the GE test (Figure 31. 

• The turbine airfoils had no measurable deposits. 

Cyclone cleanup coupled with carbon burnout in the combustor was capable 
of meeting both gas turbine equipment specifications and environmental 
regulations (New Sourc~ Performance Standards or ~SPS for steam coal) 
for particulates. 

Alkali levels in the POC were extremely low, indicating that alkali 
induced corrosion should not be a problem in the turbine. Sodium and 
potassium levels were 20-40 parts per billion -- near the specificaEion 
for residual fuels. Additionally, results from related research suggest 
that the alkali in coal behaves differently during the combustion process 
than the alkali in residual fuels, with the coal alkali exhibitin S a lower 
corrosion potential. 

Combustor operation was stable. Stable operati6n was a concern because, 
in hot gas cleanup systems, there are fewer vessels to dampen gasifier 
transients than in cold cleanup configurations. 

NO emissions from the unoptimized combustor were 0.7 Ib/F/MBtu, 10-20 per- 
ce~t higher than the NSPS for NO . This value suggests that staged combus- 
tion or other combustor modifications, or the use of an ammonia cracking 
additive with the zinc ferrite process, may be an adequate NO control 
strategy, x 

The conclusion from these tests is that the ash and alkali level in fuel gas 
produced by a fixed-bed gasifier operating on eastern coal is compatible with 
existing gas turbines, following cleaning of the fuel gas in cyclones. 

GASIFIEE IN SITU DESULFURIZATION USING CAlCIUM-BASED SORBENTS 

Over the years, a n~mber of research groups investigated the possibility of 
producing a low-sulfur fuel gas by adding limestone or dolomite to a coal gasi- 
fief. Sulfur species, released during the gasification process, react with the 
sorbent material and are removed from the gasifier with the coal ash. Chemical 
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equilibrium calculations indicate that sulfur removal efficiencies as high as 
50 to 95 percent of the sulfur in the feed coal are possible in the temperature 
and pressure ranges encountered in fluidized-bed and fixed-bed gasifiers. 

In 1985, KRW conducted a series of tests which showed that in situ desulfuriza- 
tion is a very viable concept for fluidized-bed gasifiers. During the tests, 
the KRW PDU gasifier was cperated in an air-blown mode. Particulates were 
removed from the fuel gas using two stages of recycle cyclones and a sintered 
metal filter which operated at ],200°F. The tests evaluated the efiect on 
gasifier operation of a number of process variables, including sorbent type, 
particle size, and feed location. The most promising results from these tests 
were obtained when larger bed inventories were maintained in the gasifier which 
provided greater fines residence times and resulted in a lower elutriation rate 
of fines (5). Results given below are representative of those obtained during 
the tests (Figure 4}. 

A 91 percent sulfur capture was achieved when operating with Wyoming 
subbituminous coal and dolomite at a calcium- (dolomitic calcium only) 
to-sulfur (Ca/S) molar ratio of 2.0 (6). Sulfur capture in excess of 
90 percent was achieved when operating with high-sulfur eastern coal and 
limestone at Ca/S molar ratios of ].5 to 2 (7). 

The heating value of the fuel gas was high -- 150 Btu/scf (5). Typical 
values from previous air-blown tests at lower bed levels and without 
in situ desulfurization were 90 Btu/scf. The reason for this increase in 
heating value has yet to he determined. Possible rea~3~s are calcium- 
induced catalysis of the gasification reactions or more efficient gasifi- 
cation of recycled fines in the deep bed. 

NH 3 levels in the fuel gas were very low, a result partially associated 
with air-blown operation. Assuming all the N]~ 3 is converted to NO , the 
resulting NO emissions would be 0.2 Ib/MMBtu, one-third the NSPS ~or 

x 
NO {5). Recent test results indicate that emissions could be even lower. 

x 

The vapor-phase alkali concentration measured downstream of the ~intered 
metal filter was less than 20 ppb (5). The particulate loading at the 
same location was essentially zero. This observation implies that at 
1,200°F, the alkali and particulates can be simultaneously removed from 
the system. 

The relative inertness of the gasifier ash is a technical uncertainty of the 
in situ desulfurization concept. Prior to disposal, the calcium sulfide in 
the ash must be oxidized, either within the gasifier or in an external process, 
to calcium sulfate (CaSO4) or other environmentally acceptable, nonleachable 
form. This issue is being explored in tests at the KRW PDU and in planned 
tests with the METC fixed-bed gasifier. 

SO 2 RECYCLE TO GASIFIER 

The method selected to treat the S02-containing offgas stream produced during 
the regeneration'of the zinc ferrite sorbent has a significant impact on the 
economics of gasification island concept systems. Potentially, the zinc fer- 
rite process could he used in tandem with in situ desulfurization to provide 
a low capital cost system capable of meeting very stringent sulfur emission 
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standards. In this concept, bulk sulfur removal would occur in the gasifier. 
The zinc ferrite unit serves as a sulfur polishin E step, and removes essen- 
tially all of the remaining gas-phase sulfur in the fuel gas. The steam and 
SO2-containing offgas from the zinc ferrite process is recycled to the gasi- 
fief. The sorbent added to the gasifier captures the sulfur; the sulfur 
exits the gasifier with the gasifier ash and spent sorbent mixture. This 
concept tends to improve the system efficiency because of the effective steam 
integration. The SO z recycle concept will be evaluated in upcoming test runs 
of the Ic/IW PDU and~ETC gasifiers. 

ADVANCED GAS TURBINE SYSTEMS 

Gas turbines, an integral part of gasification island concept systems, have 
great potential for performance growth. There is a direct relationship between 
turbine firing temperature and efficiency. The firing temperature of state-of- 
the-art stationary gas turbines is in the 2,000 ° to 2,300°F range. The U.S., 
however, has an active'research program to develop high-temperature turbines 
for military applications. Iu the long term, successful development of h/gh- 
temperature ceramic blades a~d/or advanced turbine blade co01iug techniques 
will allow firing temperatures to be 3,000°For higher. Fossil energy tech- 
nologies using stationary gas turbine systems, particularly those using air- 
craft derivative machines, will ultimately share in the gas turbine tech~olo~i 
improvements resultin~ from defense-related research. 

In addition to the potential for performance growth, gas turbine systems have 
a number of other inherent advantages~ namely, these systems are pre-engineered, 
factory fabricated, reliable, and modular. The performance and economic pro- 
jections for gasification island concept systems given later in this paper 
assume that these inherent advantages of gas turbine systems will also apply 
to the front portion of the system -- the gasification island. 

Steam-injected gas turbine (STIG) systems which inject superheated steam into 
the turbine combustor and between some of the downstream stages have several 
features which make them an attractive option for gasification island concept 
systems. Steam injection is not a new concept; it has been used for NO con- 
trol and for power augmentation. The present application, however~ use~ more 
massive quantities of steam. The steam, which is produced in a heat recovery 
steam generator (HRSG), increases the amount of power produced by the turbine 
by increasing mass flow through the expansion stages. Steam injection also 
results in efficien~ I improvements because of effective recovery of heat from 
the turbine exhaust gas. Gas turbines wh/ch operate at high-pressure ratios~ 
i.e., aircraft derivative turbines, show greater efficiency gains with steam 
injection than industrial gas turbines which operate at lower pressure ratios. 

Adding an intercooler between the low- and high-pressure compressors results 
in further efficiency improvements and higher power outputs for a given size 
cure assembly. A 6,560 Buu/kWhr heat rate (52 percent efficiency), lower 
heatin E value basis, is projected for a n~tural gas-fired intercooled steam- 
injected gas turbine (ISTIG) cycle (3). 

l 

A STIG system is a near-term opulon requiring minimal modification of existing 
machine designs -- the concept is currently being tested in a cogeneration 
system fired with natural gas. The ISTIG is a longer term option. It is 
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estimated that the ISTIG would require a 4- to 5-year and $I00 million e n g i n e e r -  
ing development program for commercialization (3). 

GASIFICATION ISLAND PROCESS FLOWSHEETS 

Two gasification island systems, both operating with low-rank coal, were evalu- 
ated. Both of the cases studied used air-blown, pressurized, fluidized-bed 
gasifiers to produce fuel gas for a gas turbine-based power generation system. 
Data from a recent KRW YDU test were used as a basis to develop the gasifica- 
tion island portion of the system. In this PDU test, Wyoming subbituminous 
coal was used as the coal feedstock. Dolomite was added to the gasifiers to 
effect high in situ sulfur capture. This subbituminous coal contained 2.0 per- 
cent sulfur and 15.1 percent moisture (as-received basis). The partially 
desulfurized fuel gas exited the gasifier at 1,820°F (5). 

In the cases evaluated in this paper, Wyoming subbituminous coal was dried to 
I0 percent moisture prior to feeding to fluidized-bed gasifiers, a step thought 
to be required to ensure reliable operation of the pressurized feed system. 
Clean fuel gas, extracted from the fuel gas stream to the gas turbine, was used 
for coal dryinE. Bulk sulfur capture occurred in the gasifiers through the 
use of limestone as the in situ s~Ifur capture medium. [Limestone rather than 
dolcmite was used because limestone is typically lower cost (at a given Ca/S 
molar ratio) and KRW tests showed that the sulfur capture efficiency of lime- 
stone is similar to dolomite.] It was assumed that 90 percent of the sulfur 

in the coal would be retained by the ash and by sorbent in the gasifiers (lime- 
stone Ca/S molar ratio of 2.0) and that 0.25 pounds of steam per pound of dry, 
ash-free coal were required for the operation of the Easifiers. The air blast 
for the gasifiers was extracted from the gas turbine compressor discharge, 
cooled in an intercooler, and then further pressurized in a motor-driven 
booster compressor. The heat and material balances around the gasifiers were 

calculated using a computer model which used a minimization of Gibbs Free 
Energy algorithm to calculate gas composition. A total carbon loss from the 
gasifiers (in the gasifier ash and tertiary filter fines) of 2.5 percent was 
ass,,med, based on data from Reference 7. 

On exiting the gasifiers, the fuel gas was treated in two stages of recycle 
cyclones and then cooled to 1,100°F using a direct water quench. (The quench 
has a lower capital cost than radiant and convective heat exchangers.) The 
fuel gas then passed sequentially through a tertiary particulate removal 
device, in this case a ceramic cross-flow filter, and a zinc ferrite desul- 
furization process. It was a=sumed that the fuel gas leaving the zinc ferrite 
unit was sufficiently particulate free to meet both gas turbine manufacturer's 
specifications and NSPS regulations for particulates. Because zinc ferrite 

also serves as a catalyst for the exothermic water gas shift reaction, it was 
assumed that equilibrium with respect to this reaction was achieved in the 
reactor with a resultant increase in the fuel gas temperature. 

The z i n c  f e r r i t e  s y s t e m  was r e g e n e r a t e d  u s i n g  a m i x t u r e  o f  a i r  and p r o c e s s  
steam. The hot, SO2-containing offgas from the regeneration step was cooled 

by heat exchange with the incoming air/steam mixture (thereby heating uhis 
mixture to 900°F) and then recycled to the gasifiers. It was assumed that 
solid waste mixture of spent sorbent and coal ash produced in the gasifiers 
could successfully be oxidized to a nomleachable, easily disposable material 
in the base or oxidizing region of the gasifiers. 
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Gas turbine performance was based on IS0 conditions [59°F, sea level pressure, 
60 percent relative humidity). Hot path metal parts in the expansion turbine 
were cooled using air extraction bleed streams from the compressor. 

Case I: Fluidized-bed ~asifier ISTIG gas turbine system. Case I (Figure 5) 
used one ISTIG operating at a pressure ratio of 35 and a firing temperature 
of 2,400°F for power production. Steam produced in a HRSG was injected into 
the gas turbine combustor at a rate of 15 percent of the total mass flow of 
air to the compressor. It was assumed that the expander portion of the gas 
turbine could accommodate the additional volumetric flow resulting from the 
steam injection and the use of low-Etu gas as a fuel. The gas turbine com- 
pressor was intercooled, and the heat from this intercooler wen used to pre- 
heat ~he boiler feed water. To accommodate the high-pressure ratio gas turbine, 
the gasifiers were operated at 600 psig. The net output for this system was 
128 MWe~ the heat rate was 8,240 Btu/kWhr (41.4 percent coal pile to busbar 
efficiency, including coal drying). 

Case 2: Fluidized-bed ~asifier/combined cycle. The gasification island in 
Case 2 (Figure 6) is similar to Case I except that the gasifiers operated at a 
pressure of 450 psia, and the ISTIG turbine was replaced by a combustio~ tur- 
bine combined-cycle (CC) system. The gas turbine, operating at a pressure 
ratio of 12 and a firing temperature of 2,300°F, produced 169 MWe. A.con- 
denning steam turbine bottoming cycle, with.turbine throttle conditions of 
1,800 psia and 1,000°F, and a condenser pressure of 2-inch HgA, produced an 
additional 88 PIWe. Steam for the gasifier and the zinc ferrite regenerstion 
was extracted at appropriate locations from the steam turbine. The combined- 
cycle system produced 224 MWe net at a heat rate of 8,790 Btu/kWhr (38.8 per- 
cent efficiency). 

INVESTMENT COST 

The total capital requirement (TCR) for Easlfication island Case 1 and 2 was 
estimated. These results are shown in Table I. For comparison~ Table 1 
also shows the TCR for a fixed-bed gasification island case from a recent GE 
study (3). This GE study used Illinois No. 6 coal, an ISTIG, and included a 
sulfuric acid plant for disposal of the S02-containing offgas stream for the 
zinc ferrite um~t. All costs in Table I are reported in 1985 dollars and were 
updated using the Chemical Engineering Plant Cost Index. 

The TCR for the two ~q~W gasification island systems shown in Table 1 are con- 
sidered to be cost targets. The plant section capital costs on this table 
were estimated using costs reported in the literature and appropriate scaling 
relationships. In the METC study, it was assumed that the gasification island 
technology was mature and that equipment vendors marketed the plant as a stan- 
dardized design. Thus, process continzencies were assumed to be zero and only 
minimal engineering costs were factored into the estimates. 

The solids preparation plant section, includin E facilities for handling both 
coal and limestone, was costed based on material flow. A 0.7 scaling factor 
was applied. Costs for this plant section were derived from those reporte" 
by Fluor (8). Costs for the cyclones and zinc ferrite unit were derived from 
Reference 3. This reference included the cost of a sulfuric acid plant with 
the zinc ferrite plant section cost; the cost of the zinc ferrite unit was 
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TABLE I. Comparison of Coal Gasification Power Systems 

G a s i f i c a t i o n  I s l a n d  F i r s t - G e n e r a t l o n  IGCC 
F lu id -Bed /  F l u i d - B e d /  Fixed-Bed7 Texaco BGC/Lurgi KRN KRN 

ISTIG CC ISTIG CC CC CC CC 

OJ 
t-a 
I b~ 

COAL TYPE 

Performance 

Thermal Efficiency, 
Capacity, HN 

Capitat~ ~/kN 

Plant Section 

NY Sub NY Sub IL No, 6 IL No. 6 II, No. 6 IL No. 6 TX Lig 

41.4 38.8 42.1 37.9 39.6 37.7 34.0 
128 224 l l 0  390 340 365 320 

Solids Handling 75 
Gasification 225 
Fuel Gas Physical Cleanup 20 
Fuel Gas Chemical Cleanup 60 
Power Cycle 250 
Oxygen Plant or Compressor IO 
Balance of Plant 160 
Process Contingellcy -- 
Project Contingency 120 
Start-Up and Norking Capital 40 
AFDC 45 

Total Capital Requirement "I,005 

.COE} Hil ls/kWh.r 

Capital 33 
Fuel 134 
o&M _7. 

Total COE 53 

70 40 65 60 50 70 
210 95 245 llO 310 375 

20 I0 . . . . . . . .  
55 1651 100 50 70 50 

300 280 415 275 370 385 
10 10 180 90 150 170 

165 155 195 350 185 195 
- -  40 40 55 70 80 
125 120 180 150 175 200 
40 55 105 1 I0 105 I00 
45 20 I00 70 100 ll0 

1,040 99--0 1,625 1,320 1,585 1,735 

34 33 53 43 52 57 
134 162 182 172 182 133 
7 7 11 __15 __ll 13 

s~ s~ 8-~ 7 5 a i a 3 

I Includes H2S04 plant for SO2 recovery. 
2 Coal cost $1.60/~Btu; 0.7 percent escalation. 

3 Coal cost $1.05/t~Btu; 1.0 percent escalation. 
4 Coal cost $1,20/~lBtu; l.O percent escalation. 
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35 percent of the total reported cost (ll). The costs for a tertiary particu- 
late removal device, a ceramic cross-flow filter, were based on a Gilbert/ 
Commonwealth study (12). 

The fluidized-bed gasifier plant section was costed using information reported 
in Reference 7. The gasifiers were sized on the basis of the moisture and 
ash-free coal feed, with cost increased by 25 percent to account for the use 
of an air-blown system. Based on Reference 8, the gasifier plant section cost 
was reduced by $55/kW to reflect the replacement of radiant~convective heat 
exchangers with a quench. The power generation block consisted of the gas 
turbines, HRSG, steam turbine for the combined-cycle case, generator, and asso- 
ciated equipment. The costs for the combined-cycle and ISTIG systems were 
developed from Reference 3. 

The balance of plant included the following components: site work, foundations, 
control and administrative buildings, fire protection, fencing, compressed air 
systems~ distillate fuel storage ~nd handling systems, auxiliary steam, site 
wastewater disposal and drainage system, raw water, water treatment system, and 
circulating water system. The balance of plant was estimated to be 25 percent 
of the total of the direct equipment, material, and labor cost of the other 
plant sections. Factors of 15, 5, and 5.5 percent of the total direct plant 
investment were used-to estimate the project contingency, startup and working 
capital, and allowance for funds during construction (AFDC) categories. 

In order to compare gasification island systems with first-generation IGCC 
systems using cold gas cleanup, Table I also contains information for four 
first-generation IGCC systems. The TCR for these four IGCC systems was based, 
respectively, on data from Electric Power Research Institute [EPRI) concep- 
tual designs for Texaco, BGC/Lurgi, and KRW IGCC systems C8,9,7) operating on 
bituminous coal and a KRW IGCC system operating on lignite (7). The plant 
sizes given i n  the EPRI designs were downscaled to plants containing whatwas 
believed to be two gasification/gas turbine trains, i.e., plant sizes of 390, 
340, 365, and 320 ~We for the Texaco, BGC/Kurgi, and two KRW systems, respec- 
tively. Factors for this downscaling were abstracted from an EPRI study (10) 
showing the effect of plant size on the economi~s of coal gasification 
combined-cycle plants. For the Texaco and KRW designs, the engineering costs 
were prorated among the individual plant sections; in the BGC/Lurgi design, 
engineering cost appears in the balance of plant category. The TCRof the 
first-generation IGCC systems is approxlmately50 percent higher than the TCR 
of the gasification island systems. 

COST OF ELECTRICITY 

The COE for the three gasification island cases and the four first-generation 
IGCC systems shown on Table I was deKermined using the methodology outlined in 
EPRI's Technical Assessment Guide (13). In the ~ETC study, all C0E values are 
reported in tenth year, current dollars, levelized. The economic assumptions 
used in this study are given in Table 2.. Table I shows ~hat the COg of ~he 
gasification island systems is approximately 30 percent lower than the COE 
first-generation in IGCC systems. 
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TABLE 2. Economic Assumption for Gasification 
Island Study 

General Inflation Ra~e, ~/yr 4 
Discount Rate, ~/yr 11.5 
O&M Escalation Rate, ~/yr 0.7 
Book Life, Years 30 
Tax Life, Years 15 
Capacity Factor, ~ 65 
Federal and State Income Tax Rate, ~/yr 38 
Property Taxes and Insurance, ~/yr 2 
Investment Tax Credit, ~ 0 
Levelized Capital Charge Factor, ~/yr 18.7 
Coal Cost, $/MMBtu~ Escalation Rate, ~/yr 

Illinois No. 6 $1.60; 0.7 
Texas Lignite $i.05; 1.0 
Wyoming Subbituminous $1.20; 1.0 

The gasification island cases operating on subbituminous coal were also compared 
to PC/FGD plants using the same coal as a feedstock. Based on Reference 13, 
the heat rate of a 330 MWe size PC/FGD plant was estimated to he 10,070 Btu/~nr 
(33.9 percent efficiency). The TCR was $1,600/kW; the levelized operating and 
maintenance (O;-M) cOSt was I0 uLills/k.Whr. With these assumptions, the resultant 
COg from a PC/FGD plant operating on subbitum/nous coal is 78 mills/kWhr -- 
approximately 45 percent higher than the gasification island cases. 

CONCLUSION 

A screening study has shown that small size (nominally I00 to 200 MWe) gasi- 
fication island concept systems operating on low-rank coal have the potential 
for a significantly lower COE than first-generation IGCC systems or P~/FGD 
planes. For the gasification island system, simple process configurations and 
standardized designs tailored to specific gas turbine sys%ems lead to low 
capital cost. Thermal efficiency is high, particularly for the steam-injected 
cycles. Very positive results are emerging from experimental proEra~ support- 
ing gasification island, indicating the techn/cal viability of the concept. 
Using high-temperature cleanup processes, the concept has the potential for 
superior environmental performance. Gasification island provides utilities 
with a new technological path for economically attractive power generation 
systems in small capacity size increments. 

U.S. industry recognizes the advantages of the gasification island concept as 
evidenced by the fact that three of the proposals submitted to the Department 
of Energy (DOE) under the Clean Coal Technology Program were for power genera- 
tion systems utilizing this approach. This program, with $400 million in 
Federal funds, requires a minimum of 50 percent cost sharing by the private 
sector firms receiving awards. DOE selected two proposals for final negotia- 
tions: the "Integrated Gasification-Steam Injected Gas Turbine" proposal 
submitted by General Electric and the "Appalachian Project" submitted by the 
M. W. Kellogg Company. 
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SYNOPSIS 

An approach is outlined to the application of the SYNTHOL SYNTHESIS PROCESS 

as owned and operated by SASOL tc using LIGNITE rather than Sasol's young 

BITUMINOUS COAL as the raw material. Fat=ors are presented which play a 

part in shaping an overall plant complex to this purpose. 

Of the many gasification systems available, also fur gasifying lignite, 

three were chosen to illustrate important different parameters of these, 

i.e. the LURGI, HIGH-TEMPERATURE WINKLER and the SHELL GASIFICATION PROCESS. 

The effect of temperature, pressure, formation or otherwise of by-products, 

nature of the feed and other factors are discussed on raw gas composition, 

and on the downstream steps of modifying the gas composition by reforming 

or shift-conversion. Purification steps in order to arrive at the specified 

Synthol Syngas. 

Ihe importance of good energy manaEment is explained and stressed. 

After syngas manufacture follows the synthesis plant, its operation, which 

reactions take place and thoughts on why; the nature of the catalyst. 

observations on selectivity and reactivity, including loss of activity. 

Some notes are given on selectivity and product distribution. 

The magnitude of the various factors are illustrated by developing an 

example, whereby approx. 14 million metric cons of lignite as received 

(33% moisture - ~2% Carbon) are converted to 2 million metrfc tons of 

liquid fuels, i.e. gasoline, diesel and LPG. Such a capa~ !ty would compare 

with a 50,000 bbl/day crude oil refinery, but would cost some $ 50,000 per 

daily barrel, a number far in excess of that of a conventional refinery. 

The Sasol operation is financially viable; this is explained. Also why not, 

at this stage, in the US%. But the time will probably come - it is a good 

idea to be prepared for what the future holds! 
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INTRODUCTION 

Synthetic liquld fuels and chemicals have been produced from coal success- 

fully at the SASOL PLANTS in South ~irlca since 1955. Currently some 5 mill- 

ion tons of motor fuels are thus manufactured annually. This corresponds 

with the capacity of a 120.000 bbl/day refinery. The investment, if incurred 

to-day, would amoun~ to about $ 50.000 per dally barrel, a number far in 

excess of their or a regular crude oll refinery. 

Nevertheless, the South Afrlcan operation has proved financially viable; 

shares are available to the public (~he first issue was twelve times over- 

subscribed) and this stock continues to show a good record. There are a 

few reasons why, in the case of SASOL, ~hls is so. Unlimited quantities of 

low-grade coal are available within conveyot-bel~ distance of the pla~s. 

By levying low excise duties on the products,the government created a favor- 

able cl~meaefor this opera~ion. And its main markets are reasonably close; 

the oil companies take e are of the other parts of the country, using import- 

ed crude. 

Including a talk on synthetic fuels at the Lignite Symposium would suggest 

tha~ a comparable situation could exlst here in the USA. At to-day's crude 

oil prices, this is far from true. But in ten or twenty years' time, crude 

oil prices will be very much higher and its availability greatly reduced. 

Preparing for the future is the name of the game! 

Apart from SASOL, the major oil companies have set the example. SHELL owns 

large coal-mlning opera=Ions. This company developed excellent systems for 

converting coal and natural gas to syngas and liquid fuels. MOBIL has one 

plant already operating in New-Zealand which converts, according to its 

own technology, natural gas co methanol and methanol zo gasoline. A more 

recent Mobil development allows the conversion of the methanol to a good 

quality diesel as well, using the "MOGD-Process". The E)IXON-DONOR-System 

is another example of a promising development in this field. 
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OBJECTIVES 

An example has been chosen whereby 2 million metric tons of liquid fuels, 

i.e. gasoline, diesel and LPG, are produced from Texas Lignite annually. 

The weight ratio between gasoline and diesel is set at 2-to-l. 

The author was asked to apply Sasol technology in this talk. But Sasol Coal 

is not the same as Texas Lignite. According to Sasol-Techno!ogy, the solid 

feed is converted to raw gas which is modified and purified to give the 

"S~tho!"Ltype of SYNGAS. Producing syngas takes anything between 67 and 

75% of the total investment. No wonder therefore that the author has to 

pay attention to the production of this syngas, even though talks cn gasif- 

ication are offered at the symposium. "S~nthol" is the trade-name of the 

synthesis process operated and owned by SASOL. 

The main objectives of this short study are therefore to aonvert sufficient 

Li~ite of analysis and characteristics as shown in TABLE I to Syngas as 

shown in TABLE 2, in order to arrive at the final product distribution as 

shown in TABLE 3. (Tables 1 and 2 are on page 4; Table 3 is on page 5.) 

Additional objectives, which are also complied with by SASOL:- 

No liquid effluent whatsoever leaves the plant 

Not more than 5% of the sulfur in the lignite 
may leave the plant in gaseous effluent 

PRODUCTION OF SYNGAS 

The process steps required for the conversion of the selected type of lign- 

ite to symthol syngas are primarily gasification, modification and purific- 

ation. It depends on which type of gasifier is chosen, what the further 

process steps will look like. There are about fifteen differemt gasification 

processes; about half of these are operated commercially; the others are in 

various stages of development, from pilot plant operation to operating 

demonstration plants. 
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TABLE 1 - ANALYSIS 0P TEXAS LIGNITE USED FOR THE EX~/~PLE 

Proximate analysis (zw=) 

Ash 9.0 
Moisture : 33.0 
Volatile matter 31.0 
F£xed carbon 27.0 

I00.0 

As r e c e i v e d  (Zwt) 

9.0 
33.0 

Ultlma~e analTsis " (maf_..) 

C 72.6 42.1 
H 6.0 3.5 
0 19.2 11.1 
N 1.2 0.7 
S 1.0 0.6 

100.O IO0.O 

(With kind permlsslpn of S~LL INT.) 

TABLE 2 - STNT~SIS GAS COM~OS!~ION ~ORTEE STNTHOL PROCESS 

................ 61.0%(voi) 
11 

11 

~2 
CO ................ 30.5 

¢02 ................ 0.9 

CH~ ........ , ....... O. 1 

~20 ................ 3. l " 

N2 ................ ~. 4 " 

i00.0 " 

N.~. This composition devia=es from the one used ar Sasol 
where Lurgi gasification is applied. More methane and CO 2 would 
be present khan when e.g. Shell gasification, followed by shift- 

conversion and scrubbing is done 

~21C0 ratio: 2.0 
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TABLE 3 - DISTRIBUTION OF PRODUCTS LEAVING THE REACTOR SECTION 

saleab!e prodducts: : 

LP_GG (C3+ + C4+) 

gasoline (C5_12 + 0.25 x CPP* + 

0.70 x C 2 .5H501 25 ) 
d iese l  (C14H28.5 + 0.75"x CPP(av~) 

wa__~x (C25H51 ) (ave.) 

alcohols, ace tone ,  MEK(excLethanol) 

sub-total (saleable products)  

non-saleable produc ts :  

fuel 5as:(for £nternal use) 
unconverted CO 
unconverted hydroge n 
C! + C~ + Cz+ 
water  vapour 

s u b - t o t a l  ( f u e l  g a s , e x c L N ~  

water (to Cooling W. after treating) 

aliphatic acids (biolog. des=toyed) 

sub-total (non-saleable products) 

stand ;ora l ,  

(i000 metric tons per annum) 

E 0 total C 
, = , ,  , ,  

90.0 

1043.4 

541.4 

89.0 

2.8 

1766.6 

450.6 

416.4 

19.3 

180.3 

86.2 

15.3 

0.5 

301.6 

75.1 
14.4 
16.0 

867.0 105.5 

- 130.6 

60.8 I0.I 

927.8 

2694.4 

246.2 

547.8 

34.7 

1.9 

36.6 

600.7 

128.0 

109.3 

1258.4 

627.6 

10'~. 3 

5.1 

2104.7 

1051.3 
75.1 

430.8 
144.0 

728.7 1701.2 

1044.7 1175.3 

143.8 72.9 

1846.3 

1882.9 

3020.3 

5i25.0 

The above data is derived from Dr M.E. Dry's article (!) 

CPP - cat poly product; ** : Ethylene is recovered if it pays to do so. 
It was omIZted from the example. 

The following claims, generally valid, are found in gasification marketing 

literature: 

optimum utilisation of the carbonaceous feed 

dependability of operation 

not polluting'the environment 

cost-effectiveness 
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For some types of gasifiers the following additional claims are valid:: 

the process accepts any type of carbonaceous feed 

the process operates in the desired pressure range 

Gasifiers marketed have good track records. The prospective lignite conv- 

ertor analyses his own situation, thereby considering the mass and energy 

picture, not of a specific gasifier in isolatlon, but of the whole arrange- 

ment, all the way from lignite, thru ra~ gas, syngas and synthesis with 

product work-up and corresponding utilities, waste water treatment etc. in 

order ~o arrive at his final combination of choices which will give him the 

optimum operation as a whole. 

This is a short treatise on plant complexes in which the final products are 

obtained by usin~ the Synthol type of synthesis; it !z not a detailed study 

of the different gasiflers. Three types of gaslflers have been chosen for 

incorporation into such a plant complex. These types vary considerably and 

the differences are instructive. The choice is not meant to express pref- 

erence for one type over another. These thre@ types are:- 

Lurgi Pressure Gasification 

High-Temperature Winkler - Uhde 

Shell Coal Gasifcation Process 

The main features of these three types of gasifiers have been tabulated in 

TABLE & on ~ .  Some notes follow on the main features listed in the 

table. 

The most significant difference is that of the temperature. At high temps. 

relatively more oxygen and less or no steam is used. The result is a B2/C0- 

ratio of e.g. 0.5, whereas our syngas should have 2.0. This can easily be 

corrected downstream by applying shift conversion. Part of the CO reacts 

with steam (either originally present in the lignite, or freshly fed steam) 

to give Hydrogen and CO 2. Each reacuin$ mole of CO and/or H 2 is obtained 

by consuming one C-atom from the lignite. So - it doen't matter whether 

the required number of moles of hydrogen were there already in the raw gas 

or - whether they formed la~er during the shift ~onversion. 
# 
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TABLE 4 - MAIN FEATURES OF THREE SELECTED TYPES OF CASIFIER 

LURGI 

type of bed 

suitable for lignite 

type of feed 

operating pressure 

operating temperature 

solid ash or slag 

~as composition (%vol)(t__hl 

H 2 

CO 

CO 2 

CH 4 

H2S - COS (made equal) 

N 2 + Argon 

8.T.-WINKLER 

fixed 

can be made 
suitable 

pieces (6-50mm) 
(2 - 2i=.) 

if fines pres. 
outlet to be 

found 
17 - 34 bar 

500"C(900°F) 

solid 

~se are merely e: 

35.0 

2 1 . 0  

27.7 

12 .0  

0 . 3  

4.0 

SHELL 

fluid 

yes  

pulverised 
surf. dry for 
pneum.conv. 

i0 bar* 

II00°C(2000"F) 

solid 

~mp!es; composi 

much between 

LURGI 

and 

3.6 

SHELL 

feature 

entrained 

y e s  

two options: 
dry 

slurry 
<I00 micron 

20 - 40 bar 

1200 - 1400°C 
2200 - 2 5 0 0 ° F  

gran.slag 

: i o n s  can be var ied  

32.4 

61.8 

4.6 

0.I 

0.3 

0.9 

In a LURGI G. the exact H2/CO-ratio required can be produced. Since the 

LURGI Gasifier (L) produces methane, which the high-temperature G.'s do not 

produce, it is considered advantageous to "reform" the methane, formed in 

gasification with further methane formed in the synthesis reactors; by react- 

ing methane (and ethane or even ethene) with oxygen and steam, about half 

these light hydrocarbons are converted to CO and H2; the other half ends-up 

as C0 2 and its carbon is lost to the process. "Therefore, it may be conc- 

luded tha~ , if L. is used, a reforming plant forms part of the gas train and 

no shift-converting plant is required. If U. or S. is used, there is insuff- 

icien~ methane to justify reforming, but - a shift conversion plant is need- 

ed. And the steam to go with it. 
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The next significant difference is that L. produces tar and ammonia liquor; 

the others don't. Tar and ammonia liquor are more a liability ~hen an asset. 

Tar is distilled~ the creosote can be hydrogenated and become part of the 

diesel production. If the gasoline/diesel-ratio has to be below 2.0, this 

could be a factor. The ammonia liquor contains ph~nqls, which are removed 

by countercurrent extraction in a Lur~i Phenosolvan PlaD£ to 300 ppm in H20. 

The ammonia is recovered by steam-stripping and converted to sulfate. With 

the other two gasifiers there is no such by-product problem. And a problem 

it is, considering considerable investment and operating costs invol~ed. 

The= would seem to indicate that there is no point in selecting Lurgi. But 

that would not be true either. It should be remembered that Sasol has used 

Lurgi G.'s ever since the beginning. The Saso! people are well aware of the 

other options. Sasol coal is brittle and up to 40% coal fines may arise dur- 

ing handling. Therefore, Sasol could easily have Lurgi gasifiers in parallel 

with (an)other type(s) and thus use up the fines in the other gasifiers. 

By blending the gas and chosing volumes from Lurgi and other streams such 

that the ratio would come out right, would e.g. obviate shift convertors. 

The author could harldy imagine that Sasol wouldn't have thought of that; 

there must be other good reasons to stick to the Lurgi type of gasifier. 

As regards the formation of CO 2 zhe three types of G.'s are not significant- 

ly different. Each mole of C02 is lost to the process, a~ least nearly so~ 

the synthol catalyst does convert CO 2 as well as CO if a small percentage 

of it is present in the feed. 

Undesirable by-products are formed in all gasification processes. At the 

higher temperature there tends to be more HCN and NH 3. In all cases there 

are significant amounts of H2S and, to a lesser extent~ COS. Selective 

scrubbing allows for the removal of C02~ B2 S and COS to a greater or lesser 

extent. But for Synthol Synthesis, the lower the sulfur content in the feed, 

the hotter. Until recently I00 ppb (0.I ppm) was acceptable; a recent dev- 

elopmenK in Holland boasts 20 ppb; and synthesis operators would love that! 
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Nitrogen should also be considered in this comparison. If HTW. or S.g.'s 

are used, it was said already, there would be no need for reforming; i.e. 

for recycling synthesis tailgas. The tailgas could be added to the fuel gas 

system. There miBht even be sufficient tailgas to keep the fuelgas system 

going, considering that aproximately 20%(voi) leaves the reactor section 

after removing condensible products. ADd if there is no tailgas recycle, 

there is no fear of the nitrogen concentration building up in the gas syst~. 

Then the nitrogen need not be as pure as it would otherwise have to be. And 

this would save power. A look at TABLE 3 makes it clear chat masses of 02 

are produced and the nitrogen volumes are four times as large! What to do 

with all that nitrogen. There are some rather minor essential in-plant uses. 

Reduced catalyst is conveyed and blanketed with nitrogen; most fractions in 

the work-up section are subjected to some form of hydro-treating; to make 

plant safe for welding, etc. etc. But a major use Sasol makes of it is the 

production of nitrogenous fertilisers, such as ammonium nitrate with or 

without calcium. 

In order to obtain the very low sulfur limit, mentioned earlier, there is 

the Lurgi Reztisol Process which worked wonderfully well a~ Sasol ever 

since the button was pressed the very first time. And lots of Rectisol 

Plants have been built since all over the world. But - always a but - 

there has been some trouble with the process in North Dakota. In the Rect- 

isol, the whole of the gas stream is cooled to minus 60°C (76°F below) and 

washed with methanol. This methanol removes sulfur almost completely but, 

obviously, it must he stripped of the dissolved sulfur compounds, i.e. re- 

generated. The problem in ND was in the methanol failing to regenerate, um- 

tila solution (of which the author is not aware) was found. 

The Stretford Process is also well-known for sulfur removal from gas strea,s. 

And there are various others, depending how clean =he gas has to be. 

I= should be mentioned that there are shift conversion catalysts which can 

operate well when the sulfur is still in the gas. But it is most important 
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that the dust (flyash) leaving the gasifier with the gas is virtually com- 

pletely removed, And i~ the case of hlgh-temperature gasifiers, the passa- 

ge where the gas leaves must be cooled in order to prevent drops of liquid 

slag reaching the inside of the Waste-Heat-Boilers downstream of the G.'s. 

That brings us to "Energy Management"of such systems. They stand or fall by 

judicial use and transportation of heat and compression energy. It starts 

with the G.-walls; depending on the operating temperature, medium or high 

pressure steam is generated by heat extraction from the G.walls and from 

the W.H.B.'s where the raw gas loses most of its sensible heat. Gas-to-gas 

heat exchangers are obviously avoided; otherwise anything goes! Heat ex- 

change between hot gas and BFW under pressure is one favorite way of coll- 

ec~ing heat from the gas stream. 

A prospective lignite conversion operator has a complex problem in sorting 

ou~ to what extent it pays to collect heat in a decentralised fashion or 

rather by centralising and sending enthalpy-rich BFW to a central boiler- 

tom-power station. Whether to run steam turbines rather than explosion- 

proof electric motors, e.g. foz the oxygen or the recycle compressors in 

the synthesis planE. There is no universally applicable solution for this. 

If Lurgi G.'s are chosen the volume of liquid effluent to be treated/s much 

larger than in the other twe cases, there being no gas liquor with the lat~- 

er. The gas liquor (in the ease of Lurgi), from which most of the phenols 

and ammonia have been removed and ~he water of reaction from the synthesis 

plant, which contains the aliphatic acids, formed by the synthesis reac:ion, 

are biologically oxldised in an activiated sludge plant in the case of the 

Sasol Secunda Plant. It would be possible to apply anearoblc conversion 

and produce methane rather than C02. But even if methane is produced, about 

40Z of the carbon converted by this anaerobic action ends-up as C02as well. 

It iS not possible to treat each and every aspect and plant section of such 

a plant. It is now time to deal with the Synthol Synthesis Process. 
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SYNTHOL SYNTHESIS 

The working principles of the Syntho! Reactor are shown in FIGURE i. A flow 

of catalyst of thousands of tons per hr, at reaction temperature falls into 

the e.~=ering gasstream, which consists of approx, one third of fresh feed and 

two thirds of recylcle gas. The reaction starts immediately. When the first 

HE is reached, a large proportion of the evolved heat of reaction is trans- 

ferred to a flow of oil which conveys the heat to a MPSteam Boiler (-+12 bar) 

CAI.T~L.~T 

I~ IIRI WAL~| 

' | l m g . ~ l  

r z m J ~  ! - .~rJrr~OL ,,uCTOm (_1) 
The cat settles in the hopper cone and works its 

way down the standpipe. It then enters the gasstream again thru a controlled 

slide valve. The cat stream should be seen as a "heat flywheel". The system 

is a remarkable case of balancing gas and solids' mass flows, quantities of 

sensible and reaction heat, velocities and concentrations. 

Do'~nstream of the cat settling hopper, cat fines and a heavy oil fraction 

are removed in a scrubber tower. After further HE's and Coolers, an oily 

and an aqueous stream are collected. The oily scream contains the gasoline 

fraction and part of the diesel. The aqueous stream contains the oxygenates 

in solution, alcohols, aldehydes, ketones and aliphatic acids. Most of these 

products are recovered and refined; acet aldehyde is treated and, with the 

etanol, becomes part of ~he gasoline product. Cat poly product can he run 

up to 75% diesel by recycling. The C3+4(sats) are marketed as LPG. The 

oily fractions are subjected to some further hydrotreating and become int- 

ernationally accepted grades of gas and diesel. Alcohols are separated and 

marketed; most of the ethanol is added to gasoline. The acids are destroyed. 

The-reaction continues and more heat is extract- 

ed in the 2nd HE. Partial pressure then become 

low and the reaction stops. The reactor operates 

virtually under isothermic conditions, a very 

narrow temp~and being in evidence. This is zm ~p- 

ortant factor in maintaining the desired select- 

ivity. The product gasstream enters the cat 

settling hopper; gas and cat are separated virt- 

ually completely, oy passing thru a series cycl- 

ones; a Small portion of cat fines gets thru. 
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TABLE 5 - SYN!~OL REACTIONS 

(2n+1)H 2 + nC0 ---~ CnH2n+2 ( a l i p h a t i c s )  
~ole~C~s + 

2n '~2 + nC0 ~ CnH2n "(naphthenes) 

2n H 2 + nCO ---~ Cn~2n÷!0H (alcohols ) 

~aldehydes 
(2n-L)H 2 + nCO ---4- CnH2nO ~ketones 1 

• ~al~phatlc 
(2n-2)112 + nO0 --~ CnR2n02 ~aclds 1 

(2n-3)H 2 + uCO ---- CH2n_6 Chydrocar ' s )  

I 
+ n I120 J 

+ n H20 

+ (u-I)H20 

+ (n-l)H20 

+ (n-2)H20 

+ n H20 

These reactions are Inf!uenced by the shift equilibrium reaction:- 

C02 82 --~ H20 + ~ CO +" 

The series of reactions which take place simultaneously in a synthol Reactor 

are shown in TABLE 5. The Synthol reduced iron catalyst is also a good shift 

cat; the oxygen in the CO, inasfar as this not end-up in oxygenates, becomes 

part of Che water of reaction. The synthol cat has a very favorable selectiv- 

ity, as well as activity. By keeping conversion per pass low, temps, can be 

controlled very rigorously. When trying to answer the question: "Why do these 

reactions take place", the author quotes Prof.Ponec of Leiden Un.:"The driv- 

in E force in the dissociation of CO is the formation of M~tal-C and Metal-O 

compounds. If these are not sufficiently strong,(Pd, Ptj It) then the diss. 

is very sluggish. Where these are strong,thz dissociation is rapid - but - 

the succeeding hydrogenation of C- and 0-, which amounts to regeneration 

of the cat surface, is too slow.(IIZ-V categories of metals) 

Some metals are conductive to CO dissociation and yet, are able to retain 

part of the metallic surface; ~hose are the best F-T-Synthesis metals: 

F~, Co, Ni and Ru." This was the dissociation of the CO part. Then follows 

the formation of CH2-radicals. These radicals then polimerise to form long- 

er or shorter chains. Hence theze is a "chain-formation-termination-force. 

The Schulz-Flor y equation,generally, used in predictin@ the chain lengths of 

polymers, applies to this chain formation by and large. The distribution 

pattern concerns the relative lengths of chains formed, but also to what 

extent unsaturated and'saturated hydrocarbons are formed; furthermore, to 
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CIO appears in pg~duCt-mix: 
2.7% as unsat.(Clo _) 

1.3% as satur,(Clo +) 

what measure are the chains straight 

or branched? It can be said conf- 

idently that the Synthol product 

distribution is favorable ccmpared 

with several other catalyst systems. 

FIGURE 2 shows the typical dlstrib- 

as % C-atoms of C converted; the] ution curves for unsats and sacs at 
the conditions (325°C) which q apply in Dr Dry's article (~) reactor temp. of 325~C(617"F). Note 

that much more unsats are made than 

sacs; that C3H 6 is the most ~rolific 

product and, unfortunately, CH 4 is 

of the sacs! Work on improving sel- 

s ectlvities continues; at Wits Un 

a Co/MnO-cat made 4% CH 4 only with- 

out detriment to remaining pattern. 

(Asst.Prof;Hutchings) A reduction 

~ ~ z ~ [  
of selectivity towards acids would 

also be very valueable. (now 2.7% 

C40 of C-atoms converted) C5 Cl0 C15 C20 C25 

FIG. 2 - SYNTHOL PRODUCT 

DISTRIBUTION 

Finally, the matter of maintainln s catalyst activity. Activity declines with 

time. As from early 1986, Sasol had a break-thru on this score which caused 

plant capacity increase of 16% without having to add any plant. Pure cat- 

science! Causes for activity decline are deposition of carbon and high-mol- 

ecular substances on the cat surface - and - the presence of sulfur! Each 

ppb less prolongs the cat llfe noticeably. 

In conclusion on Synthol, it is a tricky process, needs close watching by 

good operators but performs wonderfully well; so well in fact, that inter- 

ested parties tend to chose S)rnthoi in preference to other systems with 

higher thermal efflciencies, e.g. 36% vs 33% on the overall complex. 
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CONVERSION OF LIGNITE TO LIQUID FUELS 
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THE DOW SYNGAS PROJECT - DESCRIPT!ON AND STATUS REPORT 

R. H. FISACK£RLY 

D. G. SUNDSTROU 

THE DOW CHEMICAL COMPANY 

iNTRODUCTION 

In the  e a r l y  1970°s,  as a r e s u l t  o f  I n c r e a s i n g  energy cos t s  and s u p p l y  

u n c e r t a i n t i e s .  Dew recogn i zed  the need to  e s t a b l i s h  a l t e r n a t i v e  sources  

o f  energy t o  n a l u r a l  gas. In accomDi lsh lng  t h i s  o b j e c t i v e ,  Dew sought  

ways to  take advantage o f  the advancements in  combust ion t u r b i n e  

t echno logy  a n d  the U n i t e d  S t a t e s '  most abundant  n a t u r a l  r esou rce ,  c o a l .  

The coal  g a s i f i c a t i o n  research  and development  e f f o r t  t h a t  f o i l o w e ~  

Inc luded  c o n s t r u c t i o n  o f  a 36 TPD P i l o t  P l a n t  In 1979 and a 1600 TPD 

Pro to  P lan t  in  1982. The un ique  Dew Coal G a s i f i c a t i o n  Process 

r ep resen t s  the  r e s u l t s  o f  Dew's resea rch  and development e f f o r t s .  The 

2400 TPD Dew Syngas P ro jec t  Is the f i r s t  c ~ m e r c ~ a l  sca le  d e m o n s t r a t i o n  

o f  t h a t  t e c h n o l o g y .  

P r o j e c t  D e s c r i p t i o n  

The Dew Syngas ProJec t  Is owned by L o u i s i a n a  G a s i f i c a t i o n  Techno logy ,  

Inc .  (LGTI ) ,  a w h o l l y  owned s u b s i d i a r y  o f  The Dew Chemical Company 

CDow), the P roJec l  Sponsor.  The P r o j e c t  Is  loca ted  near PiaQuemlne, 

L o u i s i a n a ,  In i b e r v l l l e  and West Baton Rouge Pa r i shes ,  and w l t n l n  t he  

e x ! s t l n g  Dew L o u i s i a n a  D i v i s i o n .  ( F i g u r e  1) The P r o j e c t  u t i l i z e s  Dew- 

developed coal  g a s i f i c a t i o n  t echno logy  to  conve r t  Western s u b - b i t u m i n o u s  

c o a l ,  or  o t h e r  s u i t a b l e  c o a l ,  i n c l u d i n g  l i g n i t e ,  I n t o  medium Btu  

s y n t h e t i c  gas.  The s y n t h e t i c  gas Is purchased by Dew and is  u t i l i z e d  In 

the Dew L o u i s i a n a  D i v i s i o n  as f ue l  In combined cyc le  gas t u r b i n e s  co -  

g e n e r a t i n g  e l e c t r i c i t y  and steam. 

t 
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Pro jec t  Desc~ lb t ion  c o n t ' d .  

At f u l l  capac i t y ,  the P ro jec t  cperates at a sub -b l t u¢ lnous  coal feed 

ra te  of about 2,200 tons par day which w i l l  produce 30 b i l l i o n  Btu per 

day Of s y n t h e t i c  gas (See F igure 2) .  A d d i t i o n a l l y ,  at  f u l l  caPaci ty  the 

Pro jec t  pr¢~uces 2467 tons =er day of  steam. I t  Is a n t i c i p a t e d  t h a t ,  

w i t h i n  four years o f  s t a r t - u p ,  the Pro jec t  w i l l  be ope ra t i ng  at f u l l  

capac i t y  ~5~ o~ the year .  The s y n t h e t i c  gas ou~ggt is  egu l va len t  to 

5170 b a r r e i s  of  o i l  per day. Su l f u r  Is so ld  In the loca l  market and s lag  

Is so ld  In the local  market or  used on s i t e  for  s~ ruc tu ra l  f i l l .  The 

feed fo r  the Pro jec t  Is sub-b i tuminous coal from the Powder River Bas in,  

Wyoming, and the P ro jec t  w i l l  cont inue to  use Western sub-b i tuminous 

coal wh i l e  I t  Is the economic fe~d of  Choice, The suP-bi tuminous coal 

is  t r anspo r ted  from the mine to  the ProJect by u n i t  t r a i n s  cons i s t i ng  o f  

from 70 tO 110 r a i l  cars per u n i t .  The Pro jec t  Is designed to  u t i l i z e  

o ther  coa l ,  Inc lud ing  G~l f  Coast l i g n i t e ,  as an a l t e r n a t i v e  feed.  

Should supply or economic c o n d i t i o n s  d i c t a t e ,  the Pro jec t  ma ln ta lns  the 

c a p a b i l i t y  and f l e x i b i l i t y  t o  s w i t c h  to  l i g n i t e  fo r  I t s  feeostock .  This  

feedstock f l e x i b i l i t y  enhances the p o t e n t i a l  f o r  r e p l i c a t i o n  o f  the Dow 

Coai G a s i f i c a t i o n  Process. Typ ica l  ~aZer la l  Balances f o r  Western Sub- 

b l tumlnous Coal {F igu re  3} and Gul f  Coast L i g n i t e  (F igure  3A) are 

Inc luded fo r  re fe rence .  

Coal Gr lnd ln~ and S l u r r y  P repara t ion  

The sub-b i tuminous coal (or l i g n i t e )  Is rece ived In r a i l r o a d  hopper 

cars,  unloaded and then ground and s l u r r i e ¢  w i th  water recyc led  from t~e 

s y n t h e t i c  ~as cleanup process. The s l u r r y  Is then t r a n s f e r r e d  to  a 

s l u r r y  s torage tan~ to p rov ide  hold-up fo r  t r a n s f e r  to  the g a s i f i c a t i o n  

area.  
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G a s i f i c a t i o n  an¢ High TemP,¢rature Hoe1 Recover T 

The ground coal s l u r r y  Is PUmPeO tO a s l u r r y  feed tank In the 

g a s i f i c a t i o n  area.  P~ov ls lons  are mad~ fo r  back f l u s h i n g  l i n e s  and 

r e c l r c u l a t l n g  coal s l u r r y  to  p reven t  p lugg ing .  The s l u r r y  Is pumped to  

he s l u r r y  Dreheaters ,  where I t  Is heated to w i t h i n  50 to  100 degrees 

Fdh renhe l t  o f  the b o i l i n g  p o i n t  o f  tee s l u r r y  at the r e a c t o r  ~ressure .  

P o s i t i v e  d isplacement  pumps capab le  of  handl ing l i q u i d - s o l i d  sUsPensions 

a t  h igh  pressure  are used t o  c o n t r o l  the s l u r r y  feed r a t e  to  the 

p r e h e a t e r s .  A f t e r  the p r e h e a t i n g ,  the s l u r r y  Is fed TO the r e a c t o r  

where I t  IS mixed w i th  oxygen in  the burner nozz les .  The feed r a t e  of  

oxygen is  c a r e f u l l y  c o n t r o l l e d  t o  m a i n t a i n  the r e a c t o r  tempera tu res  In a 

s p e c i f i c  range aependlng on the p r o p e r t i e s  of  the c o a l .  Unaer thes~ 

c o n d i t i o n s ,  the coal Is a lmost  t o t a l l y  g a s i f i e d  by p a r t i a l  combustion to  

produce s y n t h e t i c  gas c o n s i s t i n g  p r i n c i p a l l y  of  hydrogen,  carbon 

monox ide ,  carbon d i o x i d e ,  and w a t e r .  The s u l f u r  In the sub-b i tuminous  

coal  ( o r  l i g n i t e )  Is conver ted  a lmost  t o t a l l y  to  hydrogen s u l f i d e  w i t h  

smal l  amounts o f  ¢arbonyl  s u l f i d e .  The ash Is fused In the  f l ame,  ane 

the mo l t en  ash Is d ra ined  f rom the bot tom c f  the g a s i f l e r  I n to  a water 

q~ench. The s lag  Is w i thd rawn con t i nuous l y  as a s lur ry  th rough  g r i n d e r s  

an¢ a p ressure  letdown system. The hot s y n t h e t i c  gas Is COOled in an 

I n t e g r a l  heat recovery system to abOUt 1800 degrees F a h r e n n e l t .  This 

2nd s tage  ls unique to  the Dew Coal G a s i f i c a t i o n  Process.  The hot gases 

l e a v i n g  the  1st stage are coo led  by a ~ d l t l o n a l  s l u r r y  be ing  In t roduced 

In to  the 2nd s tage.  The b e n e f i t  be ing  tha t  more o f  the energy a v a i l a b l e  

in  the  coal  is conver ted to  chemica l  energy to  be r e l e a s e d  In the gas 

t ~ r b l n e  r a t h e r  than recovered by r a d i a n t  h o l l e r s  f rom the hot  gas. The 

raw gas Is then passed through a cyc lone separa to r  t o  e~ fec t  a 

s e p a r a t i o n  of the e n t r a i n e d  p a r t i c l e s .  Dew has inc luded  In one P ro jec t  a 

spare g a s l f i e r ,  cyclone and s l a g  crusher  in o rder  to  he ld  insure  the 

p roJec te¢  85~ a v a i l a b i l i t y .  
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, G a s l f l c a 2 1 o n  and High Temverature  Heat Recovery  coh t 'O .  

A h igh  t e m D e r a t u r e  heat  recove ry  t r a i n  c o n s i s t i n g  of steam b o i l e r s  anO a 

s~eam s u p e r h e a t e r  g e n e r a t e s  steam f o r  use In the Dow steam sys tem.  The 

s y n t h e t i c  gas Is c o o l e d  to w i t h i n  50 d e g r e e s  Fahrenhe i t  o f  the  

condensa t i on  t e m D e r a t u r e  to  Drevent  c o n a e n s a t l o n  In the  p o l l e r .  

S Y n t h e t i c  Gas C leanup  and Low Temoera tu re  Heat Recovery 

A f t e r  the s y n t h e t i c  gas IS coo led  to  near  I t s  conaensa t lon  D o l n t .  the  

s y n t h e t i c  gas Is f e d  to  a wet p a r t i c u l a t e  s c r u b b e r .  The wet s c r u b b e r  IS 

ope ra ted  a t  t he  b o i l i n g  Do l n t  o f  the r e c l r c u l a t l n g  w a t e r ,  and the  d i l u t e  

s l u r r y  Droduced Is c o n c e n t r a t e d  and b l e n d e d  w i t h  the r e a c t o r  f e e d  

s t ream. Water c o l l e c t e d  from o t h e r  D a r t s  o f  the  Drocess Is use~ In the  

wet s c r u b b e r .  

The scrubbed s y n t h e t i c  gas Is then c o o l e d  t h rough  a s e r i e s  o f  heat  

exchangers  to  about  120 degrees F a h r e n h e i t  D r i o r  to H2$ remova l .  Water 

conOensed f rom the  s y n t h e t i c  gas as I t  Is  coo led  Is r e c y c l e d  t o  t h e  

process and s l u r r y  u n i t  a f t e r  removal o f  NH3, H2S and o t h e r  s o l u b l e  

gases.  

H2$ Removal 

H2S Is removed f rom tne  s y n t h e t i c  gas in  the  GAS/SPEC ST-1 p r o c e s s  

l i censed  frofn Dow. The sweetened s y n t h e t i c  gas is s u i t a b l e  f o r  f u e l  f o r  

the gas I u r b i n e  Dower generation sys tem.  The seDaratec  a c i d  gas .  

c o n s i s t i n g  o f  H2S, C02 and w a t e r ,  Is s u i t a b l e  f o r  feed t o  t he  s u l f u r  

recovery  u n i t .  
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S u l f u r  Recovery and I n c i n e r a t i o n  

S u l f u r  Is recovered f rom the  ac id  gas produced In the H25 removal 

s e c t i o n .  The Selec~ox Process ,  l i censed  from Union O i l  Company o f  

C a l i f o r n i a  th rough tk~ Ralph M. Parsons Company, Is be ing used. The 

ac id  gas Is p rehea ted ,  mixed w i t h  a c o n t r o l l e d  f l o w  o f  a i r  and fed to  

the  c a t a l y t i c  r e a c t o r ,  wh i ch  p a r t i a l l y  o x i d i z e s  the H2S to  s u l f u r  and 

wa te r .  The e f f l u e n t  gas f rom the reac to r  Is coo led  to  condense the 

s u l f u r .  The T a l l - g a s  Is fed to  an I n c i n e r a t o r  wh ich  burns the rema in ing  

H2S to  SO2 and v e n t s  I t  t o  the atmosphere. 

Small amounts o f  a c i d  gas c o l l e c t e d  from the v a r i o u s  p a i n t s  In the 

process ,  where d i s s o l v e d  gases are f l a shed  f rom r e c l r c u l a t e d  wa te r ,  are 

a l so  disposed o f  t h r o u g h  the I n c i n e r a t o r ,  The s u l f u r  removal and 

recovery  process meet e z i s t l n g  env i ronmenta l  r e g u l a t i o n s .  

Combined C7¢1e P l a n t  

The sweetened syngas Is p l p e l l n e d  a p p r o x i m a t e l y  2000 fee t  t o  Dow's 

ex ls~Jng  gas t u r b i n e s  w h i c h  have been m o d i f i e d  to  accept  the medium Btu 

s y n t h e t i c  gas. Two West inghouse 5DID5 gas t u r b | n e s  have been m o d i f i e d  

tO accept 100% Syngas. T h i s  p rov l0es  f l e = l b l l l t y  o f  ope ra t i ons  f o r  thO 

Power P l=nt  and t he re  Is no s a c r i f i c e  In neat  r a t e  when runn ing  on 100~ 

n a t u r a l  gas. These gas t u r b i n e s  have a c a p ~ c l t y  o f  110 ~W each, 
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O ; y g e n . p l a n t  

oxygen Is be ing supp l i ed  to  th~ P r o j e c t  by A i r  Products Corporat ion.  

The oxygen p l a n t  is CO-lOCated ~ l t h  A i r  ProOucts" e x i s t i n g  hydrogen 

p l a n t ,  ad jacen t  to  the Dew Lou ls lan¢  D i v i s i o n .  The P ro j ec t  ~ u l l t  

c e r t a i n  minimum f a c i l i t i e s  needed to connect the co - l oca ted  oxygen 

p l a n t .  At c a p a c i t y ,  the P r o j e c t  rece i ves  about 1500 tons per day of 

oxygen.  

pro)ec¢ Plan 

A h i s t o r y  o f  the Imolementa t lon  of  the p r o j e c t  Is Shown on F igure  4. At 

the date of  t h i s  PaPer 's  s u b m i t t a l  the p r o j e c t  Is In the process o f  

r e f r a c t o r y  c u r i n g  In p reDa ra t l on  fo r  coal feed the f i r s t  week of  A p r i l .  

1987. 

Commercial A D o l l c a t l o n  

The Dew Syngas P r o j e c t  Is the l a rges t  G a s i f i c a t i o n  Combined Cycle power 

p l a n t  in o p e r a t i o n .  Th is  p l a n t  w i l l  demonstrate the r e l i a b i l i t y  and 

energy e f f i c i e n c y  of  the two stage Dew Coal G a s i f i c a t i o n  p rocess .  

C a p i t a ; ,  oDera¢lng and ma:ntenance cos ts  are being conf i rmed and the 

r e s u l t  Is a system tha t  r 6 f l e c t s  Dew's owner /opera tor  p e r s p e c t i v e .  

C a p i t a l  Costs have a l ready  been conf i rmed and are r e f l e c t e d  In the 

fO l lOw ing  ~ r o J e c t l o n  of  a gene r i c  base load power p lan t  c o n s t r u c t e d  on 

the Gu l f  Coast .  (F igure  5)-  
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F IGURE 5 

1392 MW IGCC PLANT UTILIZING THE DOW COAL GASIFICATION PROCESS 

C~=aCl¢ 7 

GT 6 • 145 12W 

ST 2 • 361.5  MW 

T o t a l  G e n e r a t i o n  

G a s l f l c = t l o n  Use 

Oxygen Use 

A u x i l i a r y  Use 

Net Power GenerateO 

TYPICAL LIGNITE 

CAP!TAL COST 

870 MW 

722 MW 

1592 MW 

- 23 MW 

- 1 6 2  UW 

- 15 MW 

1 3 9 2  MW 

C a p i t a l  MM 86S  8 6 S / K W  

G a s l f l c 3 t l o n  U n i t s  341 245 

Oxygen U n i t s  147 106 

Comblne~ Cyc le  U n i t s  482 346 

S i t e  F a c i l i t i e s  140 101 

TOTAL 1110 798 

Net System Heat Rate (HHV): 9418 BTU/KWH 

BASIS: 

1. 19565 

2. NO I n t e r e s t  O~r ing c o n s t r u c t i o n .  

3.  Con t i ngency  I nc l uoed  Is a p p r o x i m a t e l y  10¢ o f  the T o t a l  C a p i t a l .  

4.  E n g i n e e r i n g ,  p rocurement  and c o n t r a c t  a c l m l n i s t r a t l o n  are  I nc l uded  

a t  9 .3~  o f  t o t a l  d i r e c t  c o s t .  

5.  "Owner 's  C~s ts "  a re  no t  Inc luded  as they  can Be v a r i a b l e .  

G. COSt e s t i m a t e  Is %he tYPe ~h=t Dow woulO do f o r  p r e s e n t a t i o n  to  I t s  

Board f o r  c a p l t z l  a = t h o r l z a 2 i o n .  

7.  P& ID ' s ,  I ns t rumen t  L i s t s  an~ E~ulDment Des igns w e r e  taken from the  

LGTI p r o j e c t  where r e c e n t  ac tua l  purchases  were maOe. 
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MONITORING PROGRAPlS FOR UNIT OPERATIONAL PROBLEMS 

DUE TO 

HIGHLY FLUCTUATI~ LIGNITE QUALITY 

By DanAndrew, EricDarmstaedter and John Vidovich 

GUS, Inc. 

Dallas, Texas 

ABSTRACT 

Mine mouth power generating stations burning Texas lignite 
can experience operat$onal problems aue to periods of widely 
fluctuating lignite quality. Intermittent problems can occur in 
the areas of dust generation, lignite handling system pluggage, 
slagging, mud flyash collection. 

Lignite quality changes affecting operations in these areas 
can be grouped into primary and secondary categories. Field 
quality monitoring equipment is available that can measure these 
quality changes, usually in less than one hour. Monitoring 
equipment results can then be correlated with existing operations 
information. General lignite quality range limits can be 
identified which predict the onset of operational problems. 

With the additional capabilities of programmable logic con- 
trollers and PC data acquisition systems, diagnostic and !ong 
term monitoring programs can be run effectively. 

0 
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INTRODUCTION 

This paper examines the problem of fuel quality fluctuation at 
lignite ~:i e-mouth power generation sites from an operational 
viewpoint. The purpose of this paper is to review various field 
monitoring equipment, procedures, and programs that can provide 
operations personnel with early warning signals concerning 
problem lignite. With this knowledge, modified operational 
procedures can be instituted to control impending problems before 
they occur. 

Information is based on research, field trials, and existing 
monitoring programs at several Texas lignite fired mine mouth 
power sites from 1983 to 1987. Mining areas are typically 4-12 
miles from plant sites. Dedicated rail or haul road systems 
connect each plant with its respective mining areas. Between 
15,000 and 40,000 tons per day are mined, delivered and burned at 
each site. 

Although these generating units were originally designed with 
acceptable margins for lignite quality variations, 10% - 15% of 
unit operating time is far enough outside design margins to 
result in fuel cycle problems. Fluctuations in primary qualities 
of moisture, ash, sulfur, silica, calcium and particle size are 
common. T~ese variations can be due to natural seam formations, 
mining delivery and storage procedures, and/or weather patterns. 
Combinations of these changing parameters result in wide 
variations in secondary qualities such as bulk shear strength, 
dustiness, ash softening temperature, and flyash resistivity. 
Resulting problems occur in the areas of dust generation, lignite 
system pluggage, furnace slagging and/or flyash collection. 

Monitoring procedures have been set up at some locations to help 
predict uhese fuel quality related problems. Some procedures 
simply involve scheduled analysis of a combination of available 
operatin~ parameters. Other procedures involve field analysis 
equipment capable of results readout of primary and secondary 
qualities in one hour or less. 

Moisture analyzers, x--ray diffraction analyzers, bulk coal shear 
testers, teal time dust monitors, and resistivity probes are a 
few examples of the equipment discussed in this paper. 

Standard operations data and signal outputs from these monitoring 
tools can be tied together in various combinations through use of 
programmable logic controllers and PC data acquisition systems. 
The correct mix can result in a useful diagnostic program and/or 
a full scale continuous monitoring program. If data is also 
logged in a data base format, relationships between monitored 
parameters and operational problems can be continuously refined 
and improved upon. Eventuallyt the inforaation loop can be 
closed by directly controlling problem solving equipment. 
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LIGNITE QUALITY FLUCTUATIONS 

• Overview 

Operations personnel are concerned with lignite quality 
fluctuation at the generating plant. Three major factors 
influence these fluctuations at the mine mouth sites 
described in this paper. 

Variations in lignite deposit quality 
Mining, delivery and storage procedures 
Weather patterns 

When variations in all three areas are combined, extensive 
fluctuation in as-received lignite quality occurs. 

The lignite quality parameters of interest in this paper are 
divided into the primary and secondary qualities shown below. 

Primary - Silica, Calcium, Sulfur, Ash, Moisture, 
Particle size 

secondgry - Dustiness, bulk shear strength, ash fusion 
and flow temperatures, ash resistivity 

Certain combinations of primary quality variations can result 
in multiplicative fluctuations in secondary qualities. This 
paper addresses the periods when secondary qualities have 
varied enough to result in operational problems. 

" Variations in Lignite Deposit Quality 

Lignite deposit quality can fluctuate widely from seam to 
seam, pit to pit, and within a pit. The pit core analysis in 
Figure 1 shows primary qualities of sulfur and ash (dry 
basis) varying by factors of 2.2 and 3.2 respectively. Pit 
variations in higher quality deposits are somewhat less. 

PIT C~RE ~ G U ~ I  

FRC~-TO FT ASB 5~LFUR BT~ 

63.0 - 63.5 0.5 ?0.94 0.71 2574 

63.5 - 66.0 2.5 36.52 4.17 B160 

66.0 - 66.5 0.5 76.79 i.~3 !505 
(3.6 ~t ~a~tln~ but onZ~ t o ~  and b o t t o m  0.~ .n~:~ze~) 

69.1 - 69.6 0.5 78.59 1.88 1E04 

69.6 - 74.0 4.4 16.d$ 2.34 10736 

74.0 - 74.9 0.9 66.34 0.63 2872 

74.9 - 78°6 3.7 26.70 1.48 ~027 

78.6 - 79.4 a.8 4~.1a 1.07 ' 6207 

7 9 o l  - 84 ,0  a , ~  16 .25  1 .31  10659 ' 

84.0 - 84.5 0.5 72.~4 9.32 2320 

88 .5  - 89.~ 0 .5  7 8 . 2 9  O.S4 14B4 

8~ .0  - 90 .0  1 . 0  2 0 . 7 9  1 . 9 9  10145 



The thin partin%~ shown may be blackjack, clays, sandstone or 
other contaminants, depending on lignite deposit quality. 
These partings are usually high in ash, primarily containing 
aluminum and silica. Based on parting thickness, this 
material may be mined as part of the lignite seam or removed 
as it is encountered. The additional variable of partings 
being present or absent increases fluctuations in primary 
lignite qualities as lignite is transported out of each pit. 

Mining, Delivery, and Storage 

Typically, each plant site is fed simultaneously from several 
mining areas. Each mining area may include several pits. 
Lignite from different pits can be combined differently as it 
is transported by haulers, rail cars and/oF conveyors to the 
plant site. Planned blending operations and delivery sche- 
dules can reduce the number of pit combinations possible. 
However, transport equipment outages and other unexpected 
mining problems minimize the chances of continuous known pit 
blends reaching the plant site. 

Once on site, lignite can normally be directed to four 
general areas; the unit, short term outside storage, short 
term storage silos, or dead storage. Dead storage 
construction procedures add another source of lignite quality 
fluctuation. Dead storage piles are typically built by 
compacting lignite in layers and wetting down each layer as 
it is built. This helps structurally stabilize the pile for 
traffic and reduces spontaneous combustion proDlems. It also 
substantially changes the primary qualities of moisture and 
particle size. 

As dead storage is reclaimed and delivered to the units 
alternately with short term storage or run of mine lignite, 
secondary qualities of dustiness and bulk shear strength may 
fluctuate widely. 

Weather Patterns 

Texas lignite mine mouth sites are subjected to sudden varia- 
ations in weather. The extremes of above 100oF temperatures, 
summer direct sunlight and twenty four hour rainstorms in 
excess of three inches cause the majority of problems. 

Lignite in hot dry air can spall to fine particle size as it 
loses moisture. A lignite chunk can easily change from 35% 
moisture to 25% moisture in less than a week of hot dry sunn~ 
weather. 

Rainstorms affect lignite quality variation in two ways. A 
twenty four hour, three inch rainstorm can add 4% to 6% 
surface moisture to the top layer of outside storage piles. 
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If rainstorms are severe, mining operations can be inter- 
rupte~ due to temporarily flooded pits or impassable ramps. 
This situation forces changes in the source of lignite 
delivered to the unit, contributing further to lignfte 
quality fluctuation. 

Lignite Quality Fluctuation at the Plant Site 

Figures 2 and 3 represent lignite quality variation measured 
after secondary crushers. A wide range of lignite quality 
variation during two different time periods is shown in 
Figure 2. A significant shift in the ranges occurred over a 
thirty year period due to the opening of additional mining 
areas. 

I=LART SITE LIGRITE ~RLIT'Z VARI4~IC~N 
SITE 1 

PRIMAR~r 1955 19BI-19B3 
r IGNITE Q~,LZT"Z R ~ £  RARGE 

FIC4J~ Z 

$ {~} 1.6- 2.0 1.7- 2.5 
Ash [%] 14.5 - 18.1 10.S - 23.4 
S~O~ [%) B.4 - 28.9 56.6 - 65.2 
A!2~ 3 (~) 9.3 - 25.1 10.3 - 21.8 
Fe~O~ (L} 9.0 - 13.9 2.9 - B.7 
CaD "[%] 1 3 . B  - 3 0 . 3  7 . 5  - 1 ~ . 2  
MgO (%3 3.9 - 12.6 1.9 - 3.0 
SO 3 CE) 1 7 . 9  - 2 4 . 1  2 , 4  - 3 . 0  

Primary lignite quality variations at site 2 are shown for 
two separate years during a ten year period in Sigure 3. The 
two ranges are similar, however they cannot be directly 
compared since the 1982 data shows only variations to two 
standard deviations for moisture and ash. 

PLAET SITE LZG~IITE D~%ELITT VRRIA~OR 
SITE 2 FIGL~ 3 

RARGE TO ~W0 
TOTAL PARGE STD. DEVIR~IORS 

(1972) (1982) 

F~isture (%) 22.9 - 38.1 34.1 - 34.7 
ASh ( t )  4 . 3  - 1 3 . 2  So8  - 1 4 . 7  
Sulfur (1) 0.5- 3.6 0.44- 3.5" 

" To~al Range  

The effect of the three major influencing factors discussed 
in the first section cad also be seen in day to day lignite 
quality fluctuation. Primary qualities of moisture, ash and 
sulfur (dry basis) are graphed for a typical ten day period 
at site 2 in Figure 4. Data is from daily samples routinely 
collected from tripper belts. 
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Lignite quality fluctuations that cause operational problems 
a~e usually the result of two or more primary quality changes 
occurring in the wrong direction simultaneously. The differ- 
ence in moisture between July 14th and July 16th (36.4-31.8) 
together with the change in ash content (22.0-16.8} can 
result in an extensive shift in bulk shear strength. 

The difference in sulfur content between July 12th and July 
16th (1.05-1.21) together with the change in ash content 
(23.0-16.8) can cause significant changes in ash resistivity. 
Combinations of primary lignite qualities such as these re- 
sult in secondary quality fluctuations that are of concern to 
operations personnel. 

LIGNITE MONITORING PROCEDURES 

Overview 

From an operational viewpoint it is beneficial to know when 
changes in secondary lignite quality parameters are occurring. 
This can be accomplished by monitoring related primary 
lignite qualities or directly measuring secondary qualities. 
General relationships between primary and secondary qualities 
are shown in Figure 5, along with field monitoring equipment 
used to measure both. This section describes each monitoring 
instrument. Examples are given to show how equipment can be 
Used to diagnose and predict operational problems due to 
fluctuating lignite quality. 
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ROWXTORI~ LIGRITE ~ALITT 
FOR OPERATIONS 

LIGNITE 

~RIR~tRT ~ALXTT SE~ORDAR~ ~RLITT 

Ash, S i l i c a ,  Moisture 

~o i s tuze ,  P a r t i c l e  Size 

Ash, SiliCa, 
Calcium, Sul fu~ 

• sh, Sulfur 

Flr-UP~ 5 

OPERAT|ORS 

~RITORZRG OPERATIONAL 
E~IPRERT SIGr~LS 

Bulk Shear Strength A, B, C A, B, D 

Dustlnes~ C, D A, D, C 

Ash softenln~ temperature A, E E, P 
or a~h flOW poinu 
t¢~pecature 

Re~tlvlty A. P E, F,  G 

RONITOR~RG E00IPr~NT 

A. X-ra> ~luorescence 
B. Rotational £hearteSter 
C. ~icco~ave =olEture mnal~zer 
D. Real T~me Aeroso2 monitor 
F. Optical pyrometer 
F. ResisU~vity pro~e 

OPERATIONAL XRFOR~TX~ 

A. Storage p i l e  sou£ce 
B. Coa2 on/o~f bel ts  
C. Sur~e b~n leveI£ 
D. Chute buildups 
E. EXCe~S O2e HI, TPH, BurnEate 
F. Exit ~as te=perature, ESF EeE~tE~a~ 

factor~, S0 2 inlet gpm 
G. Opacity 

X-Ray Fluorescence Lignite Analyzer 

The x-ray fluorescence analyzer is used to monitor primary 
lignite qualities of ash, sulfur, silica and calcium. As a 
portable unit, it is capable of operating on battery or AC 
power and is well suited for field use. After establishing a 
model by initial calibration with known samples, the analyzer 
provides accurate results within five minutes of sample prep- 
aration. 

The unit operates by exciting the elements within the lignite 
sample using a radioactive source. Emissions from the lig- 
nite are counted and results are displayed on an LCD. 

The analyzer has proven to be valuable ~n determining lignite 
properties because of its short turnaround time. As shown in 
Figure 6, ash and silica values can be plotted with lignite 
moisture levels and bulk shear strengths (F~V) as often as 
once every sixty minutes. This information is used to 
predict when buildups and/or pluggage will occur in the 
lignite handling system. 
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Rotational Bulk Shear Tester 

Two major types of bulk shear equipment are in use today - 
rotational and linear translational. Due to its ease of 
operation and relatively short run time, the rotational shear 
tester can be used for field measurement. 

The basic function of the rotational sheartester is to set up 
an equally distributed shearing force across a horizontal 
plane in a lignite sample. This is done while the sample is 
placed under varied vertical consolidation loads. ~s the 
sample is twisted (or sheared), the force is transmitted 
through the sample via frictional forces to a load cell force 
measurement device. Information is then tabulated, processed 
(manually or with a computer program) and plotted on a Mohr's 
circle analysis graph. Unconfined yield strength and 
consolidation pressure are read from the graph. Several 
Mohr's circles will define a flow function line. For a given 
handling system, a bu~k shear strength can be determined and 
represented in ibs/ft z o~ an arbitrary relative flow factor 
value (FFV). 

The entire sampling test time is 30-45 minutes. As shown in 
Figure 6, the flow factor value (}FV) is plotted with lignite 
ash, moisture and silica values. These primary lignite 
qualities can combine to produce significant variations in 
the EFV, especially when all qualities fluctuate in the same 
direction. The usefulness of this information has been 
previously mentioned. 
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~crowave L~gn~te MoistureAnalyzer 

Lignite moisture levels can fluctuate significantly over 
short periods of time due to i~fluences from all three major 
contributing factors mentioned in Section i. Since the minus 
B mesh fraction contributes more to dust and/or bulk shear 
strength problems, moisture is monitored for this fraction 
more frequently. The microwave moisture analyzer results are 
available wdthin twenty minutes of sample preparation. 

The analyzer functions b y  placing a three to four gram, minus 
8 mesh lignite sample on a scale within the oven. After the 
drying cycle is completed, the weight after drying is com- 
pared to the initial weight and the water loss is displayed 
in terms of percent moisture. All weight measurements and 
calculations are done within the moisture analyzer informa- 
tion processing unit. 

Figure 7 shows how moisture fluctuations can be compared to 
other primary and secondary lignite qualities to monitor 
material handling problems t~roughout the handling system. 
Because of the rapid response time, several lignite sources 
can be monitored each hour. 

GUS. INC. LIGNITE PLUGGAGE SHEET 
FIGURE 7 

DATE: 12-~4-~.~ Cr~sller Ou|lQl Ql~l lJty ~IIZ~WA~-TS: 775 
SHEAR: 145 ]bS/Sq f t  

T]UE: 0700 ]g 19" TONNAC~E: 604 TPH 
~ILIC, A., - 

OPER, DA . . . .  B O O K :  Supply. ing 

GLFRAT£, 0 MOISTURE. a~..qu. ~,T.eam to unlT, 

- - ,  

C~.sher A,5 

3s.~ ~MOLST 31.~ ~MOS~ 

21.1~ SaL IC~  ] 9 . 1 9 " . ~ U C A  

MtN£7.]/.L/2-C-;5 {At, A3, BL C% OS] 

COMMENTS: ~nall butldups In cnu:es of eas: and we~t fceder pans of  transfe~ house. 

Sh~|d no$ ~use problems,. A11 points checked 3t ,1930. 
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Pluggage Detectors 

The buildup and pluggage data in Figure 7 was logged manually 
by operations personnel routinely inspecting the handling 
system. Automatic pluggage detectors can sense when critical 
chute buildup levels are reached and send an alarm signal to 
recording instrumentation. This equipment can reduce the 
need for extra monitoring manpower during periods of fluctu- 
ating lignite bulk shear strength. 

Pluggage detectors discussed in this paper function by 
sending a narrow, low level radiation beam across lignite 
handling chute work perpendicular to lignite flow. The 
signal is attenuated by the amount of lignite buildup along 
the inside of the chute. Critical levels are calibrated and 
preset. 

If equipment of this type is integrated with centralized 
recording instrumentation, the complete handling system can 
be monitored for buildup on a real time basis. Manpower time 
and safety concerns can be reduced. 

R e a l  T i m e  A e r o s o l  M o n i t o r  

The real time aerosol monitor dir.ectly measures ambient 
particulate levels in terms of mg/m ~. It is more efficient 
to monitor dust directly than to monitor the primary lignite 
qualities of moisture and particle size. 

The monitor functions by drawing a particulate laden air 
stream through a pulsed light emitting diode. The scattered 
radiation measured is proportional to the dust concentration. 
A signal output is provided for recording purposes. 

The aerosol monitor can be used as a portable unit for spot 
checking areas of concern or as a stationary unit. The 
aerosol monitor output in Figure 8 is driving a strip chart 
recorder. Additional signals from feeders, conveyors and a 
surge silo are being monitored simultaneously according to 
procedures described in Figure 5. In this example, a real 
time aerosol monitor is being used to determine which dust 
problems are caused by lignite quality fluctuation and which 
are caused by operational changes. 
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High Volume Air Sampler 

This method of measuring ambient lignite dust concentrations 
has its main application in outdoor situations or where long 
term single sample testing is required. 

The method of operation is to draw a know volume of particu- 
late laden air through a filter of known weight. At a pre- 
determined point, the filter is re-weighed and the particu- 
late concentration is calculated. 

Several drawbacks to using this measurement device for opera- 
tional monitorin 9 include inability to distinguish high and 
low dustin~ conditions during a single sampling run, diffi- 
culty in obtaining usable signal outputs an~ long test turn- 
around times. For these reasons, the high volume unit is 
Seldom used for diagnostic testing of fluctuating lignite 
dusting. 
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Optic~l Pyrometer 

An optical pyrometer is used to measure the temperature of 
slag deposits inside the furnace. The optical pyrometer is a 
hand held, battery operated device used to measure slag or 
furnace wall temperatures in areas not hospitable to other 
types of measurement. The pyrometer reads the infrared or 
optical radiation generated by the hot surface and is adjust- 
ed to the material via an emissivity value. The emissivity 
value is a given for the material (slag, tube surface, etc.) 
being measured in a given temperature range and surface 
condition. 

Pyrometer information, coupled with visual observations of 
slag quality, can be used to generally estimate secondary 
lignite qualities of ash softening and ash flow temperatures. 
However, during combustion, slagging characteristics of lig- 
nite are dependent upon operational parameters as well as 
lignite quality fluctuation. 

It is important when monitoring for slagging problems to cor- 
rectly combine information from x-ray fluorescence, optical 
Pyrometry, slag survey logs, empiricalccrrelations, and unit 
operations information before reaching predictive conclusions. 

In-situ Resistivity Probe 

Flyash resistivity is a secondary lignite quality dependent 
mostly upon primary qualities of sulfur, silica, calcium, 
alumina and sodium as well as various unit operating condi- 
tions. Flyash resistivity is a key factor in electrostatic 
precipitator (ESP) performance. The principle tool used to 
monitor changes in resistivity is the in-situ resistivity 
Probe. 

The in-situ resistivity probe operates with the collection 
section of the device inside the flue gas stream. A flyash 
sample is collected onto a disc shaped plate electrode 
through an electrostatic ~orona discharge emitted continuous- 
ly from a point source. Flyash particles are charged and 
deposited in a method similar to that of an ESP. 

The voltage versus amperage characteristics of the deposited 
layer are compared to the voltage versus amperage character- 
istics without a flyash layer present. The resistivity value 
is calculated by combining this information with the col- 
lected layer thickness. 

This test can be extremely valuable in diagnostic programs 
designed to evaluate ESP performance problems under fluctu- 
ating lignite quality conditions. Ash resistivity can fluc- 
tuate significantly, as shown in Figure 9. In this example, 
gas conditioning is being used to artificially change ash 
resistivity by approximately one half order of magnitude. 
The ESP resistance factors, a measure of ESP ~Derating per- 
formance, generally follow the changes in ash rc 3istivity in 
this case. 
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As a measurement tool, the in-situ resistivity probe can 
supply accurate repeatable and timely results, usually with- 
in forty five minutes. Like the optical pyrometer, however, 
results should be combined with primary lignite quali%ies and 
unit operating conditions, especially flue gas temperatures, 
before predictions on ESP performance are made. 

ESP Resistance Factors 

ESP resistance factors are calculable values derived by 
dividing ESP secondary voltage by secondary amperage (ku/ma). 
This monitoring factor is used for trending and spot checking 
ESP performance changes due to flyash resistivity and/or 
collection plate buildups. A general r~se in the resistance 
of all ESP sections usually signals a lignite quality change. 
A rise in an isol~ted ESP section usually signals a tapper 
vibrator malfunction. 

Typically, resistance factors are combined with primary lig- 
nite quality analysis and in-situ ash resistivity measurement 
to diagnose and monitor ESP performance. Changes in lignite 
quality, resistivity and resistance factors usually signal an 
impending change in ESP performance as measure~ by opacity 
(se4 Figure i0). Resistance factors will trend behind resis- 
tivity values hue to the time required for ESP ash collection 
and removal. Opacity problems will normally lag behind 
changes in resistance factors. 
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The combination of monitoring resistivity and ESP resistance 
factors has proven to be an accurate method of tracking and 
predicting lignite unit ESP performance in most cases. 
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DATA ACQUISITION AND A~ALTSIS 

" O v e r v i e w  

Historically, lignite plants have used various operational 
signal outputs to control lignite transfer from the yard to 
the plant. These signals combined with signal outputs from 
various monitoring equipment discussed in this paper cam 
provide an engineer witb enough information to solve most 
problems caused by lignite quality fluctuation. However, 
data acquisition and analysis using strip chart recorders, 
log sheets and visual observations can be time consuming and 
cumbersome. 

If equipment and/3r available sigsals are decentralized, con- 
trol of information becomes difficult and data can be lost or 
outdated by the time it is analyzed. 

In order to increase information processing efficiency for 
engineezing and provide useful information fOE operations, 
additional monitoring tools are recommended. An on-line data 
acquisition system compatible with most personal computers can 
monitor and data log all program parameters simultaneously. 

2 BI-14 



A programmable logic controller (2LC) can be used to access 
and condition all necessary signals as well as provide for 
flexibility when several different operational procedures 
must be monitored. The combination of a PLC and data acqui- 
sition system [xth IBM compatible PC interfacing ultimately 
furnishes the engineer with a powerful monitoring system. 

Data Acquisition Rethod Comparison 

Asimple example'illustrating the comparison between the 
older monitoring approach and the more efficient method 
utilizing a PC data acquisition system is shown in Figure 8 
and Figure ii respectively. Both methods document the prob- 
lem of dust generated by transporting an intermittent supply 
of lignite through an empty surge bin. The first method 
(Figure 8) was completed by comparing several strip charts, 
coordinating several operational signals and manually adjust- 
ing and documenting various operating parameters. Threeto 
four days were necessary to complete data acquisition and 
determine preliminary correlations. 

The second method employed a PLC and a PC data acquisition 
system. The system simultaneously gathers, interprets, dis- 
plays and logs the same information collected in the first 
method on a real time basis. Data is automatically stored in 
a data base format for future correlation analysis. A simple 
display of several program parameters is shown in Figure ii. 

SITE 2 
U N I T  1 3  - CF~JSHER OUTLET 
DUST GENERATION PRDGRriM 
m~H 1 9 8 7  FIGUIE I ] .  

YEAR MOMTH I ~ T E  
1(~B7 :3 20 

SUR~EB] N ~EL.T ]BELT 
DUST LEVEL 30~=i  3¢5B 

HOUR R £NUTE (mq /m3)  ( t o n s )  (~.ph) {'~!:h ) 
~mm 

*.4 5 0  2 . 3  0 0 0 
14 "~1 2 . 3  9 0 0 
: 4  '~2 4 . 8  0 0 0 
14 5 3  4.6 0 ZO 0 
14 ~ 4  4 . 9  13  2 3  0 
14 5 5  S , 3  ~.,L 0 0 
14 ~ 6  6 . 6  5 2  "7 0 
14 = 7  6 . 0  7~; (1 0 
14 58 7 . 0  9 4  0 0 
14 =;9 b .  6 I Z..~ 2 0 
15 0 6 .  • 1 3 6  0 0 
I " ;  1 7 . ~  l S 7  21  0 
: 5  2 "2.6 : 7 ~  0 .~89 
1-": ~ ,.~o& 184  0 "~90 
t ~  4 3 . 8  I. 7T 0 8 8 4  
15 5 "%0 1 7 4  0 ~'-'~ 
15 6 2 . 5  18~-, 0 6 1 0  
15 "7 2 . 3  2EI8 0 6 1 4  
15 8 I .  S 1 7 8  0 ~'36 
I,% 9 1o~ 1 7 :  0 b.-'~; 
; 5  ; 0  I . ~  177  r) EQ. ~- 
15 :1 ! 1 . ~  1 8 "  0 9,,,4 
15 ".;'~ 1 . 6  1 8 "  r, • 9t..T 
IS 13 1.4 164 ~" ' ~.099 
1~ 14 1 . ~  161 0 100/~ 
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Diagnostic efficiency is increased by automatic data analysis 
and interpretation capabilities. 

Data is collected continuously and printed out every minute 
in this case. Data can be collected, averaged, and/o~ 
printed in whatever format the operator :hccses. Because in- 
formation is directly logged into a data base system, immedi- 
ate trendchecks,correlatio~sor graphics can be displayed. 
These features benefit the operator by simplifying data col- 
lection, analysis and reporting functions. 

SUMMARY 

Fluctuations in lignite quality contribute significantly to peri- 
odic operational problems. With the use of specialized mGnitoring 
equipment, it is possible to maintain a close watch on these 
primary and secondary lignite qualities. A comprehensive moni- 
toring program can be set up by combining the correct monitoring 
equipment with existing operational information. 

This information can be used by operations personnel to rapidly 
understand why problems are occurring and make knowledgeable 
decisions on how to handle these p[oblems. PC data acquisition 
systems and programmable logic contrcllers can be used for 
monitoring, display and data logging. These system enhancements 
can make overall monitoring programs logistically practical for 
operations personnel and provide a powerful analysis tool for 
engineers. 
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ABSTRACT 

Utility Fuels, Inc. (UFI) owns and operates coal handling facilities that 
service Units 5,6,7, and 8 at Houston Lighting & Power's V. A. Parish 
Electric Generating Station. Nine (9) million tons of coal is 
transported annually by unit train from mines in Montana and Wyoming and 
i~ stacked out over Reclaim Feeders that deliver the coal by conveyor 
belts to the unit silos. The reclaim system feeding Units 5 and 6 (660 
megavatts each) is designated as Phase I while the second system, Phase 
II, supplies Units 7 and 8 (560 megavatts each). 

A Mimic Coal Board was located in each o£ HL&P's Phase I and Phase II 
control centers for monitoring and controlling the Phase I and Phase II 
Reclaim Systems. In late 1985, UFI decided to replace the Phase I system 
and to consolidate the Phase I and II Reclaim Control Systems in a new 
building. 

The project consisted of replacing the control system on Phase I with 
Modicon Programmable Logic Controllers (PLC) and Remote Input/0utput 
Modules similar to that existing in Phase II. Phase I and Phase II Mimic 
Control Boards were replaced with a computerized CRTIColor Graphics 
Operators Console. 

In December, 1986, Phase I and II uere operational and training was 
completed. Operations was able to move out of HL&P's two control rooms 
into a centrallzed, state-of-the-art Operations Control CenteE. 

The e a r l y  planning, des ign ing ,  and implementation of  t h i s  system, and i t s  
d e s c r i p t i o n ,  i s  the s u b j e c t  of  t h i s  paper.  The equipment was i n s t a l l e d  
and t e s t e d  without  d i s r u p t i o n  of  UFI's  a b i l i t y  to d e l i v e r  coal .  From the 
time a P r o j e c t  Team was e s t a b l i s h e d  in January,  1986, to the turn ing  over  
to  Operat ions  in January :  1987, bTI never once f a i l e d  to meet i t s  coa l  
d e l i v e r ,  requirements  to IIL&P. 
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INTROEKETION 

Utility Fuels, I n c .  (UFI) owns and operates the coal handling 
facilities that provide the fuel to the boilers of Houston Lighting 
and Power Company (HL&P) at their W. A. Parish Electric Generating 
Station. The Parish plant is located approximately thirty miles 
southwest of do~rntown Houston in Fort Bend County, Texas. The 
initial four units of the plant are g-as fired with a second set of 
four being fired by coal. The Parish Units 5 and 6 are capable of 
generating 660 megawatts gross each and Units 7 and 8 have 500 
megawatts gross capability. The fuel for these Units is obtained 
from Wyomingand Montana. It is loaded into unit trains composed of 
rail cars o'~ned by UFI and brought to the Parish facilities where 
they are unloaded by UFI. The coal is stockpiled until it is 
required, ~d then it is reclaimed from the stockpile and 
transported by conveyors to the boiler silos. (See Figure I.) 

The facilities operated by UFi include a system dedicated to Units 5 
and 6 commonly referred to as Phase I and a system dedicated to 
Units 7 and 8 referred to as Phase If. Each system consists of an 
unloading/stockpiling component and a reclaim component that conveys 
the coal to the boiler silos. The control system for the 
unloading/storing subsystem is separate from the reclaim portion on 
both phases. Coal is purchased by UFI from both Montana and 
Wyoming. To optimize the quality of coal burned, a blending 
capability at the reclaim is necessary. Coal is seg~regazed in the 
storage areas and both reclaim systems are capable of blending 
products conveyed to the boiler to meet the requirements given to 
UFI by HL&P. The total annual coal consumption for the four units 
is approximately nine million tons. 

The Pbase I coal handling system yam placed into service in 1978 and 
Phase IX yam placed into service in 1982. Actual operations of the 
coal handling facility was performed by an independent contractor 
u n t i l  March, 1984. At t h a t  t ime,  UFI, an o p e r a t i n g  company, took 
over the daily operation of the facility. When this occurred, 
several evaluations of both equipment and operating methods were 
undertaken. One area that was identified as being an o p p o r t u n i t y  
fQr improved productivity and reliability was the Reclaim Control 
Systems. 

I n  J anua ry ,  1986, trFi began a p r o j e c t  to  upgrade  the  Phase I and 
Phase II Reclaim Control Systems. The planning, designing, and 
commissioning of this project is the subject of this paper. 
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EQUIPMENT CONPIGUEATION 

The Phase I Reclaim Control System consisted of relay logic 
centralized in three electric equipment buildings. Remote control 
and monitoring relay contacts were wired to terminal strips located 
in a ~ingle equipment cabinet in each electric building. Also 
contsined in this equipment cabinet was the ForneyRemote Telemetry 
System ~i~h input~output boards wired to these terminal strips. 

Each of the three Forney Remotes telemetered data over shielded cable 
to the Forney Mas~er Controller in HL&P's Phase I Computer Equipment 
Room located just below the Control Root. The Forney Master, which 
consisted of a NOVA computer and Forney equipment, was hardwlred by 
multiple cables to the Reclaim Control Board upstairs. 

The Reclaim Control Board ~as a fourteen-foo~-wlde gr~phlc 
representation of the Phase I Reclaim System. Control pushbuttons; 
lamp indicators, and an alarm annunciator panel were wired ~o the 
Forney System. 

The UF! operator was stationed at this board with Gaitronlcs (a 
paglng/phone system) and radio communication contact to the field 
personnel. HL&P's control equipment and personnel occupied the bulk 
of the c o n t r o l  r o o m  a r e a .  

The Phase II Reclaim Control System functions operationally in a 
similar manner as Phase I. The major difference being that Phase II 
utilizes a Gould-Modicon Programmable Control Logic (PLC) instead of 
r e l a y  l o g i c .  

Three Remote I n p u t / O u t p u t  (II0) units are located in three electric 
equipment buildings. The I/O modules interface directly to the field 
devices and starters. This data is transmitted via a redundant coax 
cable to redundant PLC Mainframes. A manual switch places one PLC 
and one coaxial data highway on active status. The remote I/O data 
is p~ocessed in the active PLC program to perform the permissive and 
sequential operation. 

Adjacent to the dual PLC's in BL&P's Phase IX Electronics Equipment 
Room are additional Remote I/O Units that serve as the interface 
between the active PLC and the Control Board located upstairs. The 
layout of the graphic Control Board is very similar in design and 
f u n c t i o n  a.~ described for Phase I. 

In a d d i t i o n  to the two Modlcon 58~L PLC Mainframes for the Phase II 
Reclaim System, UFI owns two other 584L PLC's. One was set up as a 
training u n i t  and the other serves as a site spare. 
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PROJECT I~FTION 

The Phase I control system was becoming increasingly difficult to 
maintain due to its age and lack of spare parts. 

The location of the two control centers in HL&P's ~ain controls 
rooms, together with the va~ous subsystems being located in HIAP's 
Electric Rooms created a hose of inefficiencies in both operation and 
maintenance. Centralizing both Control Systems eliminated the need 
for four operators and placed the heart of Operations in a location 
accessible by Management, Maintenance, and Operations. 

The project was defined to upgrade the Phase I system with Modicon 
PLC's and I/0's similar to Ph~;e II, and to centralize the control 

..... =, ,:~ Control Room. The Control Board would be 
replaced by a color-graphic CRT console. A Project Team was 
established in January, 1986, with a goal cf beipg oparatlonal from 
the new control room by December, 1986. 

Major tasks to be accomplished included: 

1. I n s t a l l  a new c o a x i a l  d a t a  highway fo r  Phase I .  

2. Extend the existing data highway of Phase II to the new control 
roo~. 

3. Construct a new control room. 

4. Install neu remote !/O for Phase I. 

5. Install single PLC's for both Phases, to be followed later with 
backup Unit installation. 

6. Install a centralized CRT/Color Graphics Operators Console. 

7. Train operators and electricians on the new system. 

I N P ~ & T I O N  

UFI i s s u e d  c o n t r a c t s  f o r  the  C o n t r o l  Room B u i l d i n g ,  Coax ia l  Bighway, 
and the  Con t ro l  System Equipment and System Design.  

I t  was decided to  ex tend  the  UFI Admin i s t r a t i on  B u i l d i n g  to inc lude  
t he  Opera to r s  Cont ro l  Room, ~he PLC Equipment Room, and the 
Foreman's Office. Underground conduits and stubups were laid out 
prior to the slab being poured for the future installation of the 
control equipment. 
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The new coaxial data highway for Phase I was installed and tested 
for the future tie-in of the Modicon equipment. Seventy-flve-obm 
terminators were installed where Remote IlO Units would be 
connected. A Frequency Generator and Test Set were connected on the 
PLC Mainframe end. Simulated signals were placed on the cable and 
db loss readings were obtained. All losses were measured and found 
to be within design parameters~ 

The two spare UFI PLC's were sh ipped  to TXE-Texamation, the Systems 
Contractor, for configuration and programming into the new Control 
System. New Remote I/O's were purchased for Phase I as well as for 
each of HL&P's Control Rooms for the purpose of monitoring silo 
levels and status. 

A computerized CRT/Color Graphics System, called OMNI-MAP, was 
designed and furnished by Texamation for the man-machlne interface 
between the operator and the PLC System. 

The system design was to take the existing Phase II PLC program and 
change the I/O address from the old Control Board to the 0MNI 
computer. The field addresses and program logic were to  remain 
~nchanged. 

The Phase I PLC program was to be copied from the Phase II program 
and then  modi f i ed .  Although s e v e r a l  changes had to  be made to 
accommodate unique differences in each Phase, two results were 
accomplished by using this copy approach. First, a tried and proven 
program would be used as a basis for change rather than starting 
from scratch. Second, and perhaps more beneficial for the future, 
PLC base logic will ultimately replace field relay logic; that Is, 
permissive and shutdown devices would be paralleled between PLC 
logic and relay logic. A trip device would drop the relays circuit 
as well as the PLC. Subsequently, relays can be removed with little 
or no change to the PLC program. 

Unique graphic displays and procedures for operator interaction were 
specified to the Contractor by UFI. A daily workin E relationship 
between UFI and Texamation was maintained throughout the design and 
i m p l e m e n t a t i o n .  An a c c e p t a n c e  t e s t  p rocedure  was g e n e r a t e d  and 
approved .  

The F a c t o r y  Acceptance Tes t  was per formed in October ,  1986, and the 
system s h i pped  to  W. A. P a r i s h .  

The central hardware was installed and powered up as soon as it was 
in place. The Phase I Remote Units were set in place, powered, and 
connected  to  the  da ta  highway. 
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All Phase I remote unit interface wiring was installed in parallel 
to the old system without any IiO modules plugged into their 
housing. One by one, Input Modules were plugged in to provide a 
current data base to the PLC and the console computer. Dynamic 
values were checked point by point. 

When the  c o a l  was no t  be ing  d e l i v e r e d  to  the  Phase I s i l o s ,  the 
o u t p u t s  from the  o ld  c o n t r o l  sys tem were d i s a b l e d ,  and the  Modicon 
Output  Modules were i n s e r t e d  and a c t i v a t e d .  As t ime p e r m i t t e d ,  
individual control outputs ~ere initiated from the new console. 
~rh~u it was time to start up the old system, Modicon Output Modules 
were removed and the old outputs activated. 

The control swapover continued until all devices were checked out  
t h o r o u g h l y  on the  new sys t em.  

The system control remained on the old system while Operator 
Training ~as conducted. Each of the four shift crews received two 
days of training on the Phase I "monitoring- only" console. 

Following the training, the complete sw~pover of  Phase ~ was 
performed, and Phase I began operations full time from the new 
control center. 

Phase II could not be paralleled, as was Phase I, because the Remote 
I/O's could only be addressed from either the old or new PLC 
Mainframe location. When coal was not being d~livered to  the  Phase 
II silos, the old PLC was removed from the data highway and replaced 
with a 75-.-ohm terminator. The 75-ohm terminator on the new end of 
the  d a t a  highway was removed and r e p l a c e d  by t h e  newly conf i6 .ared  
PLC. Where pushbuttons and lights on the Coal Board monitored and 
controlled the reclaim system via the old PLC configuration, the 
OHNI-MAP CRT's and keyboards replaced those functions. Each action 
had to be checked on the new system. As soon as a coal delivery was 
required, the reversal of PLC's and terminato=s was performed to 
restore the old system. Following several days of this swapping 
back and forth, the Phase II system became operational from the new 
c o n t r o l  room. 

A f t e r  f i n e  t u n i n g  and enhanc ing  the  sys t em w h i l e  o n - l i n e ,  the  o ld  
PI~'s were removed from the old system, instaulled as backups to 
Phase l and Phase II, and the new configuration program tapes were 
loaded. 

The Reclaim Control System is shown in the attached UFI Drawing No. 
CS-001. 
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SYSTEM D B ~ O M  

The Operators Console consists of a center section and 45 ° wings on 
each end. Phase I is contained in the left section and Phase II is 
in the  right section. (See Figure 2) 

Each Phase contains three Color CRT Monitors. The two on the 45 ° 
Section axe identical. Each one is a touchscreen with an associated 
keyboard. The center section contains a fixed display that depicts 
the  silo s t a t u s .  

Each Phase has two printers located in the Operators Control Room. 
One p r i n t e r  i s  f o r  a l l  a larm and c o n t r o l  a c t i o n  l o g g i n g .  The o t h e r  
p r i n t e r  i s  f o r  demand l o g g i n g .  

Located in the  PLC Equipment room is an Engineering CRT/Keyboard 
u n i t  t h a t  i s  a u t o m a t i c a l l y  connected  to the  o f f - l i n e ,  or  backup 
conso le  computer.  

Each Phase consists of two DEC-PDPII73 computers. Each computer is 
connected to a watchdog peripheral switch so as to switch the active 
computer to the Operators Console and the PLC Mainframe. 

The Operator has access to several different displays on the two 
CRT's on the 45 ° section. System displays are arranged in a 
hierarchy order whereby the overall system summary is at the top and 
individual subsystems can be selected for display from the Summary. 
Individual block status displays can be selected from the subsystem. 

Dynamic color coding is used to show the status of each device. Red 
indicates a device is running, green is for off, maEenta depicts 
that the device is in a non-ready or lock-out condition, and other 
colors for static background. 

The two top l i n e s  o f  eve ry  d i s p l a y  show the  two most c u r r e n t  a la rms  
or  c o n t r o l  a c t i o n .  M u l t i p l e  a larm d i s p l a y s  c o n t a i n  a l l  the  a larm 
c o n d i t i o n s .  ~nen an a la rm occu r s ,  an a u d i b l e  a larm sounds and the  
d e s c r l p t i o ~  i s  logged on the  a la rm summary page,  the  CRT's top l i n e ,  
the  p r i n t e r  and on the  hard  d i s k .  Each a la rm,  r e t u r n - t o - n o r m a l ,  or  
o p e r a t o r  a c t i o n  i s  l i s t e d  by T ime /Pa te ,  D e s c r i p t i o n ,  and the  S h i f t  
O p e r a l o r ' s  name. 

Every ana log  va lue  can be d i s p l a y e d  on Trend Di sp l ays  t h a t  
g r a p h i c a l l y  p l o t  h i s t o r i c a l  v a l u e s .  This  " h i s t o r i c a l  window" can 
be a d j u s t e d  from a minimum of  fou r  hours  to a maximum o f  999 hours .  

Other displays show the Fire System Status, Indiv idual  Motor 
Permissive Status, KELP Displays, and Operator Scratch Pads for 
writing messages to  the  next  Shift Operator. 
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System control can be accomplished in either MANUAL or AUTOMATIC 
modes. In the MANUAL mode, individual devices are controlled by 
touch selection and execution. If a device is ready to start, i.e., 
not locked out and conveyors downstream a re  on, the d~"Ice name is 
displayed in red. If the device is not ready to operate, ;t will be 
displayed in white. 

In the AUTOMATIC mode, the Operator must designate which conveyor 
system, odd or even, is to be run, which tripper will be used to 
fill which Units silos, and whether the Reclaimed Coal will come 
from the Active or Emergency Pile. If the Flop Gates are in the 
flow alignment selected, the AUTO MODE will indicate a READY. The 
Operator then executes a single AUTO START com~. Conveyors and 
the associated crusher are automatically started in the proper 
sequence. The Operator starts the required feeders. However, the 
system remembers the initially selected feeders, and when purging of 
the belts is required, feeders will shut down and restart 
automatically. Purging comes about when the system detects that the 
next silo is not to be filled, or ~-hen the filling of all silos is 
complete. When the last silo is filled to its PURGE LEVEL, a 
sequential purging shutdown commences. Nhen the Tripper has been 
returned to its PARK position, the automatic sequence is turned off 
until the next Operator-initiated START occurs. / 

S E t "  

With this computer base CRT Graphics System, UFI will be able to 
add, d e l e t e ,  and modify system enhancement much e a s i e r  and l e s s  
c o s t l y  than modifying a f ixed Mimic Control  Board. Record keeping 
and r e t r i e v a l  w i l l  be g r e a t l y  s i m p l i f i e d .  

With all the system redundancy and the same PLE IlO equipment in 
both Phases, UFI's corrective and preventive maintenance should be 
greatly improved in addition to the savings in labor by mannin E only 
one Control Room. 

The UFI W. A. Parish Reclaim Control System is a unique, modern, 
state-of-the-art system of which Management, Engineer ing,  and 
Operations is very proud. 
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