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Introduction 

Util ization of North Dakota l ign i t i c  coals has been primarily restricted 
to mine-mouth power generation of electr ici ty. In a few cases, past and 
present, i t  has been economical to transport lignites moderate distances via 
rai l .  However, high moisture, dustiness, spontaneous combustion, and 
competition from Wyoming and Montana subbituminous coals have reduced the 
demand for North Dakota lignites in these markets. 

Most attempts to promote the export of North Dakota l igni te,  by reducing 
moisture and enhancing the energy content, have used evaporative drying which 
accelerates the dusting and spontaneous combustion problems. An additional 
detriment is that the excellent reactivity of the raw l ignite may be severely 
reduced by oxidation, i f  gaseous thermal drying is used. In addition, and 
perhaps most importantly, these drying processes do not significantly reduce 
the moisture-free sulfur or ash levels in the coal products. This is a 
concern because of the adverse environmental effects of acid rain generated 
from fossil fuel emissions. Lignite can be.marketed as a premium quality fuel 
i f  a beneficiation process is developed which economically reduces moisture, 
preserves coal reactivity, reduces sulfur and ash, a~d enhances stabi l i ty  
during handling. Oil agglomeration is a developing technology that holds 
promise for achieving these objectives, while leaving the coal product in a 
manageab]e, exportable form for dry rai l  transportation. 

This paper describes bench-scale testing of an oil agglomeration 
techn:que developed at the University of North Dakota Energy and Environmental 
Research Center (EERC) for both raw and hot-water dried (IIWD) Center Norlh 
Dakota l ignite. The Center l ignite mine is owned and operated by BNI, Irc., a 
who]ly owned subsidiary of Minnesota Power, Inc. This project was funded on a 
joint venture basis between Minnesota Power and the Department of Energy (DOE) 
Morgantown Energy Technology Center (METC). DOE contracting off icer 
representative (COR) for the project is Ms. Jacqueline Balzarini, Pittsburgh 
Energy Technology Center. 

Preceding page blank 
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Objectives 

The primary purpose of the oil agglomeration testing was to assess the 
recovery of hot-water dried coal fines, as an easily transportable, 
nondecrepitating fuel agglomerate. The fines would be produced during hot- 
water drying of lump coal in Minnesota Power/BNI's Enhanced Lignite (ELFUEL) 
process. The agglomerated coal fines would be transported and combusted with 
a lump ELFUEL HWI) product, as proposed by Minnesota Power, for Round Three of 
the DOE Clean Coal Technology Program (I).  While recovering the HI#I) fines, i t  
was proposed that the oil agqlomeration would clean the fines by reducing 
sulfur and ash levels. As a secondary objective, the raw Center l ignite was 
tested by the EERC agglomeration process to assess ash reduction, dewatering 
potential, and sulfur reduction via pyrite removal (2). 

Experimental Procedure 

Hot-Water Drying 

Center lignite coal fines were HWD at 280", 2go', 300", 310" and 320"C, 
in a 7.6 l i ter ,  externally heated autoclave for a residence time of 15 
minutes. The details of hot-water drying-have-been-reported earlier (3). The 
feed for the testing consisted of -3.35 mm (6 mesh) x O" coal to simulate the 
fines produced by the ELFUEL process. The slurry charge consisted of 2000 gms 
of coal and 2000 gms of deionized water, and heat-up to the desired 
temperature was approximately two hours. The HWD products and the raw Center 
l i gn i te  were analyzed for proximate and ult imate composition, heating value, 
sulfur forms, and equilibrium moisture values. In addition, the raw coal and 
the 310°C-HWD sample were analyzed by XRFA to determine the mineral elements 
in the ash. The filtrate from HWD was analyzed to determine the concentration 
of dissolved mineral elements. 

Oil Agglomeration 

0ii agglomeration of the raw and hot-water-dried (HWD) BNI lignite was 
achieved with only minor modifications to the procedure used for agglomerating 
other lignites (4). Table A shows the experimental matrix test conditions 
used on the -30 mesh (595 um x 0 um) raw and -6 mesh HWO coal samples. Acid 
strength, oil volume, acid-coal mixing speed, high-speed mixing times, and 
oil-coal mixing speed were the process variables used to select optimum 
conditions for agglomerating the coal. Agglomerates were formed in 21 of the 
30 tests performed. Nine tests on raw Center lignite, and twelve tests on the 
HWD samples prepared at five different temperatures, produced agglomerates. 
In the other nine tests agglomerates over 30 mesh size were not formed. 

Results 

H( t-Water Drying 

Analyses for the raw and HWD Center l ignite, and the process water 
( f i l t rate) are preserted in Table B. The major improvements tJ the coal were 
a reduction in ash and sulfur contents, and an increase in heating value due 
to hot-water drying. Increased HWD temperatures lowered the equilibrium 
moistures and increased the heating values, but did not result in lower ash 
levels. The ash reduction from HWD was near 25% for all tests. In addition, 
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sulfur contents were reduced by 22~ to 32% during hot-water drying, with a 
slight increase in the removal as the HWD temperature increased from 280°C to 
3ZOoC. 

Comparison of Lhe XRFA analyses of the raw coal and the 310°C product 
indicated that the iron, sulfur, and sodium contents were reduced 
significantly. The decrease in iron and sulfur were a result of pyrite 
reduction. Sodium, as well as other soluble cations, bound to carboxyl groups 
in the coal, was liberated during decarboxylation. As a result of the removal 
of these elements, sil icon, aluminum, and calcium were concentrated. 
Concentration oF silicon and aluminum wil l  most l ikely increase the ash fusion 
temperature, and reduce ash fouling during combustion. Calcium concentration 
increases the Ca/S molar ratio from 0.93 to 1.17, consequently, increasing the 
potenLial calcium-sulfur capture during combustion. 

TABLE A 

:~NGE OF EXPERIMENTAL AGGLOMERATION CONDITIONS 
FOR RAW AND HWD CENTER LIGNITE 

Test Coal Acid Oil Acid Mix Oil Mix 
No. Type Conc. Vol. Speed Speed 

R(Raw) (wt%) (mls) (rpm) (rpm) 

02 R 6.~ ~ 550 550 
03 R 6.2 60 550 550 
04 R 6 . 2  50 5500 1000 
08 R 3.1 40 5500 800 
09 R 1.5 40 5500 800 
lO R 1.5 50 5500 800 
18 R 0.75 50 5500 600 
19 R 0.75 50 5500 1000 
21 R 0.75 45 5500 1000 
16 H @280 ° 1.5 40 5500 1200 
17 H @280 ° 1.5 35 5500 550 
20 H @290 ° 1.5 35 5500 800 
22 H @290 ° 1.5 30 5500 800 
23 H @300 ° 1.5 30 5500 800 
24 H @310 ° 1.5 30 5500 800 
25 H @320 ° 1.5 30 5500 800 
26 H @320 ° 1.5 30 5500 550 
27 H @310 ° 1.5 30 5500 550 
2B H @300 ° 1.5 30 5500 550 
29 H @290 ° 1.5 30 5500 550 
30 H @ZJO ° 1.5 30 5500 550 

" Acid Mix Time for all tests was 30 minutes 
** O~l Mix Time for all tests was I0 minutes 
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RAW ~ HWD BN! LIGNITE 
(Moisture Free Basis) 
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PROXIMATE ANALYSIS, 
Volatile Matter 
Fixed Carbon 
Ash 

wt% 

Ra._ww 280~C 290°C  3 0 0 " C  3 1 0 " C  320"C 

42.23 38 .80  38 .76  3 8 . 8 5  37.77 37.40 
45.80 51 .35  51 .15  5 1 . 4 1  5 7 . 0 2  52.O6 
11.97 9.85 10.O9 10.24 XO.ZI 10.54 

ULTIMATE ANALYSIS, wt% 
HyGrogen 3.93 4.06 4.33 3.88 3.86 3.95 
Carbon 63.60 68.28 68.70 69.10 70.16 69.53 
Nitrogen 1.04 i . i i  1.14 1.14 1.15 1.14 
Sulfur 1.33 1.O8 1.15 1.16 I.O5 1.14 
Oxygen* 18.10 15.60 1 4 . 5 7  14.46 13.55 13.67 
ASh 11.97 9.85 10.O9 1 0 . 2 4  lO.Zl 10.54 

ASH, wt% 
Silica, SiOz 9.4 
Al. Oxide, AI?03 2.4 
Fe. Oxide, Fez03 20.1 
Titan. Oxide, TiO? 0.5 
Phosph. Pentoxide, P~O~ 1.7 
Calcium Oxide, CaD 18.5 
Magnesium Oxide, MgO 5.0 
Sodium Oxide, Na~0 9.4 
Potassium Oxide, K?0 O.I 
Sulfur Trioxide, S03 33.0 

25.5 
]:'.0 
8.8 
1.0 
1.3 

21.3 
6.7 
1.3 
0.5 

21.5 

HEATING VALUE, Btullb I0,690 II,470 11,540 II,8OO 11,850 11,900 

SULFUR FORMS," wt% 
Organic 0.62 0.75 0.74 0.73 0.79 O.6/ 
Pyritic 0.53 0.34 0.38 0.46 0.23 O.4X 
Sulfate 0.og 0.02 0.03 0.02 0.05 0.04 

Total 1.2"~-4 I. I0 ~ ~ ~ 

EQUIL. MOIST, wt% 
(Three-Oa)) 36 23 20 22 ZO 
(Six-Day)*'* 18 19 

70 
16 

FILTRATE, ppm 
Silicon 59 75 68 66 62 
A~um num <0 <0 cO <O <O 
Iron "O (0 <0 cO cO 
Phosphorus <2 3 <2 <2 <7 
Calcium 320 253 297 444 439 
Magnesium 703 627 403 237 250 
Sodium 1826 2338 2420 2446 2474 
Potassium 45 57 63 64 68 

• Oxygen determined by difference. 
• * Duplicate analyses by independent laboratory. 
• "Six day values were necessary to allow wet samples more 

equilibrium moisture. 
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The dry solids and Btu recoveries, plus ash and sulfur reductions, are 
listed in Tabl~ C, for the five HWD temperatures (5). The Btu recoveries 
decreased from 97% to only 93%, while dry solids recovery decreased from 91 to 
84 wt%, as the temperature was increased from 280 ° to 320uC. The high 
Btu/solids ratio indicated that the majority of the dry solids were lost to 
decarboxylation, while heat content was lost during volatile matter reduction. 

The reduction in sulfur content represented a reduction in theoretical 
SO~ emissions. Table C also l is ts  the estimated SO2 emissions for the raw 
coal and the HWD products. These worst-case numbers were determined based on 
the assumption that the total sulfur wil l  be converted to SO 2 during 
combustion. The total possible emission for the raw coal is 2.49 Ib SOJMM 
Btu, and the lowest total emission after HWD is 1.77 Ib S02/MM Btu. Hot-water 
drying can reduce sulfur emissions, but the compliance emission ceiling of 1.2 
Ib SO~/MM Btu has not been met for this specific coal sample. I t  should be 
pointed out that the sulfur levels of the sample of raw Center l ignite used in 
this study were higher than the mine average of around 1.0 wt% (6). In 
addition, the actual emissions wil l  l ikely be lower than these worst-case 
calculated values, because sulfur can be captured by inherent alkali minerals, 
mainly calcium and sodium. The high sulfur trioxide and calcium oxide levels 
in the HWD coal ash, as indicated in Table B, represent potential sulfur 
capture during combustion. The actual sulfur emissions and ash sulfur 
retention can only be determined by combustion testing. 

Raw Coal Agglomeration 

Table D shows the TGA modified proximate analyses of the raw coal, and 
the agglomerates formed under the test conditions described above. An example 
of the raw data obtained from this analysis is shown in Figure I. In this 
analytical procedure, the f i rs t  weight change occurs over the range ~25-110°C, 
and As termed "H~O & Light Oil," since Karl Fischer water determination 
typically finds <5% moisture, whereas the thermogravimetric weight loss over 
this temperature range is >5% in all cases except that of the dist i l led 
agglomerates. "Oil" is assumed to be the agglomerating oil adhered to the 
coal, and is volatilized over the temperature range -110-250°C. "Volatiles" 
is assumed to originate from the coal being agglomerated. This fraction is 
-emoved over the range ~250-900°C. "Combustible residue" can be compared to 
fixed carbon of the ASTM 271 proximate analysis. With the addition of air to 
the sample chamber at ~900°C, this fraction burns off, and "Ash" is the 
oxidized inorganic residue remaining. The "moisture-oil-free" (MOF) value for 
ash was calculated to provide the ash content of the agglomerates, for 
comparison with moisture-free BNI lignite. Although not a primary objective, 
ash removal from the raw coal on a moisture-oil-free basis ranged from 40% to 
75%. The ash removal from the raw coal as a result of the process appeared to 
be a function of acid concentration, except in two cases. Test No. 08 was the 
only test with 3.1% acid, so i t  is not knoEn whether the low ash is 
characteristic of the acid concentration; however, Test No. 18 was much lower 
in ash than the other two tests run with the same acid concentration of 0.75%, 
indicating that the other test conditions were also factors to be considered 
for optimization. 

Table D shows the agglomerate yields for raw and hot water-dried BNI 
lignite, and, in conjunction with the ash removal discussed above, gives an 
indication of the effectiveness of the process. The agglomerate yield is 
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reported in grams of air-dried agglomerates obtained from 50 grams of coal. 
The agglomerate recovery is best represented as a ratio of the combustlble 
residue content (fixed carbon of agglomerates - FC.) in the agglIrato and 
the combustible residue content of the raw coal (FC,). The fixed carbon 
content of the coal was assumed to be relatively unchanged by the 
agglomeration process. From Figure 2 (which shows the ratio as I function of 
the agglomerate weight recovered, and gives the test number for each point), 
it can be seen that raw coal test numbers 04, IO, IB, and Ig were most 
successful c~ the basis of FC. recovery. Moisture and ash were both reduced 
by design o c the process and, with the adsorption, absorption led recovery of 
the oil, significant volatlles content changes were ,Iso expected. The 
mristure reduction that occurred as a result of agglomeratlon was substantlal. 
Although the Karl Fischer moisture analysis was not performed on every 
product, sufficient numbers were tested to indicate that the behavior of the 
process regarding moisture reduction was not different from that of previous 
tests with other l ign i tes ,  where moisture levels, as determined by the U r l  
Fisher method, were routinely reduced to less than 5S. 

TABLE C 

ANALYSIS OF RAW AND HWO BNI COALS 

Drying Temperature, "C 

Solids Recovery, 
Btu Recovery, 

Ash Reduction, 
Sulfur Reduction, % 
Sulfur Emission, 

Ib S02/I0' Btu 

Raw 280 290 300 310 320 

90.8 89.3 86.9 85.5 83,5 
97.4 96.4 95.9 94.8 92.t  
25.6 24.8 25.6 27.4 Z6.3 
26.6 22.4 24.3 32.2 211.4 

2,49 1.88 1.99 1.97 ]. 77 1.9'Z 

TGA proximate analyses of three fines from the agglomerating process are 
also shown in Table O. As in the agglomerates, the ash content of the fines 
was reduced, but over a narrower range, 45-60~. In many agglomeration 
experiments, the fines appeared to be agglomerates. However, they are amI)1 
enough to pass the 30 mesh (595 um) product screen. 

Hot-Water-Dried Coal Agglomeration 

Agglomeration testing of the HWD coal was accomltshed wtth the s i  
mechanical m(thodology as the raw coal, but with fewer variables. When 
agglon~rating the HWD coal, only oil volume and oil mixing speed were process 
variables, all others were held constant. The recoveries were simllar to 
those of the raw coal agglomerates, as shown in Table 0. Generally, coal 
dried at the lower temperatures gave agglomerates with the lower molsture-ol] 
free ash values. The ash content of all HWO agglomerated samples reI111ned 
high relative to agglomerates of the raw coal. 
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TABLE D 

RAW AND HWD CENTER LIGNITE AGGLOMERATE TGA PROXIMATE ANALYSES 

WT% 
SAMPLE NO. H20*/LT OIL VOLATILES FIXED ASH 

OIL CARBON AR MOF 

YIELD 
FC,/FCc 

Coal(ASTM) 34.3 - - -  
CoaI(TGA) 33.4  3.2 
CoaI(TGA) 33.9 3.0 

02 22.5 18.4 
03 27.1 21.3 
04 21.4 23.3 
OB 21.3 18.7 
09 18.5 18.5 
10 _ _ _ 1 8 . 4  . . . . .  23.0 
18 20.6 22.9 
19 18.3 20.0 
21 18.6 20.8 
16 19.6 13.3 
17 17.3 13.0 
20 13.9 12.2 
22 16.0 10.8 
23 15.8 9.8, 
24 13.8 g.o 
2~ 11.0 8.0 
26 13.1 8.7 
27 15.4 IO.O 
28 13.6 10.8 
29 9.2 10.4 
30 15.0 ]2.2 
02* 12.0 15.3 
03* 19.9 16.4 
04* 7.5 I4.9 

27.7 30.1 7.86 
25.7 31.9 5.80 
25.6 31.7 5.73 
26.3 31.1 1.65 
23.2 27.1 1.29 
24.7 29.3 1.27 
27.0 31.5 1.51 
27.7 33.3 2.11 
2 5 . 8  30.4 2.42 
25.4 29.9 1.21 
26.9 31.5 3.31 
26.7 30.9 3.02 
26.0 37.0 4.08 
27.5 38.0 4.16 
27.9 41.3 4.79 
27.3 40.9 5.10 
26.9 42.0 5.61 
27.5 44.1 5.67 
28.6 46.4 5.93 
27.2 44.8 6.09 
26.4 42.7 5.63 
27.4 42.7 5.51 
30.5 44.7 5.09 
27.9 40.2 4.76 
32.9 37,2 2.64 
28.1 33.0 2,64 
35.1 38.5 4.01 

11.96 
9.16 
9.09 
2.79 
2 50 
2 30 
2 52 
3 35 
4 13 
2 14 
5.37 
4.98 
6.08 
5.97 
6.48 
6.96 
7.53 
7.34 
7.33 
7.79 
7.54 
7.29 
6.33 
6.53 
3.63 
4.15 
5.17 

w ~  

~ m  

0.91 
1.02 
1.12 
0.77 
0.78 

.1.14 
I . I0 
1.14 
1.07 
1.11 
1.09 
1.12 
1.08 
1.13 
1.28 
1.16 
1.15 
1.28 
1.13 
0.26 
0.99 

" Average moisture levels for agglomerates of raw coal 
HWD coal was 4.31%. 

* Fines from agglomeration process. 

2.85% and for that of 

From Figure 2 (which also shows the fixed carbon ratio as a function of 
the agglomerate weight recovered for the hot-water dried samples), i t  can be 
seen that HWD coal test numbers ]6, 24, and 27 were most successful on the 
basis of FC, recovery. Test number 16 involved more oil than the other HWD 
tests, and 24 and 27 were the only tests in which the feed was dried at 310°C. 
Other factors were held constant for the HWD coal agglomeration tests. 
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TABLE E 
i 

ULTIMATE AND HEATING VALUE ANALYSIS ON SELECTED TEST SAMPLES 
OF BNI LIGNITE AGGLOMERATES 

I0 I0 
Test Before After 
No. 04 Disti l lation Disti l lation 

Ultimate 
Analysis wt% 

Carbon 70.2 70.5 69.6 
Hydrogen 5.9 5.8 5.0 
Nitrogen ].0 0.8 1.1 
Sulfur 0.7 0.8 1.1 
Oxygen(by difference) 20.9 20.0 19.6 
Ash 1.3 2.1 3.6 

Heating Value 
Btu/Ib 12,600 12,560 12,120 

Ash Reduction, % 89 
(from raw coal) 

Sulfur Reduction, % 46 
(from raw coal) 

77 70 

38 15 

Sulfur Emmission, 
lb SO~/10 ~ Btu 1.11 1.27 1.80 

Nehl s -9- 

Oil Recovery 

Test I0 involved conditions which were nearly optimum for all defined 
objectives of this study. Using this method, approximately 200 grams of 
agglomerates were prepared for further analyses. Besides TGA proximate 
analysis; ASTM ultimate analysis, calorific.value, oil recovery, and Hardgrove 
grindability were carried out on this sample. The ASTM ultimate and calorif ic 
value are shown in Table E. The hydrogen content of the agglomerates 
decreased after oil removal by heating, while the nitrogen and st'Ifur content, 
on a weight percent basis in the oil recovery residue, was increased over that 
of the original agglomerates. The heating value of the agglomerates was 
>12,000 Btu/Ib, as compared with 10,700 Btu/Ib for the moisture-free coal, and 
tho~e from which the excess oil had been removed had only slightly less 
heating value ( i .e.,  3.5%) on a Btu/Ib basis than the original agglomerate. 
In addition, the projected total sulfur emissions for these three agglomerates 
are also shown in Table E. The levels are below or near compliance for the 
agglomerates, which include recoverable o i l .  A s~ight increase in ash, and a 
significant increase in sulfur, occm,'ed after oil removal to the agglomerates 
for sample MPOA-IO. This caused the calculated total emissions to go above 
the 1.2 Ibs SOJMM Btu for this sample. As mentioned previously, these 
calculations make no accounting for the sulfur capture potential of calcium in 
the ash, which has been concentrated as a result of the cleaning to the coal. 
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Oil recovery from the agglomerates at ambient pressure, at temperatures 
of ambient to 140%, to 180%, and to 200°C, resulted in removal of most of the 
oil from the agglomerates in a recyclable form. The hardness of the 
agglomerates following oil recovery, was greater than that prior to recovery, 
and the agglomerates maintained their roughly spherical geometry. The process 
did not result in agglomerate break-up but instead, i t  resulted in harder 
agglomerates, while reducing the oil content by 50%-g0+%, as analyzed by TGA. 
Material closures for the process, shown in Table F were g2%, 87%, and 98% for 
the heat treatment carried out at 140", 180" and 200"C, respectively. The 
improved closure at the highest temperature was due to the use of an 
additional cold-trap and the improved efficiency of the trap design for this 
tes t .  

TABLE F 

OIL RECOVERY AT THREE TEMPERATURES FROM BNI OIL AGGLOMERATES 

140°C 180"C 200"C 

AGG, G 15.80 16.60 50.0 
OIL,, G" 3.00 3.30 16.4 
OIL, G* . . . . . . . .  1.0 

RESID, G 11.50 11.20 
TOTAL, G 14.50 14.50 
MATERIAL CLOSURE, % 91.80 87.40 

" oil recovered at O'C using water-ice bath 
* oil recovered at -78"C using isopropanol-dry ice bath 

31.6 
49.0 
98.0 

Figur¢ 3 shows the oi l ,  volatiles, and fixed carbon for the raw coal and 
the agglomerates, prepared according to the method used in MPOA-IO, before oil 
recovery and after oil recovery at each of the three temperatures, 140", 180" 
and 200°C. TGA proximate of the residues of the lower two temperatures 
indicated that recovery at 140°C removed approximately one-half of the oil, 
whereas two-thirds of the oil was removed at IBO°C. The analysis of 
agglomerates after 200°C showed an oil content on a moisture-free basis that 
was only slightly greater than that of the raw coal, and significantly less (5 
to B-fold, depending on what value is used for moisture in calculating 
moisture-free agglomerates) than that of the agglomerates before the 
treatment, indicating that the pc.tential for oil recovery for re-use is 
excellent. Removal of excess o i  also contributes to improved handling 
characteristics, including less odor and reduced oiliness. 

Hardgrove Grindability 

A commercially important characteristic of the agglomerates is their 
ability to maintain structural integrity during transportation and storage. 
The test of hardness adapted for this study was an extended Hardgrove 
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Grindability Index (HGI). The HGI of a coal sample is defined according to 
ASTM Method D-409 as: 

HGI = 13 + 6.93W 

Where W is the weight of material passing a 74 um sieve, determined as 
the difference of 50 grams of starting material, minus the weight retained on 
the sieve, 

The standard coals used for the test have a size range, from 16 to 30 
mesh (I,180 microns by 600 microns), which easily applied to the agglomerates 
because of their bottom size of 30 mesh. Figure 4 is the HGI curve determined 
for the standard coals, as indicated by the line, and for the raw coal and 
selected agglomerate samples, indicated b, symbols. The standard values are 
determined by the amount of coal that passes through a 200 mesh (75 microns) 
screen versus the designation for the standard sample. The highest standard 
used has an HGI of i02, so a linear regression was performed in order to 
obtain higher agglomerate values than those for the standard coals. 

The hardness of the agglomerates was not affected greatly by removal of 
the excess o i l ,  as indicated by their HGI values. Although the agglomerates 
are somewhat softer than the coals for which the test was designed, the ASTM 
test did give a basis for determining the relative hardness of the samples. 
MPOA samples 04, 10, and 27 fel l  on the calibration curve which was prepared 
from indices of raw coals of measured hardness. The other samples listed 
occurred on the extrapolated portion of the HGI curve. The HGI of 04, 10, and 
27 would imply that these agglomerates may be physically handled in a manner 
similar to the raw coal during transportation and uti l ization. 
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Conclusions 

Raw and HWD Center lignite, of -6 mesh, can be easily and quantitatlvely 
agglomerated by parameter modification of the EERC oii agglo~ratlon 
technique. 

0 

Moisture in the Center agglomerates can be reduced by as much as 95% from 
the raw coal after oil agglomeration. 

Although only a secondary e f fo r t  was made in this study to reduce su l fur  
and ash content of the coal, the data indicates that over 40% sul fur  and 
80% ash reduction in the Center l i gn i t e  is inherent to the agglomeration 
process. 

The oil content of the BNI agglomerates can be reduced to as l i t t l e  as 3% 
by heating, and the oii removed has the potential to be recycled to 
greatly reduce processing costs. 

The BNI agglomerates can be prepared with a hardness comparable to soft 
coals, which should permit transportation and handling by conventional 
means. 
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O i l  s h a l e  p r o d u c e d  d u r i n g  d e v e l o p m e n t  m i n i n g  o f  O c c i d e n t a l  O I l  
S h a l e ,  I n c . ' s  m o d i f i e d  i n  s t t u  (MIS) r e t o r t s  n a y  b e  p r o c e s s e d  b y  an  
a b o v e g r o u n d  r e t o r t ,  o r  c a n  b e  b u r n e d  t o  p r o d u c e  s t e a m  and  p o w e r  In  
a c i r c u l a t i n g  f l u t d l z e d  b e d  (CFB) b o i l e r .  The c a l c i u m - b a s e d  
m i n e r a l s  i n  the s h a l e  p r o v i d e  e f f i c i e n t  s u l f u r  c a p t u r e  c a p a c i t y  
d u r i n g  c o m b u s t i o n  i n  t h e  CFB b o i l e r .  The b u r n i n g  o f  s h a l e ,  a l o n e  
and  ~n c o m b i n a t i o n  w i t h  H ~ - l a d e n  l ow  B t u  g a s  f r o m  MIS r e t o r t i n g  
and  c o a l ,  h a s  b e e n  r e c e n t l y  d e m o n s t r a t e d  i n  two  b o i l e r  
m a n u f a c t u r e r s  ~ p i l o t  p l a n t s .  The p i l o t  p l a n t  t e s t s  s h o w e d  
e x t r e m e l y  h i g h  s u l f u r  c a p t u r e ,  h i g h  c o m b u s t i o n  e f f i c i e n c y ,  a n d  low 
e m i s s i o n  ~ e v e l s  o f  NO x, c a r b o n  m o n o x i d e  a n d  h y d r o c a r b o n s .  As a 
r e s u l t  o f  t h e s e  t e s t s ,  b o t h  b o i l e r  m a n u f a c t u r e r s  w o u l d  d e s i g n ,  
b u i l d ,  a n d  g u a r a n t e e  a c o m m e r c i a l  f a c i l i t y  b u r n i n g  t h e  s h a l e  p l a n t  
w a s t e  s t r e a n s .  

O t l  s h a l e  i s  a f i n e - g r a i n e d  s e d i m e n t a r y  r o c k  w h i c h  c o n t a i n s  a n  
o r g a n i c  m a t e r i a l  k n o w n  a s  k e r o g e n .  When t h e  r o c k  I s  h e a t e d  t h e  
k e r o g e n  d e c o m p o s e s  t o  o i l  a n d  g a s  and  l e a v e s  r e s i d u a l  c a r b o n  on  t h e  
m i n e r a l  m a t r i x .  The q u a l i t y  o r  g r a d e  v a r i e s  i n  l a y e r s  i n  t h e  
d e p o s i t s .  The U n i t e d  S t a t e s  d e p o s i t s  a r e  w i d e  s p r e a d  w i t h  t h e  m o s t  
e x t e n s i v e  b e i n g  t h e  D e v o n t a n - M l s s l s s t p p t a n  b l a c k  s h a l e  o f  t h e  
A p p a l a c h i a n  a r e a  an d  t h e  G r e e n  R i v e r  f o r m a t i o n  o f  U t a h ,  Wyoming and  
C o l o r a d o .  The P t c e a n c e  C r e e k  b a s i n  i n  C o l o r a d o  c o n t a i n s  t h e  
r i c h e s t  a n d  t h i c k e s t  d e p o s i t  o f  o i l  s h a l e .  The r e c o v e r a b l e  
r e s e r v e s  o f  w e s t e r n  o i l  s h a l e  a r e  e s t i m a t e d  a t  o n e  t h o u s a n d  ( 1 , 0 0 0 )  
b i l l i o n  b a r r e l s .  

The immense  s i z e  o f  t h e  r e s o u r c e  c o n t i n u e s  t o  s t i m u l a t e  
n a t i o n a l  I n t e r e s t  i n  i t s  c o m m e r c i a l i z a t i o n .  D u r i n g  t h e  p a s t  70 
y e a r s ,  b i l l i o n s  o f  d o l l a r s  h a v e  b e e n  s p e n t  i n  p u r s u i t  o f  o i l  s h a l e  
c o m m e r c i a l i z a t i o n .  E f f o r t s  h a v e  b e e n  c y c l i c  b e c a u s e  o f  s w i n g s  i n  
w o r l d  o i l  p r i c e s  and  p r e v a i l i n g  p o l i t i c a l  v i e w s .  D u r i n g  t h e  l a t e  
1 9 7 0 ' s  an d  e a r l y  1 9 8 0 ' s ,  a n u m b e r  o f  m a j o r  f ~ r m s  p r e p a r e d  t o  b u i l d  
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c o m m e r c i a l - s c a l e  p r o j e c t s .  U l t i m a t e l y ,  o n l y  U n o c a l  c o n s t r u c t e d  a 
1 0 , 0 0 0  b a r r e l  p e r  d a y  f a c i l i t y  u t i l i z i n g  t h e i r  r e t o r t i n g  
t e c h n o l o g y .  The p l a n t  has reached  70% c a p a c i t y  some s i x  (6)  y e a r s  
after start up. 

O c c i d e n t a l  O I l  S h a l e ,  I n c .  ( 00S I )  h a s  been a c t i v e  I n  t he  
d e v e l o p m e n t  o f  o t l  s h a l e  f o r  n e a r l y  20 y e a r s .  A v e r s a t i l e  
t e c h n o l o g y  w a s  d e v e l o p e d  known  a s  N o d l f l e d - I n - S t t u  {MIS) p r o c e s s i n g  
w h i c h  m i n e s  o u t  a s m a l l  p o r t i o n  o f  t h e  s h a l e  a n d  r e t o r t s  t h e  
r e m a i n i n g  s h a l e  i n  t h e  g r o u n d .  I n  t h e  1 9 7 0 ' s  a n d  1 9 8 0 ' s ,  OOSI 
c o n d u c t e d  p r o g r a m s  t h a t  v e r i f i e d  t h e  t e c h n i c a l  v i a b i l i t y  o f  t h e  
t e c h n o l o g y  I n  f u l l  s c a l e  r e t o r t s .  I t  r e m a i n s  t o  b e  d e m o n s t r a t e d  
t h a t  t h e  t e c h n o l o g y  c a n  b e  r e p l i c a t e d  o n  a c o n t i n u o u s  c o m m e r c i a l  
b a s i s .  

B o t h  U n o c a l  a n d  HIS  r e t o r t i n g  t e c h n o l o g i e s  p r o d u c e  s h a l e  f i n e s  
t h a t  a r e  n o t  u s a b l e  i n  p r o v e n  r e t o r t i n g  t e c h n o l o g i e s .  I n  a d d i t i o n ,  
MlS p r o c e s s i n g  a n d  s o m e  o t h e r  r e t o r t i n g  p r o c e s s e s  g e n e r a t e  a low 
B t u  g a s  l a d e n  w l t h  H2S g a s  w h i c h  m u s t  b e  u t i l i z e d  I n  a n  
e n v i r o n m e n t a l l y  s o u n d  m a n n e r .  The  c i r c u l a t i n g  f l u i d  b e d  b o i l e r  
t e c h n o l o g y ,  w h l c h  h a s  b e e n  c o m l e r c l a l l z e d  s o  s u c c e s s f u l l y  I n  t h e  
p a s t  10 y e a r s  w i t h  c o a l ,  c o a l  w a s t e s ,  w o o d ,  a n d  o t h e r  l o w  g r a d e  
f u e l s ,  a p p e a r e d  I d e a /  t o  h a n d J e  a l l  t h e  w a s t e  f u e l  e t r e m .  Bench 
s c a l e  t e s t i n g  b y  v a r i o u s  I n v e s t i g a t o r s  h e l d  o u t  g r e a t  p r o a l a e  f o r  
t h e  t e c h n o l o g y .  T h e r e f o r e ,  b y  i n t e g r a t i n g  a CFB b o i l e r  I n t o  a 
p r o j e c t  w i t h  a r e t o r t i n g  p r o c e s s ,  u s e f u l  e n e r g y  I n  t h e  f o r m  o f  
s t e a m  a n d  e l e c t r i c  p o w e r  c o u l d  b e  r e c o v e r e d  f r o m  t h e  w a s t e  s t r e m m  
g e n e r a t e d  b y  o i l  m h a l a  p r o c e s s i n g .  H o w e v e r ,  t h i s  a p p r o a c h  h a d  
n e v e r  b e e n  t e a t e d  b y  a b o i l e r  e ,  a n u f a c t u r e r  o r  d e R o n e t r a t e d  
c o m m e r c i a l l y .  

T h e r e f o r e ,  i n d u s t r y  i s  s t t l l  l e f t  w i t h  l i m i t e d  t e c h n o l o g y  
o p t l o n s  f o r  r e s p o n d i n g  t o  t h e  n e e d  t o  c o m m e r c i a l i z e  p r o d u c t i o n  f r o m  
Weste rn  o l l  s h a l e s .  A l o g i c a l  response  t o  t h i s  d A l e m m  ta  t o  
c o n d u c t  e n g i n e e r i n g - s c a l e  p r o o f - o f - c o n c e p t  d e m o n s t r a t i o n s  t o  
p r o v i d e  t e c h n o l o g i e s  w h i c h  w ~ i l  be r e a d y  f o r  c o m m r c l a l i z a t i o n  
a f t e r  t he  y e a r  2000. 

00S1 has p u r s u e d  t h a t  o p t i o n  a t  t he  u r g i n g  o f  S t a t e  and l oca2  
g o v e r n m e n t  o f f i c i a l s .  D u r i n g  f i s c a l  y e a r  1990, t he  U.S.  Del ;mrtment  
o f  Ene rgy ,  S t a t e  o f  C o l o r a d o ,  R io  Blanco County  and OOS: e n t e r e d  
I n t o  a c o o p e r a t i v e  agreement  t o  d e t e r m i n e  the  f e a s i b i l i t y  o f  a 
p r o o f - o f - c o n c e p t  t e s t  f a c i l i t y .  The t a s k s  t o  be a c c o l p l t s h e d  i n  
1990 were  f l r m l n g  up d e s i g n  and c o s t  I n f o r m a t i o n  f o r  t h e  p l a n t  and 
mlne,  p r e p a r i n g  m a r k e t i n g  p l a n s  f o r  o i l  and e l e c t r i c i t y ,  
d e t e r m i n i n g  f i n a n c i n g  r e q u i r e m e n t s ,  r e v i e w i n g  o f  the  many J;mrat~s 
r e q u i r e d ,  and f l n a l l y  t e s t i n g  o f  t h e  c o m b u s t i o n  o I  o l i  s h a l e  i n  a 
l a r g e  CFB p 1 1 o t  p l a n t .  

The  r e s u l t s  o f  t h e  t e s t i n g  o f  o l i  s h a l e  a n d  o t h e r  f u e l s  
c o n d u c t e d  a s  t h e  f l r s t  s t e p  o f  t h l s  C o l o r a d o  T r a c t  C - b  
d e m o n s t r a t i o n  o 1 1  s h a l e  p r o j e c t  a r e  d i s c u s s e d  I n  t h e  r e m a i n d e r  o f  
t h l s  p a p e r .  
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FUEL STREAMS 

The project is being designed to incorporate three fuels in 
the CFB boller: oll shale, mined out during the development of the 
MIS retorts; low Btu MIS gas, produced during the retorting 
process; and, supplemental coal, readily available in the area, to 
provide additional Btu's to generate the amount of steam and power 
planned for the project. The demonstration pro~ect will provide 
process steam requirements and up to 50 megawatts of power for 
internal use and external sales. Engineering studies for a 
commercial facility of 25,000 Barrels/Day envision integrating MIS 
and aboveground retorting technologies and using a CFB boiler to 
burn shale fines, low Btu gas and other waste streams. 

011 shale at the C-b tract in the horizons that will be mined 
for the MIS retorting process varies in grade from under 20 gallons 
per ton (GPT) to over 40 GPT. This corresponds to a range of 2000 
to 4000 Btu/pound in higher heating value. The analysis of the 
expected grade of shale mined for the pro~ect is shown in Table I. 
The shale Is abc:t 15~ organic matter, 30~ carbonate m~nerals such 
as dolomite an~ calci~e, and 55~ inert minerals. The calcium 
compounds were expected to provide the sulfur capture in the CFB 
boiler. In the current design, the shale re~resents about 47~ of 
the energy to the CFB boiler and contain 45~ of the sulfur. 

The low Btu MIS gas stream is laden with H~ from the shale 
retortlng and contains about 70 Btu/SCF. This represents about 23~ 
of the Btu's in the boiler design and 51~ of the sulfur load. The 
composition of the average gas is shown in Table 2. 

Supplemental coal is ava±lable from several operating coal 
mines within trucking distance of the C-b site. Coal represents 
the remaining 30~ of the Btu's into the boiler and introduces about 
4~ of the sulfur. Table 3 shows analyses of two typi=al coals. 
Each was used in pilot plant tests. 

In addition, small waste streams, such as sour water stripper 
overheads rich In ammonla, may also be combusted in the CFB boiler 
in the demonstration project. 

THE PILOT PLANTS 

The f i r s t  test series was run at Tampella-Keeler's facillty in 
Will&amsport, PA. The second test series was run at Pyropower's 
pilot plant In San Diego, CA. 

The Tamp£11a Keeler test facility is the largest CFB pilot 
unit in the U.S. It is rated at about i0 MM Btu/hr fired load. It 
is abou~ 3 feet ~n internal diameter and is the same height as 
commercial unlts (70 feet). Waste heat recovery and a baghouse for 
dust emlsslon control are included. During the testing that 
covered one and a half weeks, 100 tons of oll shale and 10 tons of 
coal were burned. In order to simulate MIS gas, recycled flue gas 
spiked with natural gas and H~ was injected into the boiler. 
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The P y r o p o w e r  p i l o t  p l a n t  i s  r a t e d  a t  2 NN B t u / h r  f i r e d  l o a d .  
I t  i s  a b o u t  1 6 - i n c h e s  b y  1 6 - i n c h e s  I n  i n s i d e  d i m e n s i o n  a n d  a b o u t  30  
f e e t  h i g h .  W a s t e  h e a t  r e c o v e r y ,  b a g h o u s e  f o r  d u s t  e m t s * 1 ~ n  c o n t r o l  
a n d  b a c k u p  s u l f u r  s c r u b b i n g  f a c i l i t i e s  a r e  I n c l u d e d .  D u r i n g  t h e  
t e s t i n g  w h i c h  c o v e r e d  a b o u t  t wo  w e e k s ,  20 t o n s  o f  o i l  s h a l e  e n d  5 
t o n s  o f  c o a l  w e r e  b u r n e d .  NIS  g a s  w a s  s i m u l a t e d  w i t h  r e c y c l e d  f l u e  
g a s  s p i k e d  w i t h  p r o p a n e  a n d  H ~ .  

A m a t r i x  o f  s t e a d y  s t a t e  c • s e s  was r u n  i n  each p i l o t  p l a n t  t o  
i n v e s t i g a t e  t h e  a f f e c t s  o f  t e m p e r a t u r e ,  l o a d ,  n i x e s  o f  f u e l  a n d  
p a r t l a l  l o a d  d e s i g n  c o n d i t i o n s .  B a s e d  o n  t h e  r e • u l t s  o f  t h e  
T a n p e l l s - K e e l e r  t e s t ,  t h e  r a n g e  o f  t h e  P y r o p o w e r  t e s t s  w a s  e x p a n d e d  
t o  g e t  a l a r g e r  v a r l • t i o n  I n  s u l f u r  c a p t u r e .  

COImOSYlON BIm£VIOR 

The  t h r e e  f u e l s  b u r n e d  i n t e n s e l y  a n d  v e r y  e f f i c i e n t l y  i n  b o t h  
p i l o t  r p l a n t s .  C a r b o n  u t i l i z a t i o n  w e e  o v e r  99~  i n  • 1 1  r u n s .  T he  
m a i n  f u e l ,  o i l  s h a l e ,  p r o v e d  v e r y  r e a c t i v e  d u e  p a r t l y  t o  i t s  h i g h  
v o l a t l l e 8  c o n t e n t .  On i n t r o d u c t i o n  I n t o  t h e  b e d ,  much o f  t h e  
o r g a n i c  m a t t e r  p r o m p t l y  d e v o l a t i l l z e s .  T he  l o s s  o f  v o l s t t l e s  a n d  
d e c o m p o s i t i o n  o f  t h e  c a l c i t e  a n d  d o l o m i t e ,  r e s u l t s  i n  • h i g h l y  
p o r o u s  and f r • g t l e  p a r t i c l e  w h i c h  t e n d s  t o  d e c r e p i t • t •  i n t o  f i n e s .  
As s r e s u l t ,  t h o u g h  the  s i z e  o f  t he  s h a l e  wee be low  1/4 I n c h  s t  
T a m p e l l a - K e e l e r  and be10w 3 /4  i n c h  a t  P y r o p o w e r ,  such  o f  t h e  
c o m b u s t e d  s o l i d  e n d e d  u p  a s  f l y  a s h  r e c o v e r e d  i n  t h e  b a g h o u s e .  A 
s m a l l e r  s t r e a m ,  t y p l c • l l y  l e s s  t h a n  20~  o f  t h e  a s h ,  w a s  w l t h d F l m t ~  
a s  b o t t o m  a s h .  

SULFUR CAPTUI~ 

V a r i o u s  i n v e s t i g a t o r s  h a v e  s h o w n  i n  b e n c h  s c a l e  t e s t s  t h a t  
Weste rn  o i l  s h a l e  c o u l d  be an e f f e c t i v e  a b s o r b e n t  f o r  s u l f u r  
d i o x i d e  i n  • f l u i d  bed b o i l e r .  One o f  t h e  a a J o r  o b J e c t i v e m  o f  t h e  
p i l o t  t e s t s  w a s  t o  v e r i f y  t h a t  l o w  s u l f u r  e e L s • i o n  I i s i t s  c o u l d  b e  
a c h i e v e d .  T h e  d a t a  a r e  t o  b e  u s e d  t o  o b t a i n  p e r a l ~ s  f o r  t h e  
f a c i l i t y  f r o m  t h e  S t a t e  r e g u l a t o r s  a n d  t o  a l l o w  t h e  a a n u f e c t u r e r o  
t o  p r o v i d e  • c c u r a t e  c o s t  e s t i m a t e s  a n d  g u a r a n t e e  p l a n t  p e r f o r m m c s .  
Due t o  t eed  r e s t r i c t i o n s  a t  t h e  Tampe l l a  K e e l e r  p l a n t ,  two m i x t u r e s  
o f  s h a l e  a n d  c o a l ,  a n d  s h a l e  o n l y  w e r e  b u r n e d .  S i m u l a t e d  N I S  g a s  
c o u l d  b e  a d d e d  a t  a n y  t i m e .  F i g u r e  1 s h o w s  t h e  s u l f u r  d i o x i d l  
(SO 2) i n  t h e  s t a c k  g a s  f o r  a l l  t h e  r u n s  a t  v a r l o u s  t e m p e r a t u r e s .  

O v e r  95~ s u l f u r  c • p t u r e  w a s  a c h i e v e d  b y  t h e  m i n e r a l s  i n h e r e n t  I n  
t h e  s h a l e  a s h .  The  s u l f u r  c a p t u r e  e f f i c i e n c y  d s c r s a , e d  w i t h  
i n c r e a s i n g  t e m p e r a t u r e  a n d  f e l l  o f f  r a p i d l y  a b o v e  1 6 0 0  F.  

The s h a l e  • s h  c o n t a i n s  • b o u t  30~ c a l c i t e  and d o l o m i t e  ( m o s t l y  
the  l a t t e r )  w h i c h  r e p r e s e n t s  • c a l c i u m  t o  s u l f u r  r e t i e  o f  3 . 0  s t  
normal  c o n d i t i o n s .  However ,  t he  s h a l e  • p p e • r s  t o  be s o r e  e f f e c t i v e  
than  t y p i c • /  l i m e s t o n e .  O t h e r  t e s t s  • c h i e v e d  v e r y  h i g h  s u l f u r  
r e d u c t i o n s  a t  C • /S  m o l • r  r • t i o s  t h • t  • r e  w e l l  be low  t h o s e  e x p e c t e d  
w h e n  c o a l  I s  b u r n e d  w i t h  l i m e s t o n e  • s  t h e  s o r b e n t .  T h i s  i s  d u e  
p r i m a r i l y  t o  t h e  p h e n o m e n • ,  n o t e d  a b o v e ,  I n  w h i c h  t h e  o h • I s  
p • r t i c l e s  b r e • k  down  i n t o  many  f i n e s  a f f o r d i n g  • h i g h  m a o u n t  o f  
r e a c t i v e  s u r f a c e  f o r  t h e  SO 2. 
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The tests at the Pyropower unit gave generally similar results 
to those observed at Tampella Keeler. The dependence on 
temperature was similar. During these tests, the proportions of 
fuels were varied to achieve different Ca/S ratios. The results 
are shown in Table 4. They confirm the high sulfur capture and the 
high sorbent efficiency of the combusted shale ash. 

D 

NOn EMIS$IONS 

Shale is a high nitrogen fuel and on this basis one would 
expect high nitrogen oxide emissions. Burning shale alone did 
result in elevated levels of NOxemlsslons which would require some 
control technology. Burning shale in combination wlth low Btu gas 
and with coal resulted In acceptable emission levels. Due to the 
unique charac~eristlcs of the shale we noted behavior that is not 
typlcal of normal coal/llmestone results in a CFB boiler. As the 
bed temperature decreased, the NO x in the flue gas actually 
Increaeed. 

The experimental data from Tampella Keeler is shown in Figure 
2. The data clearly show the increasing NO X level with decreasing 
temperature. The effect of secondary air injection, within the 
limits of the experlmental conditions, was not significant. 

We cannot offer any plauslble explanation for the temperature 
dependence of the NO× levels. The sulfatlon level of the Sorbent 
has a s~rong Influence on NO x. For example, introducing H~ with 
oll shale alone brought down the NO x promptly to below 200 ppmv. 
Further, when the amount of H~ was doubled, there was an 
addltional drop in NO×. However, the higher NO x level measured at 
the lower temperature cannot be explained along these lines, since 
sulfur capture was more effective at the lower ~emperature. Hence, 
at these lower temperatures, there was less free llme, more 
sulfate, and comparatively less H2S. The rationale for the 
observed temperature dependence must therefore be sought in other 
parameters and mechanisms. 

During the Pyropower tests, more emphasis was given to the 
study of NO~ and its control. Table 5 summarizes the emission data 
from these tests. Again the same temperature dependency as 
observed. 

Ammonia  i n j e c t i o n  i n t o  t h e  o u t l e t  of  t h e  CFB b o i l e r  i s  a NO X 
control technology. Table 6 shows that the emissions can be 
controlled when shale is burned alone. Test II simulated injection 
of an ammonla stream ~roduced during the MIS retorting. The ammonia 
is recovered from th~ MIS gas wash water in a sour water stripper. 
Thle ammonia waste s:ream was injected it into the bottom bed and 
cyclone outlet at various ratios. Injecting 100~ into the bottom 
of the bed lowers NO x somewhat; injecting it all to the top of 
cyclone results in the lowest NO x emission level. As Table 7 shows 
thls represents a hlgh molar ratio of NH 3 to NOx: 8 versus 3 
normally used for control. However, the ammonia is a small waste 
stream from which anhydrous ammonia can not be economically 
recovered for the demonstration project. 
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Shale, alone or in  combination w i th  other low q u a l i t y  fue ls ,  
c a n  be  b u r n e d  a n d  a c h i e v e  low NO x e m i s s i o n  l e v e l s  by  u s i n g  s t a n d a r d  
a m m o n i a  I n j e c t i o n  o r  by u s i n g  t he  s o u r  w a t e r  a e u n o n t a  p r o d u c e d  
d u r i n g  t h e  s h a l e  r e t o r t i n g .  

i , q  C l l I t L ~ ' I 1 ~ I S T I C S  

The  c h a r a c t e r i s t i c  o f  t h e  a s h  w h i c h  c o n t r i b u t e s  t o  i t  b e i n g  a n  
e f f e c t i v e  s u l f u r  c a p t u r e  a g e n t  i s  t h e  f i n e  p a r t i c l e  s i z e  a f t e r  
c o m b u s t i o n .  As n o t e d  b e f o r e ,  i n  b o t h  t e a t  u n i t e  o v e r  80~ o f  t h e  
a s h  w a s  r e c o v e r e d  a s  f l y  a s h  i n  t h e  b a g h o u o e .  The  b a g h o u a e e  a t  
b o t h  t e s t  u n i t s  s h o w e d  no p r o b l e m  i n  h a n d l i n g  t h e  h e a v y  l o a d i n g  o f  
f l y  a s h  o r  I n  b l o w i n g  t h e  a s h  f r o m  t h e  b a g s .  

The  q u a n t i t y  a n d  p a r t i c l e  s i z e  o f  s h a l e  a s h  d i d  r e q u i r e  t h a t  
p r e c a u t i o n s  be  t a k e n  i n  t h e  w a s t e  h e a t  r e c o v e r y  s e c t i o n s  o f  t h e  two  
p i l o t  p l a n t s .  The  f i n e  a s h  d i d  b u i l d  u p  on  t h e  h e a t  t r a n s f e r  
s u r f a c e s  i n  t h e  w a s t e  h e a t  b o i l e r s  a n d  t h e  e c o n o m i z e r s .  

The  T a a p e l l a  K e e l e r  p l a n t  h a s  a s o o t  b l o w e r  i n  t h e  e c o n o m i z e r  
b u t  n o t  i n  t h e  w a s t e  h e a t  b o i l e r .  D u r i n g  t h e  r u n ,  b a g h o u e e  i n l e t  
t e m p e r a t u r e s  i n c r e a s e d  a n d  w e r e  c o n t r o l l e d  i n i t i a l l y  b y  b l o w i n g  t h e  
e c o n o m i z e r .  E v e n t u a l l y ,  t h e  w a s t e  h e a t  b o i l e r  o u t l e t  t e m p e r a t u r e  
bccaume t o o  h i g h  f o r  t h e  e c o n o m i z e r  t o  c o o l ,  f o r c i n g  a s h u t  down t o  
c ~ e a n  o u t  t h e  w a s t e  h e a t  b o i l e r .  An a i r  l a n c e  w a s  f a b r i c a t e d  t o  
b l o w  t h e  w a s t e  h e a t  b o i l e r  d u r i n g  t h e  r e R i n d e r  o f  t h e  r u n e .  T h e  
d u s t  a d h e r e d  t o  t h e  t u b e s  b u t  was  e a s i l y  b l o w n  o f f  b y  t h e  e a s t  
b l o w e r  a n d  a i r  l a n c e .  

The Py ropower  p l a n t  has s o o t  b l o w e r s  i n  t h e i r  was te  h e a t  
b o i l e r / e c o n o m i z e r  e x c h a n g e r .  A s i m i l a r  b u i l d u p  was n o t e d  by 
t e m p e r a t u r e  changes i n  t he  e x c h a n g e r s .  Soot  b l o w i n g  e f f e c t i v e l y  
c o n t r o l l e d  t h ~  b u i l d u p .  I n  a nora,  e l  10 hou r  bu rn  w i t h  c o a l  and 
l i m e s t o n e ,  s o o t  i 8  b l own  a t  t he  b e g i n n i n g  and end.  W i t h  
s h a l e / c o a l / l o w  B tu  gas ,  e a s t  was b lown e v e r y  2 t o  4 h o u r s ;  and,  
w t t h  s h a l e  a l o n e ,  s o o t  had t o  be b lown  e v e r y  20-30 m i n u t e s .  

B o t h  m a n u f a c t u r e r s  t e a l  t h a t  s o o t  b l o w i n g  w i l l  c o n t r o l  t h e  
d u s t  b u i l d u p  on t h e  h e a t  t r a n s f e r  t u b e s .  The  u n i t e  w i l l  be  
c o n s e r v a t i v e l y  d e s i g n e d  f o r  p r o p e r  t u b e  s p a c i n g ,  s o o t  b l o w e r s ,  m i d  
b a g h o u o e  c a p a c i t y .  

The f l y  ash f rom t h e  p i l o t  p l a n t  t e s t s  has been t e s t e d  u s i n g  
t h e  EPA TCLP method and found  t o  have no l e a c h a b l e  heavy  amte18 o r  
o r g a n i c s .  T h u s  t h e  a s h  c a n  be  h a n d l e d  a s  • n o n - h a z a r d o u s  M t e r i a l .  
The  l a r g e  q u a n t i t y  o f  f l y  a s h  l o o k s  l i k e  b r o w n  c e m e n t .  T e s t s  a r e  
c u r r e n t l y  u n d e r w a y  t o  d e t e r m i n e  t h e  m a t e r i a l ' s  p r o p e r t i e s  e8  • 
c e m e n t  a d d i t i v e ,  r oadbase  enhance r  and was te  s t a b i l i z e r .  
P r e l i m i n a r y  r e s u l t s  a r e  e n c o u r a g i n g .  

00110L~IIOIB 

A t e s t  p r o g r a m  h a s  b e e n  c o m p l e t e d  a t  two  CFB b o i l e r  
m a n u f a c t u r e r s '  p i l o t  p l a n t s .  The  r e s u l t s  d e m o n s t r a t e  t h a t  o l l  
s h a l e  a l o n e  and i n  c o m b i n a t i o n  w i t h  o t h e r  f u e l s  can be bu rned  
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e f f i c i e n t l y  I n  an  e n v i r o n m e n t a l  a c c e p t a b l e  m a n n e r .  The CFB b o i l e r  
technology will allow OOSI to burn mlned shale wastes and low Btu 
gas from its MIS processln~ in a commerclally proven technology and 
produce steam and power. The combustion can be accomplished in an 
environmentally acceptable manner with very low emissions without 
the addition of limestone to the CFB or the use of flue gas 
desulfurlzatlon technology. The waste ash stream Is non-hazardous 
and may eventually find uses as building materials. 

The t e s t i n g  d e s c r i b e d  i n  t h i s  p a p e r  was  J o i n t l y  ' s p o n s o r e d  
u n d e r  a c o o p e r a t i v e  a g r e e m e n t  b e t w e e n  OOSI,  t h e  U . S .  D e p a r t m e n t  o f  
~ n e r g y .  t h e  S t a t e  o f  C o l o r a d o ,  and  R i o  B l a n c o  C o u n t y .  
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TABLE I 

SHALE ANALYSIS 
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TABLE 3 

COAL ANALYSES 
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TABLE 4 

PYROPOWER RESULTS 
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NO x EMISSION CONTROL 

I~mfng ShaJe Alone with Recycle Flue Gas @1500F 
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TABLE 7 

NO x EMISSION CONTROL 
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REVIEW AND UPDATE 
OF THE 

COAL FIRED DIESEL ENGINE 

H a r t l n  Jay  Hapeman 
C h i e f  Eng ineer  

CE T r a n s p o r t a t i o n  Systems 
E r i e ,  Penrmylvan ia  

ABSTRACT 

GE T r a n s p o r t a t i o n  Sys tems,  m a n u f a c t u r e r  of  d i e s e l - e l e c t r i c  l o c o m o t i v e s ,  
has  been p i o n e e r i n g  t he  deve lopment  o f  a c o a l  f i r e d  d i e s e l  e n s i n e .  The 
p r o j e c t  i s  t h e  consequence  o f  t h e  1982 s t u d y  t o  f i n d  t h e  most e f f e c t i v e  way 
to  r e i n t r o d u c e  coa l  as  a 1 o c o l o t l v e  f u e l ,  t o  a l l e v i a t e  h igh  f u e l  c o s t s  a~d 
u n s v s i l a b i l i t y .  The p r o j e c t  which ~as i n i t i a l l y  s p o n s o r e d  by t im American 
r a i l r o a d s  has  s i n c e  been funded  l a r g e l y  by t he  O.S. l )epsrr~Nnt  o f  IDnersy. 
F e a s i b i l l t y  o f  u s ing  a c o a l  wa te r  s l u r r y  has  been d e . m a t t e r e d  amd p r e l / m i -  
n a r y  t e s t  r e s u l t s  f o r  commerc ia l  p r a c t i c a l i t y  a r e  most  e n c o u r ~ I n S .  Zns ine  
the rma l  e f f i c l e n c l e s  a r e  comparab le  t o  o11 en~imem and mmter imls  have  been  
i d e n t i f i e d  t o  w i t h s t a n d  the  e r o s i v e  e f f e c t s  o f  t h e  f u e l  and i t s  c a a b u s t l o n  
p r o d u c t s .  The p r e s e n c e  o f  t he  w a t e r  in  t he  f u e l  has  a s i a ~ i f i c s n t  e f f e c t  in  
c o n t r o l l i n g  HOx e m i s s i o n s ,  HC and CO e m i s s i o n s  a r e  v e r y  low and p s r t i c u l o t e m  
can be c o n t r o l l e d  with a p a r t i c u l a t e  t r a p .  Economic s t u d i e s  I n d £ c a t e  c o a l  
s l u r r y  f u e l  i s  an a t t r a c t i v e  economic a l t e r m s t l v e  f o r  r a i l r o a d s .  A 3300KW 
eng ine  i s  s c h e d u l e d  to  be i n s t s l l e d  on a Iocomot lve  t h i s  y e a r .  The s u c c e s s  
o f  t h i s  p r o j e c t  may i n f l u e n c e  t h e  developement o f  c o e l  bu rn in6  d i e s e l s  o f  t h i s  
power o u t p u t  and h i ~ h e r  f o r  u t i l i t i e s .  

INTRODUCTION 

The v o l s t i l l t y  o f  o i i  p r i c e s  and i t s  p o t e n t i a l  l i m i t e d  s v s i l s b l l l t y  con-  
t i n u e  to  s u p p o r t  the  need  f o r  a l t e r n a t i v e  f u e l  s o u r c e s  f o r  A m e r l c s ' s  r a i l -  
r oads .  The r e c e n t  e n v i r o r m e n t a l  c o n c e r n s  have a l s o  demanded t h a t  any a l t e r -  
r m t i v e  f u e l  meec s r c l n ~ e n t  e m i s s i o n  s t a n d a r d s .  The o u t l o o k  f o r  a c o a l  f i r e d  
d i e s e l  eng i ne  t o  s s t l s f y  t h e s e  r e q u i r e m e n t s  "3 p r o m i s i n g .  

: Preceding page blank 
. . . . . . . .  Z93 
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In 1973, t he  days  of the  o i l  c r i s e s ,  U.S. imports<! o i l  was about  
o n e - t h i r d  o f  our  domes t ic  p r o d u c t i o n  and was r i s i n g  r a p i d l y .  I t  reached 
about two-thirds in 1978 and then fell again co the 1973 level. I (See Figure 
I.) It is on the rise again and domestic supply is falling, such thaC in 1989 
the imported supply was equal co three-fourths the domestic supply. However, 
because oil prices have become a function of economic sro~rch and exchange 
rates as ~ll as supply and demand, a current low oil prices do not reflect 
the need for alternative fuels and there is a tendency to ignore the serious = 
hess of the need for slce~mte fuels. 

~ banWs ~ [~W 

I [ . . . . . . . . . . . . . .  

N ~ ~ ~ ~ ~ ~ m ~ 83 04 ~ N ~ U H 

Yea' 

FIGURE 1 - U.S. OIL SUPPLY 
i i  

There i s  a l s o  a renewed emphas is  on e n v i r o n m e n t a l  i s s u e s ,  e s p e c i a l l y  t h e  
l a t e s t  " p a n i c "  concern  about  g l o b a l  warming. ~ Because coa l  has  l i t t l e  hyd ro -  
&~n c o n t e n t ,  i t  w i l l  have a somewhat h i g h e r  COs emis s ions  c o n t e n t  p e r  mi l -  
l i o n  BTU l i b e r a t e d  than  o t h e r  r e c e n t l y  popu l a r  f u e l  c a n d i d a t e s  such  as  n a t u -  
r a l  Sss  o r  me thano l .  

I t  i s  t h e  purpose  o f  t h i s  paper  co rev iew t h e  development  o f  t h e  coa l  
f u e l e d  d i e s e l  eng ine  and to  p o s t u l a t e  i t s  f u t u r e  r e l a t i v e  t o  p r a c t i c a l i t y ,  
e c o n ~ i c  d e s i r a b i l i t y  and env i ronmen ta l  a c c e p t a n c e .  

BACKGROUb~ 

The idea  o f  u s ing  p u l v e r l z e d  c o a l  as  an eng ine  f u e l  began in  t h e  b. ,~Innlng of  
t h i s  c e n t u r y ,  mmlnly in  Germany, wi th  t he  f i r s t  encourag ing  r e s u l : s  r e p o r t e d  
by Pawlikowski  in  the  m l d - t w e n t l e s .  His work s p u r r e d  the  a c t i v i t i e s  o f  many 
d e v e l o p e r s  t h roughou t  t he  war y e a r s ,  but  u n f o r t u n a t e l y  m o s t o f  t h e  deve lop-  
s e n t  was c u r t a i l e d  a t  t he  end o f  World War XI. Host o f  t h e s e  e n g i n e s  were 
deve loped  to  burn coa l  d u s t ,  w i t h  minor a t t e m p t s  to  use c o a l  m i x t u r e s ,  and 
but  one a t t e m p t  t o  g a s i f y  the  c o a l .  During t h e  p~s t  ~s r  
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period a few studies in the United States were conducted using dry pulverized 
coal or coal slurried with oil. ~ 

Within the last 15 years, interest was renewed as a result of the oil 
crises, and development effort sponsored by the U.S. Department of Energy 
culminated with tests of a single cylinder Sulzer engine operating first with 
coal-oil slurry fuel and then with coal-water slurry. This engine was a 
large slow speed diesel engine (120 RPM), with a bore of 76Oamn and a stroke 
of 1550 mm. The results of this study were encouraging in that they showed 
that operation on slurry fuel was feasible, s (A fuel slurry is preferred due 
co the more explosive nature of dry powdered coal and the consequential need 
for special fuel handling.) However, the tests also pointed out the need for 
hardware development. More intensive fuel processing developments have also 
been taking place within the last 15 years. These parallel development ef- 
forts encouraged GE Transportation Systems to consider a coal fueled diesel 
engine for use in a locomotive. However, the locomotive application would 
necessitate the use of a medium speed engine (1050 RPH) for size and power 
r e a s o n s ,  and f e a s i b i l i t y  f o r  t h i s  h i g h e r  speed  e n g i n e  had no t  been s u c c e s s -  
f u l l y  d e m o n s t r a t e d  us ing  c o a l - w a t e r  s l u r r y  f u e l .  C o a l - w a t e r  s l u r r y  would 
have more p o t e n t i a l  f u e l  s a v i n g s  than c o a l - o i l  s l u r r y ,  due t o  the  h igh  c o s t  
of o i l ,  and s c o a l  l oad ing  l i m i t  o f  about  50 p e r c e n t  t o  p r e v e n t  h igh  v i s c o s -  
i t y .  

I g n i t i o n  and combus t ion  f e a s i b i l i t y  o f  t he  f u e l  w i t h i n  t he  en@ine had t o  
be d e m o n s t r a t e d ,  which n e c e s s i t a t e d  d e v e l o p i n g  f u e l  i n j e c t i o n  sy s t ems .  The 
e f f e c t s  o f  the  f u e l  on eng i ne  d u r a b i l i t y  had to  be u n d e r s t o o d  and s t u d i e s  o f  
economic d e s i r a b i l i t y  and e x h a u s t  e m i s s i o n s  had t o  be u n d e r t a k e n .  

TI~ FUEL 

D 

Most o f  t he  e a r l y  GE e x p e r l m e n c a t i o n  was c a r r i e d  ouc u s ing  f u e l  p roduced  
by t he  OTISCA p r o c e s s .  (See F i g u r e  2 . )  B r i e f l y  d e s c r i b e d ,  t he  p r o c e s s  f i r s t  
p u l v e r i z e s  t h e  cos1 ,  and Chert comminuces t h e  cos1 wi th  wa te r  in  s b e l l  m i l l  
to  a mean p a r t i c l e  s i z e  o f  abou t  5 microns ,  (The deve lopmen t s  by OTISCA 
d e m o n s t r a t e d  t h e  f e a s i b i l i t y  o f  f i n e  comminucion wi th  r e a s o n a b l e  c o s t .  
H e r e t o f o r e ,  i t  had been assumed t h a t  a p r o c e s s  to  p roduce  such  a f i n e  p m r t i -  
c l e  s i z e  would be p r o h i b i t i v e l y  e x p e n s i v e . )  A f t e r  g r i n d i n g ,  t he  f u e l  i s  
mixed with an a g g l o m e r a t e  in a h igh  shea r  mixe r .  The coa l  i s  aiM;lomerated 
and the  m i ne ra l  m a t t e r  can now be s e p a r a t e d  from 'the f u e l  a l~1omerace .  The 
ash  i s  e a s i l y  s e p a r a t e d  from the  wate r  and t he  wate r  r e c y c l e d ,  The a ~ l o m e r -  
ace is  r e c o v e r e d  from t he  f u e l  by h e a t i n g  and i s  a l s o  r e c y c l e d .  The f u e l  i s  
then  s l u r r i e d  wi th  d e m i n e r a l i z e d  wa te r  to  the  d e s i r e d  f u e l  c o n c e n t r a t i o n  and 
any n e c e s s a r y  a d d i t i v e *  a r e  i n c l u d e d .  The ash c o n t e n t  o f  t he  f i n a l  f u e l  i s  
l e s s  than 1.5 p e r c e n t  ( d z y ) ,  and most o f  the  p y r i t i c  s u l p h u r  i s  removed. Be- 
cause  i t  i s  a mechanica l  p r o c e s s ,  o r g a n i c  s u l p h u r  i s  noc removed, Fue l s  made 
from o t h e r  p r o c e s s e s  have a l s o  been s t u d i e d ,  
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FIGURE 2 - THE OTISCA COAL SLURRY PROCESS 

The nominal  r equ i r emen t s  o f  t he  eng ine  g rade  coa l  f u e l  a re  s h o ~  in  
t ab le  I ,  

Proximate  A n a l y s i s  
Ash 

Z V o l a t i l e s  
% Fixed Carbon 

P a r t i c l e  S ize  
He.an D i a m e t e r  (microns)  

Htlr, h BeaCing Value (~l,T/kq) 
Sulphur  Conten t  

1 . 5  mLx 
35 t o  40 
60 max. 

7 to  1 0  
28 t:o 3& 
1~ max. 

TABLE I 

NONINAL ENG'~NE GRADE COAL SLURRY FUEL REQUIRENENTS 

The e ~ i n e  g rade  f u e l  c o s t  i s  composed of  t h r e e  p i e c e s :  the  c o s t  o f  t he  
raw coa l  i t s e l f ;  the  f u e l  p r o c e s s i n g  c o s t ;  and t h e  t r a n s p o r t a t i o n  c o s t .  
These c o s t s  have been e s t i m a t e d  f o r  r a i l r o a d  a p p l i c a t i o n s  6 and r e c e n t l y  
r e v e r i f i e d . "  The c u r r e n t  e s t i m a t e  o f  t h e  f u e l  c o s t  i s  app rox lma te ly  $3.10 
per  m i l l i o n  BTU, wi th  v a r i a t i o n s  depending upon p r o c e s s  p l a n t  s i t e  local  iOn, 
which a f f e c t s  t r a n s p o r t a t i o n  c o s t s ,  the  sou rce  o f  t h e  raw f u e l  and t h e  r e a -  
s o n a b l e n e s s  o f  t he  f u e l  p r o c e s s  b u s i n e s s  markup. 

R e s u l t s  to  d a t e  o f  f u e l s ,  bo th  b i tuminous  and sub -b i t uminous  which have 
been p roces sed  and s u c c e s s f u l l y  b u r n t  in  t h e  d i e s e l  eng ine  a r e  sho~m in  Table 
I I .  
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PO£L POlL 
I0. SOPPLIEI 

I. O?]SCI 
Z. OTISCA 
1. OTISCA 
4. OTISCA 
5. OtlSCl 
6. OlO[IC 
7. O|O[IC 
8, OI+[iC 
9. ANAI 

STAT£,S[A| k CL[AIIIG I[AI 
TY~! PIGCESS IIClOI 

S[Z[ 

IY-BloeGeo l i t u  Pkysi{ol k.6 
[Y-BlaeGel ittam Pkysicol ~.8 
[Y-+loeGel licit fipstca| 1.I 
[Y-BlneGe, litom Pblsicsl 1.2 
PX-hr i l l l  Bites Pkysicll 2.S 
WT-Kemmer $obbit Chemical 11.9 
Wy-Spr|C~k 5~bbit Pbys.C~e t*.T 
Vy-SprxCrk S~bbit Chemical It.9 
[Y-Splint Bitu Physical 8.2 

H01 AIILYSI~ tWtll LOW[! POlL IGII 
V0LI- Pill0 4SI K[AIIIG SOL[| GOT 
VlL~$ CAIIGI VALO~ I | 

SrC 

]9.5 59.1 0.7 )].~4 tg.0 98.8 1199" 
]8.8 60.~ 0.8 ]].kS 9G.2  98.8 I I IZ  
19.~ 59.1 0.7 ]1.~8 ~9.1 98.7 8;01 
]9.1 60.0 0.7 13.~8 48.9 99.2 81&Z 
1&.9 61,4 I.;  ]l.~Z 50.9 91.6 I I~:" 
tO.; 56.5 2.8 28.~6 G8.9  t9.3 8~16" 
~0,9 57,~ 2.1 28.71 52.3 9|.q 9G&&" 
~0.7 56.5 2,8 28 .68  50.~ qq,! 8!82' 
11.] 60.2 1.5 12.80 ~9,3 q/.9 8169 

TABLE I I  

FUEL COMBUSTION RESULTS 
(* Average o f  s e v e r a l  t e s t  p o i n t )  

THE ENGINE 

E n g i n e  d e v e l o p s e ~ t  began by s e p a r a t i n g  t he  t a s k  i n t o  t h r e e  phases :  
combus t ion  d e v e l o p a e n t ;  f u e l  i n j e c t i o n  sys t ems ;  and wear r e s i s t a n c e .  

C~ubust ion D e v e l o l ~ m t :  

Combustion o f  the  c o a l - ~ r d t e r  f u e l  began wi th  s i m u l a t i o n  i n  s combus- 
t i o n  bomb a t G E ' s  Corpo ra t e  R e s e a r c h  and Veve lopsen t  c e n t e r .  " S i n g l e  s h o t "  
t e s t s  were c~nduc ted  to  d e t e r m i n e  the  i g n i t i o n  c h a r a c t e r i s t i c s  o f  t h e  f u e l .  
These t e s t s  wlrh s u f f i c i e n t  c o a b u s t i o n  p a r a m e t e r  v a r i a t i o n ,  a i d e d  wi th  h i s h  
speed  combus t ion  f i lm  p h o t o g r a p h y  l ed  to  chemica l  c o a b u s t l o n  m~dels  i a d l -  
c a r i n g  t h a t  not  on l y  was c o a l  u a t e r  s l u r r y  c o a b u s t i o n  p o s s i b l e  i n  a medium 
speed  d i e s e l  e n v i r o n J e n t ,  bu t  t h a t  t he  g e n e r a l  c h a r a c t e r  of  cosbusc loQ ~ s  
s L s i l s r  t o  o i l  c o a b u s t i o n .  Indeed ,  based on t h e  d i f f e r e n c e s  which do 
o c c u r ,  and wi th  l a t e r  e x p e r i m e n t a t i o n ,  more u n d e r s t a n d i n g  o f  t h e  e n t i r e  
c o a b u s c i o n  p r o c e s s  f o r  c o a l  o r  o i l  i s  beLng a c h i e v e d .  

Fuel  I . l J e c t i o n  S y s t e s s :  

S e v e r a l  f u e l  i n j e c t i o n  sys t em d e s i g n s  were c o n c e i v e d ,  and e x p e r i m e n t a l  
hardware  and s i n ~ l e  c y l i n d e r  e n g i n e  t e s t i n g  began. Coal s l u r r y  i s  no t  o n l y  
e r o s i v e ,  ic  t ends  t o  c log  pumps, I n j e c t o r s ,  and f u e l  l i n e s .  F i l rure  3. i s  8 
dlsgraM of  the  f l r s c  f u e l  i n j e c t i o n  system which was s u c c e s s f u l .  T h i s  
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s y s t e J  was c h a r a c t e r i z e d  by the  s e p a r a t i o n  of coa l  s l u r r y  from the  h igh  
p r e s s u r e  i n j e c t i o n  pump by the  use of  an i n t e r m e d i a t e  d iaphragm.  C l r c u l a t -  
ing f u e l  o l ]  i s  used to  p rov ide  i n j e c t i o n  p r e s s u r e ,  volume and t iming  v i a  
the  d i aphra~a .  The coa l  s l u r r y  was p reven ted  fr~'a c l o g g l n g  the  i n j e c t i o n  
n e e d l e  by u s i n g  back p r e s s u r e  on the  needle  va lve .  This  syste~m led  to  
s i n g l e  c y l i n d e r  o p e r a t l o n o f  the  coa l  s l u r r y  f u e l e d  eng ine  a t  1050 RPH and 
a t  po~er l e v e l s  equa l  to  t h a t  o f  an o i l  f ue l ed  eng ine .  (The c a p a c i t y  o f  t he  
h i g h  p r e s s u r e  pump was doubled  to  accoe~x ia t e  the  i n c r e a s e d  f u e l  vo luae  due 
to  w a t e r . )  

. . . . . . . . . .  

I I 

' SEPARATOR 

CW$ IN 

INJECTOR 

FIGURE 3 - MECHANICAL FUEL INJECTION SYSTEH 

The f e a s t b i l l t y ,  o f  o p e r s t i r ~  the  coa l  f i r e d  d i e s e l  a t  medi,Jm speed 
(1050 RPM) had been demons t r a t ed  but  the  r ap id  wear o f  t h e  i n j e c t o r  n o z z l e  
h o l e s ,  l e s s  t h a n  S hour s  l l f e ,  underscored  the  need f o r  a wear r e s i s t a n t  
d e v e l o p a e n t  p r o ~ r e e .  Other  i n j e c t i o n  systems were s u b s e q u e n t l y  deve loped ,  
I n c l u d l n g  e l e c t r o n i c a l l y  a c t u a t e d  accumula tor  sys t ems ,  s I r o Q i c a l l y ,  i t  had 
been presupposed  t h a t  i t  might  be d l f f i c u l t  t o  o b t a i n  such  h i g h  po~er 
l e v e l s  ~ I t h  c o a l  f u e l s ,  but  as  i t  evolved ,  i t  was found t h a t  low power 
l e v e l s  were s o r e  d l f f l c u l t ,  n e c e s s i t a t i n g  the  need f o r  d l e s e l  f u e l  p i l o t  
i n j e c t i o n  s t  t h e s e  low power l e v e l s .  At t h i s  s t s g e  o f  t he  d e v e l o p ~ n t ,  a 
sma l l  q u a n t i t y  o f  d i e s e l  f u e l  (about  3% energy)  i s  used s t  f u l l  power t o  
promote i g n i t i o n  s t a b i l i t y ,  and o p e r a t i o n  s t  low p~er  l e v e l s  i s  on d i e s e l  
f u e l  o n l y .  

eng ine  Wear: 

Unl ike eng ine  d e s i g n e r s  o f  the  t u r n  of  the  c e n t u r y ,  t e d a y ' s  d e s i g n e r s  
have s g r e e t e r  r e p e r t o i r e  o f  m a t e r i a l s  and p r o c e s s e s  a v a i l a b l e  t o  t hee  t o  
s o l v e  the problems o f  a :on1 f i r e d  d i e s e l .  

I n j e c t o r  t i p  wear was the  most obvious shor tcoming  of  t h e  cos1 f i r e d  
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d i e s e l ,  and work t o  i d e n t i f y  h a r d e r  m a t e r i a l s  f o r  the  n o z z l e  t i p s  was 
begun.  Of a l l  the  m a t e r i a l s  i n v e s t i g a t e d ,  d r i l l e d  i n d u s t r i a l  diamonds 
which ~ere  i m p l a n t e d  in the  i n j e c t o r  t i p  were found t o  have the  b e s t  l i f e .  
In  f a c t ,  no a p p r e c i a b l e  wear has been e x p e r i e n c e d  co d a t e  a f t e r  60 h o u r s  o f  
e n g i n e  o p e r a t i o n  and bench s c a l e  t e s t s  e x c e e d e d  lO00 hours  o f  e q u i v a l e n t  
e n g i n e  o p e r a t i o n .  1"ne development  of  t h e s e  t i p s  i s  now underway even  f o r  
use  in  t o d a y ' s  o i l  d i e s e l s .  

The ~ a r  r e s p o n s e  o f  the  p r o d u c t i o n  n i t r i d e d  c y l i n d e r  l i n e r  t o  c o a l  
w a t e r  s l u r r y  f u e l  was about  s i x  t imes  h i g h e r  than  when o p e r a t e d  wi th  d i e s e l  
f u e l .  Resea rch  a c t i v i t i e s  on r i n g  and l i n e r  c o s t i n g s  have c o n c e n t r a t e d  on 
d e t e r m i n i n g  the  plasma sp ray  p a r a m e t e r s  n e c e s s a r y  t o  d e p o s i t  8 t u n g s t e n  
c a r b i d e  c o a t i n g  wi th  optimum c h a r a c t e r i s t i c s  to  r e s i s t  t he  c o a l - w a t e r  
s l u r r y  ash s l i d i n g  ~ear .  Using a chromium c a r b i d e  c o a t e d  top r i n g ,  a c h r o -  
mium p l a t e d  midd le  r i ng  and s chromium p l a t e d  c a s t  i r o n  o l l  r i n g ,  l i n e r  
wear was r educed  t o  on l y  twice  t h a t  o f  an o i l  d i e s e l  eng ine .  Top r l n 8  wear 
was a l s o  r e d u c e d  t o  about  twice t h a t  f o r  an o i l  e n g i n e  by us ing  the  t u n a -  
sten c a r b i d e  c o a t e d  top  r i ng .  The chromium p l a t e d  middle  r i n g  
b e t t e r  p e r f o r m a n c e  then  when o p e r a t e d  on o i l ,  and t h e  chromium p l a t e d  o i l  
r i n g  a f t e r  l i m i t e d  t e s t i n g  showed no wear a t  a l l ,  The f s c t  t h a t  t h i s  f i r s t  
a t t e m p t  t o  r e d u c e  the  wear r ace  us ing  h a r d e r  m s t e r i s l s  u s  so d r s m s t l c  i n -  
d i c a t e s  t h a t  t h e  c y l i n d e r  l i n e r  and r ing  wear problems can be s o l v e d  wir.h 
" r e a s o n a b l e  advances  in  m a t e r i a l  t e c h n o l o g y ' . 9  

~ e n  t h e  c o a l  f i r e d  d i e s e l  proaram began,  many o t h e r  wear p rob lems  hod 
been  a n t i c i p a t e d ,  Even though on ly  l i m i t e d  d u r s b i l i t y  t e s t i n l l  has  been 
done ,  t o  d a t e  no problems of  wear have d e v e l o p e d  beyond those c i t e d  s h o v e .  

E~OII~,~J~AL COliSIDERATIONS 

Unl ike  t he  c u r r e n t l y  popu l a r  a l t e r n a t i v e  f u e l  c a n d i d a t e s  such sa  n a t u -  
r a l  gas  and m e t hano l ,  c o a l - e s t e r  s l u r r y  i s  s such  s a f e r  h a n d l l n g  f u e l .  I t  
i s  n o n - t o x l c ,  and n o ~ - f l s m s b l e  because  o f  t he  h igh  e s t e r  c o n t e n t .  I t  i s  
t r u l y  an i d e a l  f u e l  f o r  mobile  a p p l i c a t i o n s  in  t h i s  r e s p e c t .  

Tab le  I I I ,  d e p i c t s  the  p r o j e c t e d  m i s s i o n s  from a cc~l  
b o t h  as a b a r e  eng ine  and sn eng ine  With e m i s s i o n  c o n t r o l s .  
i s  made wi th  t he  c u r r e n t  p r o d u c t i o n  o i l  e n g i n e .  

f i r e d  d i e s e l  
A c o q ~ r  ioon  

The p r e d i c t i o n s  show t h a t  t h e  coa l  f i r e d  d l e s e l  trlch c l e a n u p  has  e v e r y  
chance  to  b ;  e n v i r o n m e n t a l l y  a c c e p t a b l e .  Tes t  d a t a  Indic .aces  Chat t h e  HC's 
a r e  s l i g h t l l  lower  which would seem to  be n a t u r a l  s i n c e  the  o l l  has  l a r g e l y  
been r e p l s c . . d  wi th  c o a l .  

NOx e m i s s i o n  o f  the  coa l  ensine i s  l e s s  t han  h a l f  o f  t h e  o i l  e n g i n e  
because  o f  t he  low f i r i n g  t e m p e r a t u r e  due to  the  h l s h  water  c o n t e n t  in  ~he 
f u e l ,  
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HC 
NOx 
SOx 
CO 
PH 

OIL 
DIESEL 

.25 
11.50 

.56 

.75 

.20 

BARE COAL 
DIESEL 

.20 
4.80 
2.00 
l.O0 
3.00 

CONTROLLED 
COAL DIESEL 

• 20 
&.80 
1.00 

. 1 . 0 0  
• 30 

Diese l  f u e l  su lphu r  c o n t e n t =  0.5% 
Coal s l u r r y  s u l p h u r  con t en t=  1.0% 

Table  I I I  

EMISSIONS 'COMPARISON (gr /HP-hr)  

Development i s  underway to  c o n t r o l  exhaus t  p a r t i c u l a t e  e m i s s i o n s .  To 
d a t e ,  a smal l  s c a l e  cyc lone  m s  a b l e  to  c o l l e c t  most o f  t he  unburned char  
p a r t i c l e s  in  the  s t ream,  which accoun t s  f o r  about  o n e - h a l f  o f  t h e  p a r t i c u -  
l a t e  e m i s s i o n s .  The s m a l l e r  ash  p a r t i c l e s  ( l e s s  t han  3 mic rons )  passed  
th rough  the  cyc lone .  Seve ra l  mesh f i l t e r s  were i n v e s t i g a t e d .  Al thoush  
r ~ e y  ue re  ve ry  e f f e c t i v e ,  t h e y  ¢ logsed  e a s i l y .  P r e c o a t i n g  t h e  f i l t e r  wi th  
l ime g r e a t l y  improved the  a b i l i t y  o f  an a i r  pu l se  t o  r e s t o r e  f i l t e r  e f f e c -  
t i v e n e s s .  The h igh  t e J p e r a t u r e  (750 deg F) exhaus t  deg raded  r.he f i l t e r s  
and Inco~e l  f a b r i c  showed the  most s t a b l e  performance .  Because  t he  c u r r e n t  
program has locomot ive  a p p l i c a t i o n  p r e f e r e n c e ,  the  f i l t e r i n g  sys t em must be 
i n s t a l l e d  on a l o c ~ o t i v e ,  t h u s  s e v e r e l y  l i m i t i n g  p o s s i b l e  a l t e r n a t i v e s .  
S t i l l ,  c u r r e n t  i n v e s t i ~ t i o n  show~ t h a t  a sys tem can be d e s i g n e d  which r en -  
d e r s  p a r t i c u l a t e  emiss ion  no t  much g r e a t e r  t h a t  c u r r e n t  o i l  eng ine  o u t p u t .  
On the  o t h e r  hand, removal o f  t he  s i z e  c o n s t r a i n t  which i s  p o s s i b l e  wi th  
s t a t i o n a r y  a p p l i c a t i o n s  w i l l  most l i k e l y  r e s u l t  in  a sys tem which w i l l  cap-  
t~ure most e l l  o f  the  p a r t i c u l a t e .  

I t  seemed l o g i c a l  t o  t r y  t o  c a p t u r e  ox ide s  o f  s u l p h u r  by p remix ing  CaO 
s o r b e n t  in  wi th  the  c o a l - u a t e r  s l u r r y .  For a ~a/S r a t i o  o f  2, 25 % o f  t he  
i n i t l a l  SOa was removed as  C a l c l u a  s u l f a t e  (a s o l i d ) .  Not o n l y  m s  the  
s u l p h u r  c a p t u r e  poor,  i t  c o a t e d  the  head l i n e r  and v a l v e s  i n  l e s s  t h a n  8 
hours  o p e r a t i o n .  

Another  concept  o f  i n j e c t i n g  a ca lc ium s l u r r y  c o n t a i n i n g  25~ of  
Ca(OR)a i n t o  the  exhaus t  s t r e ~  b e f o r e  t he  t u r b o c h a r g e r  removed ~ o f  t h e  
SOs. ~o In  a d d i t i o n ,  bench s c a l e  t e s t s  showed t h a t  CuO g r a n u l a r  bed i s  ve ry  
e f f e c t i v e  a t  c a p t u r i n g  5Oa a t  eng ine  t empera tu re .  I t  i s  p o s s i b l e  t o  cap-  
t u r e  over  90~ of  the  SOa. Development i s  under  way to  e s t a b l i s h  the  b e s t  
method of  us ing  powdered CuO in  t h e  a c t u a l  engine .  Thus, a g r e a t  d e a l  o f  
SOa can be removed by ~os t  combust ion  t e c h n i q u e s  and a s  w i th  t h e  p a r t l c u -  
l ~ e  c o n t r o l ,  even b e t t e r  r e s u l t s  c~--n p robab ly  be a c h i e v e d  wiuhout  space 
c o n s t r a i n t s  f o r  s t a t i o n a r y  a p p l i c a t i o n s .  
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The lower hydro&en c o n t e n t  o f  coa l  as compared t o  o t h e r  f u e l s  w i l l  
r e s u l t  in a h i g h e r  COn e m i s s i o n  c o n t e n t  pe r  unic  o f  hea t  l i b e r a t e d .  When 
c ~ p a r i n g  the  e f f e c t s  of  t he  C@a e m i s s i o n  wi th  o c h e r  f u e l  c h a r s c c e c i s t i c s ,  
one shou ld  c o n s i d e r  f u e l  p r o c e s s  m a n u f a c t u r i n 8  and d i s t r i b u t i o n  r e q u i r e -  
meats  and e n s i n e  e f f i c i e n c ~ e s  co d e t e r m i n e  o v e r s l l  sys t em COn g e n e r a t i o n .  
F u r t h e r m o r e ,  t h e r e  s r e  o t h e r  e m i s s i o n s  l i k e l y  t o  be p r e s e n t  in  g r e a t e r  
q u a n t i t i e s  in the  exhaus t  o f  e n g i n e s  us ing  o t h e r  f u e l  a l t e r n a t i v e s .  ( e . g .  
fo rmaldehyde  when us ing  m e t h a n o l . )  The p r o b a b l e  g r e a t e r  d a n s e r s  from such  
e m i s s i o n s  cou ld  outwaigh any COn r e d u c t i o n  a d v a n t a g e s .  

ECONOKICS 

An economic a n a l y s i s  of  the  c o a l  f i r e d  d i e s e l  l ocomot ive  has  been c a r -  
t i e d  ouc .  The a n a l y s i s  i n d i c a t e s  t h a t  wi th  d i e s e l  f u e l  c o s t s  o f  $0.85 p e r  
g a l l o n  ( $ 6 . 1 8 / m i l l i o n  BTU), most r a i l r o a d s  c o u l d  e x p e c t  an a t t r a c t i v e  d i s -  
c o u n t e d  r a t e  o f  r e t u r n  o f  more t han  20~ by s w i t c h i n g  t o  coa l  which i n c l u d e s  
the  i n c r e m e n t a l  c a p i t a l  c o s t s  f o r  new l o c o m o t i v e s  and t he  n e c e s s a r y  changes  
in r a i l r o a d  f u e l i n ~  i n f r a s t r u c t u r e ,  e ' "  

Coax c o s t s  have h i s t o r i c a l l y  been independen t  o f  t he  supp ly ,  demand 
and p r i c e  s t r u c t u r e  o f  oche r  f u e l s  and t h e r e  i s  an abundant  supp ly .  Thus ,  
as  o l l  p r i c e s  r i s e ,  the  c o s t  o f  o t h e r  n o n - c o a l  f u e l  s l t e r n a t i v e s  r i s e  a l s o ,  
1 / a i t l n g  t h e i r  economic advan t age .  

CLOSURE 

The coa l  f i r e d  d i e s e l  e n s i n e  c o n c e p t  i s  f i n a l l y  a r e a l i t y .  A 12 c y l -  
Inde r  medium speed  locomot ive  s i z e  e n g i n e  has been run in  a d e v e l o l m e n t  
t e s t  a t  pover  l e v e l s  comparable  t o  o11 f u e l e d  e n g i n e s .  Th i s  e n g i n e  i s  
s c h e o u l e d  t o  p r o v i d e  l o c o m o t i v e  power b e f o r e  t h e  end o f  t h i s  y e a r .  
C o a l - w a t e r  s l u r r y  f u e l  i s  n o n - c o x l c  and s a f e  and f u e l  s av ings  can amount t o  
as  much as  50~ o v e r  o i l  f u e l .  ( D i e s e l  f u e l  c o s t s  assumed s t  S O . 8 5 / s a l l o a ) .  
H a t e r l s l s  a re  be i ng  deve loped  t h a t  shou ld  make eng ine  wear comparab le  t o  
p r e s e n t  day enE i nes ,  and t he  e n g i n e  e m i s s i o n s  c o n t r o l  o u t l o o k  looks  f a v o r -  
a b l e .  

I n t e r e s t  in  the  c o a l  eng ine  i s  waning somewhat because  o f  t~e  c u r r e n t  
low o i i  p r i c e s .  However, c o s l  i s  an abundant  f u e l  s u p p l y  sad i t s  p r i c e  has  
h i s t o r i c a l l y  be~n independen t  o f  t h e  s u p p l y ,  demand and p r i c e  s t r u c t u r e  o f  
o t h e r  f u e l s ,  t h e  coa l  e n s i n e  deve lopment  c o u l d  l ead  t o  reduced  dependence  
on impor ted  o i l ,  e s p e c i a l l y  i f  f u r t h e r  e n g i n e  deve lopment  r e s u l t s  in  
c o s l f u e l e d  d i e s e l s  f o r  on-highway v e h i c l e  use .  Use o f  a s a f e  f u e l  l i k e  
c o a l - w a t e r  s l u r r y  f o r  t r a n s p o r t a t i o n  would be most welcome. For  s t s t i o n s ~ /  
a p p l i c a t i o n s ,  t he  h i g h l y  e f f i c i e n t  d i e s e l  e n g i n e ,  bu rn in8  c o a l  cou ld  c e r -  
t a i n l y  supplement  u t i l i t y  pr ime mover needs .  At some p o i n t  in  the  f u t u r e  
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it seems certain thac ~oal fired dlesels will find their way into our econ- 
omy. 
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FLUID BED OPERATIONS TO DATE 

By: 
Bruce Imsdahl and Duane Steen 

Montana-Dakota U t l l i t i es  Company 
Mandan, North Dakota 

INTRO~N~TION 

Goodmerning lad ies and gentleman, i t ' s  a pleasure to  have t h i s  oppor tun i t y  
to speak here at the Syn Ops 90. I f i r s t  want to express my apprec ia t ion  to  
the Energy and Environmental Research Center f o r  the i n v i t a t i o n  to speak. Also, 
I want to thank them fo r  the assistance tha t  they provided us dur ing the l n i t l a l  
planning, s t a r t - up ,  and operat ion of  the f l u i d  bed un l t  of  which I w t l l  be 
t e l l i n g  you about today. 

Montana-Dakota Ut i l l t i es  re(rofitted the existing 75mw stoker fired unit 
at the R.M. Heskett Station near Mandan, North Dakota, to a 80mw fluidized bed 
during the winter of 1986. For those of you that are not familiar with Montana- 
Dakota Ut l l i t i es ,  I would f i r s t  11ke to glve you a l i t t l e  explanation of our 
company. 

Montana-Dakota U t i l i t i e s  is  an investor  owned u t i l i t y  tha t  serves a 
t e r r i t o r y  encompassing approximately 5¢ of the cont inenta l  United States. Our 
service t e r r i t o r y  includes communities in the s ta tes of  North Dakota, South 
Dekot~, Montana, and Wyoming. The R.M. Heskett Sta t ion is  located approximately 
in the center of the state of North Dakota. We are a combination u t i l i t y  in that 
we not only service our communities with e lectr ic i ty ,  but we also have natural 
gas service as well. 

The R.M. Heskett Sta t ion cons is ts  of  two c e n t r a l l y  independent un i t s .  The 
un i t  on the north side of the s t a t l o n  proper ty  Is un i t  #1. I t  was b u t l t  In 1954, 
and is a 20 NWe un i t .  The b o i l e r  is  • R i ley t r ave l i ng  grate s toker  f i r e d  un i t .  
Unit #2, located on the south, is  a 66 MWe un i t  tha t  was b u i l t  in 1963. The 
o r i g i na l  b o i l e r  was a Ri ley t r ave l i ng  grate s toker  f i r e d  un i t .  

There we,'e a number o f  reasons fo r  our decis ion to  r e t r o f i t  un i t  ~2 to a 
f l u i d  bed. Our expectat ions were to solve the problems experienced w i th  t h t s  
un i t  since i t ' s  i n i t i a l  operat ion.  Those expectat ions were (1) reduct ion o f  
furnace s lagging (2) reduct ion of  convect ion pass f ou l i ng  (3) increase b o i l e r  
a v a i l a b i l i t y  (4) Increase b o i l e r  e f f i c i e n c y  (5) increase un i t  capaci ty .  
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The design of  the f l u i d  bed included the fo l low ing  parameters: 

F l u i d l za t l on  ve loc i t y :  12 foot  per second (3.7 m/s) 

Normal bed temperature: 1500 degrees F. (816 degrees C.) 

Bed depth: 51 inches (1.3 m) 

Overal l  excess a i r :  25X 

A i r  heater gas e x i t  temperature: 275 degrees F. (135 degrees C.) 

Bed mater ia l :  Sand  

Because time ts money, we wanted the r e t r o f i t  to be completed as qu ick ly  
as ~ s s l b l e  wi th  a mlnlmum down time. The fas t  t rack schedule was as fol low's: 

Contract award: January, 1986 

Begin demol i t ion:  

Hydrosta t ic  t es t :  

F i r s t  coal f i r e :  

Fi rs t  generation: 

Commercial operat ion:  

October 14th, 1986 

February la th ,  1987 

Apr i l  16th, 1987 

Nay lOth, 1987 

Nly 15th, 1987 

The steaming cond i t ions  as set by the cont rac t ,  included the fo l l ow ing  
parameters: 

Superheat f low: 700,000 pounds per hour 

Superheater o u t l e t  pressure: 1,300 PSIG 

SuDerheater o u t l e t  temperature: 955 degrees F. 

Feedwater temoerature: 443 d:grees F. 

Figure nne is e side view of the unit prior tu t~ retrofit. $., that you 
are familiar wlth the design of this unit, I would llke to point mJt the 
following features. The unit has a traveling grate that travels towards the coal 
feeders which are located about flve fea.t above the grate. Below the grate is 
the bottom ash collection system. 
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This unit is a two drum boiler. The unit has three division walls in the radiant 
section. I t  has a multi-clone dust collection :~/stem in the gas path after the 
economizer. There was a Ljungstrom regenerat ive a i r  heater located j us t  p r i o r  
to the electrostatic precipitator. 

The figure number 2 shows the areas that were changed in the re t ro f i t .  
Notice that the traveling grate has been removed with the fluld bed section 
located again just below the coal feeders. The f lu id bed consists of a boiling 
bank and a superheater section. Below the floor of the bed, is the wind box. 
Below the wind box there are ash collection screw conveyors, located both towards 
the frcnt and rear of the unit, The in-bed boiling bank is supplied by three 
new 50% capacity wet stator boiler circulation pumps. The feed for these pumps 
is from the lower drum. The water flow therefore is through the In-bed surface 
and up in to the existing three division walls. The ret ro f i t  also consisted of 
a new three pass tubular air heater and a new forced ~raft fan. 

In order to accommodate the fas t  t rack  schedule, Babcock & Wilcox 
modularized the cons t ruc t ion .  The f l u i d  bed was made in three sect ions or  
modules. The three sect ions were manufactured in West Point ,  M iss i ss ipp i .  They 
were then loaded on f l a t  bed t r a i l e r s  and hauled nor th to the R.M. Heskett 
Sta t ion.  The l i g h t e s t  module, cons is t ing  of  par t  of  the bo i l i ng  bank, weighed 
87,000 pounds. The heaviest module cons is t ing  of the en t i r e  in-bed superheat 
sect ion weighed lO8,O00pounds. The modules were made up of the wind box, f l o o r  
and t h e i r  associated headers, and the respect ive in-bed s3ct ion.  

Ul:X)n a r r i v a l  at  the s ta t i on ,  the three modules were pushed i n d i v i d u a l l y  
under the b o i l e r ,  welded together ,  and l i f t e d  up In to  pos i t l on  so tha t  the 
s t r uc tu ra l  s teel  support ing them, could then be i n s t a l l e d .  

The f i r i n g  deck where the stoker feeders are located is  e s s e n t l a l l y  
unchanged. This f r on ta l  area, f o r t y  feet  lor~,  contained the ten stoker feeders.  
These feeders were grouped in to  four  groups to match the d i v i s i on  of  the wind 
box. The feeders cont inue t h e i r  o r l g tna l  design to spread the l i g n i t e  over the 
entire twenty f ive foot depth of the boiler. The top of the in-bed surface, Is 
at the same elevation as the f i r ing deck. The f luid bed uses sand as bed 
mater ia l .  Figure number 3 is  the ana lys is  of  the sand used in our operat ion.  
The sand Is washed and sized in a p i t  near Washburn, North Dakota. The sand p i t  
Is a g lac ia l  depos i t .  The sand is  delivered in t rucks  on a da i l y  basis.  We use 
approximately s i x t y  to  e ighty  tons of sand mater ia l  per day. 

Our coal is  North Dakota l i g n i t e .  The l i g n i t e  is  de l ivered by r a i l  from 
an open p i t  mine locate~ near Beulah, North Dakota. Figures number 5 and 6 
r e f l e c t  the t yp i ca l  ana lys is  o f  the l i g n i t e ,  and the s ize as f~red. 

Part of the retof l t  included the installation of a new Bailey Network go 
cont ro l  system. This cont ro l  system is a hybr id .  To Keep the cost o f  the 
p ro jec t  down. Those elements in the cont ro l  system not necessar i l y  par t  of  the 
f l u i d  bed, remained the o r i g tna l  pneumatic cont ro l  system as i n s t a l l e d  in 1963. 
The Net 90 control system included a single operator interface unit, as well as 
a number of hand auto stations mounted in the existing boller board. 

307 



STEEN - 4 -  

The graphics c a p a b i l i t y  of the Net go system allowed for the creat ton of 
a plan view of the bed. The plan vtew includes twenty four themocouples 
i d e n t i f y i n g  temperatures through out the dense bed. The graphics Includes the 
ten feeders, two sand feeders, and ind icates the a i r  f low through the e ight  a i r  
ducts supplying the segemnted e ight  bed wind boxes. Although the ~ was 
designed for  f i f t y  one inches of bed mater ia l ,  i t  has been our operat iona l  
experience that f u l l  load can be achieved best wi th  approximately f o r t y  e ight  
inches of bed mater ia l .  The splash zone of the bed mater ia l  extends some f i ve  
feet above the top of the in-bed surface. Through out the some twenty thousand 
operat ing hours, we have noted that  there is very l i t t l e  slag but ld  up w i th in  
the bo i l e r .  Thls slag bu i ld  up ts very eas i l y  removed. 

That is not to say however that  we have not experlenced large 
agglomerations w i th in  the las t  three years. With the North Dakota 11gnite belng 
r e l a t i v e l y  high in sodium, we cont lnuously  note small agg lo~ ra tes  or  eggs being 
formed dur ing operat ion.  We have found however, that  should fo re lgn  ,m te r l a l  
in p a r t i c u l a r  c lay,  be introduced wi th the fue l ,  that  large agglomeratlons can 
be eas i l y  formed predomtnataly durtng s ta r t -ups .  

We have however noted tha t  wl th f resh bed mater la l ,  the chances of  large 
agglomerate formation is minimized dur ing s ta r t -up .  

The in-bed b o i l i n g  bank and superheat sect ion was designed i l t h  eros ion 
sh ie lds  to ~rotect  the under side of the lower tube rows. These have slnce been 
removed from the superheat sect lon.  The erosion sh ie lds  have been fa111ng o f f  
the tubes in the In-bed boJ l lng bank. The eroslon sh le lds ,  due to t h e i r  higher 
temperature, have aided in the formation of slag u t e r l a l .  Where the eros ion 
sh le lds  have f a l l e n  o f f ,  we have been unable to de temlne appreciable eroaton. 

The tube bends in the tn -bedsur face  were protected wt th re f rac to ry  covered 
pln studs. Again, due to the temperature of the refractory, bu i ld  up of  s lag 
,~aterlal Is also evident in these areas. Through out the o p e r e t l o n o f t h e  un i t ,  
the superheat sect ion gredual ly  acqulres a coat lng of calclum su l fa te .  Figure 
number 7 shows the p lo t  of steam temperature enter lng the I n - t x ~ s u r f e c e ,  eswe11 
as steam temperature leevlng the In-bed surface. The graph also shows the 
reduct ion in steam o u t l e t  temperature due to an agglomeratlon forsmd In the In-  
bed superheat sect ion on day 108. On day 36, the un l t  was shut down end the 
in-bed surface cleaned a f t e r  a 2,500 hour run. From t h i s ,  we p ro jec t  about a 
40 degree F. decrease In steam temperature over a four month per iod.  

The resu l t s  of emission t es t s  ran in No~eRCoer of  1988 are l i s t e d  tn f t gu re  
number 8. At f u l l  load, our opaci ty  is appr(xtmately 6Z. 

The un i t 'S  a v a i l a b i l i t y  is shown In f i gu re  number 9. Durlng the wmnths 
of  November and December of 1987, the un l t  was unavai lable due to  the f e l l u r e  
of the 4,000 horsepower FD fan motor. The.outage in June of  1988 was to  I n s t a l l  
add l t iona l  In-bed b o l l l n g  bank surface. Since that  t lme, the un l t  has had an 
exceecllngly good a v a i l a b i l l t y .  For the year 1989, the u n i t ' s  a v a l l e b J l i t y  wee 
88~. This b r t e f  desc r lp t t cn  of our f l u i d  bed and operat ion to date shows tha t  
f l u i d  beds are indeed a v iab le  opt ton for  r e t r o - f l t t l n g  o lder  bo i l e r s .  
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I hope I have shown that f luid beds can be operated with exceedlngly good 
avai labi l i ty. A lot of this is atributable to the persistence of those people 
involved with thls project, not withstanding the determination of the operators 
and maintenance people involved In day to day operation of our unit. I would 
encourage you to consider the tour of our unit that is scheduled for the last 
day of thls conference. I think you wi l l  find this tour to be very interesting. 

Thank you f o r  your a t t e n t i o n .  

ID 
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S w p I t  I d e n t i f i c a t i o n s  

Chemical Anmllmlm 

GeLdde P i t  - HcLenn County 

X ^ 1 0 ,  0.29 

Z Fe.O 3 2 .77  

** iiii!iiii!!!, Z H~O.  1.96 

X Ho_O , 2 .26 
x Z ,:22::::22:2 . . 4 0  

STEEN -7-  

FusLon Tempetaturet ASTH D1857-08(1980) 

I n i t i a l  Deformation 
S o r t e n l n |  Tempetmture 
Ilemlnphorleni Temperature 
Fluid Teuperature 

ReducL. S Atmonphere 

2210 • F. 
7230 • F. 
2260 • F. 
2203 • F .  

Oxld iz ln& ^ t m o s p h e r e  

2200 • F. 
2230 ~ P. 
2240 * F. 
2280 " F .  

F | q u r e  3 R.H. I lenket t  StatLcm 

rdutFbL UUM£Et 

I ~ t l O N  ~AIfLFJ t  

Loss a t  100 R e v o l u t i o n s  
Lone a t  ~00 RevolutAon11 

V e i s h t  o f  B a l l s  P r i o r  t o  Tellt 
V e l e h t  e t  J~tl111 A f t e r  T e s t  

f l  

Geidd P i t  
HeLeen County, HD 

Lo11 Aneele11 A b r a s i o n  R e s i s t a n c e  
A8114:Cl31, HodLf l e d  
C r e d i n 8  "P" 

3.3Z 
18 .4  

2505 .4  0 r .  
2505 .4  8 r .  

• • to  tenanted by the above ten t  t enu  I t 8  veil ten ted  In  accordance v£ th  
_NUtM~S, i~cer..~L a ,~ L . , , , ,  modi f ied  u t l l i t l n o  the |20  s ieve in  l J e u o f . r ~ e  /12 
~ k : c l 3 1 ,  Oreezn| u ~.° " . " ; ' "  . . . .  - - -~  - - vo lu tLonn .  The sbcaelon baz-e yore  . 
end the 10110 van  d e t e  t~Ltne4J n i t e r  I u v  a_m J~, - -  v l t h  those m d l h t o  s h e e n  almVO. 
yanked mid d r i e d  to  104 ° S 1"(: p r i o r  to  and a f t e r  the t e s t  

g4mp|e van 8uba~tt6d to  and recwLved here at  the %mbo~ator¥ Eoc t ea t  

b l u n t  7, J986. 
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SIZE DISTRIBUTION OF BEULAH LIGNITE AS FIRED AT NDU'S HESKETT STATZON 

S~REEN WT. Z THROUGH NORNALIZEO kiT. S THROUGH 

I - I / 2 "  94.5 100.0 

I "  86.0 91.0 

3/4" 75.7 80.1 

1/2" 63.9 67.6 

1/4" 38.9 41.2 

O8 19.3 20.4 

e20 7.6 7.9 

O25 4.7 5.0 

Figure 5 R.N. Fleskett Sta t ion 
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COAL QUALITY 

Proximate  Ana l ys i s  ( p e r c e n t  " a s - r e c e i v e d " )  

Avecaqq 
Expected Range 

M~x~mum 

Heat Content (8tu/Ib) 6849 .6605 7 4 ~  
Moisture - - ~  31.66 41.37 
Ash ---" 7.33 4.34 13.19 
Volat~le Matter .... 26.56 24.20 28.63 
Fixed Carbon :'27,.70 24;16 35.79 

" a s - r e c e i v e d " )  Ultlmate Analysls ( p e r c e n t  

Expec ted  Range 
Average n J ~ t l ~  

Moisture 38 .20  3 6 . 5 9  . 4__,~.17 
Carbon 38.01 33.93 40.25 
Hydrogen 7,01 6.28 7.41 
Nitrogen 0 . 5 2  0 . 4 5  - 0.60 
Chlorine N/A . . . .  
S u l f u r  0.94 . . . . .  0 . 3 6  2 . 4 6  
Ash 8 . 2 6  _ 5.56 11.95 
Oxygen 45.19 41.16 51.5~ 

Minera l  Ana lys i s  oe Ash 
( p e r c e n t  ve£ght ,  i g n i t e d  basks )  Expec ted  Range 

Phos. Pentox ide,  P205 0.46 0.14 1 . 0 3  
S i l i c o n  Oxide, Si0 27.63 ~ 38.2~ 
Ferric Oxide, F2032 ~ ,.J, 16.10 
Alualnum Oxide, A1203 11.93 7.40 
Titanium Oxide, TiO 2 
Calcium Oxide, CoO 
Magnesium Oxide, MgO 
Sul£ur  t r i o x | d e ,  SO 
Potassium Oxide, K2~ 
Sodium Oxide, XaO 2 
Undetermined 

5 . 4 9  3.79 7.57 
1 9 . 6 7  ~ 4 . 3 4  u 

" 'o ' ;63 0 . 3 9  1 . 2 7  
6.26 0,51 " 16.20 

e e l l  i H 

P i q u r e  6 R.R. I l e s k e t t  S t a t i o n  
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EMI SS IONS 

Particulate 

SO 2 

NO X 

0.057 Ibs/106 BTU 

0.6 Ibs/106 BTU 

0 . 3 3  l b s / l O  6 BTO 

160 PPN 

127 PPN 

Figure 8 R.N. Heskett Station 
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"THE TECHNOLOGIES OF THE CLEAN COAL 
TECHNOLOGY DEMONSTRATIONPROGRAM" 
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Associate Deputy Assistant Sec.retary 
Office of Clean Coal Technology 
Office of Fossil Energy 
U.S. Department of Energy 
Washington,. D.C. 
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INTRODUCTION 

Good morning ladies and gentlemen it's a pleasure to have this opportunity to 
speak of the Clean Coal Technology (COl) Demonstration Program. Today, I 
would like to give a brief overview of the goals, objectives and current 
status of the program almost as an introduction and subsequently focus most of 
our discussion on the technology now in the program. 

My goal will be to acquaint you with the progress the program is maki,.) in 
providing a wide range of advanced coal utilization technology options. These 
options will permit the industrial and utility sectors of the energy 
marketplace tn continue to use coal in an environmentally responsive manner 
with greater efficiency and at lower overall costs. 

TH~ CL[AN COAL TECHNOLOGY DEMON~T.RAT|ON PROGRAM 

The program is a government-industry partnership that is demonstrating, at 
ccmmercial or near commercial scale, a new generation of innovative coll 
utilization processes. For many technologies, it is the culmination of 15-10 
years of research and development effort d~ring which major improvements were 
made in the environmental a~d economic performance Qf these coal-based energy 
production systems. " " ,  

As a goal, the program will make available to theenergy marketplace a nund)er 
of advanced, more efficient and environmentally responsive coal utilization 
technologies. These technologies will reduce or eliminate the economic and 
environmental impediments that limit the use of coal. We be)ieve that this 
activity and the resulting processes that will be commercialized are a 
recognition of the strategic importance of coal as an energy resource. 

The program as planned (i.e., Figure I), currently consists of five phases 
with a total funding level of $2.747 billion. To date three phases of the 
program have been implemented by completing three competitive solicitations. 
The 38 projects, with an estimated total cost of $3.5 billion, that have been 
selected represent approximately $I.3 billion of federal funding and $2.2 
billion of private sector cost sharing. 

Preceding page biank 
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Of these projects, nineteen have been started under the terms of Cooperative 
Agreements between the participants and the Government and negotiations are in 
progress on the remaining nineteen. These negotiations are expected to be 
completed before the end of this year. Of particular importance to the 
Department o6 Energy (DOE) is the level of financial participation by the 
private sector in these projects. Although the U.S. Congress, in its guid'ance 
to the program, requires that such participation be a minimum of 50 percent, 
the participants are providing over 60 percent of the funds in the Cooperative 
Agreements signed to date. 

The fourth phase of the program has been initiated. Although currently on 
hold, the next solicitation funded at a level of $600 bi l l ion is in the final 
stages of preparation. After i t  is released, the industrial participants (IP) 
will have 120 days to prepare their proposal and the technical evaluation 
teams wil l  have 120 days to select the new projects. 

The program also is benefiting from strong international parti, pation. To 
date, companies from 10 foreign countries are supporting projects in the 
program. These countries include: Canada, Denmark, England, Finland, Italy, 
Japan, Spain, Sweden, West Germany, and Switzerland. These 10 projects wil l  
further develop a wide range of technologies that range from new concepts such 
as the pressurized fluidized-bed combustor from ASEA now ABB Carbon of Sweden 
to the continued development of an innovative near commercial flue gas 
scrubber that can operate on high sulfur U.S. coal. We expect that such 
participation wil l  continue to the mutual be,~efit of the U.S. and other 
members of the international community. 

WHAT AR[ CLEAN COAL TECHNOLOGIES 

Turning now from the statistics about the program to an examination of the 
technologies themselves, the role they play in the coal util ization process 
and the degree to which they contribute to accomplishing the programmatic 
goals. 

When we speak of .CTs we are referring to advanced coal-based util ization 
systems that offe, significant economic and environmental benefits when used 
for power generation, pollution control, or the conversion of coal into other 
alternate energy products. 

First, in the area of power generatiun, the characteristics of the CCTs such 
as improved thermal efficiencies, modular construction, improved environmental 
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performance, fuel flexibility, repowering capability, etc., will help the 
power industry accommodate a time of significant change caused by such factors 
as regulatory reform, aging boilers, uncertain growth in power demand, limited 
capital resources, and environmental pressures. 

Second, tne name Clean Coal emphasizes thei r  role in pol lut ion control .  In 
this case, the technologies can d i rec t l y  remove St2 and NOx acid rain 
precursors and substant ial ly reduce the amoun + of COZ generate~ when coal is 
burned. The specif ic type and amount of po]lutants removed wi l l  be determined 
by the par t icu lar  process used. I t  should be noted, also, however, that so~ 
CCTs (e.g. ,  pressurized fluidizod-bed combustion and gasi f icat ion comined 
cycle systems) have the a b i l i t y  to remove these pollutants while at the sam~ 
time increas(ng the power output of the f a c i l i t y  from 50-150 percent. 

In the th i rd case, some CCTs can be used to produce coal derived l iquids to 
replace o i l  and gas in some applications. This capabi l i ty wi l l  pe r l t t  coal to 
have a greater role in-providing energy to the industr ia l ,  comnerctal, and 
transportation sectors. 

THE TECHNOLOGIES 

There are at lease four points in the coal utilization process where 
innovative technologies might be used either to remove pollutants or to 
contribute to improved operational efficiencies. These are: 

o Before Combv:tign - By advanced coal cleaning processes generally 
located at or near the mine mouth; (Figure 2) 

o Durino Combqs)ign - By modifying the combustion process or by 
injecting pollutant absorbing substances into 
specifically designed boilers; (Figure 3) 

o After ~Qmbus)ign - By using devices that remove the impurities from 
the flue gases leaving the boiler; (Figure 4) 

o Throuqh Conv~r)ign By changing the coal into a fuel gas, synthesis 
gas or liquid products; (Figure 5) 

Of the 38 clean coal projects thdt have been selected, one or more can be 
applied at each of these four stages in the coal u t i l i za t i on  process. The 
comparative advantages of these technologies include the following. 

I 
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A~yANCED COAL CLEANING (PRECOMBUSTION) PROCESSES 

In the precombustior' stage, conventional coal cleaning, a physical 
beneficiation process, can reduce C02 emissions by 10-13 percent by removing 
some pyritic sulfur along with a portion of the ash material. Advanced coal 
cleaning on the other hand removes a significant amount of the sulfur and ash 
achieving a 30 to go percent reduction in S02 and essentially upgrading the 
feedstock. Currently, there are three projects of this type in the CCT 
Program and they range in size or capability from 115 tons/day to 1200 
tons/day. These projects are summarized in Figure 6. 

AQVANCEO COMBUSTION PROC~SS~ 

Advanced combustion processes include such concepts as control of the 
combustion process chemistry, advanced burners and innovative repowering 
technologies. The performance improvements that can be realized through the 
appli~.ation of these technologies is best represented by the pressurized 
fluid,zed-bed combustion boiler. It captures over 95 percent of the sulfur 
d~ox~de, 60-80 percent of the nitrogen oxides, and can increase the power 
output of the faci l i ty  by as much as 50 percent when used in a combined cycle 
application. The technology also is fuel flexible and produces a dry granular 
,aste as opposed to the slrdge generated by a state-of-the-art FGD. Projected 
commercial plant costs are lower than a conventional pulverized coal plant 
with an FGD system by some $250 to $300 per kilowatt. These systems also are 
compact and lend themselves to modular construction. 

At the present time, the program has four advanced burner development 
projects for different applications that range in size from 24 tons/day 
to 840 tons/day coal feed. It also has eight repowering projects that 
feature: (I) atmospheric and pressurized circulating fluidized-bed 
technologies, (2) pressurized fluidized-bed combustors, and (3) gasification 
combined cycle systems. The names of these projects are listed in Figure 7 
and Figure 8. 

ADVANCED POST COMBUSTION PROCESSES 

There are two basic kinds of post combustion cleanup processes: (I) those 
that achleve moderate emission reductions with relatively minor modifications 
in the faci l i ty  and low capital investment, and (2) those that achieve high 
emission reductions, but also require major modifications to the plant and 
comparable capital investment. 

An example of the f i rs t  kind is a gas rebuvn/sorbent injection technology. In 
this process natural gas is used to displace up to 20 percent of the coal 
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which creates a "staged combustion" for NOx control. A sorbent is injected 
into the boiler or downstream ductwork to capture the sulfur oxide emissions. 
This system has a ~emonstrated capability of reducing SOZ and NOx by about 
70 percent and 60 percent, respectively. The capital costs are a function of 
plant size and gas availability, but have a range of $50-$110 per kilowatt. 
This cost is considerably less than that of a conventional scrubber. As 
indicated, this technology removes a significant amount of NOx, has little 
impact on pl~,It efficiency, and generates a dry solid waste; whereas i 
conventional scrubber removes no NOx, reduces plant efficiency by about 3 
percent and generates a difficult to dispose of sludge. 

The other kind of advanced post-combustion cleanup system under development is 
much the same as a con~,entiona] scrubber in approach in that the uni t  is 
insta l led downstream of the boi ler.  Characteristics of these advanced systems 
include lower capita] costs (approximate]y half that of a conventiona] 
scrubber) higher S02 removal ef f ic iencies as well as reductions in NOx 
emissions and in turn these systems generate a sa]eable byproduct and/or 
easily disposed of dry waste. Figure g, I0, and II identify the projects of 
the Program in this category. 

CONVERSION PROCESSES 

While integrated gasification combined cycle systems are considered repowering 
technologies, they contain the key components of a coal conversion system. 
Coal is converted into a fuel/synthesis gas in the gasifier. This gas can be 
processed downstream of the gasifier to remove essentially all the sulfur 
while at the same time minimizing the amount of NOx generated. These systems 
when operated as a combined cycle system (combustion of the fuel gas in a 
coml)ustion turbine accompanied by heat recovery and use in a steam generator) 
can increase the power output of i facility by 50-150 percent. The cleaned 
gas also can be used as a feedstock for a number of conversion processes 
cap~Ole of generating a wide range of liquid products. The modular nature o ~ 
the gasifier gives the user flexibility in application as it can be sized to 
meet a wide range of demand. 

Projected plant costr are as much as $400-450 per ki lowatt less than that 
required for a conventional PC f a c i l i t y  with an FGD system. Eff ic iencies are 
in the range of 40 to 48 percent depending upon the-application ( i . e . ,  
repGwering or new plant).  

Currently, as shown in Figure lZ, there are six projects in the program that 
represent ei ther conversion or industr ial  processes. These projects are 
designed to produce a wide range of products from coal in a more economic and 
environmentally response manner. 

D 
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THE ROLE OF THE PROJ[CTS 

Even at this stage of the orogram (i .e.,  60 percent complete), the 38 projects 
will provide a number of operationa'~, economic, and environmental advantages. 
In summary: 

o Clean coal power generaZion technologies now being demonstrated have 
the potential to reduce S02 emissiow~s from 95-g~ percent, achieve NOx 
reductions of 80-95 percent, operate with plant conversion 
efficiencies of 40-48 percent, and achieve continued economic 
improvements as the third, fourth, and f i f th plants are constructed. 
Furthermore, some of these technologies offer incremental power 
increases of 50-150 percent, while using the same space requirements 
of the faci l i ty  being modified. 

0 Clean coal technologies address the global warming issue in that they 
can reduce the emissions of greenhouse gases in two fundamental ways. 
First, many of the CCTs improve significantly the efficiency of the 
conversion of coal to useful energy. As a general rule, a 5 percent 
increase in efficiency equates to a 15 percent decrease in C02 
emissions. Second, they reduce NOx emissions which impacts the 
formation of N20, another global warming gas. 

The concept of placing an overall emissions l imit ( i .e.,  caps) as part 
of the Clean Air Bil l currently being considered by Congress could 
indeed require the use of the more efficient CCTs in order to meet 
these emission caps. 

The program may be the most important incentive for continuing the 
development of the next generation of more sophisticated and 
innovative CCTs now in the research and development pipeline. These 
technologies will permit greater increases in efficiency and further 
emissions reductions. 

SUMMARY 

One of the major objectives of the CCT Program as identified in the Joint 
Envoy's Report on Acid Rain is to develop a suite of technology options for 
the control of acid rain emissions that would be significantly cheaper, more 
effective and yet highly efficient. This objective was subsequently expanded 
in guidance from Congress to include consideration of some processes that 
could increase the util ization of coal in an env'ronmentally responsive 
manner The projects now in the Program, when developed and commercialized, 
will advance the Program well along the road to achieving these goals. 
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CLEAN COAL TECHNOLOGY PROGRAM 

F U N D I N G  P R O F I L E  
(BASIS: FY 1991 BUDGET REQUEST) 

FISCAL YEARS ($ MILLION) 

CCT 1986 1987 1988 1909 1990 1991 1992 1993 1994 TOTALS 

t I! 99.4 149.1 149.1 13~7.6 

" I1 ,oo ,.oo , . o  ~ooo i . . . o  
m II 419.0 156.0 I875.0 

I V  i~ 1 0 0 . 0  2 5 0 . 0  2 5 0 . 0  I ~ o 0 . 0  

v II 18oo 22s.o 225.ol0oo.o 
II ' 

n~.:~ 99.4 149.1 199.1 190.0 ss40 4seo 400.0 475.0 228.0~2747.8 

F I G U I I E  I 

Clean Coal Technologies--- 
)re-Combustion (Advanced Coal Cleaning) 
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Clean Coal Technologies--- 
Advanced Combustion Processes 
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Clean Coal Technologies-- 
Advancx, d PosI-Combustion Processes 
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Clean Coal Techoologies--- 
Conversion Processes 
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C L E A N  C O A L  T E C H N O L O G Y  P R O G R A M  

PRECOMBUSTION TECHNOLOGIES 

• ADVANCED COAL CLEANING AND 
PROCESSING FACILITY - 1200 T O N S / D A Y  

• CLEAN COAL COMBUSTION TESTING 
PROJECT - 480 T O N S / D A Y  

O PRODUCTION OF OTISCA COAL 
SLURRY FUEL - 115 T O N S / D A Y  

FIGUIIE 6 
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CLEAN COAL TECHNOLOGY PROGRAM 

A D V A N C E D  C O M B U S T I O N - B U R N E R  T E C H N O L O G I E S  

• ADVANCED CYCLONE COMBUSTOR FOR 
INDUSTRIAL USE - 24 T O N S / D A Y  

• ADVANCED SLAGGING COAL COMBUSTOR 
FOR UTIL IT IES.  69 MWe 

• LOW NO X /SO 2 BURNER RETROFIT FOR UTILITY 
CYCLONE BOILERS - 3 3 / M W e  

COMBUSTION / SLAGGING COMBUSTOR 
COGENERATION PROJECT - 840 T O N S / D A Y  

FIGURE 7 
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CLEAN COAL TECHNOLOGY PROGRAM 

A D V A N C E D  C O M B U S T I O N - R E P O W E R I N G  TECHNOLOGIES 

• NUCLA ATMOSPHERIC CFB COMBUSTOR UILiTY PROJECT - 110 MWe 

• HOPKINS STATION ATMOSPHERIC CFB COMBUSTOR UTILITY PROJECT - 250 MWe 

• NICHOLS STATION ATMOSPHERIC CFB COMBUSTOR UTIUTY PROJECT - 256 MWe 

• ALMA STATION PRESSURIZED CFB COMBUSTOR COGEN PROJECT • 

• PHILIP SPORN PRESSURIZED FLUIDIZ~'.D BED COMBUSTION PROJECT - 

• TIDD PRESSURIZED FLUIDIZED BED COMBUSTION PROJECT - 

• INNOVATIVE CLEAN COAL GASIFICATION REPOWERING PROJECT - 

• INTEGRATED GASIFICATION COMBINED CYCLE PROJECT. 
i i I a l  H 

FIGURE 8 

40 MWe 

330 MWe 

70 MWe 

65 MWe 

120 MWe 
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CLEAN COAL  TECHNOLOGY PROGRAM 

POST COMBUSTION FLUE GAS CLEANUP - SULFUR CONTROL 

• ADVANCED ON-SITE FLUE GAS DESULFUR!ZATION (FGD) PROCESS - 

• APPLICATION OF CHIYODA THOROUGHBRED - 121 FGD PROCESS - 

• DEMONSTRATION OF GAS SUSPENSION ABSORPTION FGD DPflOCESS - 

• DEMONSTRATION OF CONFINED ZONE DISPERSION FGD PROCESS - 

• DEMONSTRATION OF LIFAC FGD PFIOCESS - 

529 M W t  

100 MWe 

10 MWe 

60 M W e  

FIGURE 9 

CLEAN COAL TECHNOLOGY PROGRAM 

POST COMBUSTION FLUE GAS CLEANUP . NO x CONTROL 

• ADVANCED TANGENTIALLY-FIRED COMBUSTION DEMONSTIRATION * 

• ADVANCED WALL-FIRED COMBUSTION DEMONSTRATION - 

180 M W e  

500 MWe 

• DEMONSTRATION OF COAL REBURNING IN CYCLONE BOILERS - 

• DEMONSTRATION OF SELECTIVE CATALYTIC REDUCTION PROCESS - 

• 100 MWtl 

75 MWe 

• DEMONSTRATION OF LOW NO x CELL I~.IFINF.R RETROFIT - 60 MWe 

• DEMONSTRATION OF COMBINED GAS REBURNING AND LOW NO x BURNERS - 

FIGURE I 0 
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CLEAN COAL TECHNOLOGY PROGRAM 

POST COMBUSTION FLUE GAS CLEANUP. 
COMBINED SO2 / NOx CONTROL PROCESSES 

• UMESTONE INJECTION MULTI-STAGE BURNER PROJECT . 

• GAS REBURNING AND SORBENT INJECTION PROJECT - 

• DEMONSTRATION OF SOz-NOx-ROx BOX (SNRB) PROCESS - 

• COMMERCIAL DEMONSTRATION OF WSA-SNOX TECHNOLOGY. 

NOXSO INNOVATIVE FLUE GAS CLEANUP TECHNOLOGY PROJECT - 
t i t l 

FIGURE ] ! 

105 MWe 

117 MWe 

5 MWe 

35 MWe 

65 MWe 

7 

CLEAN COAL TECHNOLOGY PROGRAM 

INDUSTRIAL/CONVERSION PROCESSES 

• COAL-PETROLEUM COPROCESSlNG P L A N T .  

• INNOVATIVE COKE OVEN GAS CLEANING SYSTEM - 

• RECOVERY SCRUBBER FOR REMOVING SO= EMISSIONS.  

800 TONS/DAY 

5,687 TONS/HR 

276 TONS/DAY 

• BLAST FURNACE GRANULATED COAL INJECTION - 
7500 TONS 
METAL/DAY 

• COMMERCIAL UQUID PHASE METHANOL PROCESS • 500 TONS/DA"  
METHANOL 

• ENCO~L MILD GASIFICATION DEMONSTRATION PROJECT - 1000 TONS 
COAL/DAY 

FIGURE ! 2 
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"HEALY CLEAN COAL PROJECT" 

I) By: Dr. John Sims 
Vice President 
Usibelli Coal Mine, Inc. 
Fairbanks, Alaska 
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INTRODUCTION 

The Healy Clean Coal Project (HCCP) will construct a state- 
of-the-art coal-fired power plant at Healy, AlasKa. The power 
plant will provide 50 megawatts of competitively priced 
electricity to satisfy increasing demand in the Kenai, Anchorage 
and Fairbanks corridor known as the railbelt, will demonstrate 
innovative coal burning technologies, and may provide energy for 
the future development of a pilot-scale plant to beneficiate 
high-moisture Alaska coals. The combination of new coal-burning 
technologies and low-sulfur Alaska coal will result in one of the 
cleanest coal-burning plants in the world. 

In August 1989 the Alaska Industrial Development and Export 
Authority (AIDEA), a state government corporation, submitted a 
proposal for the Healy Cogeneration Project (HCP), renamed the 
Healy Clean Coal Project, to the U.S. Department of Energy (DOE) 
under DOE's Clean Coal Technology Program. In December 1989 the 
HCCP proposal was selected from among 48 other projects for grant 
funding of up to $93.2 million. The grant will finance nearly 
half of the design, capital and initial operating costs of the 
HCCP plant. 

ALASKA BENEFITS 

The Healy Clean Coal Project will draw national and 
international attention to the demonstration of leading-edge 
technologies and provide a variety of benefits to the state's 
economy. The project will employ approximately 200 workers 
during a two year construction period and create about 50 year- 
round jobs in Healy once the plant is fully operational. In 
addition to employment, several other long-term economic benefits 
will contribute to the future well-being of Alaska's railbelt. 

Satisfvina Growina Railb~.It Ener~ 

The  addition of a new, efficient 50 megawatt power plant 
will provide low-cost power to satisfy increasing regional energy 
demands. Between 1984 and 1988. kilowatt-hour sales by Golden 
Valley Electric Assot:iation (GVEA), serving the northern part of 
the railbelt, increased nearly 18 percent. By the mid to late 
1990's additional base load generating capacity will be needed. 
While primarily serving northern customers, the strategically 
located generating plant would also be available for transmission 
to the southern railbelt. 

Technoloav for N e v  a n d  ~istina Power Plants 

The HCCP will demonstrate a clean-burning technology that 
can be used to retrofit or repower existing power plants in 
Alaska, the nation, and the Pacific Rim. 

Many coal-fired power plants in Alaska and other states will 
require life extension work within the next 10 to 15 years. 

334 

t 
i '  

! 
I 

~ .  ~ . "  



Sims -3- 

EPA's stringent New source Performance Standards will be applied 
to these plants and HCCP technology may be the lowest-cost 
solution for meeting these standards. 

In addition to environmental advantages, the use of HCCP 
technology to retrofit coal-fired power plants in the Pacific Rim 
will open new markets for Alaskan coal. Currently, few Pacific 
RAm plants are designed to use Alaska's ultra-low sulfur, high- 
moisture, sub-bituminous coal. HCCP technology would allow 
Alaskan coal to be burned in such Plants without the need for 
extensive boiler modifications. 

Packaging the innovative combustion technology with a 
reliable coal supply from Alaska should present an attractive 
option to utilities and industrial customers in the Pacific 
Basln. 

Benefic~t~on of Alaska Coal 

A future component of the project concerns the use of 
process heat from HCCP plant to improve the quality of Alaskan 
sub-bituminous coal or to produce entirely new fuel products. 
Alaska sub-bituminous coal has superior environmental qualities 
compared to coal from virtually all other states and countries. 
However, its low energy value, due primarily to its high moisture 
content, makes the coal costly to transport and puts it at an 
economic disadvantage with international competition. The value 
and competitiveness of Alaska coal could be increased through 
drying, gasification, liquefaction or a combination of these 
processes. The excellent environmental qualities and high energy 
value of beneficiated Alaska coal would result in a premium fuel 
for export markets. This component of the project may involve a 
pilot plant capable of producing sufficient product for bulk 
market tests but should not be viewed as a commercial scale 
facility. 

Focus on Alaska's Coal Resources 

Alaska has enormous resources of coal and could become a 
major energy supplier to the Pacific Rim. The HCCP project will 
be a showcase for leading-edge coal-burning technology and will 
bring national and international attention to Alaska's low-sulfur 
coal resources. The project will also send a clear signal that 
Alaska is serious about using new and environmentally superior 
technologies to utilize the state's enormous natural resources. 

CLEAN COAL TECHNOLOGY PROGRAM 

The Clean Coal Techn~logy program (CCT) was created by the 
U.S. Congress in response to concerns about acid rain. The 
program is administered by the DOE and focuses on the reduction 
of air pollutants considered to be precursors of acid rain. Five 
rounds of funding totaling over $2.5 billion have been planned. 
The first two rounds made $973 million available while the third 
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end current round has $540 million available to support 
qualifying projects. The $93.2 million granted to HCCP 
represented approximately 17 percent cf the total funding 
available in round three. 

The objectives of the third round are to promote, through 
demonstration projects, the commercialization of innovative 
technologies which are capable of significantly r e d u c i n g  

emissions of sulfur dioxide and nitrogen oxides in existing coal 
burning f~cilities and/or providing for future energy in an 
environmentally acceptable manner. 

The DOE may match up to 50 percent of the costs for the 
design, construction and initial operation of selected projects. 
Project owners are responsible for financing the remainder of the 
cost. Under the terms of the program, AIDEA and DOE must 
negotiate an agreement during 19~0 for the design, construction, 
demonstration and financing of the HCCP project before 
federal funding may be awarded. 

I~...ALY CLEAN COAL P R O J E C T  

The Healy Clean Coal Project involves six participants. 
These include % e Alaska Industrial Development and Export 
Authority (AIDEA), which will own the project and be assisted by 
the Alaska Energy Authority; Golden Valley Electric Association 
(GVEA) which will operate, maintain and purchase power from the 
project; Usibelli Coal Mine, Inc. (UCM) which will supply coal 
and an alternate site for the project; Stone & Weblter 
Engineering Corporation, which will act as project design and 
management engineer; TRW Combustion Business Unit, which will 
provide proprietary combustion technology to the project; and Joy 
Technologies Inc. which will provide proprietary emission control 
technology to the project. 

The HCCP power plant will use an innovative design 
integrating advanced combustion, heat recovery, and emission 
control technologies. The stack emissions from the HCCP plant, 
including sulfur dioxide and nitrogen oxides, may be lower than 
any other coal-based power system in the world. 

The HCCP plant will use approximately 300,000 tons per year 
of low-sulfur sub-bituminous coal. The plant will contribute to 
resource conservation by burning both run-of-mine coal and high- 
ash waste coal that could not be normall{ utilized. In the 
project's demonstration phase, various Alaska coals will be 
tested and the plant will be made available for testing coal from 
other states. The plant will be designed to provid@ process heat 
to an adjacent pilot coal beneficiation facility that is 
anticipated in a future phase of the project. 

The estimated cost of the project is $192 million The HCCP 
was selected for up to $93.2 million of cost-sharing by DOE. 
Additionally, in the 1990 session, the Alaska legislature 
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appropriated $25 million from the Railbelt Energy Fund for the 
HCCP project. The balance of the project costs will be secured by 
AIDEA through the sale of regenue bonds. If available, tax- 
exempt bond financing will significantly improve the economics of 
the project. 

P A R T I C I P A N T S  

SIx participants cooperated in the preparation of the HCCP 
proposal and will participate in the performance of the project. 

I. The Alaska Industrial Development and Export Authority (AIDEA) 
supervised the preparation and submittal of the HCCP proposal to 
DOE and after selection submitted a financing plan to the state 
legislature, AIDEA will: 

- be the HCCP project owner and coordinate the functions of 
the Alaska Energy Authority: 

- issue revenue bonds to finance project costs not covered 
by federal or state grants. 

2. Golden Valley Electric Association (GVEA) will: 
- oversee the project's design and construction; 
- operate and maintain the HCCP power plant; 
- purchase electricity produced by the project; 
- manage the training of operator ":ersonnel; and 
- perform power plant start-up activities. 
- provlde access to land for plant siting. 

3. Usibelli Coal Mine, Inc. (UCM) initiated, oversaw and funded 
the costs of preparing the HCCP proposal and will: 

- make land owned or leased by UCM available for the 
alternate siting of the HCCP project; 

- supply coal to HCCP and dispose of plant ash; and 
- review project design and construction activities. 

i 

4. Stone and Webster Engineering Corporation acted as consulting 
engineer and prepared the HCCP proposal under contract to UCM and 
will: 

- act as design engineer and supply key members to the 
project management and design team; and 

- provide construction management services to AIDEA. 

5. 'FRW Combustion Business Unit assisted in ~he preparation of 
the HCCP proposal and will: 

- provide proprietary combustion technology to the project; 
- participate in the p~oject design; and 
- provide warranties and guarantees covering the design and 

performance for the TRW scope of supply. 

6. Joy Technologies Inc. with its European associate NIRO 
Atomizer assisted in the preparation of the HCCP proposal and 
will: 

- provide proprietary technology f~r sulfur and ash removal; 
- participate in the project design; and 
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- provide warranties and guarantees covering the design and 
performance of Joy Technologies equipment. 

INNOVATIVE TECHMOLOGIES 

Two separate technology envelopes are featured in the HCCP. 
(Fig. I) The HCCP will integrate en:rained coal combustion (ECC) 
technology developed by TRW Combustion Business Unit and spray 
dryer absorber (SDA) technology developed by Joy Technologies 
Inc. in association with NIRO Atomizer. 

E n t r a i n e d  Coal Comb.q~tion 

TRW began developing new methods of clean coal combustion in 
the mid 1970's. The adaptation of advanced rocket propulsion 
fuel mixing technology, that TRW had created for the Apollo space 
program, is key to the ECC system. During a twelve year R&D 
phase, TRW fabricated six different combustors and conducted an 
exhaustive test program. In 1986 commercialization of the new 
system began. 

The TRW system removes molten ash (slag) during combustion 
but a unique combustion process distinguishes it from other 
slagging systems. Pulverized coal is burned in entrained 
swirling flight under sub-stoichiometric conditions. This is in 
contrast with cyclone type furnaces in which co1~bustion of 
granulated coal takes place on the walls of the u4~it under 
conditions which tend to exacerbate corrosion problems. In the 
ECC system combustion takes place away from the walls of the 
combustor. 

Careful control of combus~or stoichiometry in the TRW system 
promotes lower peak combustion temperatures and the fozlmation of 
low NO x levels. Thus are nullified the major failings of 
cyclonic combustion systems which produce high Nox levels 
resulting from the combination of high peak temperatures and 
excess air. 

In the ECC system, pulverized coal feed is injected into a 
precombustion chamber (Fig. 2) where it is entrained in swirling 
air and partially burned. About 25% of the pulverized coal feed 
is introduced in this stage which functionally heats the 
combustion air for the main stage to the high temperatures needed 
to induce slagging. The balance of the coal feed (~75%) is 
burned in the second, or main slagging, stage of the :ombustor at 
temperatures high enough to melt the ash. Carbon c(,nversion or 
burn out in the combustor typical%y exceeds 99.5%. 

Additional air is added i n  the secondary burner where 
further combustion of hot gases takes place before entering the 
boiler. Flue gases enter ~he boiler from the two stage 
combustion unit at 2800"F. to 3200"F and contain co~bustlble 
gases CO and H 2. These gases represent the remaining heating 
value of the original coal feed and are burned in combination 
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with overfire air in the boiler. 

The molten slag which coats the water-cooled walls of the 
main stage of the combustor is drained thru the slag recovery 
system. Removal of more than 80% of the coal ash as slag 
minimizes boiler maintenance associated with slagging and 
fouling, promotes thermal efficiency, and s h o u l d  enhance the 
attractiveness of using ECC technology in retrofit applications. 

At t h e  entrance to the boiler, limestone is injected into 
the combustion stream to react with and provide first stage 
removal of sulfur dioxide (SO2). Just as careful control of 
temperature and air quanti:ies in the two-stage combustion 
process minimizes NOx, so the injection of limestone maximizes 
initial SO 2 removal. 

ECC units are relatively compact, have no moving parts, are 
not prone to excessive wear and corrosion problems and are highly 
suited to modular construction. All are factors which suggest 
ease of adaptation in retrofit applications and a potential role, 
perhaps major role, in virtually all sizes of future greenfield 
plants. 

Smrav Dryer Absorber 

In addition to sulfur reductions in the ECC system, JOy 
Technologies' SDA emission control system further reduces sulfur 
dioxide levels in the flue gases. Lime particles contained in 
baghouse ash are activated by abrasive removal of the calcl ~m 
sulfate surface and returned to the SDA system. The recycled ash 
product, produced by the limestone injecteo during the co~D~tlon 
stage, is mixed with water and sprayed into the flue gamem. 
Sulfur dioxide reacts with the spray and is removed along with 
the remaining ash in filter bags. The second-stage removal of 
sulfur dioxide and the reduced costs of limestone recycli~ 
contribute to the environmental and operational efficiencies of  
the HCCP design. 

COAL SPECIFICATIOMS 

The performance coal for which the boiler is being d e s i g n e d  
i s . a  5 0 : 5 0  b l e n d  o f  w a s t e  and r u n - o f - m i n e  c o a l  f r om t h e  U s i b e l l l  
Coal Mine. The typical analysis for this feed coal is: 

Heating value 6960 Btu/Ib. 
Moisture 25.11% 
Ash 16.6% 
Volatiles 30.78% 
Fixed Carbon 27.51% 
Sulfur 0.15% 

Preparations for test burns are underway, which will teat 
the performance of Alaskan coals, proposed foc long term use, in 
the HCCP. The coals will be tested, along with Alaskan 
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limestone, at TRW's industrial scale ECC demonstration unit in 
Euclld, Ohio. Various blends of waste and run-of-mine coal, at 
various feed rates, will be burned in the ECC and the performance 
monitored for ash capture in slag, grinding requirements, 
combustor tuning for NO x control, first stage SO 2 capture and 
impact on boiler design. After selection of optimum firing 
conditions, long duration tests will be used to produce samples 
of Flash Calcined Material, the lime laden baghouse ash, for 
testing in Joy/Niro's SDA pilot plant in Denmark. 

Foster Wheeler has been selected to fabricate the boiler 
unit for the HCCP. 

HCCP SCHEDULE 

The HCCP, several months after selection for funding by DOE 
under round three of the Clean Coal Technology program is on 
schedule. Agreement with DOE and ratification by Congress should 
be complete by early in the New Year. Environmental permitting 
and engineering design and other factors should accommodate a 
construction schedule beginning in 1992. Construction will span 
a period of two years to be followed by a one-year demonstration 
phase. Full commercial operation of the HCCP should be a reality 
in 1996. 

CONCLUSION 

Emissions for the HCCP are predicted to be equal or better 
than any other coal based system and at lower capital costs than 
competing technologies. The HCCP emission levels should be less 
than 0.04 ibs/MM Btu for SO 2, less than 0.2 Ibs/MM Btu for NO x 
and less than 0.01 ibs/MM Btu for particulates. These are levels 
well below current federal and state requirements. 

The HCCP is a project whose time has come. It is a project 
which I hope will showcase the strength and wisdom of the Clean 
Coal Technology program. 

The author wishes to thank Alaska Industrial Development & 
Export Authority (AIDEA) for its permission and Charles B. Green 
and Steve Denton for their contributions to this paper. 
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COAL GASIFICATION COMBINED CYCLE POWER GENERATION ENHANCEMENT WITH METHANOL 

As environn~ntal requirements become more stringent and costly, power 
generating companies wi l l  need to increase efficiency and at the same time 
maintain high environmental standards. A new concept is emerging wherein proven 
technologies wi l l  be combined to create an optimum system. In this concept, 
combined cycle power qeneration integrated with the coal g~sification process 
could be greatly enhanced with methanol production. 

A combined cycle system represents proven technology provided at 
relat ively low instal lat ion costs along with improved efficiency levels 
compared to more tradit ional methods. Existing commercial units are being fired 
with oil or natural gas. 

Basic elements of a combined cycle system include a combustion gas turbine, 
a heat recovery steam generator to recover the gas turbine exhaust energy and 
a steam turbine to u t i l i ze  the recovered heat energy in the form of steam to 
produce additional kilowatts. 

Combined cycle is a two stage production of e lec t r ic i ty  with generation 
from a gas turbine and a steam turbine. Combining the two power sources 
improves the efficiQncy of converting the combustion energy from fossil fue)s 
to e lec t r ic i ty .  

The combustion energy not converted to power in the gas turbine, the hot 
turbine exhaust gases, are used to raise steam in a waste heat boiler. This 
steam then drives a steam turbine which generates additional e lec t r i c i t y .  

Combined cycle systems use about one-third less fuel to generate the same 
amount of e lec t r ic i ty  as that of the conventiona) steam turbine u t i l i t y  station. 
The cost of oi l  4rid natural gas per unit of heating value is two to three times 
that of coal, however. 

Coal gasification combined cycle (CGCC) combines the technology of using 
coal in a gas turbine by converting the energy in coal to a fuel gas suitable 
for a gas turbine by gasifying the coal. Not only does CGCC increase 
efficiency, but is environmentally superior in the use of coal to generate 
power. Bo th  sulfur dioxide (S02) and nitrogen oxide (NO,) emissions are 
signif icant ly reduced from that of a conventional u t i l i t y  station using flue 
gas desulfurization technology. 

This presentation wi l l  demonstrate how mothanol production can enhance 
coal gasification combined cycle power generation. I wi l l  also explain Dakota 
Gasification Company's involvement in commercializing a process that could be 
used for the methanol as a way of improving the economics of using coal for 
combined cycle power generation. 

The main objective of this joint venture with Air Products is to 
demonstrate liquid phase methanol (LPMEOH)" technology on a commercial-sized 
basis. However, an additional benefit would be proving that the technology is 
ideally suited for 2 combined cycle plant and, therefore, could greatly improve 

* LPMEOH is a trademark of Chem Systems, Inc. 

3Lf (~ 
f 



Janssen -2- 

th~ economics of generating electrical power from coal in a combined cycle 
plant. The production of methanol is attractive because the coal gasification 
spot ion can be sized signif icantly smaller, k large cost savings is realized 
because the coal gasification equipment makes up a large portion of the capital 
investment of a coal-fired combined cycle plant. 

Because power demand is less during weekends, holidays and nighttime, the 
average annual production from a typical power plant is only about 75 percent 
of its capacity. Wi th  liquid phase methanol technology, the gasification 
portion of such plants could be sized to match the average plant load factor. 
During low load levels, the unneeded gas turbine fuel would be used for the 
production of methanol. When the electrical loads exceeded the capability of 
the coal gasification system, methanol would be taken from storage and fired 
in the gas turbine. 

I t  is estimated that integrated coal gasification combined cycle systems 
with LPMEOH requires 5 to 15 percent less capital investment and that operating 
co~ts are reduced by about 4 mills/kWh. 

The merged technologies could offer yet another advantage. Currently, gas 
turbine peaking systems are fired with natural gas or fuel o i l .  The stored 
methanol could be used for fuel, reducing uti~li_ti_e~__purcbase of costly natural 
gas or fuel o i l .  

Abundant United States coal resources is another drawing card for methanol 
production from coal. The U.S. reserves for coal are much larger than natural 
gas or oi l .  Efficient production of energy from coal makes this country less 
dependent on foreign o i l .  

Air Products and Chemica]s, Inc. (APCI), and Dakota Gasification Company 
{DGC), through a jo in t  venture, propose to demonstrate the LPMEOH technology 
under the federal government's Clean Coal funding. The Clean Coal Technology 
Demonstration Program is a $5 bi l l ion national commitment to demonstrate 
economic and environmentally sound methods for using our nation's most abundant 
energy resource, coal. The government shares costs up to 50 percent with the 
private sector. The Clean Coal program requires, however, that the money be 
repaid to the federal government from the commercialization of the technology. 

The three Clean Coal Technology solicitations to date were issued in 1986, 
1988 and 1989. We applied to Round Three which has $545 million dollars 
available to assist in demonstrating technologies in the use of coal in an 
eff icient and an environmenta]ly acceptable manner. 

APCI and DGC submitted a proposal to the Department of Energy (DOE) for a 
commercial-scale demonstration LPMEOH unit. The APCI/DGC proposal was one of 
13 projects selected late last year out of' 48 competing proposals. 

APCI ind DGC are equal partners in the projected $214 million project. 
Costs incl~de construction and four years of operation. Under the proposal, 
the DOE wi l l  contribute $86.9 million to the project which wi l l  convert about 
7.4 percent of the plant's synthetic natural gas (SNG) to 400 tons of ~thanol 
daily. 

DGC owns the Great Plains Synfuels Plant near Beulah, North Dakota. The 
650 acre plant is the only commercial-scale coal gasification plant in the 
United States that manufactures a high-Btu SNG. The synfuels plant began 
operation in the summer of 1984 and produces an average of ]48 standard mill ion 
cubic feet of SNG daily. 
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Through the proposed methanol pro jec t ,  the Great Plains synfuels plant 
would increase product d i ve rs i t y .  Moreover, the knowledge gained from the 
demonstration would aid in the commercial ization of th is  technology. 

#" 
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APCI is an international supplier of industrial gases headquartered in 
Allentown, Pennsylvania. They wi l l  instal l  an advanced process for making 
methanol at the Great Plains plant, a technology which has been extensively 
tested at their process development f ac i l i t y  in LaPorte, Texas. 

Improved economics for coal gasification combined cycle is the main reason 
APCI pursues the demonstration project. This could increase the demand for 
large air  separation plants, which they supply. Moreover, proving the LPMEOH 
technology on a commercial basis could create a market for their LPMEOH 
technology and equipment. 

By choosing the Great Plains synfuels plant as the demonstration site, APCI 
and the DOE have chosen an ideal location to prow the LPMEOH technology. 
According to the proposal, DGC wi l l  provide the real estate, the u t i l i t i e s ,  the 
raw synthesis gas and the plant infrastructure. By having these services in 
place and available, the demonstration can be achieved far more economically 
than a grass-roots project. 

The DOE has supported the LPMEOH technology since conception. The process 
was developed in the mid ]970's by Chem Systems. From ]975 to 198] APCI 
conducted bench scale testing. The success of the those tests lead to 
laboratory testing in 1983. These pi lots provided the groundwork for APCI's 7 
ton/day demonstration plant in LaPorte, Texas, from ]98% to 1989. This project 
laid the groundwork for the proposed demonstration using carbon monoxide and 
hydrogen in synthesis gas available at the Great Plains Synfuels Plant. 

Today's commercial methanol production technology is dominated by two 
processes, one developed by Lurgi and one by Imperial Chemical Industries. Both 
processes use gas-phase reactors with a zinc-copper catalyst to convert syngas 
to methanol. 

Today methanol is maC° from methane (natural gas) by a two-step gas-phase 
conversion process. First,  methane is reacted with water and heat to produce 
a syngas, consisting of carbon monoxide and hydrogen (CH~ + H20 ---  CO + 3H2). 
This step is called steam reforming. Secondly, the syngas is converted to 
methanol, using a copper-based catalyst to promote the reaction (CO ÷ 2H 2 --° 
CH~OH). Both steps carry bu i l t - in  obstacles that cause energy loss dnd are 
costly. 

The LPMEOH process is believed to be more cost effective than the 
conventional method. The process di f fers from gas-phase systems in thaL the 
catalyst is suspended as a slurry in an inert hydrocarbon l iquid, such as 
mineral o i l .  This oi l  distr ibutes the heat of the reaction throughout the 
reactor more e f f ic ient ly  than the current technology where these reactions take 
place in the gaseous state. In both processes, the heat of the reaction 
generates steam in a heat exch&,~ger. 

Another clear advantage, and perhaps the most significant to utilities, 
is that the l iquid-phase can use syngas derived from coal gas i f i ca t ion ,  which 
has a higher proportion of carbon monoxide than the syngas used by gas-phase 
reactors. This results in a higher cnnversion per pass and reduces the volume 
of recycling, with i ts a~ociated pnergy penalty. Furtherm()re, the process can 
operate with a higher turn-down-ratio, which is necessary as power production 
fluctuates due to changes in the needs of the u t i l i t y ' s  electr ic system. 
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Further cost savings are realized in catalyst replacement. Spent catalyst 
can be pumped from the system and replaced with a Fresh slurry on-stream rather 
than shutting down the reactor to replace the entire catalyst inventory. 
Production efficiency remains high through the addition of fresh catalyst and 
because shutdowns are not required For catalyst change. 

In the demonstration project, the liquid-phase methanol unit wi l l  be 
integrated into the existing fac i l i t y  at the Great Plains synfuels plant. In 
the existing fac i l i t y  all of the clean syngas stream from the Rectisol unit is 
currently sent directly to the methanation system, for conversion to SNG. The 
proposed unit wi l l  be located downstream of the Rectisol unit, prior to 
methanatlon, and wi l l  process about 28% of the Rectisol outlet stream. The 
unreacted gas from the liquid phase methanol unit wi l l  be sent to the 
methanation section For conversion to natural gas. 

The improved technology of using LPMEOH for converting synthesis gas (CO 
+ H~) to methano~ wi l l  raise electrical generation operating efficiency and 
lower production costs. Methanol wi l l  be more useful to electric u t i l i t i es ,  
both as a new Fuel option for combustion turbines and as a salable by-product. 
Another benefit of the liquid product is that i t  is easier to transport and 
store. 

As part of the demonstration project, the ACUREX Corporation wi l l  test the 
crude methanol produced in the liquid phase methanol process to determine its 
sui tabi l i ty  for boiler, turbine and transportation fuel applications. 

The DOE and the jo int  venture contlnue negotiations on the methanol 
project. The original DOE application is for a 500 ton per day, but plans are 
to reduce ~he size to a 400 ton per day plant and expand the fac i l i t y  to 560 
tow,s per day during the demonstration period. The proposed reduction in plant 
size results because of the d i f f i cu l t  economics of marketing the plant's 
production. Not only is this plant a great distance from the U.S. methanol 
market, but we can anticipate continued strong competition from foreign sources. 

Methanol is used as a chemical feedstock in producing a wide variety of 
products, including formaldehyde, acetic acid and gasoline additives. Methanol 
is also used direct ly as a solvent and potentially as an alternative motor fuel. 

Methanol is a commodity, so prices are part ia l ly  influenced by worid 
conditions, making economics d i f f i cu l t  to predict as prices fluctuate with the 
world market. 

Most of the large users of methanol either have their manufacturing ne-ar 
ports or water ways; such as the Mississippi or the Ohio River. Production from 
Great Plains wi l l  have tc be. shipped by rai l  in competition to both U,S. " 
production, where natural gas is competitively priced, as well as {oreign 
imports. 

The future of methanol prices could be affected by legislation as we11. 
Federal and State legislation, both existing and proposed, would increase the 
requirement of methanol for reformulated gasoline and as an alternative fuel. 

Clean Air legislation will modify gasoline composition to improve air 
quality and reduce human exposure to pntentially harmful hydrocarbons. The goal 
is to target the best fuel composition to reduce emissions, especially those 
contributing to ground level ozone formation, /hile maintaining transportation 
fuel quality. 
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The Clean Air Bi l l  currently before Congress, which restricts the vapor 
pressure of gasoline could increase the need for methanol. 

Hydrocarbon vapors cause ozone formation. Some hydrocarbons, like butane, 
are high vapor pressure components, which contributes to atmospheric pollution. 
By eliminating the high vapor pressure hydrocarbons from the fuel and replacing 
i t  with a lower vapor pressure component, such as ethers, the ozone forming 
characteristics are lowered. 

Some industry analysts predict that ethers, including ethyl ter t iary butyl 
ether (ETBE) and methyl tert iary butyl ether (MTBE), wi l l  have a major role in 
new reformulated gasolines. MTBE is produced from methanol, while ETBE is a 
product of ethanol .  

While the large-scale manufacture of methanol from domestic coal could have 
a positive impact on the United States economy, there currently is i great 
concern about green house gases and the conversion of coal to methanol r esu l t i ng  
in more C02 emissions than when produced fro~ natural gas. The use of coal, 
however, for a larger share of our energy needs would reduce the need for 
imported oi l .  

DGC is _sti11-evaluating the financial risk of the LPMEOH project. The 
passage of the Clean Air bill would provide insight on the future requirements 
of reformulated gasoline, which would have a great impact on this country's 
requirement for methanol and ethanol. 

With project economics d i f f i cu l t  to predict, the project is not yet a 
real i ty.  The future of the methanol market is the key as to whether this 
technology can be demonstrated at the Great Plains plant on a financially sound 
basis. 
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PLANT STATISTICS 
Produces pipeline quality natural gas (55 billion cubic ft/yr) 

0.3% of total U.S. consumption 

Construction cost for Phase I ($2.1 billion) 

First production (July 1984) 

DOE ownership (August 1985) 

Dakota Gasification Company (DGC) ownership 
(November 1988) 

Parent Company (Basin Electric) provides power and water 
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PLANT PERFORMANC 

@ 

Technical success 

- Reliable production 

- Production rates exceed design 

- Process refinements continue to: 

* Increase production 

* Lower operation and maintenance costs 

Plant failed to meet environmental objectives 

Plant failed financially 

- Low energy prices 
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CLEAN COAL ROUND III 

$525 million available 
Up to 50% matching 

- Capital investment 

- Demonstrat ion expenses 
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FUTUR 
Gas revenues have matched or exceeded plant ' 

operating cost 

Decline in synthetic natural gas revenue anticipated 

Byproduct development emphasized as source of 
additional revenue 

• Methanol is a potential byproduct 
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METHANOL PROJECT 
• Partners 

- Air Products & Chemicals Inc. (50%) 
- Dakota Gasification Company (50%) 

• Project Scope 

- 500 tons/day (approx. 10% of SNG production) 
- $213.7 million project 

"Includes four years of production cost 
- $92.7 million DOE share 

• Demonstration (Alternate Fuels) 
- Transportation fuel 

- Power generation fuel 
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DEMONSTRATION PROJECTS 
Demonstration Partners 

Kanawha Valley Regional 
Transportation Authority 
(KVRTA) 

State .... 

West Virginia 

Southern California 
Rapid Transit District 
(SCRTD) 

California 

Miller Brewing Company California 

Hughes Aircraft Company California 
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LIQUID PHASE METHANOL 
(LPMEOH) 

History 

1975 

1975-1981 

1983 

1984-1989 

Concept potential 

Bench scale testing 

Laboratory size testing 

Demonstration plant 
(7 to 13 tons per day)- LaPorte, Texas 
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METHANOL 
(WOOD ALCOHOL) 

Feed Stock 

Natural gas (CH 4) 

Coal gasification raw gas 

Process 

CO + 2 H 2 ~  CH 3 OH (Methanol) 
+ heat 
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PROCESS ADVANTAGES 
Liquid Phase vs. Gas Phase 

• Higher throughput 

• Better process control 

• Rapid turn clown 

• Improved economics 
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COMBINED CYCLE 

Waste-Heat 
Boiler 

Auxiliary 
Fuel 

Gas 
Turbine 

Fuel 
(Liquid or Gaseous) 

Stack Steam 
A Turbine 

Generator 

Generator 

Electric 
Power 

Condensate 

Electric 
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COMBINED CYCLE 
POWER GENERATION 

Advantages 
- High efficiency (1/3 less fuel) 

- Low capital cost 

- Low environmental emissions 

- Short lead time (planning to commercialization) 

Disadvant2ge 
- Burns liquid or gaseous fuels 
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ESTIMATED U.S. 
ENERGY RESERVES 

Petroleum 
28 billion barrels 

Natural Gas 
205 trillion cubic feet 

Shale Oil 
76 billion barrels 

250 years supply at current usage. 
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COAL GASIFICATION 
COMBINED CYCLE 

POWER GENERATION 
Advantage 
- Utilize coal which is plentiful and economical 

Disadvantages 
- Increased capital cost 

- Not proven commercially 

. Public perception that use of coal increases pollution 
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COPRODUCTION OF ELECTRIC POWER 
AND METHANOL VIA COAL 

GASIFICATION COMBINED-CYCLE (CGCC) 
STEAM 

CLEAN' " ' UNREAcTED"I  ~w'~'s"ES'St" SYNGAS SYNGAS I 

~"~'  COAL'" ...... ,~NJ' '~ I ,~ I METHANOL ! ,~ i '  Er, EAM ELECTRIC ~...,,,,. I.r"J,,c,o~v,;,y. }._~" CA'fI£)N r ' ~  & IMPURITY & GAS , , ~  . . . . . .  i i REMOVAL ~"~1 SYNTHESIS ~ ' ~  TURBINES 

I I I T O,-L EXPORT 
ASH SULFUR METHANOL , I L 
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ELECTRICITY COST AS A 
FUNCTION OF METHANOL PRICE 
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ENVIRONMENTAL 
CONSIDERATIONS 
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S02 3.8 0.12 0.01 

NOx :is NO2 1.2 0.12 0.12 

Particulate Matter 0.10 0.008 0.001 
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DAKOTA GASIFICATION 
WITH LPMEOH PROCESS INTEGRATION 

AIR 

COAL 
HANDLING 

COAL GASlI=k~llON~"1~ GAS COOLING ~ RECTISOL H ~ILFUR MCOVB~ 

LPMEOH 
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DEMONSTRATION 
PROJECT FEASIBILITY 

Projected methanol consumption 

Methanol selling price 

O Methanol markets 
- Transportat ion distance 

- Foreign competit ion 
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U.S. METHANOL CONSUMPTION 

50,000 

rr  20,000 

UJ 10,000- 
03 
Z 
0 5,000 - 
-.J 
.J 

<: 2,000 - 

=E 1,000 - 

500 

1970 

Alternative Transportation Fuel 
Peaking Turbines 
MTBE / 
Traditional Markets 

i I I I I I I I I ' 1  | I I I I I I • • I 

1980 1990 2000 2010 

370 



GULF COST MEOH PRICES 
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METHANOL MARKETS 

• SYNFUELS PLANT ~, 

= POTENTIAL MARKETS 
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PROJECT CONSIDERATIONS 
Clean coal funding vital to_pr.oject feasibility 

DOE study finds methanol from U.S. natural gas will 
not be competitive with off-shore production 

Cost of feedstock from Synfuels plant even less 
competitive than natural gas 

Methanol U.S. spot prices currently at 27 to 28 cents/gallon 

Uncertainty of Federal legislation regarding energy taxes 
and environmental requirements 

- Will reformulated gasoline and/or alternate fuels be mandated? 
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