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INTRODUCTION/ BACKGROUND

Under U.S. Department of Energy, Pittsburgh Energy Technology Center (PETC) support, the
development of a High Efficiency Advanced Coal Combustor (HEACC) has been in progress
since 1987 at the ABB Power Plant Laboratories (Rini, et al., 1987, 1988). The initial work
on this concept produced an advanced coal firing system that was capable of firing both water-
based and dry pulverized coal in an industrial boiler environment (Rini, et al., 1990).

Economics may one day dictate that it makes sense to replace oil or natural gas with coal in
boilers that were originally designed to burn these fuels. In recognition of this future
possibility, the U.S. Department of Energy, Pittsburgh Energy Technology Center (PETC) has
continued to support this program led by ABB Power Plant Laboratories and the Fuels
Research Center of Penn State University to develop the HEACC concept. The objective of the
current program is to demonstrate the technical and economic feasibility of retrofitting a gas/oil
designed boiler to burn micronized coal. In support of this overall objective, the following
specific areas were targeted:

* A coal handling/preparation system that can meet the technical requirements
for retrofitting microfine coal on a boiler designed for burning oil or natural gas.
* Maintaining boiler thermal performance in accordance with specifications when
burning oil or natural gas.
 Maintaining NOx emissions at or below 0.6 Ib/MBtu (~450 ppm)
* Achieving combustion efficiencies of 98% or higher
¢ Calculating economic payback periods as a function of key variables

The overall program has consisted of five major tasks:

1.0 A review of current state-of-the-art coal firing system components.

2.0 Design and experimental testing of a prototype HEACC burner.

3.0 Installation and testing of a HEACC system in a commercial retrofit application.
4.0 Economic evaluation of the HEACC concept for retrofit applications.

5.0 Long term demonstration under commercial user demand conditions




This paper will summarize the latest key experimental results (Task 3) and the economic
evaluation (Task 4) of the HEACC concept for retrofit applications.

BURNER INSTALLATION AND TESTING IN AN INDUSTRIAL BOILER

The overall objective of this program has been to assess the technical and economic viability of
displacing premium fuels with micro-fine coal by retrofitting the previously developed High
Efficiency Advanced Coal Combustor (HEACC) to a gas/oil designed industrial boiler. This
paper summarizes the work involving the retrofit of a complete micro-fine pulverized coal
milling and firing system to an existing 15,000 Ib/hr package boiler located in the East Steam
Plant of Penn State University. Combustion performance-related objectives included steady
state operation on 100% coal while achieving a carbon conversion efficiency of 98%, without
increasing NOx emissions above 0.6 Ib/MBtu (~450 ppm). The testing was also designed to
show that consistent, reliable operation of entire coal storage/handling and pulverization system
could be achieved. Reliable operation of the coal preparation system in concert with satisfactory
burner performance would serve as a prerequisite to the demonstration phase of the project.

The HEACC burner was previously tested (Task 2) in the Industrial Scale Burner Facility
(ISBF) located at Combustion Engineering's ABB Power Plant Laboratories (PPL) in
Windsor, Connecticut. A key objective of the 100 hour burner validation tests at PPL was to
fine-tune the burner operating characteristics and demonstrate operation over the range of
conditions expected for the field boiler tests. All performance goals were successfully achieved
during these ISBF tests. The testing at PPL demonstrated the technical validity of the design
improvements incorporated into the second generation HEACC. This burner was then installed
as part of a complete coal handling and firing system in Penn State’s commercial boiler for a

400 hour proof-of-concept test program (Task 3).

A schematic of the micronized coal preparation/firing system at Penn State is shown in Figure
1. As can be seen, the cleaned coal comes on site and is stored in a large hopper. The coal is
crushed and sent via a screw feeder to a micronized coal mill (TCS system). The coal is then
micronized to ~80% through 325 mesh (~18 microns MMD) in the TCS mill and pneumaticaily
conveyed to the HEACC burner where it is then burned in the boiler. This boiler is an oil/gas
designed Tampella Keeler Model DS-15; a package D-type watertube boiler capable of
producing 15,000 Ib/hr of saturated steam at 300 psig. It represents a typical gas/oil - designed
system with a furnace volumetric heat release of 50,000 Btu/hr ft3, standard for this class of
boiler. Furthermore, its design is similar to that of many other manufacturers' (including
Combustion Engineering) models.

EXPERIMENTAL TESTING RESULTS

A) OVERVIEW

During the long term test period, the boiler system was operated over a range of
operating conditions. Specifically, the boiler was tested over a variety of load ranges, excess
air, combustion air damper settings and burner swirl levels. Two coals Brookville Seam and
Kentucky were used. Their analyses are summarized in Table 1. During the test period, boiler
performance data, emissions data, electric parasitic power and house compressed air
consumption data, as well as other data required for the technical and economical analysis of
the system were obtained.
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Figure 1 Micronized Coal Combustion System at Penn State

The initial burner tests included a shakedown series of runs using natural gas firing (Jennings,
et al., 1994a, 1994b). At the conclusion of baseline natural gas firing, the boiler operation was
directed towards hardware optimization (e.g., coal handling/preparation, burner settings) and
testing with 100% coal firing. During this phase of the work, a major objective was to obtain
consistent, repeatable 100% coal fired runs. This goal, along with minor modifications to the
system (discussed in the next section) to increase boiler and carbon conversion efficiency
resulted in several short term tests. Subsequently, the chosen hardware configuration was
then used during the long term (~400 hr) test program (Task 3).

Table 1 Selected Analyses of the Brookville and Kentucky Coals

Brookville Seam Kentucky

Proximate, wt%
Moisture 8.2 6.8
Volatile Matter 33.1 33.3
Fixed Carbon 55.8 55.4
Ash 2.9 4.5
HHYV, Btw/lb 13,260 13,010
Ash Fusion Temp, °F

DT 2,820 2,803

ST +3,000 +3,000

FT +3,000 +3,000

B) SYSTEM CHARACTERIZATION/MODIFICATIONS

A key objective of the proof of concept testing was to determine the operating
characteristics of the complete, integrated system in contrast to the operation of the individual
components. Although all of the system components installed at the demonstration boiler host
site were proven in either commercial operation or prior testing, the complete system from
micro-fine coal production to steam production at this scale had not been previously
demonstrated/proven.




The testing at Penn State indicated areas that should be carefully engineered in a commercial
design. Furthermore, it was anticipated that if any problems occurred, they would likely be
related to the burner (the least developed system component). However, the coal
handling/feeding sub-system as it related to boiler system operability proved to be a critical
component during initial testing. Some of the key system modifications and operational
problems relating to the Penn State boiler are discussed below.

TCS Mill
The TCS mill and booster fan operated well without constant supervision. Initial

system testing, however, revealed a coal settling problem in the mill outlet duct. This problem
was corrected by a specially designed diffuser/transition section fitted to the mill exit. In
addition, a detailed experimental study was carried out to characterize the effect of mill air flow
rate and mill speed, on coal particle size distribution (PSD) and top size for the two coals
tested. This was done as part of an effort to determine the milling conditions necessary to
reduce the coal PSD and top size in order to achieve maximum coal combustion efficiency. In
addition, the results were used to evaluate the feasibility for external classification to reduce the
coal top size. The mill speed was a most important parameter to obtain the desired coal PSD.
The results from these tests were used to optimize the mill settings for coal fineness during the
experimental test program. Table 2 presents typical optimized mill operating conditions.

Table 2 Mill Performance Summary

* Typical mill air flow rate: 370-400 acfm
 Typical coal feed rate: 16.5- 18.5 Ib/min

Particle Size (microns) Brookville Seam Coal Kentucky Coal
Top Size 190-300 250-275
Dgg 50-70 50-70
D50 25-30 25-30

Furnace Modifications

The furnace geometry was slightly altered during the test program by installing a ceramic wall
at the exit of the radiant section of the boiler. The basic idea was to improve carbon burnout by
making better use of the entire boiler volume through changing the gas patterns and temperature
profile in the boiler. This was done because analytical (CFD) modeling showed that the flame
was skewed from the burner to the furnace outlet and that the entire furnace volume was not
being effectively used (Model results were subsequently verified by suction pyrometry).

Boiler System Operability

During the initial testing period, a number of operational problems involving the coal handling
and boiler system were encountered. They were primarily related to the weather (cold, snow),
the coal (particle size, moisture content), the burner/boiler system (unstable/ low u.v. flame
scanner signal), or mechanical difficulties (feedwater pump, steam valves). With the exception
of the coal handling problems caused by high moisture, these problems were all addressed and
solved during the shakedown test series. The coal moisture problems will be fully addressed
prior to beginning the 1000 hour demonstration test (Task 5).

C) SUMMARY OF EXPERIMENTAL RESULTS

Under the 400 hour test program, Brookville Seam and Kentucky coals were evaluated, the
furnace geometry was modified by installing a ceramic wall, two coal guns (the RO-II with
and without a coal deflector/accelerator and the I -Jet) were tested, and the operating conditions




and without a coal deflector/accelerator and the I -Jet) were tested, and the operating conditions
(excess air and firing rate) were varied. During the course of the long term coal only tests, no
support fuel was required and the burner operated with excellent ignition stability. A typical
summary of the microfine coal firing (both coals) is given in Table 3.

Table 3 Microfine Coal Firing Results
Boiler Operation:

Steam Flow Rate (Ib/hr) 13,240

Boiler Efficiency (%) 84.1 (3% Oy)
Combustion Performance

Carbon Conversion Efficiency (%) 95.3

NOx at 3% O, (ppm) 413 (0.56 Ib/MBtu)

Burner Pressure Drop (in H,0) 8

During this test program, key performance variables were monitored in detail: boiler efficiency,
combustion efficiency, and NOx emissions. A summary of the results involving these
parameters follows.

Boiler Thermal Performance

Boiler thermal performance when firing micro-fine coal was essentially comparable to that
achieved when firing natural gas. In fact, because of the greater latent heat loss when burning
natural gas (greater formation of water due to higher hydrogen content), firing micro-fine coal
actually gave slightly higher boiler efficiencies despite the need to run at higher excess air
levels.

During the relatively short operating periods, usually less than 16 hours, ash deposits did not
cause significant changes to the boiler thermal performance. It is recognized, however, that
longer term operation could result in greater build-up of ash deposits which could impact heat
transfer. Because of the relatively short duration of the tests, any build-up of ash deposits
would slough off when the boiler was shut down. A better test of the possible impact of ash
deposits will occur during the long term demonstration phase of the work (Task 5.0).

NOx Emissions
The NOx emissions target was 0.6 Ib NOx per million Btu fired; this translates to about 450
ppm at 3% O,. Testing with 100% microfine coal showed that this target was achieved (in

general a NOx emissions value of 0.56 Ib NOx per million Btu was routinely met) while
meeting nearly all other required conditions. It is acknowledged that the optimum conditions
for low NOx will generally exacerbate carbon conversion efficiencies. Indeed, this was the
case with the HEACC burmner and the challenge was to find a reasonable balance between
meeting the NOx target while not aggravating the carbon conversion efficiency.

Combustion Efficiency

The target for combustion efficiency was 98%. The highest combustion efficiency obtained
during the test program was slightly over 96%. However, this value was not compatible with
meeting the NOX target, and was not able to be routinely repeated. A value of 95% combustion
efficiency was able to be routinely achieved, and was compatible with meeting the NOx target.

Considerable effort was spent in trying to determine how combustion efficiency might be
improved to meet the target. The challenge to meet the combustion efficiency targert of 98% is,
indeed a very difficult one. The bulk boiler residence time is about 0.7 seconds. Further
complicating the task is the aspect ratio of the boiler, i.e. the length of the boiler is not very
much greater than its height or width (approximatelt 8 ft long x 8 ft high x 6 ft wide). It is




aggravates the situation. Burner modifications are being looked at which might increase the
particle residence time.

Coal particle size distribution was also evaluated, the premise being that carbon content must be
directly proportional to particle size. While the larger particle size fraction of the collected
particulate (fly ash) did contain higher carbon contents than the smaller size fractions, the
differences were not as great as expected. For example, it would not be possible to
dramatically reduce the carbon content of fly ash by eliminating coal particles larger than 150
microns.

SYSTEM _ECONOMICS

This phase of the work involved an economic evaluation of coal firing for existing small
industrial boiler installations. In addition to a base case evaluation (the 15,000 Ibm/hr natural
gas fired Penn State boiler), various economic sensitivity studies which provide insight into the
economics for other unit sizes, fuel price scenarios, capacity factors and other variables were
carried out. The primary objective of this analysis was to determine how the coal option
compares with natural gas firing on an annual basis. With coal firing the capital costs for the
retrofit modifications as well as some additional operating and maintenance costs must be
justified by the savings in fuel costs. The evaluation summarized here defines the incremental
costs and savings on an annual basis as a result of the use of coal as a substitute for natural gas
firing. The first year incremental operation and maintenance cost savings and the total retrofit
capital requirement were then used to determine a simplified payback period. The details of the
data and results have been summarized in a recent publication (Patel, et al., 1995).

KEY RESULTS FROM THE ECONOMIC EVALUATION

A series of economic comparisons were carried out for the base case and other systems
involving different economic input parameters. For these studies a range of differential fuel
costs were used, and other sensitivity studies were carried out to determine the effect of unit
size, annual operating time, and carbon heat loss on simplified pay back time. Figures 3 to 5
show the results of these sensitivity studies. In addition to differential fuel costs (see Fig. 3),
other sensitivity variables studied were shown to have significant effects on payback period.
As shown in Fig. 4, increasing unit size is shown to quickly improve the economics. Also,
as shown in Fig. 5, changes in the annual operating time from 4000 to 8000 hrs/yr showed
significant effects on payback period. Typically industrial boilers have very high capacity
factors (the base case for this study used 7000 Hrs/yr (equivalent to an 80 percent capacity
factor)). Fig. 8 is of most interest as it shows that variations in carbon heat loss (combustion
efficiency) have no significant effect on payback period for the range studied (2 to 6%).

Although this analysis was done relative to natural gas as the base fuel, the results can also be
generally applied to oil firing as well. By knowing the differential fuel cost the payback period
can be approximated from the attached curves. Although boiler efficiency with oil firing is
typically about 5 percent better than with natural gas, the effect on payback period is relatively
insignificant as was shown by the results of the carbon heat loss sensitivity study.

CONCLUSIONS/ RECOMMENDATIONS

The following specific conclusions are based on the results of the coal fired testing at Penn
State and the initial economic evaluation of the HEACC system:

* A coal handling/ preparation system can be designed to meet technical requirements
for retrofitting micro-fine pulverized coal.
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* The boiler thermal performance met requirements

* Combustion efficiencies of 95% could be met on a daily average basis, somewhat
below the target of 98%

* NOx emissions can meet the target of 0.6 lb/million Btu

* The economic payback was very sensitive to fuel differential cost, unit size, and

annual operating hours

As aresult of recent long term tests using micronized coal (in another program), Penn State has
experienced some convective pass ash deposition problems. To alleviate this problem they are
planning to install additional soot blowers. Also, as a result of problems encountered during
the 400 hour testing, the following modifications are planned for the Penn State system:

Coal feeding improvements

a) Improved raw coal/ storage and transport
b) Redesign/installation of a surge bin bottom
c) Installation of a gravimetric feeder

Monitoring of ash deposit effects

a) Air sparge/soot blower systems
b) Monitoring effects on heat transfer in the furnace and the convective pass

c) The use of ash deposition probes

In addition, ABB CE plans to modify the burner for more precise aerodynamic control of the
fuel and air streams to improve the combustion efficiency and NOx emissions. Based on the
results summarized in this paper the ABB/Penn State team and DOE/PETC have decided to
conduct a 1000 hr demonstration (Task 5) of this program; it is currently scheduled to begin in
July 1995.
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Table 2. Summary of Natural Gas Baseline Testing

. i ___ABB COMBUSTION ENGINEERING BASELINE GAS SUMMARY
TEST/DESCRIPTION: 71257195 7/25/95 7/25/95 7/26/95 8/1/95
3% 02 2% 02 1% 02 1% 02 1.5% 02
Prim. Open Prim. Open Prim. Open Prim. Open Prim. Open
! Sec. Open Sec. Open Sec. Open Sec. Open Sec. Open
! Tert. 25% Op| Tert. 25% Op| Ten. 25% Op| Tert. Open : Ter.75% Op
: Gas Gun-4" | Gas Gun 4" | Gas Gun-4* | Gas Gun +4* | Gas Gun +4°
i Coal Gun Qut | Coal Gun Out | Coal Gun Out | Coal Gun Out ! Coal Gun Out
WATER/STEAM SIDE
i
Steam flow rate: Ib/h 12,404 12,387 12,411 15,659 8,609
Water temperature into boiler; °F 206 207 207 217 217
Drum pressure: psig 199 200 200 204} 194
Calorimeter temperature; °F 304 304 304 3171 313
Steam temperature; °F 378! 379 379 391] 387,
Steam quality; % 99.48 99.50 99.50; 100.23; 99.37,
Blowdown rate; Ib/h 3.093 3,099 3.099¢ 3,128 3,054
|
AIR,FUEL, FLUE GAS SIDE ! |
; | !
Natural gas flow rate; Ib/h, MMBtu/h 567, 13.2 567, 13.2 567, 13.2 732, 17.1i0 367, 8.6
Coal fiow rate: Ib/h, MMBtu/h| Not Applicable (NA) NA NA NAi NA
Fumace outlet temperature; °F 525 520 517 576} 477
Gas temperature leaving air heater; °F 354 351 349! 390! 337
Air temperature entering air heater; °F 175 179 1821 1731 211
Air temperature leaving air heater; °F 383 384 384 409 385
Air temperature into boiler; °F 363 364 365 391 363
Ash content of particulate; % NA NA NA NA! NA
Carbon content of furnace ash; % | NA NA NA NAl NA
HHV of fly ash; Btu/ib ] NAI NA NAI NA| NA
HHV of furnace ash; Btufib H NA| NA NA NAI NA
Combustion air flow: Ib/h ! 11,112 10,577 10,092 13,279 6,765
Boller draft; in H20 1 -0.07 -0.07 -0.07 -0.08 -0.07
Boller efliciency: % ] 82.84 82.94 83.14 83.03 83.61
Relative humidity, % i 60 60 60i 60 60
Mill air flow rate; Ibm i 0 0 0. 0 0
Mill outlet temperature: °F 77 77 72i 115 80
Natural gas temperature; °F 80 80 801 85 98
| |
| ]
EMISSIONS . ]
! |
02; % 3.1 2.1 1.1. 1.5 1.8
CO: ppm 45 49 108i 37! 73
CO2; % 9.6 10.2 10.6: 11.01 11.2
SO2; ppm ) NA NA NAj NAI NA
NOx: ppm 44 44 43! 26 48
Particulates: gr/SCF NA NA NAi NA NA
02 before and after air heater: %.% 3.1, Not 2.1, NM 1.1, NM| 1.5, NM 1.8,NM
i Measured(NM) i !
|
i
ECONOMIC ANALYSIS DATA
ID fan power consumption; w/h NM NV NV NV NV
FD fan power consumption; wih NV N NV NM NV
Pulverizer power consumption: w/h NA NA NA! NA NA
Booster fan power consumption: w/h NV NV NM: NV NV
Ash collection power consumption; w/h NA NA NA: NA NA
Crusher power consumption; w/h NA NA NAi NA NA
Reddler conveyor power consumption; w/h NA NA NA| NA NA
Feed screw power consumption; w/h NA NA NA' NA NA
Feedwater pump power comsumption; wh NV NV NV NV NV
Total air usage; scim (Pilot bumer) NV NV NV NV NV
Maximum load (based on 14,700 Ib steam/h); % 84.38 84.27 84.43 106.52 58.56
Coal related downtime | | NA NA NA: NA NA




Table 3. Summary of Coal-Fired Testing

! | | i ;
TEST/DESCRIPTION: | 8/9/95 i 8/9/95 | 8/23/95 8/24/95 8/25/95

' Low-NOx  |High Comb. Eff

i Prim. Closed ! Prim.Open ! Prim.Open : Prim.Open : Prim. Closed

) Sec.Closed | Sec.Closed | Sec.70% | Sec.Open Sec. Closed

! | Tert. Open ! Tert. Closed | Ter. 50% ! Ter. 50% Tert. 50%

' Gas Gun -8.5"'1 Gas Gun -8.5'| Gas Gun3" | Gas Gun-9" | Gas Gun -9*

! C. Gun 42.25"|C. Gun 42.25°] C. Gun 32" iC. Gun -10.5°] C. Gun -11*
WATER/STEAM SIDE i

|
Steam flow rate; Ib/h 13,466 14,367 13,467 14,417 14,378
Water temperature into boiler; °F 218 219 208 207 207
Drum pressure; psig 191 186 187] 183 187
Calorimeter temperature; °F 313 312 302i 301 301
Steam temperature; °F 386 384l 373! 371 372
Steam quality: % 100.0 100.0! 99.8¢ 99.3 99.3
Blowdown rate; Ib/h 3,027 2,985] 2,994: 2,967 2,999

H i

AIR,FUEL, FLUE GAS SIDE ; i i

B i ! i
Natural gas flow rate; Ib/h, MMBtu/h Not Applicable (NA) NA! NAi NA NA
Coal flow rate; Ib/h, MMBtu/h| ! 1,140;16.4] 1,140;16.4! 1,140:16.4] 1,140;16.5| 1,140:16.5
Furnace outlet temperature; °F | 588 607i 549; 539 594
Gas temperature leaving air heater; °F | 403 414 378! 378 400
Air temperature entering air heater; °F 177, 183 175, 171 166
Air temperature leaving air heater: °F 427) 436 404, 395 421
Alr temperature into boiler; °F| i 4041 415 382| 377 399
Ash _content of particulate: % ! 47.55 61.61 30.82! 49.94 45.02
Carbon content of furnace ash; % ! NA NA NAj NA NA
Coal combustion efficiency; %l ! 94.1+£1.2 97.240.5; 89.2+1.3! 95.3+0.6 94.5%0.6
HHV of fly ash: Btufib i NA NA! NA: NA NA
HHV of furnace ash; Btu/ib i NA NA: NA: NA NA
Combustion air flow: Ib/h 14,615 14,011! 14,403! 14849 14,442
Boller draft; in H20 0.04 0.03, 0.05! -0.04 -0.01
Boiler efficiency: % 83.44 85.75! 80.36! 84.7 83.48
Relative humidity, % 60 60¢ 60! 60 60
Mill_air flow rate; acim,!b/h 341:;1,624 326;1,526; 356;1,691; 360:1.711 359;1,711
Mill outiet temperature; °F 231 243} 211, 206 206
Natural gas temperature; °F 85 93: 88’ 91 79

i i

! ] !

i ! H
EMISSIONS i !

. ) ,
02; % ! 3.5 2.7 3.4 3.8 3.3
CO: ppm:Ib/MMBIu@3%02 238;0.20! 149;0.12° 258;0.22} 146;0.13 178;0.15
C02;: % ! 15.8 16.5i 15.6° 15.0 15.3
S02; ppm:Ib/MMBtu @ 3%02 i 512;1.00 552;0.99i 583;1.11; 485;0.97 529;1.00[
NOx: ppm;|b/MMBtu@3%02 | 371;0.52 684:0.88i 281;0.38! 443;0.64 439;0.60
Particulates: gr/SCF Not Measured (NM) NV NV NV NV

! i | ]

i ] .
ECONOMIC ANALYSIS DATA i
ID fan power consumption; w/h NV NM: NV NV NV
FD fan power consumption; w/h NV NV NM| NV NV
Pulverizer power consumption; w/h NV Nvi NV, NV NV
Booster fan power consumption; w/h NMi NV NV NV NV
Ash_collection power consumption; w/h NA NA! NAj NA NA
Crusher power consumption; w/h NA NA! NA: NA NA
Reddler conveyor power consumption; w/h NA NA! NA; NA NA
Feed screw power consumption; w/h NA NAi NA! NA NA
Feedwater pump power comsumption; w/h NV NV} NV NV NV
Total air usage; scim (Pilot burner) NV NV NV NV NV
Maximum load (based on 14,700 Ib steam/): % 91.6! 97.7! 91.6 98.1 97.8




Table 3. Summary of Coal-Fired Testing

i . =
TEST/DESCRIPTION: 8/28/95 | 8/29/95 8/30/95 | 8/31/95 9/5/95

; ! !

’ Prim. Open Prim. Open ! Prim.Open | Prim.Open * Prim.Open

i Sec.Open ! Sec.Open | Sec.Open Sec.Open ! Sec. 50%

i Tert. 50% ! Tert. 50% | Tert. 50% Tert. 50% Tert. 50%

] GasGun-9" | GasGun-9° | GasGun-9" ! Gas Gun-9® Gas Gun-9*

| C. Gun -10.5°{ C. Gun -10.5": C. Gun -10.5"! C. Gun -10.5°; C. Gun -10.5"
WATER/STEAM SIDE i H

} i 1
Steam flow rate: Ib/h 14,039i 13,938 14,139 13,601 13,122
Water temperature into boiler; °F 206i 2086 208 207 199
Drum pressure; psig 187 183 186 186 191
Calorimeter temperature; °F 300 301! 302. 302 301
Steam temperature; °F 372 3711 373 372. 374
Steam quality; % 99.3 99.3! 99.4¢ 99.3 99.3
Blowdown rate; Ib/h 2,997 2,966 2,989: 2,988. 3,030

) . |
AIR,FUEL, FLUE GAS SIDE

| | H
Natura! gas flow rate; Ib/h, MMBtu/h | NA NA NA! NA' NA
Coal flow rate; ib/h, MMBtu/h| 1,140:;16.51 1,140;16.5! 1,140;16.5' 1,140;16.5. 1,098;15.6
Fumace outlet temperature; °F 562! 561 566 571- 571
Gas temperature leaving air heater; °F 3861 389 390¢ 391" 389
Air temperature entering air heater; °F 168 177 173 175 171
Air temperature leaving air heater; °F 406 406i 406! 411 403
Alr temperature into boiler; °F| 383 387} 385 389 377
Ash content of particulate; % 47.90 50.20] 53.13. 50.95: 61.08
Carbon content of furnace ash; % NA NA| NA! NA: NA
Coal combustion efficiency; % 94.3+1.1 95.4+0.2] 95.9+0.8. 95.5+0.4: 97.5+0.8
HHV of fly ash: Btu/lb NA NA! NA. NA! NA
HHV of fumace ash; Btu/ib NA NA® NA: NA. NA
Combustion air flow; ib/h 14,657 14,694| 14,935’ 15,031' 14,555
Boller draft; in H20 -0.02 -0.03! -0.03 -0.04* -0.02
Boiler efficiency: % 83.88 84.79i 85.04' 84.32} 86.07
Relative humidity, % 60 60. 60! 60" 60
Mill air flow rate; Ib/h 388;1,853 356:1,685 390" 392:1,871' 369;1,775
Mill outlet temperature; °F 197 201 220! 188 230
Natural gas temperature; °F 73 91 87 85. 79

1 . M N

' 1
EMISSIONS i ! .

1 3
02; % i 3.5 3.6! 3.8 3.5 3.5
CO; ppm;Ib/MMBlu@3%02 129;0.11 166:0.14! 114:0.10i 118;0.10 119;0.10
C02; % i 15.4 15.4: 15.3 15.6: 15.9
S02; ppm;Ib/MMBIu@3%02 474:0.92 511:1.00i 538;1.08! 478;0.95 540;1.07
NOx: ppm;lb/MMBlu@3%02 385;0.54 361;0.51! 325:0.47¢ 341;0.48. 474.0.68
Particulates; gr/SCF NV NV NM! NM: NV
i :

ECONOMIC ANALYSIS DATA | ! '
ID fan power consumption; w/h NM NV NV NM! NV
FD fan power consumption; w/h NM Nl NM: M. NV
Pulverizer power consumption; w/h NV NV NM N NV
Booster fan power consumption; w/h NV NV NV NM: NV
Ash collection power consumption; w/h NA NA! NA’ NA! NA
Crusher power consumption; w/h NA NA| NA: NA! NA
Reddler conveyor power consumption; w/h NA NA# NA: NA} NA
Feed screw power consumption; w/h NA NAI NAi NA! NA
Feedwater pump power comsumption; w/h NV NV NV, NI NV
Total air usage; scfm (Pilot burner) NV NV NM: M NV
Maximum load (based on 14.700 Ib steam/h); % { 95.5 94.8 96.2° 92.5! 89.3
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Table 6. Mill Performance Comparison

Coal Seam: Brookville  Kentucky Middle Middle
Kittanning Kittanning
Operating Conditions
Mill air flow; acfm 370-400 370-400 320-390 365-395
Coal flow; Ib/m 16.5-18.5 16.5-18.5 19.0 18.3-19.0
Mill speed; rpm 1,940 1,940 1,940 2,080
Particle Size (um)
Top size 190-300 250-275 190 160-190
Dgo 50-70 50-70 45-50 35-40
Dsp 25-30 25-30 20-22 17-19
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Figure 2. O, AND CO CONCENTRATION vs. TIME FOR TESTING CONDUCTED ON 12/07/93
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Figure 14. COAL COMBUSTION EFFICIENCY BASED ON THE
BAGHOUSE ASH SAMPLES (a) AND EMISSIONS (b)
AS A FUNCTION OF TIME FOR THE TESTING
CONDUCTED ON 08/03/95
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Figure 15. COAL COMBUSTION EFFICIENCY (a) AND EMISSIONS (b)
AS A FUNCTION OF TIME FOR THE TESTING ON 08/09/95
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Figure 16. COAL COMBUSTION EFFICIENCY (a) AND EMISSIONS (b)
AS A FUNCTION OF TIME FOR THE TESTING ON 08/23/95
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Figure 17. COAL COMBUSTION EFFICIENCY (a) AND EMISSIONS (b)

AS A FUNCTION OF TIME FOR THE TESTING ON 08/24/95
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Figure 18. COAL COMBUSTION EFFICIENCY (a) AND EMISSIONS (b)
AS A FUNCTION OF TIME FOR THE TESTING ON 08/25/95
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Figure 19. COAL COMBUSTION EFFICIENCY (a) AND EMISSIONS (b)
AS A FUNCTION OF TIME FOR THE TESTING ON 08/28/95




= c
100 — £ :
] o °
- 3 3
o m E o

g % B g |B o oeD

>
- <

g 94 ] o o o Lo

©

£ 924

w 4

§ 904

] N

2 88 -

g R

O 86 -

g ] ‘

O 84 - 0O Baghouse
82 ¢ Cyclone
t——TT T T T T T T T T 1

600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
Military Time
(a)
800 —
3 < CO
600 =

£ : Blowdown

§ 5w ]

p ]

=3 3 UD ju]

S 3

Fi 07 == = Opg

& 300 oo ap
200 -] oo b ©

o ° )
. oo 00900
100 3 o ©
0.'l‘l'l'ljl'l'l'l'l'l!'
600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
Military Time
(b)

Figure 20. COAL COMBUSTION EFFICIENCY (a) AND EMISSIONS (b)
AS A FUNCTION OF TIME FOR THE TESTING ON 08/29/95
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Figure 21. COAL COMBUSTION EFFICIENCY (a) AND EMISSIONS (b)
AS A FUNCTION OF TIME FOR THE TESTING ON 08/30/95
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Figure 22. COAL COMBUSTION EFFICIENCY (a) AND EMISSIONS (b)
AS A FUNCTION OF TIME FOR THE TESTING ON 08/31/95
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Figure 23. COAL COMBUSTION EFFICIENCY (a) AND EMISSIONS (b)
AS A FUNCTION OF TIME FOR THE TESTING ON 09/05/95
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Figure 24. COAL COMBUSTION EFFICIENCY (a) AND EMISSIONS (b)
AS A FUNCTION OF TIME FOR THE TESTING ON 09/06/95
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Figure 25. COAL COMBUSTION EFFICIENCY (a) AND EMISSIONS (b)
AS A FUNCTION OF TIME FOR THE TESTING ON 09/07/95
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Figure 26. RELATIONSHIP BETWEEN COAL COMBUSTION EFFICIENCY
AND CO AND NOy EMISSIONS FOR THE STEADY-STATE

TESTING LISTED IN TABLE 3
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Figure 27. GAS TEMPERATURES (°F) IN THE DEMONSTRATION BOILER
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WHEN FIRING MICRONIZED COAL ON 08/30/95
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Figure 28. GAS TEMPERATURES (°F) IN THE DEMONSTRATION BOILER
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Appendix A. Boiler Efficiency Spreadsheets

Natural Gas Baseline Tests
Test Dates
07/25/95 -- 75% load, 1% O,
07/25/95 -- 75% load, 2% O,
07/25/95 -- 75% load, 3% O,
07/26/95 -- 100% load
08/01/95 -- 50% load

Micronized Coal Tests

Test i)ates

08/09/95 -- Low-NOy

08/09/95 -- High Combustion Efficiency
08/23/95

08/24/95

08/25/95

08/28/95

08/30/95

08/31/95

09/05/95
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