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INTRODUCTION/ BACKGROUN D 

Under U.S. Department of Energy, Pittsburgh Energy Technology Center 
(PETC) support, the development of a High Efficiency Advanced Coal Combustor 
(EEACC) has been in progress since 1987 at the ABB Power Plant Laboratories 
('Rini, et al., 1987,1988). As summarized in previous publications on the subject, 
the initial work 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). 

With continued DOE-PETC support, carried out in coopemtion with the Energy 
and Fuels Research Center of The Pennsylvania State University (Penn State), the 
HEACC burner concept has been used as a major component in a system design 
intended for industrial-scale, coal fired retrofit applications. The overall objective of 
the current work is to demonstrate the technical and economic feasibility of retrofitting 
a gadoil-designed industrial boiler to burn micronized coal. In this respect, the major 
technical goals for the combustion system design have included 

A compact, easy to retrofit'burner design 
Low NOx generation, while maintaining high combustion efficiency 
Commercially acceptable combustion air pressure drop and burner turndown ratio 
Integration of coal preparation system controls into boiler control system 

The design of the HEACC burner is based on the well established principle of 
internal air staging for NOx control. In an internally staged flame, combustion is 
initiated at the burner exit in a primary zone that contains less air than is required to 
completely bum the coal (substoichiometric); this promotes the conversion of fuel 
nitrogen to molecular N2 instead of NOx. Combustion is then completed downstream 
of the burner where stoichiometric ratios of 1.15 to 1.25 exist to maximize carbon 
burnout. Burner swirl and mass flow control are employed to establkh the 
substoichiometric primary zone. This zone also recirculates hot combustion products 
back to the root of the flame, providing ignition energy and, thus promoting flame 
stability. With a properly designed air register? the primary zone can be maintained at 
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the correct stoichiometric condition throughout the load range. Superimposed on the 
requirement for the desired burner performance is the significant constraints of limited 
residence time. 

The work carried out under this program consists of five major tasks: 
1) A review of current state-of-the-art of coal firing system components. 
2) Design and experimental testing of a prototype HEACC burner. 
3) Installation and testing of a HEACC system in a retrofit application. 
4) Economic evaluation of the HEACC concept for retrofit applications. 
5 )  Long term demonstration under user demand conditions 

The results of Tasks 1 and 2 have been summarized in recent technical 
publications @hi, et al., 1993, Jennings, et al., 1993). Task 3, which involves 
testing the HEACC system in an gadoil - designed package boiTer at Penn State, is 
currently underway as is Task 4. This paper will summarize the latest experimental 
results from this ongoing program. 

PROTOTYPE TESTING AT ABB POWER PLANT LABORATORIES 

Under the second task of the development program, a commercially oriented, 
redesigned HEACC burner was tested at a scale of 18.5 x lo6 Btu/hr. This design, 
as shown in Figure 1 contained features from CE’s commercial wall-fired burner (the 
RO rr) to facilitate its commercial application. The RO II is a utility sized wall fired 
burner for the low NOx retrofit market (Darroch, et al., 1991). Key features of the 
RO II incorporated into the HEACC were the tangential fuel inlet and the venturi coal 
diffuser. For commercial applicability, the air side of the HEACC register was 
simplified. For the tertiary air, burner swirl is produced by air entering tangentially to 
the register. The swirl is then regulated and evenly distributed by a series of 
adjustable blades located within the register. For the secondary air, a removable, axial 
flow type swirler design is used to produce the swirhg flow. 
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Figure 1 CE Industrial Scale Micronized Coal Burner 
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The prototype industrial scale HEACC burner was designed to fk at a rate of 
50 MBtdhr which is a thermal input approximately 2.5 times higher than that 
required of the burner in the Penn State boiler. Scaling by a constant velocity criteria 
was used to design the 18.5 MBtu/hr burner for the Penn State boiler. The swirlers, 
coal nozzles, and other aspects of the burner were scaled using this criteria and 
previous CE burner design experience. The burner was sized to satisfy the geometric 
constraints of the host boiler: i.e.; windbox, burner openings, mounting plate sizes, 
fuel pipe locations, etc. Also, natural gas firing capability was added to make this a 
dual fuel burner. 

Since the secondary air swirl is critical to the control of near field aerodynamics, 
a series of the secondary air swirlers were designed. Three co-rotational swirlers 
with swirl numbers of 0.8,l.O and 1.5 and one counter-rotational swirler (swirl 
number = 1.0) were designed and fabricated. Two coal nozzles were designed. One 
was the Impinging Jet (I-Jet) injector developed under the earlier phases of the 
HEACC program:: The patented I-Jet provides eight individual coal streams that 
converge to produce a low axial momentum, concentrated cloud of pulverized coal. 
This type of solids/p;as flow pattern when produced in a hot, substoichiometric 
environment has been shown to limit NOx formation. The second coal nozzle tested 
was a variation of CE's optimized commercial product for the RO ZI burner. 

This second generation HEACC burner was tested in the Industrial Scale Burner 
Facility (ISBF) located at Combustion Engineering's ABB Power Plant Laboratories 
(PPL) in Windsor,: Connecticut. This facility was designed to replicate the residence 
time and thermal environment of a typical industrial boiler. A key objective of the 100 
hour burner validation tests at PPL was to confirm burner operating characteristics and 
demonstrate o p e e o n  over the range of conditions expected for the field boiler tests. 

The improved HEACC successfully achieved the project performance gods 
during these performance verification tests. For example, the effect of various 
hardware configurations on NOx emissions is shown in Figure 2. The 400 test series 
(I-Jet and reverse secondary air swirler) produced the best results (a flame 
environment in wkch the incoming coal was rapidly mixed, heated and devolatilized 
in a near-ideal substoichiometric environment for controlling NOx). 
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Figure 2 Effect of Hardware Configurations on NOx Emissions 
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SYSTEM INSTALLATION IN AN INDUSTRIAL BOILER 

The successful 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 
demonstration boiler for the 400 hour test program. 

A schematic of the micronized coal firing system is shown in Figure 3. 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 the micronized coal mill. The coal is then 
micronized to 80% through 325 mesh (18 microns MMD) and pneumatically 
conveyed to the HEACC burner where it is then burned in the Penn State boiler. This 

watertube boiler capable of prociuchi~i5,"d-itliir o t - G m E a t  3oO-psig. It 
represents a typical gadoil - 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 many other manufacturers' (including Combustion Engineering) models. 

boiler is an oivgas designed Twu.ellaJCeeler Mnrtel D-9 
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Figure 3 Micronized Coal Preparation System 

As will be summarized next, the initial tests of the burner included a shakedown 
series of tests using natural gas frring. After the shakedown period, a brief series of 
tests were performed for various hardware configurations to confirm the optimum 
hardware configuration for this boiler and system. The chosen hardware 
configuration was then to undergo further testing during a 400 hour test program. 

range of operating conditions to determine system performance. The boiler will be tested 
over a variety of load ranges, excess air, combustion air damper settings and burner swirl 
levels. In addition, for selected test points a second coal wiU be tested to compare the system 

During the currently ongoing 400 hour test period, the system will be operated over a 



performance with the first coal. 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 will be obtained. If the 
initial testing demonstrates technical feasibility and cost effectiveness, a 1000 hour 
demonstration of the system, while under user demand, will be conducted. 

EXPERIMENTAL RESULTS: INDUSTIAL BOILER RETROFIT 

A) NATURAL GAS TESTING 
In September and October of 1993, natural gas baseline testing was performed. This 

testing was conducted to evaluate the HEACC burner on natural gas and to obtain baseline 
technical and economic data for comparison to micro&d coal firing. The natural gas testing 
included variations in load, excess oxygen, tertiary air swirl level and tertiary/secondary air 
split. Prior to the baseline testing coal ash deposits were thoroughly cleaned from the boiler 
tubes. All boiler operating and emissions data were taken during the testing and boiler 
efficiency was calculated for each test point. 

Under a previous coal water fuel test program at Penn State (Miller, et al., 1991) a 
baghouse was installed to control particulate emissions. Although natural gas contains no 
sulfur, residual fly ash in the baghouse from previous coal f i g  does contain sulfur and thus 
the baghouse inlet could not be operated below 250 OF for acid dew point reasons. As a 
result, a l l  natural gas baseline tests were run at 75 and 100% load. Excess oxygen levels for 
the tests were maintained at 1,2 and 3%. Although testing was not performed at low load, 
the burner exhibits stable (attached, steady flame) characteristics at a turndown ratio of at 
least 8/1. 

Boiler efficiency averaged 83.1% at 100% load and 2% oxygen. No significant 
differences were noted when chanag  swirl levels or air splits. As expected, boiler 
efficiency decreases for increasing excess air. Boiler efficiency was also shown to increase 
to 83.8% at the 75% firing rate (again at 2% oxygen), as shown in Figure 4. NOx emissions 
for this burner ranged from 0.17 Lbs / MBtu to 0.24 Lbs / MBtu. These emission levels are 
typical for a burner using preheated combustion air without flue gas recirculation. As also 
shown, carbon monoxide emissions were consistently low; the highest average of 33 ppm 
was obtained at 1% 02. 
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Figure 4 Boiler Efficiency : Natural Gas Firing 



One aspect of coal firing in a natural gas designed boiler is the effect of coal ash 
deposits on performance characteristics while firing the baseline fuel (natural gas in this 
case). One of the perfromance goals was that no degradation of boiler performance should 
occur when firing the baseline fuel due to fouling from previously firing micronized coal. 
Therefore, after “seasoning” the boiler on coal, two natural gas tests were run. The 
sootblower located in the boiler convective section was blown prior to testing, however, the 
furnace was left in its “as found‘, condition. Boiler eEciencies at 2.8% 0 2  and 4.2% 0 2  
were 82.4% and 81.88, respectively, which is slightly lower than the clean boiler average of 
83.1%. It should be noted that the post coal firing tests were conducted at a slightly higher 
firing rate than the baseline tests. Boiler outlet temperatures for the two post coal fired 
“dirty“ boiler tests were 591 and 573 O F  which compares to 576°F for the baseline tests. 
NOx and CO emissions were comparable for the two conditions. 

B) COAL FlRED EXPERIMENTS 

complete, integrated system as opposed to the operation of its components. Although all of 
the system componeng installed at The Pennsylvania State University were proven in either 
commercial operation or prior testing, the complete system from coal mine to steam 
production at this scale had not been proven. Also, it has been reported by industrial burner 
suppliers that there are numerous problems to be considered in an industrial boiler 
commercial design (Facchiano, 1992). The testing at Perm State has indicated areas that 
should be carefully engineered in a commercial design. Although it was anticipated that if 
any problems occurred, they would be centered around the burner (the least developed 
system component), the coal handling and feeding sub-system has proven to be a critical 
component during initial testing. 

Due to the relatively small quantities of coal required and the need to control the ash 
content of the prepared fuel, the coal was cleaned in a batch mode by heavy media cyclone 
and stored at a local yard. During the winter, snow and ice have covered the relatively small 
pile and it has proven dEcult to obtain dry coal from the pile. This has created numerous 
problems in the coal handling components. In a commercial system, if the coal is cleaned in 
a batch mode (as compared to cleaning on an as needed basis) care must be taken to assure 
the coal is protected from the elements during storage. The added handling creates additional 
costs that are being compiled. 

The present testing has also shown that the boilerhurner is very sensitive to fuel/& 
input conditions. Thisis due to the tight confines of the boiler and the limited residence time, 
Fuel feed oscillations, fuel transport air pressure swings and coal maldistribution in the 
burner are not as easily forgiven as in a multi-burner, large utility configuration. All 
threefactors as noted &ove have created instability problems at the demonstration boiler. In 
commercial installations, tight control over the primary (transport) air and fuel feed will be 
necessary. 

The above mentioned problems have been resolved and steady state tests have been 
conducted when burning 100% coal. These tests have all been short term (10 hours or less). 
The 400 hour test program is underway and is scheduled for completion at the end of April 
1994. As of this writing, well over 100 hours of coal only testing has been performed. 
Most coal firing to date has been conducted at firing rates between 75 and 80% of full load. 
The latest boiler efficiencies on coal have ranged from 83 to 84.6% (at 3% excess oxygen). 
These boiler efficiencies were obtained with carbon conversion efficiencies (CCE) of 93.8 
and 96.2%, respectively, which is lower than the target range of 98% or greater. As of this 
Writing, analytical modeling is being performed to determine how best to increase CCE in 
this industrial system. 

A key objective of demonstration testing is to determine operating characteristics of a 



At low levels of CCE (93-94%) NOx emission values have been below the target goal 
of 0.6 Lbs/MBtu (450 ppm at 3% 02) while at the higher CCE (95-96) NOx values have 
ranged up to 0.78 Lbs/ MBtu (575 ppm at 3%.02). The system has not yet been optimized 
for low NOx and high CCE. 

In addition to 100% coal tests and natural gas baseline tests, quite a few tests have been 
performed on coal with natural gas co-firing. A series of tests were performed with natural 
gas co-firing between 0% and 45% on a heat input basis. Highlights of this testing show that 
the coal combustion efficiency (disregarding the carbon in the gas which is 100% consumed) 
ranged from 94.4% to 97.4%. Gaseous emissions for the co-firing tests indicated that CO, 
SO2 and NOx all decrease proportionately with increasing levels of natural gas input, This is 
shown in Figure 5. 
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Figure 5 Effect of Co-Firing on Gaseous Emissions 



SUMMARY 

Under this program, the previously developed High Efficiency Advanced Coal 
Combustor has been redesigned as a commercially oriented burner and this redesign was 
tested at the ABB Power Plant Laboratories. This testing confirmed the effective control of 
NOx, high combustion efficiency, acceptable fan head requirements, flame shaping capability 
and the turndown required of a commercial burner. This redesigned and tested burner was 
then installed in a package boiler at Penn State to determine the performance in a true 
commercial retrofit system and to determine the actual costs of using this system. 

been conducted on natural gas, coal and coal with natural gas co-firing. The testing has 
already shown areas, especially fuel handling and feeding, that require more attention in an 
industrial installation as compared to typical utility boilers. When current testing is 
completed, the results will be analyzed to obtain the technical and economic data required to 
determine boiler performance. In addition, a commercialization plan will be formulated. 
Pending acceptable technical and economic results, a 1000 hour demonstration test will then 
be performed. This test will be performed under normal user demands to evaluate the 
system’s capability to perform commercially. 

The goal of the long term demonstration is to show that cost effecthe, environmentally 
acceptable micronized coal systems can be used to displace premium fuels such as gas and oil 
in industrial combustion systems. The widespread use of this technology could significantly 
reduce our dependence on imported fuels and result in a balanced use of our energy resource. 

The system is currently installed at Penn State and testing is underway. Tests have 
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This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
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that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or service by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 
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