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Disclaimer

This report was prepared as an account of
work sponsored by an agency of the United
States Government.  Neither the United
States 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 usefulness of any
information, apparatus, product, or process
disclosed, or represents that its use would not
infringe privately owned rights.  Reference
herein to any specific commercial product,
process, or service by trade name, trademark,
manufacturer, or otherwise does not
necessarily constitute or imply its
endorsement, recommendation, 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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Abstract

This project develops Fuel-Flexible Reburning (FFR), which combines conventional

reburning and Advanced Reburning (AR) technologies with an innovative method of delivering

coal as the reburning fuel. The overall objective of this project is to develop engineering and

scientific information and know-how needed to improve the cost of reburning via increased

efficiency and minimized carbon-in-ash and move the FFR technology to the demonstration and

commercialization stage. The first reporting period (August 11, 2000 – February 10, 2001)

included experimental activities with the primary objective to characterize the impacts of

reburning process parameters on NOx reduction at conditions typical of the full-scale boilers.

Tests were conducted in GE EER's Boiler Simulator Facility (BSF). Tests showed that NOx

reduction in basic coal reburning depends on process conditions, initial NOx and coal type. Up to

60% NOx reduction was achieved at optimized conditions.
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Executive Summary

This project develops Fuel-Flexible Reburning (FFR), which combines conventional

reburning and Advanced Reburning (AR) technologies with an innovative method of delivering

coal as the reburning fuel. The FFR can be easily retrofitted to existing boilers and can be

configured in several ways depending on the boiler, coal characteristics, and NOx control

requirements.  Flyash generated by the technology will be a saleable byproduct suitable for use

by the cement and construction industries. FFR can also reduce NOx by 60%-70%, achieving an

emissions level of 130 ppm (0.15 lb/106 Btu) in many coal-fired boilers equipped with Low NOx

Burners. Total process cost is one third to one half of that for Selective Catalytic Reduction

(SCR). Integration of FFR with AR will result in over 85% NOx control while producing a

saleable ash byproduct.

The overall objective of this project is to develop engineering and scientific information

and know-how needed to improve the cost of reburning via increased efficiency and minimized

carbon-in-ash and move the FFR technology to the demonstration and commercialization stage.

Specifically, the project entails: (1) optimizing FFR with injection of gasified and partially

gasified fuels with respect to NOx and carbon in ash reduction; (2) characterizing flue gas

emissions; (3) developing a process model to predict FFR performance; (4) completing an

engineering and economic analysis of FFR as compared to conventional reburning and other

commercial NOx control technologies, and (5) developing a full-scale FFR design methodology.

The first reporting period (August 11, 2000 – February 10, 2001) included experimental

activities with the primary objective to characterize the impacts of reburning process parameters

on NOx reduction at conditions typical of full-scale boilers. Tests were conducted in GE EER's

Boiler Simulator Facility (BSF). Tests showed NOx reduction in basic coal reburning depends on

process conditions, initial NOx and coal type. Up to 60% NOx reduction was achieved at

optimized conditions.

The experimental part of the program was performed in conjunction with commercial

coal reburning project that GE EER is performing for a commercial client. In this project GE

EER investigates the potential to apply coal reburning technology to achieve substantial

reductions in power plant NOx emissions. The client expressed interest in FFR demonstration in

200 MW plant if the study will show economic advantages of coal reburning over other

approaches to control NOx emissions.



                                                                                                                   DOE Contract No. DE-FC26-00NT40912 Semiannual Report

1

1.0 Introduction

This project develops Fuel-Flexible Reburning (FFR), which combines conventional

reburning and Advanced Reburning (AR) technologies with an innovative method of delivering

coal as the reburning fuel. The FFR can be easily retrofit to existing boilers and can be

configured in several ways depending on the boiler, coal characteristics, and NOx control

requirements.  Flyash generated by the technology will be a saleable byproduct suitable for use

by the cement and construction industries. FFR can also reduce NOx by 60%-70%, achieving an

emissions level of 130 ppm (0.15 lb/106 Btu) in many coal-fired boilers equipped with Low NOx

Burners (LNB). Total process cost is one third to one half of that for Selective Catalytic

Reduction (SCR). Integration of FFR with AR will result in over 85% NOx control while

producing a saleable ash byproduct.

The project started in August 2000 and will be conducted over a two-year period. The

work includes a combination of analytical and experimental studies to identify optimum process

configurations and develop a design methodology for full-scale applications. The first reporting

period (August 11, 2000 – February 10, 2001) included experimental activities with the primary

objective to characterize the impacts of reburning process parameters on NOx reduction at

conditions typical of the full-scale boilers. Tests were conducted in GE EER's Boiler Simulator

Facility (BSF).  The following sections describe the BSF, experimental results and plans for

future work.

2.0 Boiler Simulator Facility (BSF)

The Boiler Simulator Facility (BSF) is located at GE EER's Test Site in Irvine, CA and is

a down-fired combustion research facility with a nominal firing rate of 300 kW.  It is designed to

simulate the thermal characteristics of a utility boiler.  As shown in Figure 1, the BSF consists of

a burner, vertical radiant furnace, and horizontal convective pass.  The facility's variable swirl

diffusion burner is equipped to fire coal, oil, or natural gas.  The furnace is constructed of eight

modular refractory lined spool sections with access ports.  The furnace has an inside diameter of

0.55 m and a height of 5.4 m.  The radiant section is equipped with adjustable heat removal

panels.  Configuration of these panels is usually adjusted such that the BSF matches the

residence time-temperature profile and furnace exit gas temperature of a specific full-scale

boiler.  The convective pass is equipped with air-cooled tube bundles designed to simulate the
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superheater and economizer sections of a coal fired boiler.  The facility has a baghouse at the end

of the convective pass to control fly ash emissions.  Because it accurately simulates the thermal

environment of a full-scale boiler, the BSF is ideally suited to process optimization studies

leading to utility boiler application.

Furnace

Burner

Sampling

Figure 2 shows axial temperature profiles for the BSF. Temperature gradient was
adjusted to simulate environment in large-scale boilers.
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Figure 1. Boiler Simulator
Facility (BSF).

Figure 2. Axial temperature
profile in BSF. Elapsed time
corresponds to the time after
injection of the reburning fuel.
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Process performance was characterized by continuous emissions monitors (CEMs), which

provided an online analysis of flue gas composition. The CEMs consisted of a water cooled sample

probe, sample conditioning system (to remove water and particulate), and gas analyzers.  Species

analyzed, detection principles, and detection limits were as follows:

• O2: paramagnetism, 0.1%

• NOx: chemiluminescence, 1 ppm

• CO: nondispersive infrared, 1 ppm

• CO2: nondispersive infrared, 0.1%

• SO2: nondispersive ultraviolet, 1 ppm

• N2O: nondispersive infrared, 1 ppm

• NH3: SCAQMD Method 207 (sampling, Nessler reagent, colorimetry), 1 ppm

• HCN: sampling, ion-specific electrode, 1 ppm

High purity dry nitrogen was used to zero the analyzers.  Certified span gases were used to

calibrate and check linearity of the analyzers.  A chart recorder was used to obtain a hard copy of

analyzer outputs.  A personal computer based data acquisition system (LabTech Notebook) was

used for storage and analysis of test data.  Furnace gas temperatures were periodically measured

using a calibrated suction pyrometer.

3.0 Basic Coal Reburn Tests

Tests were performed to characterize the impacts of reburning process parameters on

NOx reduction at conditions typical of the full-scale boilers. These tests provided baseline data

that will be used for benchmarking FFR.

Studies conducted by GE EER have shown that a number of coals can be used effectively

in the reburning process. However, due to the heterogeneous nature of coal, it is difficult to

predict how a specific coal will perform as a reburning fuel based upon easily characterized fuel

properties. Therefore, combustion tests were performed to evaluate the reburning performance of

two coals of specific interest to the commercial client.

For the basic coal reburning experiments, the main burner was fired with natural gas.

Ammonia was premixed with the combustion air to provide a controlled initial NOx level. Two

bituminous coals were tested as reburning fuels. Fuel characteristics are shown in Table 1. Each
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fuel was pulverized in a CE-Raymond deep bowl mill such that 70% passed through a 200 mesh

sieve.

Table 1. Test fuel analyses.

  Units Coal A Coal B
Ultimate Analysis

As received      C   wt % 68.92 63.11
     H   wt % 4.07 4.00
     N   wt % 1.30 1.02
     S   wt % 0.84 5.77
     Ash   wt % 14.89 17.58
     O   wt % 4.04 4.07
     H2O   wt % 5.94 4.45
HV Btu/lb 11,912          11,269         

Dry      C   wt % 73.27 66.05
     H   wt % 4.33 4.19
     N   wt % 1.38 1.07
     S   wt % 0.89 6.04
     Ash   wt % 15.83 18.40
     O   wt % 4.30 4.26
HV Btu/lb 12,664          11,794         

Proximate Analysis
Volatiles wt% 38.21 45.59
Fixed C wt% 61.79 54.41

The reburning fuel was injected into the furnace through an injector designed to provide

rapid dispersion of the fuel into the flue gas. The transport medium for the fuel was nitrogen (to

simulate recycled flue gas). The range of parameters investigated in the study represented the

range of conditions available at the full-scale units. The main burner was fired at an excess air

level of 10%. The reburning fuel was injected at a temperature of 1700 K at rates between 10%

and 30% of the total furnace heat input. The OFA was injected at 1400 K, corresponding to a

reburning zone residence time of 800 ms. The initial NOx level was set at 430 ppm and 230 ppm

on a dry, corrected to 3% O2 basis.

Figure 3 shows reburning performance of the coal A at initial NOx = 430 ppm. Figure 4

compares performances of coals A and B at initial NOx = 230 ppm. The efficiency of NOx

reduction decreases for coal A from about 58% to 44% as initial NOx decreases from 430 ppm to

230 ppm. The best performance was obtained with the coal B.
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It is believed that these trends are related to the composition and volatility of each

reburning fuel. More volatile fuels tend to release the bound-nitrogen species and fuel fragments

quicker. This allows the reburning chemistry more time to occur, and enables nitrogen-bound

species to be processed in an environment where they can be reduced to molecular nitrogen.

Another factor that can affect reburning performance is the nitrogen content of the coal which is

higher for coal A; higher nitrogen concentrations result in poorer reburning performance.

Figure 5 shows performance of a blend of coals A and B at initial NOx = 230 ppm. The

blend consisted of 70% A / 30% B. Performance of the blend was similar to that of coal B at

20% and 30% reburn heat input and similar to that of coal A at 10% reburn heat input. The coal

blend provided the highest NOx reduction among tested coals at initial NOx = 230 ppm.

Figure 3. Basic coal reburning
performance of coal A at initial NOx

= 430 ppm.

Figure 4. Basic coal reburning
performance of coals A
(rectangulars) and B (circles) at
initial NOx = 230 ppm.
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The following conclusions can be drawn from experimental data:

• Coal can be an effective reburning fuel. Efficiency of NOx reduction in coal reburning

depends on process conditions and coal type.

• Efficiency of NOx reduction decreases with the decrease in the initial NOx concentration.

• Up to 60% NOx reduction was achieved for coal A at 20-30% heat input of the reburning

fuel.

4.0 Future Work

This report describes ongoing efforts to optimize FFR. Future activities will include

setting up BSF for in-duct gasification tests and characterizing effects of temperature and

residence time in the gasification zone on NOx reduction in coal reburning for coals A and B.

Development of the FFR kinetic model will also start during next reporting period. Kinetic

modeling will support experimental activities.

Figure 5. Basic Coal Reburn
performance of coal blend at initial
NOx = 230 ppm.


