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LEGAL NOTICE

This report was prepared by Energy and Environmental Research Corporation (EER) as

an account of work sponsored by the Gas Research Institute (GRI), the United States Department

of Energy (DOE), and the State of Illinois Department of Energy and Natural Resources (ENR).

Neither, GRI, .DOE, ENR, nor members of GRI, DOE, ENR, nor any person acting on their

behalf;

a. Makes any warranty or representation, express or implied with respect to the

accuracy, completeness, or usefulness of the information contained in this report,

or that the use of any information, apparatus, method, or process disclosed in this

report may not infringe privately-owned rights, or

b. Assumes any liability with respect to the use of, or for damages resulting from

the use of, any information, apparatus, method, or process disclosed in this

: report.
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1.0 SUMMARY

The objective of this project is to evaluate and demonstrate a cost effective emission

control technology for acid rain precursors, oxides of nitrogen (NO_) and sulfur (SOx), on two

coal fired utility boilers in Illinois. The units selected are representative of pre-NSPS design

practices: tangential and cyclone fired. Work on a third unit, wall fired, has been stopped

because of funding limitations. The specific objectives are to demonstrate reductions of 60

percent in NOx and 50 percent in SO,, emissions, by a combination of two developed

technologies, gas rebuming (GR) and sorbent injection (SI).

With GR, about 80-85 percent of the coal fuel is fired in the primary combustion zone.

The balance of the fuel is added downstzeam as natural gas to create a sligh:ly fuel rich

environment in which NOx is convened to N-2.The combustion process is completed by overfire

air addition. SOx emissions are reduced by injecting dry sorbents (usually calcium based) into

the upper furnace. The sorbents trap SOx as solid sulfates that are collected in the particulate

control device.

This project is conducted in three phases at each site: (1) Design and Permitting, (2)

Construction and Startup, and (3) Operation, _Data Collection, Reporting and Disposition.

Technology transfer to industry is accomplished through the formation of an industry panel.

Phase I of the project commenced on June 5, 1987 and concluded on May 15, 1989. lt included

five tasks as follows:

Task 1 - Project Management

Task 2 - Process Design

Subtask 2.1 - Host Site Characterization

Subtask 2.2 - Process Specification

Ta,sk 3- Project Engineering

Task 4 - Environmental Reports, Permitting Plans and Design

. Task 5 - Technology Transfer
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In Phase AII at Hennepin, Task 1 - Project Management coordinated the completion of

the startup work and wrap up of ali contractual issues prior to the close out of Phase AII at the

end of September 1991.

In Phase CII at Lakeside, Task 1 - Project Management, Project management activities

continued throughout the quarter. A Participants Committee meeting was held in March at the

GRI facilities to discuss the current status of the project and the application for the project

extension and additional matching funds.

Close coordination was maintained at both sites with host representatives, Some of the

coordination meetings were attended by representatives of DOE, GRI and ENR.

In Phase Ali at Hennepin, Task 2 - Construction and Startup, All remaining funds and

budgeted restoration dollm's have been transferred to Phase AIII, thus completing all activities

for Phase AII.

In Phase CII at Lakeside, Task 2 - Construction and Startup, Mechanical, electrical and

ash handling construction activities have been completed. The current effort involves checkout

of equipment prior to startup.

Phase AIII at Hennepin - Testing, Data Collection, Reporting and Disposition proceeded

in parallel with the completion of the Phase AII activities. Gas reburning runs were made that

indicate as high as 77% reduction in NO,, emission using about 18% gas. Gas Reburning -

Sorbent Injection test results indicated as high as 62% reduction in SO2. These results are

significantly higher than the project emission reduction goals of 60% NO,, and 50% SO2 and

provide a wide safety margin for maintaining the 60% and 50% emission reductions during long

term routine testing.

Phase CIII at Lakeside, Task 2 - Technology Demonstration, All test equipment has been

set up to measure and record test data. Testing will commence following system startup.
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2.0 INTRODUCTION

Clean Coal Technology implies the use of coal in an environmentally acceptable manner.

Coal combustion results in the emission of two acid rain precursors' oxides of sulfur (SO_)and

oxides of nitrogen (NO,.)' This clean coal technology project will demonstrate a combination

of two developed technologies to reduce both NO_ and SOx emissions: gas reburning and

calcium based dry sorbent injection. The demonstrations will be conducted on two pre-NSPS

utilityboilers representative of the U.S. boilers which contribute significantly to the inventory

of acid rain precursor emissions: tangentially fired and cyclone fired units. (A demonstration

on another representative, boiler type, wall fired, has been stopped because of funding

limitations.)

Gas reburning is a combustion modification technique that consists of firing 80-85 percent

of the fuel corresponding to the total heat release in the lower furnace. Reduction of NOx to

"- molecular nitrogen (N2) is accomplished via the downstream injection of the remaining fuel

requirement in the form of natural gas (which also reduces the total SOxemissions). In a third

stage, burnout air is injected at lower temperatures in the upper furnace to complete the

combustion process without generating significant additional NOx.

Dry sorbent injection consists of injecting calcium based sorbents (such as limestone,

dolomite, or hydrated lime) into the combustion products. For sulfation of the sorbent to

CaSO4, an injection temperature of about 1230 °F is optimum, but calcium-sulfur reactions can

also take place at lower temperatures. Thus, the sorbent may be injected at different locations,

such as with the burnout air, at the exit from the superheater, or into the ducting downstream

of the boiler with H20 added for humidification. The calcium sulfate and sulfite products are

collected together with unreacted sorbent by the particulate collection device, usually an

electrostatic precipitator or bag filter.

The specific goal of this project is to demonstrate NOx and SOxemission reductions of

60 percent and 50 percent, respectively, on two coal fired utility boilers having the design

characteristics mentioned above. Host Site Agreements have been signed by EER and utility
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companies in the State of Illinois: Illinois Power Company (Test Site A, Hennepin Unit 1, 71

MW,,_ tangentially fired boiler in Hennepin), Central Illinois Light Company (Test Site B,

EAwards Unit 1, 117 MW,_ front wall fired boiler in Bartonville), and City Water Light and

Power (Test Site C, Lakeside Unit 7, 33 MWn_ cyclone fired boiler in Springfield). (As

discussed above, GR-Si demonstrations are now planned only at sites A and C.)

Co-funding for this project is provided by the Gas Research Institute (GRI) and the State

of Illinois Department of Energy and Natural Resources (ENR)--the other Funding Participants.

GRI and ENR are responsible for funding approximately one-third and one-sixth, respectively,

of the total project costs.

To achieve the objectives of the project, it is being conducted in the following three

phases at each host site.
,,

Phase I: Design and Permitting

Phase II' Construction and Star,up

Phase III: Operation, Data Collection, Reporting and Disposition

Phase I of the project was conducted in parallel for test sites A, B and C over a period

of 22 months, starting in June 1987. During the period of May 15-August 15, 1989, Phase AII-

A pre-engineering overlap work was conducted on the tangentially fired site A. After continuing

negotiations with the host of site A, a Host Agreement Modification was signed on January 19,

1990. Phase AII-B (the balance of the Construction and Startup work) was resumed

immediately, and essentially completed during the third quarter of 1991. Also, GR and GR/SI

optimization testing was done at Hennepin, while Phase CII Construction arid Startup work

continued at Lakeside.

During the past quarter the principal objectives of the work performed were as follows:
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A. Hennepin Unit 1

1. Continue standard project management activities of preparation of deliverables,

coordination of the project team's activities, and reporting events and issues to the project

sponsors on a timely basis.

2. Operate as many hours as possible under GR/SI long term conditions. Based on IP's

typical daily cycle, the boiler will be between 40MW and 70MW about 12 hours per day,

Monday through Friday. Allowing for process startup, lineout and shutdown, it is

estimated that 10 - 11 hours per day of testing can be achieved on most days if no

unusual equipment problems are experienced.

3. Gradually begin to turn over the responsibility for GR/SI operation and maintenance tO

IP. In order to make this transition smoothly, some additional training will be necessary.

A meeting on January 14, 1992 to discussed the turnover. The overall objectives of the

long term testing phase is to demonstrate that the GR/SI process can be operated

successfully by the utility without constant direction by EER.

4. Fine tune GR/SI process control as necessary to improve ease of operation.

5. Measure N20 emissions using a continuous analyzer.

6. Measure resistivity of ash entering the ESP under GR/SI operating conditions.
z.

B. .Lakeside Unit 7

1. Continue project management activities.

2. Complete mechanical, electrical, and ash handling subcontractor activities.

3. Complete startup activities.

4. Mobilize for Phase CIII testing.

!1 ,'
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3.0 PROJECT DESCRIPTION

Within the three phases of the project, the following tasks will be performed to
J

demonstrate the cost effective control of NO, and SO, emissions from pre-NSPS coal fired utility

boilers:

Ph_.se I: DESIGN AND PERMITTING.

Task 1 - t.'rgject Managemenl

• Coordination of ali Participant and subcontractor efforts

• Coordination with the host sites

• Planning and scheduling ali tasks

• Monitoring all technical efforts

• Keeping DOE, GRI, and ENR fully informed of project status

• Continual review of relevant ongoing technical developments

Task 2 -Procesl_

Subtask _2.1 - Host Site Charact,rizati0n.

• Establishment of the condition of each host site, including field evaluations.

; Subtask 2.2 _-P.rocess Specificatio.._._n

• Preparation of GR-SI process designs, aiming at 60% and 50% reduction in NO,

and SO,,, respectively.

• Continuing bench scale tests to define key process parameters.

Task 3 - Project Engineenng

• Preparation of site specific detailed engineering designs, construction plans and

schedules, cost estimates, startup plans and Phase III test plans.
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Ta_k 4_ Environmental Reporting, permitting. Plans andDesign

• Preparation of relevant environmental data for obtaining NEPA approval.

• Preparation of Environmental Monitoring Plan.

• Assistance to host sites in obtaining environmental permits,

T__sk_k.._ _Tech_nology Transfer

• Formation of an Industry Panel for technology transfer,

• Arrangement °f Panel meetings on (1) process design and (2) detailed engineering

design and plans for Phases II and III,

Phase I5:....CONST_RUCTIONAh2DSTARTU_

Task 1 ,_Proi_t Ma_nagemen.t

• Continuation of Phase I project management activities.

• Arrangement of project review meetings at approximately the 40 and 90 percent

completion points for each site.

Task_2 -Anstallation and 17he_k0..t!I

• Installation of the emiszlon control and auxiliary equipment,

• Checkout of functional operation of ali components,

=

__-_Technology Transfe_.r.r

• Continuation of technology transfer activities initiated in Phase I.

® Meetings with Industry Panel to review installations and plans.

.Task 4

® Decision on disposition of test equipment if project is discontinued: to be

retained by host sites or removal and restoration work.
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ph.ase I!!: ..OPERATION,,DATA.._CO!-,LECTION,REPORTI.N..GA_ DISPOSITION

Task 1 - Project Management

• Continuation of Phases 1 and 2 project management activities.

• Conducting final project review at conclusion of project.

Tas._._k2 - T,echnology ,Demonstration

SubNsk 2,1, Optimizaticn Te..sting

• Evaluation of effects of process variables on emission control performance.

• DeterminatJ,on of operating conditions for optimum overall performance,

Subtask 2.2, Evaluation of Alternative Coals a...nd_Sorbent__

• Evaluation of performance of alternative coals and sorbents:

- High and medium sulfur coals, with consideration of cleaned and run-of-

mine coals.

- Selection of sorbents from high calcium and dolomite limestones, hydrated

limestones and limes.

Sub_sk 2.3 - L0ng-T¢rrn Testing

• Operation of GR-SI equipment under optimized conditions for approximately one-

year duration at each host site.

• Measurement of emission control system performance.

• Determination of boiler impacts.

Task 3 -Eya!uation of Dernonstration. Re.s.ults

• Analysis of test data,

• Preparation of guideline manuals for application of GR-SI technology, including

design recommendations, cost projection and comparisons with competing

technologies.
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Task 4 - Restoration

• Disposition of GR-SI equipment installation:

- To be retained by host site or removal and restoration work.

Task 5 - Technology Tran.sfer

• Continuation of technology transfer activities from Phases I and II.

• Meeting with Industry Panel at one host site to review results obtained there and

plans for other two host sites.

® Meeting with Industry Panel at completion of project.



4.0 PROJECT STATUS

4.1 .T.g_k_l- Project Nan agement

Monthly and other reporting activities were fulfilled according to the reporting

requirements of the Cooperative Agreement.

Work Progress was monitored continuously. Coordination with IP took place at monthly

meetings in Hennepin and by telephone. The project co-funders were apprised of progress and

development through telephone conferences and meetings.

Activities were coordinated to complete Phase CII construction and startup and mobilize

for Phase CIII testing. A project review meeting with the project co-funders was held at the

GRI facility on March 18, 1992.

4.2 Task 2 - Installation and Startup

n._ - Installation and Startup activities were officially completed September 30,

1991.

]_keside - All mechanical, electrical and ash handling construction has been completed.

Checkout activities are continuing to be followed shortly by startup. The boiler has operated

successfully using the newly installed Westinghouse WDPF control system and sootblowers.

Startup problems with the FGR and OFA duct systems had been resolved through modifications
2.

of the duct routing and support systems. A successful test run of the boiler was performed

following connection of GR/SI related equipment. This test was performed to verify that there

would be no detrirnental effects on nonr.a boiler operation.
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4.2.1 Contract.s

.Hen.nepin- A local electrical/mechanical contractor has provided support as needed

during the operation/testing phase of the project.

Lakeside - No new contracts were awarded during the quarter.

4.2.2 Construction CPM Schedulin_v

i
''

,}-Ie.n,nepin- None.

,,Lak.,esid.e,- All construction activities have been completed. Phase CII is currently

estimated to be 95 % complete.

4.2.3 Construct_ionDrawings

Hennepin - All construction drawings are complete. As-built installation documentation

is 98% complete and should be completed early in the second quarter, 1992.

Lakeside - All construction dra ,rings have been completed and released. Preparation of

as-built drawings is currently underway.

4.2•4 Fm_uipme_nt.Purchgsing

Hennepin - Purchase orders for materials and services were placed during this quarter.

The purchases were largely intended to provide replacement parts for "wear" items and

-- consumables such as calibration gas, lime, and CO2.
J

-_ _Lakeside- Minor items are being purchased in support of testing.
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4.2.5 N_i_i_i_ellaneous

Hennepin_- Meetings between Illinois Power and EER were held at Hennepin on an as

needed basis during the past quarter.

i+

__ - The test probes currently being used for monitoring boiler emissions have

been found to become obstructed during operation of the sorbent injection. A test of a

redesigned probe is planned at Hennepin in support of the CWLP project. Failure of this test

could result in a delay of sorbent injection startup.

4.2.6 Testing

Hennepin. - The following were completed during this quarter:
i

1. As a direct result of the IP - EER meeting on January 14, 1992, IP has gradually

assumed more and more of the operation and n_'aintenance L nctions of GR/SI.

EER continues to closely monitor operations, plus handles the data acquisition
t

+ I and emissions monitoring with the BPMS/CEMS.

2. Tile majority of this quarter's operation was with GR/SI operation under load

following (dispatch) control. In general, the project goals of 60% and 50% NO,,

and SO2 reduction continue to be met under these load swinging conditions.

Sorbent Injection operation was maintained about 80% of the time Gas Rebum

was operating.
=

3. Ash resistivity measurements were performed under GR/SI conditions by Dr.

Marlin Anderson, an ESP consultant. Preliminary indications are that GR/SI ash

with humidification has resistivity in the low to mid 10t_ ohm-cre range at

250 °F and in the mid 10_°ohm-cm range at 180 - 190 °F. Results obtained with

GR only last July showed resistivity in the mid 10_°range at 315 - 330 °F without

humidification. Thus it appears that humidification at Hennepin is effective in

bringing GR/SI ash resistivity into a suitable range for proper ESP performance.
-7.
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4. Continuous N20 emissions were monitored over a three week period. Very low

levels were observed under a variety of operating conditions (baseline, GR, and

GR/SI). The maximum value seen was 4 ppmv with almost all data between 0.5

and 2.0 ppmv corrected to3% O2. These results are in good agreement with

those normally seen in PC fired boilers.

5. Slagging and fouling observations and measurements were also carried out this

quarter. Furnace video recordings, heat fluxes and thermal performance studies

were performed. While detailed evaluation of results is still underway, it appears

that the sootblowing program developed during long term testing can control

deposition of material in the furnace and convective pass. Longer operating times

will be studied to confirm these observations and better define the deposition

characteristics.

_keside - The test equipment was mobilized during the last quarter in support of startup

and subsequent testing operations. This included the test trailer, sampling equipment, and

supporting materials.

A discussion was held with CWLP to determine the demand on the boiler over

the next year and a half. This information will be used to refine the test schedule while

accommodating available boiler time. The unit will be available for testing through August 1992

after which it will be down for three months.

4.3 Technology Transfer

An Industry Panel meeting was held in Denver, Colorado on March 31 - April 1, 1992.
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5.0 PLANNED ACTIVITIES

During the next quarter (January through March, 1992) the following work is planned.

A. H¢_nnepin

1. Continue standard project management activities of preparation of

deliverables, coordination of the project team's activities, and reporting

events and issues tothe project sponsors on a timely basis.

2. Continue long term load following operation with increasingly longer

operating periods.

3. Complete evaluation of preliminary Fouling/slagging studies.

4. Perform ESP performance characteristics under GR/SI, GR, and baseline

conditions.

5. Measure SO3 concentrations in flue gas during GR/SI operations.

6. Perform a short term comparison of Marblehead lime with Linwood lime.

These alternate sorbent data are useful to both the Hennepin and I_keside

" projects.

B. L_keside Unit_.7

1. Continue project management activities.

2. Complete checkout and startup activities.

3. Complete all Phase CII activities.

4. Complete 50% of the parametric tests in support of optimization testing.
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