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1. SUMMARY 

The effort of the third quarter of calendar year 1994 focused on the task 5, "Site 
Demonstration". The purpose of the task 5 effort is to operate the combustor over extended 
periods in order filly simulate commercial operation under conditions that meet the combustion 
and environmental specifications for this project. To accomplish this, it is planned to extend the 
test duration beyond the scheduled 500 hours and recover part of the added costs by placing the 
steam production from the boiler to beneficial use. During the present third quarter reporting 
period, substantial progress was made in the task 5 effort in the areas of site selection, permitting, 
overall system design, fuel handling design, combustor fabrication, boiler acquisition and 
modification, and steam turbine generator selection. Note that task 5 duplicates on, a small scale, 
the effort required to design, fabricate, and install a complete commercial scale power plant based 
on the air cooled, slagging combustor technology. Therefore, the experience gained in Task 5 will 
enhance the probability of successful commercialization of this technology. The following is a 
summary of the third quarter activities. This is described in more detail in Section 3 of this Report. 

As reported previously, the original task 5 site requirements wen: as follows: Internal space 
in a separate building having at least 2500 sq.ft for the combustor boiler, external space of 2000 
sq.ft for fuel storage and processing, blowers, and stack cleanup equipment, 250 kW power 
supply, and spring or river water for cooling and steam condensation. In addition, the site should 
have a requirement for at least 17,500 1b .h  of process or heating steam, and /or up to 300 kW of 
electric power. The revenue from this energy sale would be used to extend the combustor 
operating time beyond that in the original project plan of 500 hours. 

In May 1994, a site that met all the Task 5 requirements was found in an industrial park in 
Philadelphia. It consisted of a one story 3000 sq.ft. building suitable for placement of the 
combustor-boiler and steam turbine without additional construction. An. adjacent, walled in 15 ft. 
wide x 90 ft. long alley was suitable for the fuel storage and processing and stack gas control 
equipment. The building is within 200 feet of a tidal creek that drains into the Delaware river 
building. In addition, a water source was located about 100 feet away in an adjacent building. It 
had an apparent capacity of over 300 gpm which was assumed to be adequate for once through 
cooling of the steam and water cooled combustor sections. The building has 130 kW installed 
power with access to an additional 1000 kW in a sub-station 100 feet from the building. In July, a 
three year lease was negotiated and executed with an effective date of August 1,1994. 

This site in Philadelphia has more stringent regulatory and envircmmental requirements 
compared to the outlying suburbs. They include zoning, special permits for installation activities, 
and more stringent water and air emission regulations. Considerable eBxt was expended on this 
items in the past quarter, and to date no undue difEculties have been encountered. In general, once 
requirements were fully identified, alternate solutions were found that greatly simplified the 
permitting process. 

A zoning permit for the proposed activities at the site was obtained in July. The site is in a 
flood plain, and a design was developed for installing a N0.2 oil tank that meets the City's flood 
plain regulations. Note that the oil is used for combustor startup and shutdown. Permit 



requirements for water discharge to the municipal sanitary system or the river were identified and 
chemical tests of the proposed water source were performed. As a results of this effort, it was 
determined that the 300 gpm water source had only less than halfthis capacity and it was 
unsuitable for once through cooling. In its place, a novel low cost, cooling tower design was 
developed. This cooling tower eliminates the need for locating the planned commercial power 
plants in the 1 to 20 MW range near bodies of water. This greatly simplifies site selection, which 
enhances the commercial potential of this technology. This cooling approach is consistent with the 
global objective for this technology of m i n i i g  its water usage and waste water discharge. 

Another new design criteria was dictated by the high utility power costs. As a result, it was 
decided to add a diesel generator to the installation. Its used would cut power costs by over 50%, 
even after including the acquisition costs of the diesel. A steam turbine, rated at 600 kW and 
matched to the steam output of the boiler was located. Plans for its detailed inspection were 
formulated to determine if'total acquisition cost. Analysis of its performance showed that it could 
produce between 400 and 500 kW with the present boiler system. 

The 17,500 Ibhr boiler used in Williamsport for the past 7 years was purchased for the 
project. A detailed design was developed for m o d m g  the fiont of the lmiler for attaching the 
modified air cooled combustor. Fabrication of this boiler modification was initiated. This option 
was significantly lower in cost than refurbishing the boiler for the Willianlsport site owner, as 
required by the terms ofthat lease, and purchasing another used boiler arid modifying it.. 

The detailed design of the coal storage and feed equipment, including its installation at the 
site was completed. Fabrication quotes were obtained. A used coal mill suitable for the combustor 
was selected, and negotiations for its acquisition were initiated. 

The fabrication of the extension to the combustor and a new exit n o d e  continued in this 
quarter. Due to the specialized nature of the air cooling tube fabrication, the extension section is 
being fabrication by two companies. The air cooling tube assembly is being fabricated by the 
company that fabricated the original combustor. As work proceeded, the tube fabricator found 
that the present combustor design was substantially more dacult to produce that the previous 
one. This was due to the more complex cooling tube arrangement in the present design. Also, a 
discrepancy between the assembly and detailed drawings of the air cooling tubes was discovered 
during the tube fabrication. A key lesson for the future is to use three dznensional computer 
drawings of the tube design to verifjr dimensional clearances. 3D-CAD was considered initially for 
the present design but it was rejected as too costly for the perceived benefit. Due to the skill of the 
tube fabricator, all these problems have been satisfactorily resolved, and the air cooling tube 
assembly is within several days of completion. The second fabricator has machined the balance of 
the combustor assembly and completed 50% of the welding. It is anticipated that the entire 
combustor extension section will be completed by mid-December. 

The detailed design of the coal receiving, storage and pulverizing system was completed. It 
consists of a 25 ton raw coal bin to receive run-of-mine coal fiom a dump truck. The coal will be 
pulverized in a small mill and transferred pneumatically to the existing 4 iton pulverized coal bin. A 
second baghouse will be added to the 4 ton bin baghouse to process the higher airilow. 
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The design specifications for the stack gas baghouse were completed. To reduce its cost 
the stack gas temperature will be reduced, This allows the selection of less costly low temperature 
filter bags. In addition, detailed analyses were performed to improve the particle retention of the 
existing wet particle scrubber from 0.27 lb/MMBtu to 0.1 lb/MMBtu to meet the Philadelphia air 
emission standards. To accomplish this will require a 50 hp fan, which is about 3 times the power 
required for the baghouse fan. Also, sludge disposal will be more difficult. Therefore, the wet 
scrubber will be used only as a backup. 

As result of the difficulty in negotiating a satisfactory arrangement on the sale of either 
steam or power to a site host in both the initial and present sites, work continued in this quarter on 
finding means for using the energy produced by the combustor in an industrial process. An 
attractive is non-ferrous metal remelting fi-om scrap. The economics are favorable provided low 
cost and low cost melting equipment power is available. Work on this approach is proceeding with 
Coal Tech resources. 

A totally unanticipated difficulty arose in the implementation of the site modifications for 
the facility. For use in this project, the door to the Arsenal building has to be enlarged from 8 ft x 
10 f€ to 12 tt x 14 ft to allow installation of the boiler in the building. In addition, the alley in the 
rear of the building has to be paved with concrete to accommodate the coal handling, baghouse 
and cooling tower equipment, a water line has to be installed fkom the cooling water source in an 
adjacent building, an additional power line was to be connected fiom the sub-station, and a 
telephone line had to be installed to the building. All these items are specified in the lease. 
Detailed design drawings for the door and pad were prepared and submitted to the site manager at 
the end of August. Due to miscommunication and lack of a problem resolution procedure with the 
landlord, the site modifications have not been implemented as of the date of this report (1 1/14/94). 
A meeting was finally held with the landlord and his staff on November 1 1 and the problems 
appear to have resolved. It is anticipated that the moditication work will begin before the end of 
November with completion by early December. At that time installation of the boiler, combustor, 
and auxiliary equipment will begin. Difficulties with the site owner is a factor that was not 
considered in the planning for task 5 effort. However, it will be incorporated in fbture planning on 
commercial installations. In addition, the installation design is being modified to minimize the on- 
site field work. This will allow rapid installation and removal of all the equipment for small power 
plants in the several MW range, or less. 

Also in the present quarter, part of the combustor test data on mass balance for mineral 
matter in the combustor, boiler, and scrubber was reevaluated to obtain a more accurate 
assessment of slag retention in the combustor. Due to personnel changes and focus on the task 5 
effort, much of the data from the task 3 tests performed after August 1, 1993 have as yet not been 
M y  analyzed. The present reevaluation was performed in preparation for the Annual DOE 
Contractors Meeting and for the design of the task 5 stack cleanup system. During this 
reevaluation it was discovered that important additional information was overlooked in the 
scrubber data which would provide a more accurate description of the combustor’s performance. 
Specifically, it was determined that the combustion efficiency and the total s u m  capture deduced 
from the scrubber solids were previously underreported. 
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The combustion efficiency, as deduced from scrubber samples, waas several percentage 
points higher than previously reported. Similarly, a significant amount of additional sulfbr capture, 
possibly as much as 33%, took place in the wet particle scrubber. While this phenomena had been 
reported several years ago during the Clean Coal Project, it had received little additional attention 
because sulfbr capture in the scrubber was never a project objective. However, at present the 
apparent ceiling of sulfur capture in the combustorhoiler is about 85%. This will achieve at best 
0.5 lb/MMBtu SO2 emissions in a 2% sulfur coal. The project objective is to achieve 0.4 
IbhlMBtu. Therefore, the it is planned to consider SO2 reduction in the stack particle scrubber or 
baghouse as part of the task 5 effort. 

In conclusion, the engineering work on the fabrication and installiition of the combustor for 
the task 5 effort is proceeding satisfactorily. The schedule has slipped by several months due to 
delays in implementing the required site modifications necessary to install1 the equipment. 
However, major improvements and cost reductions in the total system design have been 
implemented. They will enhance the commercial competitiveness of this coal fired power system. 

In the next quarter procurement of the balance of the equipment will be implemented and 
the installation of the equipment at the site will commence. 
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2. PROJECT DESCRIPTION 

2.1. Objectives 

The primary objective of the present Phase 3 effort is to perform the final testing, at a 20 
Mmbtu/hr commercial scale, of an air cooled, slagging coal combustor for application to industrial 
steam boilers and power plants. The focus of the test effort is on combustor durability, automatic 
control of the combustor's operation, and optimum environmental control of emissions inside the 
combustor. In connection with the latter, the goal is to achieve 0.4 lb/ MME3tu of SO2 emissions, 
0.2 lb./MMBtu of NOx emissions, and 0.02 Ib. particulates/MMBtu. Meeting the particulate goal 
will require the use of a baghouse to augment the nominal slag retention in the combustor. The 
NOx emission goal will require a modest improvement over maximum reduction achieved to date 
in the combustor to a level of 0.26 Ib./MMBtu. To reach the SO2 emissions goal may require a 
combination of sorbent injection inside the combustor and sorbent injection inside the boiler, 
especially in high (>3.5%) sufir coals. Prior to the initiation of this project in 1992, SO2 levels as 
low as 0.6 Ib./MMBtu, equal to 81% reduction in 2% sufir coals, were measured with boiler 
injection of calcium hydrate. 

It was originally planned to meet the project objectives by a series of increasingly longer 
duration tests totaling up to 800 hours, with over 500 hours in the task 5 "Site Demonstration" 
effort. In the implementation of the first three project tasks, it was determined that this objective 
could met by daily cycling of the combustor in these three tasks, and by focusiig the test effort on 
fuel flexibility and optimized combustion and environmental performance. Cycling without 
combustor rekrbishment between cycles provides a more stringent test of combustor durability. 
The commercialization effort indicated that more emphasis was required in the area of fuel 
flexibility in order to expand the near term market potential of the combustor. The extended 
operation tests will be performed in task 5 with the steam output used at the test site for either 
process heat or steam turbine power generation instead of being blown OE 

The final objective is to define suitable commercial power or steam generating systems to 
which the use of the air cooled combustor offms significant technical and economic benefits. In 
implementing this objective both simple steam generation and combined gas turbinxteam 
generation systems will be considered. 

2.2. Technical Approach 

2.2.1. Overview 

The work of this Phase 3 project will be implemented on Coal Tech's patented, 20 
MMBtu/hr, air cooled cyclone coal combustor that is installed on an oil designed, package boiler. 
The task 2 and task 3 testing will be performed at a manufacturing plant in Williamsport, PA, 
where this combustor was installed in 1987. The task 5 tests will be implemented at a new site to 
be selected after the completion of the task 3 tests. The combustor has undergone development 
and demonstration testing since 1987. The primary fuel has been coal. Other tests, including 
combustion of refuse derived fuels and vitrification of fly ash, have been successfklly performed. 

5 



The combustor's novel features are air cooling and internal contrcil of 502, NOx, and 
particulates. Air cooling, which regenerates the heat losses in the combustor, results in a higher 
efficiency and more compact combustor than similar water cooled combustors. Internal control of 
pollutants is accomplished by creating a high swirl in the combustor which traps most of the 
mineral matter injected in the combustor and converts it to a liquid slag that is removed from the 
floor of the combustor. SO2 is controlled by injecting calcium oxide based sorbents into the 
combustor to react with sulhr emitted during combustion. The spent sorbent is dissolved in the 
slag and removed with it, thereby encapsulating the sulfix in slag. Part of the sorbent exits the 
combustor with the combustion products into the boiler where it can react with the sulfur. The 
spent sorbent either deposits in the boiler or it is removed in the stack particle scrubber. NOx is 
controlled by staged, &el rich combustion inside the combustor. Final combustion takes place in 
the boiler. 

As described in Section 2.1. excellent progress had been made prior to the start of the 
present project in meeting several of these combustor performance objectives. One of the most 
important objectives of this technology development effort is to demonstrate very high SO2 
reduction in the combustor. Prior to the start of the present Phase 3 project, the peak SO2 
reduction achieved with sorbent injection in the combustor had been 56%, (+I-) 5%. Ofthis 
amount a maximum of 11% of the total coal sulfur was trapped in the slag. On the other hand, up 
to 81% SO2 reduction has been measured with sorbent injection in the boiler immediately 
downstream of the combustor. Tests in the past several years have revealed the critical role played 
by optimum operating conditions in the SO2 reduction process. Specifically, combustor operation 
must be automatically controlled, and solids feed and air-solids mixing in the combustor must be 
optimized. Progress in both areas has been accomplished in the past 4 years by using a 
microcomputer to control the combustion process and by testing various methods of feeding and 
mixing the coal and sorbents. In the summer of 1992, tests performed in a prior project indicated 
that in excess of 90% SO2 reduction could be achieved by sorbent injection in the combustor. 
However, to date this result has not been duplicated, in part due to focus on other areas of 
combustor testing. In general, 70% SO2 reduction has consistently obtained in tasks 2 and 3 at 
CdS ratios between 3 and 4. 

Combustor durability is an essential requirement for commercial utility of the combustor. 
Due to the aggressive nature of the combustion process and the need to utilize refiactory materials 
inside the combustor to withstand the 3000F gas temperatures, durability has been one of the key 
challenges in the development process. Here also the use of computer control has been the means 
whereby this problem is being solved. Since introduction of computer control four years ago, the 
need for fiequent rehctory liner patching inside the combustor has been sharply reduced. The 
durability issue can be addressed by accumulating running time in daily cyclic operation without 
combustor refiubishment between runs. This approach has been used in the latter task 2 and task 3 
effort. All tests between May 1 and December 2, 1993, consisting of 26 hours of operation in task 
2 and 185 hours in task 3, have been performed without significant intennal combustor remish- 
ment. 

The final project objective of placing the combustor in a viable industrial steam or power 
generating system will be accomplished by detailed engineering analysis on the use of the 
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combustor in one or more steam generating cycles. This effort includes an assessment of the 
requirements for commercializing the combustor for several industrial application. To assure 
successfkl commercialization of this technology, the final project task will be implemented in a 
commercial prototype power plant utilizing the air cooled coal combustor technology. 

2.2.2. Task Description 

Task 1: Design, Fabricate, and Integrate Components 

This task consists of three sub-tasks: Components design, component fabrications, and 
components integration, and shakedown tests. The 20 MMBtu/hr combustor will be modified to 
allow safe and environmentally compliant operation for periods of up to 100 hours. 

Task 2: Preliminary Systems Tests 

The modified combustor system wiU undergo a series of one day parmetric tests of total 
duration of up to 100 hours to validate the design changes introduced in task 1, and to accomplish 
the project objectives and goals. 

Task 3. Proof of Concept Tests 

The durability of the combustor will be determined in a series oftests of between 50 and 
100 hours of accumulated operation with no combustor refkbishment between tests. The total test 
period will be up to 200 hours. 

Task 4. Economic Evaluation & Commercialization Plan 

The economics of one or at most two different industrial scale steam based cycles ushg the 
combustor will be evaluated. A commercialization plan will be developed for marketing the 
combustor in an industrial environment both in the US and overseas. 

~ ._ 

Task 5. Conduct Site Demonstration 

This task will be the h a l  test activity in the project. Its objective will be to demonstrate , 

the durability and hence the commercial readiness of the combustor for its intended industrial 
application@). The effort will consist of two sub-tasks. In the first one any changes required as a 
result of prior tests will be made to the combustor. In the second one, a series of tests, each of up 
to 100 hours of continuous coal fired operation will be performed, with a total test time of 500 
hours. 

Task 6. Decommissioning Test Facility 

The test facility will be removed fiom the boiler installation andl disposed in accordance 
with required regulations. 
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3. PROJECT STATUS. 

3.1. Task 3 Proof of Concept Tests 

In the present quarter, part of the combustor test data on mass balance for mineral matter 
in the combustor, boiler, and scrubber was reevaluated to obtain a more accurate assessment of 
slag retention in the combustor. Due to personnel changes and focus on the task 5 effort, much of 
the data from the task 3 tests performed h e r  August 1, 1993 has as yet not been klly analyzed. 
The present reevaluation was performed in preparation for the Annual DOE Contractors Meeting 
and for the design of the task 5 stack cleanup system. During this reevaluation it was discovered 
that important additional information was overlooked in the scrubber data which would provide a 
more accurate description of the combustor’s performance. Specifically, it was determined that the 
combustion efficiency and the total s u b r  capture deduced from the scrubber solids were previous- 
ly underreported for the following reasons: 

The combustion efficiency can determined from three independent measurements. 
a) f i e  carbon in the slag. This method is not used by Coal tech ‘because it overestimates 

the efficiency. The carbon in the slag is generally less than the detectable limit of 0.1%, which 
would yield over 99.9% efficiency. However, the slag does not account for unburned carbon 
particles escaping from the combustor, and therefore, it can substantially overestimate the 
efficiency. 

’ 

b) me stackgas composition: Here also, the loss in efficiency due to unburned carbon is 
not accounted for. For example, in the four tests of November 9 and 10, 1993, the efficiencies 
were 102%, 107%, 112%, and 105%. 

c) f i e  unburned carbon in the scrubber water solids: After filtering and drying the 
scrubber solid sample, it is oxidized-at a temperature of 750°C. The solicls weight loss is reported 
as “loss on ignition” (LOI). In all prior analyses, it was assumed that the volatile matter consisted 
only of carbon from which the carbon balance in the entire system was computed and the 
combustion efficiency was determined. For the above-four tests, this resulted in values of 94%, 
90%, 98% and 97%. All previously reported values of overall combustion efficiency were based 
on this third method of calculation. 

In the present slag/ash mass balance reevaluation, it was discovered that calcium oxide that 
did not react with SO2 in the gas train would almost certainly react with the scrubber water to 
form Ca(0H)Z. The chemical analysis of the scrubber solids would therefore consist of LOI, Ca 
and Si concentrations. The latter were reported as CaO and Si02. Hawever, the CaO in the solids 
was actually Ca(OH)Z, and this compounds decomposes at 550°C, or 200°C less than the oxidation 
temperature used to measure loss on ignition. As a result, part of the LO1 consists of OH 
molecules that evolve during oxidation of the solid sample leaving CaO in the scrubber solids. 
From a reexamination of the measured LO1 and CaO in a number of scrulbber solids analyses 
performed during the past several years, it was determined that the contribution of the OH 
molecule to the LO1 can account for about 1/3 of its value. For example, applying this correction 
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to the fourth test condition discussed above, where the combustion efficiency was reported as 
97%, yields a corrected value of 99%. 

This same procedure was applied to several other tests, and in many cases the effect was 
more pronounced. For example in a test on 1/24/93, the combustion efficiency was computed as 
87.2% assuming all the LO1 was carbon, while it was 90.9% when the 01H effect is included. It is 
also possible that other OH, H20 compounds form with other, metals in the ash which devolatilize 
in the LO1 sample preparation. Therefore, the LO1 test must be augmented with one that measures 
the carbon concentration directly. Unfortunately, as a result of the combustor relocation, all the 
slag, ash and scrubber samples were disposed, and these tests will have to await task 5 combustor 
operation. However, the present analysis shows that the combustion efficiencies were in all cases 
higher than previously reported. 

The second item related to scrub,ber sample analysis concerns the su&r mass balance in the 
svstem. The motivation for this reevaluation was the requirement that SO2 emissions be no more 
than 0.5 lb/MMBtu in Philadelphia. For the planned 2% S, PA bituminous coal, this requires 84% 
SO2 reduction. The average SO2 reduction with combustor sorbent injection was 70%, as 
determined fiom stack gas SO2 measurements upstream of the scrubber. While additional sorbent 
injection into the boiler could readily achieve the required reduction, this latter procedure would 
increase the mineral matter loading in the boiler. It was observed during the Clean Coal test effort, 
that the scrubber produced a modest additional SO2 reduction. However, since the scrubber's 
impact on SO2 reduction was never a project test goal, little attention was placed on this SO2 
reduction effect. 

During the present reevaluation, it was noted that in addition to the Ca scrubber solids, a 
significant amount of Ca dissolve as ions in the scrubber water. The ions can result fiom the 
dissociation of Ca(0H)Z or CaS04. In the latter part of the Clean Coal Tests and fly ash 
vitrification tests in 1989 and 1990, the scrubber water was analyzed for Ca" ions and dissolved 
sulfate. The Ca" test was eliminated at the end of vitrification project, and the'sulfate test was 
replaced with one that measures dissolved sufir in the water. However, this latter test has a 
sensitivity limit of 100 mgA. while many of the final task 3 tests had a total sulfur content in the 
scrubber solids in the range of about 200 mgA of scrubber water. Therefore a si@cant amount 
of the s u b  was not detected by this test. 

In addition, the Ca" x S04- solubility product used in evaluating the 1989/90 data was 2 x 
10-5. More recent published data gives a value of 7.1 x 10-5 at 77°F. Therefore, the amount of 
sulfate in solution until saturation is reached can be substantial. 

Since all scrubber samples from the task 2 and 3 tests have been disposed, the only 
dissolved Ca", S04' data available was fiom the 1989/1990 test series. This re-evaluation yielded 
the result that about 50% of the sulfur in the scrubber samples was dissolved, and that the 
dissolved CaS04 ranged from substantially below saturated levels to several times greater that 
saturated concentrations. It is not known what percentage of the sulfate in the water is due to Ca- 
sulfiu reaction in the scrubber water or solution of Cas04 captured in the gas stream. 
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Subsequent to this evaluation the manufacturer of this scrubber was contacted. According 
to the analytical model of this scrubber’s performance, for the pH used in its operation, the SO2 
reduction is predicted to be 33%. When combined with the 70% reduction from sorbent injection 
in the combustor, one obtains a total reduction of 80%, which is near the 84% required by the 
City. 

It is planned to reevaluate all the SO2 data from the stack gas sampling, fiom the boiler ash 
samples, fiom the scrubber data, and from the gas sampling downstream fiom the scrubber. All 
tests between 1989 and 1993 will be reviewed. For the task 2 and task 3, tests, it will be assumed 
that 100 mg/l of sulfate is dissolved in the scrubber water. It is anticipated that despite the gaps in 
the data, a semi-quantitative picture will emerge on the role of the scrubber in SO2 reduction. 

The final element in this revaluation was to determine the effativeness of the combustor’s 
and boiler’s slag and ash retention by separating the coal ash mass balance fiom the CaO sorbent 
mass balance. A preliminary result fiom the scrubber solids data is that in most of the task 3 tests, 
the coal ash retention in the combustor and boiler was much less than the CaO retention from 
either the limestone or hydrate. For example, in the November 10 test, the combustorhoiler 
retention of injected CaO was computed at 81%, while that of the coal ash was only 59%. On the 
other hand, the slag removed fiom combustor for this tests shows that only 113 of the slag 
consisted of CaO. It is anticipated that this discrepancy will be resolved in fiture analysis of the 
data. 

In conclusion, the prior analysis of slagash data in the combusto:rhoiler and the scrubber 
data was incomplete. Therefore, a systematic data reduction of the resullts of task 3, combined 
with a reevaluation of the prior combustor data, will be undertaken to cl- the sulfur capture in 
the entire system and the slag/ash retention in the combustor boiler. The objective of this work 
will be to provide an improved data analysis procedure for the slag and ash mass balance in the 
task 5 tests. This work will be performed prior to the initiation of the task 5 combustor test effort. 

There are two important lesson to be derived from the above discussion. 
One is to retain all test samples from a project at least until all work is completed, and, if 

possible, to retain at least some samples until several years a after the project is completed. This 
allows further analysis of the samples if additional insights in the data art: obtained. Coal Tech’s 
policy is to keep all raw test data on its projects for years after its completion. Slag and scrubber 
water samples from individual tests were kept for many months after test completion. Due to the 
high cost of sample analysis, only a limited number of samples were submitted to the test 
laboratory. However, evaluation of the scrubber samples submitted to the laboratory exhibited 
considerable scatter in the combustorhoiler slagash retention results. Pacordingly, beginning in 
mid-1993, a l l  scrubber samples were dried and weighed by Coal Tech. 14 substantial number of 
these samples were then sent to the laboratory for testing of loss on ignition, i.e. carbon content. 
For the balance, the average LO1 was used to determine the residual ash in the scrubber samples. 
In retrospect, a small number of samples should have been retained for future analysis. This 
procedure will now be implemented in fiture test. 



The second lesson is to perform a second independent analysis ofthe test data. 
Unfortunately, to perform this on a regular basis is extremely costly for a. small project. Therefore, 
a critical review of the test data should be implemented at regular intervals. This does not 
guaranty that the above information would have been uncovered. For example, in all tests for 
dissolved sulfur it was assumed that all sulhr in the scrubber water was accounted for. It was only 
when the above analysis was performed and the analytical methods for sample analysis were 
reviewed that the shortcomings of the dissolved sulfur test were uncovered. 

In conclusion, the overall lesson fiom this experience is to keep representative test samples 
fiom each test for extended periods of time to allow revisiting of the raw data. 

3.2. Task 5.  Site Demonstration 

3.2.1. Discussion of Site Selection Criteria: 

In addition to technical site requirements such as building specifications, electric power, 
cooling water, the original site selection criterion included the sale of process or heating steam 
and/or steam turbine generated electric power to the site host. The revenue fiom these sales would 
allow substantial extension of the task 5 tests time beyond the planned 500 hours. 

To implement this approach, the initial site selection, which began in December 1993, 
focused on industrial steam users such as paper plants, industrial parks 01i colleges with substantial 
steam heating and power requirements. A paper plant and an industrial park were selected at the 
beginning of this year and negotiations were initiated on installation and energy sales terms. The 
details are given in the prior, 10th Quarterly Technical Progress Report. However, these 
negotiations were terminated because the site hosts required reliable and continuous energy 
production. While this was a reasonable requirement for a filly commercsial system, its acceptance 
for the task 5 effort could have severely l i i ted the flexibility needed to properly implement the 
task 5 test effort. In effect the primary purpose would have been to assure regular energy supply 
with the potential for high costs to meet them. instead of project revenues. This would be 
especially the case for electric power production were costly equipment would be needed to assure 
proper phase machining with the backup utility power source. 

Accordingly, this approach was abandoned in April 1994, and the site search focused on 
technical requirements only. The focus turned solely to the technical site requirements. Several 
suitable sites were identified in May, and a site in an industrial park in Philadelphia was selected in 
June. A 3 year lease for the building at this site was executed in July, with an effective date of 
August 1, 1994. To obtain project revenue, various energy intensive prctcesses were examined for 
use of the output of the combustor-boiler energy. After examining a variety of processes, it was 
determined that non-ferrous scrap metal remelting offered the most cost effective use of the energy 
production. 

In addition, as the installation design proceeded, it was discovered that the site requirements 
could be substantially relaxed. The use of non-contact river or well cooliig for the steam 
condenser was replaced by a modified compact cooling tower with over a factor of 10 reduction in 



water consumption. The use of the local utilities power for daily startup and shutdown of the 
combustor-boiler system was replaced with a diesel generator. The wet particle scrubber was 
replaced with a low cost baghouse. The water cooled sections of the combustor and steam 
condenser were cooled with very compact plate heat exchangers. A low cost coal pulverizer was 
selected. The overall objective of these designs was to produce a very compact, low cost energy 
system that could be rapidly designed, fabricated, and installed, and that did not have restrictive 
site requirements related to water and power supply. The present design meets these requirements. 

3.2.2. The Task 5 Test Site Modifications & Permitting 

The task 5 test site will be a 3000 square foot building (No. 238) in the Arsenal Business 
Center, 2275 Bridge Street, Philadelphia, PA 19137. The site is within 100 feet of a tidal stream 
that drains to the Delaware River about 1000 feet away. It is on the former FrankFord Army 
Arsenal which opened in 1816 and was closed by DOD in the late 1970's. Figure 1 shows a plot 
plan of the building and figure 2 shows a photograph of the building and the adjacent alley which 
will be used for &el storage and auxiliary system installation. This event completed the 8 month 
site search for the task 5 effort. 

The following site modifications were evaluated and designs for implementation were 
completed. As this work progressed substantial modifications were made to accommodate permit 
requirements, site characteristics, landlord actions, and cost objectives. 'They are: 

Concrete Pd- for  Outdoor Equipment: A concrete pavement with a spill containment 
barrier was designed in August for the alley adjacent to the building (see figure 1) for raw coal 
receiving and storage, coal pulverization, fans, blowers, and baghouse fcir stack gas cleanup. This 
was subsequently modiiied several times to reduce the costs quoted for the original design by 5 
different vendors. The original design called for a 4 inch gravel base topped by a plastic vapor 
barrier and 6 inches of wire mesh reinforced concrete. In addition, a 2 foot deep x 3.5 fi wide x 24 
R long concrete pit is to placed at the open end of the alley for installation of a screw feeder and 
conveyor belt (see figure 3). A coal dump truck would back into the driveway and drop the coal 
onto this conveyor for delivery by means of the conveyor to the top of the 25 ton raw coal bin. 

Although the entire coal handling system is to be enclosed, it is not possible to prevent 
minor spills of a few pounds coal dust on the ground during piping changes. To prevent washig 
or storm water runoff of this material, the entire pad was to be sealed at the joints with the three 
walls, and a 4 inch high concrete barrier is to be placed on the open fourth side to retain the water. 
The original design called for installation of two drains in the concrete to direct the water to the 
sanitary sewer that runs under the alley floor. However, this would not solve the problem of 
draining the coal receiving pit into the sanitary drains. It was therefore decided to direct the entire 
runoff into the coal receiving pit and install a sump pump therein. During normal operation, this 
pump would direct the rain and wash into the sanitary drains. During a coal dust spill, the pump 
outlet would be connected to a filter to remove the coal dust prior to discharge into the Sanitary 
drains. This approach eliminates the need for a storm runoff permit fionn the PA Dept. of 
Environmental Resources or the Delaware River Basin Commission. A permit is required fiom the 
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Philadelphia Water Dept. However, our average total daily discharge would be less than 25,000 
gallons per day which does not require any special permit. 

Proaane Fuel SuppZv: The building is currently serviced by a propane tank with 840 gallon 
(about 75 MMBtu) capacity. A capacity of 1.3 MMBtu/hr is required for pilot gas ignition of the 
combustor. A series of concrete filled steel poles and a fence must be installed to prevent the coal 
and oil truck fiom hitting the propane tank. 

No. 2 Oil Tmk Initially, a 1000 gallon, aboveground, N0.2 oil tank was to be installed 
adjacent to the propane tank. The oil is used for daily combustor preheat. This tank would have a 
metal dike which was designed to capture the entire contents of the mahi tank. It was to be 
mounted on a 2 foot high steel platform to accommodate the City rule of installation 1.5 feet above 
the 100 year flood elevation. This was an added precaution because the entire Arsenal site is 
surrounded by an earth dike whose top is above the 100 year flood level. An oil flow and return 
pipe from the tank to the building was to be installed above the elevation of the oil tank past the 
propane tank to the fir wall in the alley and cross the alley into the building. This required a total 
one way pipe run of 100 feet. It was planned to use doubly contained piping for this purpose. 

However, Philadelphia licensing regulations require the use of cwtified tank installers for 
this purpose. In addition, the City prefers the use of a concrete, sand filled containment chamber 
for aboveground oil tanks. This approach is totally unsuited for the present project where removal 
within three years is contemplated. Any oil leakage or seepage into the sand and concrete will 
require its disposal in a special landfill at very high cost. To obtain a license for our option of a 
dike tank could have require a two step process, beginning with the Department of Licenses. It 
could have been approved at this step, but if refused by an appeal to the Safety Board of the Fire 
Department, where it would have almost certainly be approved. However, regulations require the 
use of the licensed tank installer for this application process at a cost of $865 per step. 

A bid package for installation of the oil tank and a pumped feed line to the building was 
submitted to three installers licensed in Philadelphia in early September. One bid that over 4 times 
the cost of the oil tank, and another bid that was 7.4 times the cost of the tank were received. This 
is another example of the problems caused by the complexity of regulatims as only a licensed 
installer is allowed to install an oil tank. M e r  these quotations were received, a firther study of 
City regulations revealed the installation of a boiler can be accompanied. with a 550 gallon tank 
without the need for this installation permitting process. Accordingly, aJ1 the test data fiom 1992 
to 1993 re-evaluated, and it was determined that this smaller tank would have adequate capacity 
for heatup and cooldown with one week intervals between refueling. 

Therefore, the installation design was changed. It is now planned to either install the oil 
tank inside the building, which is already elevated by 1.5 feet over the 100 year flood level, or in 
the alley. Either approach will shorten the oil pipe run, eliminate the need for installation of truck 
crash poles around the tank, and of course sharplv reduce the cost of the tank and its installation. 

An added benefit of the oil tank installation is that is can be used to power a diesel 
generator, which it is planned to acquire for backup power and startup and shutdown. 



EniargedEuuipment Door: A design for opening the main door in the building from 8 ft x 
10 R to 12 ft x 14 ft was prepared in August and submitted to the landlord on August 30th. It 
included a steel roll up door to replace the small dilapidated wooden door. This item has become a 
major source of delay due to the failure of the site manager to follow the requirements in the lease 
and obtain three independent quotations for this work. After receiving only one bid in September 
from the landlord’s in-house staffto perform this work, Coal Tech contacted at the end of 
September three contractors for bids on this work. All three bidders responded in early October 
with bids that averaged 30% below the landlord’s bid. After landlord’s agent agreed in mid- 
October to allow Coal Tech‘s to contract for the door opening, he refisecl to allow the contractor 
access to the site on October 13th. 

It has taken one additional month to November 11 to clarifl this matter. It appeared that 
there was a miscommunication between the landlord’s agent, and Coal Tech on concerns by the 
landlord on the structural integrity of Coal Tech’s door enlargement design. In addition, Coal 
Tech’s design utilized two steel channels to support the new lintel. This exposed channel would 
clash with the historical landmark designation of the building, which according to blueprints at the 
Arsend dating from World War 11 was constructed some time after the War. Note that much of 
the Arsenal has a historical landmark designation since many buildings date to the 19th Century. 
According to the landlord, historical designation applies to buildings over 40 years old. It is, 
therefore, not possible to contract this designation as we have no information on the construction 
date after the War. 

These issues were communicated for the first time to Coal Tech at the meeting between the 
landlord, his agent, and Coal Tech on November 1 1. The door design has been modified by the 
landlord’s architect to meet these objections, and the door enlargement will be implemented by the 
Arsenal personnel at a price that is in the competitive range with the other bidders. The meeting 
appears to have resolved all other problems which were caused by poor communications A 
problem solving procedure has been established. It anticipated that the door, water line (discussed 
below) and concrete pad work will begin before the end of November and be completed by early 
December. Note that Coal Tech was prepared to unilaterally terminate the lease at this time. 
Negotiations on an alternate site in suburban Philadelphia that Coal Tech had investigated in the 
Spring were at the lease negotiation stage when this resolution meeting took place. 

TeZephone Line: A similar problem occurred with installation of the telephone: Here also 
despite the lease requirement for three competitive bids, the landlord’s site agent submitted a single 
quote for the installation of the telephone line f?om an adjacent building by site personnel of $3800 
in early August. The agent claimed that an above ground line was not allowed at the site. Coal 
Tech found a means of running a line through the service tunnels that cover the entire site. In the 
interim the Philadelphia Installation Office of Bell of PA obtaining approval from the landlord to 
install an overhead phone line between the two buildings. After additional delays due to miscom- 
munication, the phone was installed in late September at a total cost of about $240. 

Lessons-fiom ImtaZZation Efforts To-dixfe: These events have been included into this 
technical report because site requirements are a major element in installation of power plants. The 
above comments show that clearly defined requirements and problem resolution procedures must 
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be established in negotiations with site owners. During Coal Tech’s contacts with independent 
power developers in the past several years it was found that site permitting is considered a major 
cost and time element in the installation process. Approval cycles of 2 years and costs in the 
several million dollar range are not unusual even for plants rated at 10 to 20 MW. For this reason, 
most of these developers will not consider projects under 50 MW. 

Coal Tech‘s new approach to site issues is to identi@ the potentid problem areas and find 
alternate solutions that will mitigate the complexity of the approval process. In addition, Coal 
Tech is adopting a design approach in which much of the power plant can be assembled in modules 
in a factory and moved to a site for rapid installation. In this way installation of the power plant 
can proceed rapidly as soon as site related issues have been resolved. To test this design approach 
it is planned to modularize the electrical, water piping, gas ducting, electrical connections, and 
auxiliary components, such as fans, pumps, blowers, etc., for the present installation. This is the 
only way in WE& gower plants in the 1 to 20 Mw range can be installed at attractive costs. This 
approach will minimize installation costs. Other such examples which impact cost in areas such as 
cooling water and parasitic power will be given next. 

Addirional Parasitic Power: The building has a 200 Amp., 480 .J 3 phase installed power. 
Assuming an 80% power factor due to the large number of motors used, this yields 133 kW of 
installed capacity. It was originally planned to add an additional 100-kW power capacity from a 
sub-station 100 feet away to assure adequate power during daily combustor startup and shutdown. 
This would cover the initial estimate of the parasitic power needs for the combustor-boiler, coal 
handling system, stack gas system, and boiler-steam turbine system. In addition, it had been 
planned in the fbture to install 500 kW of total capacity to the sub-station for fbture power sales 
from the steam-turbine generator to the site owner. 

This plan was based on the assumption that local utility power costs were $0.14 kW. 
However, after analyzing the first electric bill, it was found that there is a very high capacity for 
this utility due to its heavy reliance on nuclear power. As a result, the heatup and cooldown time 
of about 55 hours per month, would be less than 80 hours per month. For that time of use, the 
power cost is %0.23/ kW!!!. Therefore for 150 kW capacity, the monthly charge wouId be $1900, 
or $23,000 for one year. This substantially exceeds the rental costs for the site. h a result, the 
acquisition of a used diesel generator was investigated and it was found that the diesels power 
production costs. including acquisition cost. would be one-third of the utilities charge. Another 
consequence of this effort has been to carefidly re-evaluate the total parasitic power needs. This 
analysis showed that 150 kW would be adequate, compared to the original estimate of between 
200 kW and 250 kW when the design effort began. 

Combustor Coolina & Steam Condensation: The initial cooling plan was to use only an 
adjacent “well” whose water temperature remains at about 60°F all year round. The water cooling 
load is about 17 MMBtu/hr. The initial effort was directed to identifjing the source of the “well” 
water, i.e. well, groundwater seepage into the building, or river, , and its peak flow rate. A series 
of pumping tests were performed. The first one was performed in June before signing of the lease 
with a 30,000 gph, self priming pump. The pump test continued for about 2 hours, during which 
time the water level in the well decreased by 18 inches. During this test. period, the water level in 
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the adjacent river decreased toward low tide. About 2 hours after the test stopped, the water level 
in the well rose by about 4 inches, the last 1.25 hour of this period corresponding to a rising tide. 
This suggested that the “well” was connected to the river. 

The “well” was connected to the large basement of this building. Subsequent pumping 
tests were performed in which the water level was lowered up to 4 feet below the level of the 
basement, and about 8 feet from the floor of the “well”. This test showed that the bulk of the 
water into the “well” came from the basement of the building. Furthermore, the estimated 
maximum flow for our planned 8 hours of daily operation would be at most 8000 gph. 

As part of the water permitting process by the PA DER for non-contact cooling water, all 
the required chemical tests were performed. The results clearly showed that the water source was 
groundwater, whose primary source was leaks into the basement of the building. It did not follow 
the tidal water level in the river and was therefore not a river source. Neither was it due to leaks 
from the municipal water supply. DER and the Delaware River Authority issue permits for non- 
contact cooling water discharge into the river. The discharge temperature is limited to 110°F. For 
8000 gph, 60°F source and 1 lOOF outlet, the maximum cooling rate was 3.3 MMBtukr, or 20% of 
the level needed for once through cooling. 

One option is to discharge to the municipal sanitary system, where the peak limit is 140”F, 
which would increase the capacity to 5.3 MMBtu/hr, or 32% of the total. The storm and sanitary 
water system at this site is very complex. One difficulty is that the storm sewers are superimposed 
on the sanitary sewers so that heavy rainfalls can impact the sanitary discharge. To assist in 
resolving the water issue, Cod Tech retained in September a specialist in water management to 
assure that an adequate water supply is obtained and that all regulations are met. In addition, by 
coincidence, the Philadelphia Water Department is in the process tracing these underground pipes 
at the Arsenal. After reviewing all this data, it was determined that this ”well” , which was actually 
a sump, could not be converted to a primary cooling water source. There exists another 
substantially larger water source, but it is too far from the building. Another closer source was an 
manhole opening in an adjacent parking lot that was directly connected t$o the creek and the river. 
However, as the river temperature reached an average of 80°F in the sununer, the 1 IOT discharge 
limit would require m!. 

As a result, the option of using a cooling tower was re-evaluated. This option had been 
discarded early in the design effort due to misinformation supplied by a caoling tower 
manufacturer. This supplier proposed the use of three cooling towers, each having a 18 fi 
diameter and 18 fi height, and at a prohibitive cost. Coal Tech performed a series of cooling tower 
calculations that considered the high one atmospheric absolute pressure condensation from the 
steam turbine. This allowed selection of a low cost, high average water circulation temperature. 
The cooling tower is now only 12 ft long, 7 fi wide 11 ft. high. 

Combined with the combustor cooling water requirement, the fresh water supply 
requirement is now only about 50 gpm. This is almost one-halfthe level used in Wdliamsport. In 
addition, since much of the water evaporates in the cooling tower, the discharge load to the 
sanitary sewer is negligible, namely, between 3 and 15 gpm. This eIimiriates the permitting need 
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from both the River Authority and the DER, with only a routine permit required from the 
Philadelphia Water Department. The discharge rate is far less than the lowest level of 24,000 g d  
below which no special permit is required. One change being made is to install a 2 inch fresh 
municipal water line, in place of the originally planned sump water source. The reason for this is 
that the cooling tower requires a water source with much lower dissolved solids levels than 
obtainable from the sump. While a 1-1/2 inch line would have been adequate, the high installation 
cost is such that providing excess water capacity is a good precautionary investment. Inadequate 
water supply was a major source of difficulty in Williamsport. In the present case, the 2 inch water 
line will be augmented by the “sump” groundwater source as needed. 

Zoning Permit: The first important step in the permitting was the receipt on July 29 of a 
zoning permit from the City of Philadelphia. This allows Coal Tech to use the site for energy 
development and for the installation and operation of the combustor-boiler system. . The 
importance of this step is that the site is in a flood plain and as such there are a number of 
restrictions on its use. For example, above ground oil tanks must be installed 1.5 feet above the 
100 year flood elevation. 

Boiler Permit: A permit is required from the PA Bureau of Labor & Industry-Boiler 
Section for moving and installing a boiler in the state. This permit was albbtained for the 17.500 
l b h  boiler in September. A final inspection will be required by PA L&I prior to operating the 
boiler. 

Water Discharne Permits: As reported above, the original plan for river discharge would 
have required permits from the Delaware River Authority and the PA Dcpt of Environmental 
Resources, Water Division. With the decision to use a cooling tower, neither permit is needed, 
and the Municipal Permit application is anticipated to be routine. 

Air Permit: Philadelphia manages its own air emission program, instead of the State. The 
emission limits are 0.1 lb/MMBtu for particles, 0.5 IblMMBtukr for S02. 

A detailed modeling analysis by the manufacturer of the wet scrubber that was used in 
Williamsport showed that a pressure drop of 50 “ w.g. would be required across the scrubber for 
this particle emission rate. (See figure 4). This would require a 50 hp fim, compared to the 20 hp 
used in Williamsport. The air flow is about 6000 acfm, and from figure 4 this would require 
between 45 and 50 gpm, with about a three gpm evaporative loss. Using the sump water supply 
would eliminate the cost of water for a once through system. By combining this flow with the 
combustor water cooling circuit the total discharge to the sanitary drain would not increase. The 
solids loading in the discharge would be the same as that used in Willianaport. The alternative of 
operating the scrubber in a closed loop circuit with filtering would be colmplicated by the problem 
of disposal of the sludge. It could be dried and reinjected into the combustor, but this would 
require development work. As noted the scrubber would also contribute to the suHk reduction 
needed to meet the SO2 emission limits. 

The main disadvantage of this approach is the high electric power needed by the fan, which 
is very costly. Also in a commercial installation the no cost water source would not be available. 



Also, with the exception of the relatively new scrubber inlet section, the balance of the scrubber 
wall material is badly worn and will have to be replaced. For these reasons, it was been decided to 
replace the scrubber which a baghouse. This can readily achieve 0.03 Ib/MMBtu emissions. In 
addition, with stack injection of sorbent, upstream of the baghouse it will be possible to remove a 
high percentage of the SO2 without sorbent injection in the combustor. ,4ccordingly, two vendor 
quotations for a baghouse were solicited. Both were in the same price range, with the main 
difference between them being the projected material lifetime and the reoommended bag material. 

Due to the high cost of bags operating above 2507, this temperature was set as the limit. 
It is planned to lower the stack gas temperature which averages 450°F with soot blowing to the 
lower temperature by installing an economizer in the boiler outlet. The economizer was designed 
to decrease the stack gas temperature to 360"F, while increasing the feedwater temperature by 
30°F. The additional temperature drop will be achieved by water droplet injection in a water- 
sorbent mixture. Due to the high basic content of this injection, the impact of the SO3 acid dew 
point on stackhaghouse metal materials should be neutralized. A design of the stack duct system 
was completed (see figure 5). The baghouse will be located in the alleyway, and the stack &om the 
boiler to the baghouse has a horizontal section to exit the building through a window. Penetration 
of ducts through the walls or roof is not allowed by the landlord. 

In addition, to low particulate emission to 0.03 lb/MMBtu and added SO2 control to at 
least below 0.5 lb/MMBty the baghouse offers two other advantages. One is its ability to capture 
submicron size particles and the other is the ability to pneumatically reinject the fly ash into the 
combustor for vitrification. Therefore, a baghouse will be used in task 5. The scrubber which is 
owned by Coal Tech, will be used for specialized test purposes and as a backup system to the 
baghouse. 

One final important element in the air emission permit application is the requirement by the 
City that the SO2 emissions at ground level at the boundary of the site be less than 3 ppmv at any 
time, less than 0.5 ppmv over 15 minutes, and less than 0.1 ppm for an 8 hour period. To 
determine this level, a screening model was downloaded from EPA's software library. The 
analysis computes the SO2 emissions at various elevations for various terrain's as a kc t ion  
distance from the site fenceline, 1050 ft: (323 m.) in the case of the Arsenal, as a hc t ion  of the 
stack geometry and flow conditions and SO2 concentrations at the stack exhaust. Several 
scenarios were calculated for 20 MMBtu/hr thermal input, 13,000 Btuflt, HHV and 2% S coal. 
Figure 6 shows the groundlevel SO2 concentration in p@m3 as kc t ion  of distance fiom the 
stack for 85% SO2 reduction at the stack. The SO2 is 104pgmlm3, equal to 0.09 ppmv, at the site 
fenceline. The 8 hour average is 0.06 ppmv for 8 hour average time. Here it is assumed that 70% 
reduction is achieved with combustor injection and an additional 60% reduction is- achieved with 
stack sorbent injection. For 70% SO2 reduction at the stack, the fenceline value is 210 pgm/m3, 
equal to 0.17 ppmv, at the fenceline. The 8 hour average is 0.12 ppmv. Therefore one can 
conclude that a combination of proven combustor SO2 reduction with some modest additional 
stack reduction will meet the City's 0.1 ppmv emission requirement at ground level. 
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3.2.3. Status of the Combustor Modifications: 

Combustor Extension and Exif Nozzle: The fabrication of the extension to the combustor 
and a new exit nozzle continued in this quarter. Due to the specialized nature of the air cooling 
tube fabrication, the extension section is being fabrication by two companies. The air cooling tube 
assembly is being fabricated by the company that fabricated the original oombustor. The balance of 
the work is being performed in a machine shop. The orders were placed in May. Both fabricators 
have slipped delivery schedules by several months. As work proceeded tlhe tube fabricator 
determined that the present design was substantially more dficult to produce that the previous 
one. Also, a discrepancy between the assembly and detailed drawings of the air cooling tubes was 
discovered during the tube fabrication. As a result, the inner diameter of the exit nozzle would be 
increased from 50% to 57% of the combustor internal diameter. This was discovered after all the 
tubes had been cut and it was too costly to procure a new set tubes. It occurred despite the use of 
AutoCAD for the drawings and the use of two independent checkers of the drawings. 

After reviewing the literature of cyclonic flow it was determined that this change was not 
substantial. In fact it would be beneficial because it simplifies the internal maintenance of this 
combustor. Another dficulty experienced was the need to m o d e  the fstbrication of the tubes near 
the slag tap chamber. Again this design differed fiom the one used in the: present combustor. A 
key lesson for the future is to use three dimensional computer drawings of the tube design to ver@ 
dimensional clearances. 3D-CAD was considered initially for the present design but it was rejected 
as too costly for the perceived benefit. Due to the skill of the tube fabricator, these problems have 
been satisfactorily resolved to date, and the air cooling tube assembly is within several days of 
completion. The other fabricator has machined the balance of the combustor assembly an 
completed 50% of the welding. It is anticipated that the entire combustcr extension section will be 
completed by mid-December. 

Coal Storage. Pulverization, and Fuel Feed Final design and vendors quotations for 
purchased and fabricated equipment for the coal iystem was about 90% completed in this quarter. 
Negotiations were entered into with a manufacturer of a coal mill to refinrbish at Coal Tech’s 
expense a discontinued model of a compact low cost mill. A draft agreement was prepared and it 
is ready for signature once the problem of revenue sharing fiom inventions, that may be made in 
improving the pentormance of the mill, is resolved. Protecting the government’s interest, the 
manufacturer’s interest, the subcontractor in charge of the refbrbishment’s interest has proven to 
be a complicated procedure. In the meantime, another used mill of identical design has been 
located and its acquisition and refkbishment cost is being evaluated as an alternative option. It is 
anticipated that this will be resolved within the next few weeks. Multiple quotations were obtained 
for the cod screw feed, conveyor belt, mill refurbishment, and coal bin baghouse. Quotations for 
fabricating the 25 ton bin are anticipated shortly. The overall design of the coal feed system was 
shown in figures 1 and 2 in the previous Quarterly Progress Report. 

Boiler Acquisition & Modifiction: The 17,500 Ibhr boiler used in Wfiamsport for the 
past 7 years was purchased for the project. A detailed design was developed for modifying the 
fiont of the boiler for attaching the modified air cooled combustor. Fabrication of this 
modification was completed in October. It consist of an extension section into which the 



combustor's exit nozzle is inserted. This section allows the removal of amy ash or slag that is 
carried over into the boiler without entering the boiler. Therefore, ashklag removal can be 
implemented without combustor shutdown, if needed to clear accumulated slag or ash. 

.At the beginning of October the boiler was removed fiom the Wi.Jliamsport boilerhouse and 
temporarily stored in the autdoor lot of the rigging company, pending its removal to Philadelphia. 
This will occur as soon as the building door is enlarged. 

' 

In addition, a steel structure was designed for placement of the boiler at the new site. This 
design allows the installation of a bottom ash removal section which can be used while the boiler is 
in operation. 

Note that purchase of this boiler was significantly lower in cost tlhan refurbishing the boiler 
for the Williamsport site owner, as required by the terms of that lease, aid purchasing another used 
boiler and m o d w g  it:. 

Steam Turbine: A suitable steam turbine, rated at 600 kW and matched to the steam output 
of the boiler was located and plans for its detailed inspection'were formulated. Analysis of its 
perfohniince showed that it would produce between 400 *and 500 kW with the present boiler 
system. The output range depends of the steam conditions. The steam input can be between 100 
and 220 psig, either saturated or with 100 F superheat. The steam discharge is either 1 psig or 10 
h.Hg absolute. One factor-in the power output seldon-will be the cost of replacing the nozzles 
in thi,s singIe stage turbine versus the required power output. As noted oiiginally it had been 
planned to sell the power to the site owner. However, this will require replacing the governor and 
adding power synchroxhtion with the utility grid. This is a costly option and the site owner has 
as yet not expressed any interest in purchasing this power at cost that would be financially 
attractive to Coal Tech. As a result, the final-decision on the selection of this turbine will be the 
level of power needed for h house power utilization. 

Internal Use of Enerm Generated bv the 20 MMBtu/hr Combustor: As noted above, due to 
the site selection-dficulties, the internal use of the cornbustor's energy output has been 
investigated and repoGed.in the previous Quiirterly Report. At present the most attractive option 
is non-ferrous metal scrap remelting. This option is being investigated with C ~ a l  Tech internal 

. funds; Preliminary feasibility tests are planned.in the before the end of the year. If successful, a 
full remelting operation capable of utiiizing the power output ofthe turbine and diesel will be. 
-installea and operated: 

- 1  

4.. Effort of the Next Quarter 

The focus of the next quarter will be resolve the difficulties with the site owner in 
. .* - 

.' 
. .  

- implementing the terms of the lease that impact this project. This wjll be folkowed by completion 
of the site modifications and the installation of the bo-iler, combustor, and aujdliary components. 
Also,' the other components needed for the installation will be procured. In addition, the permit 
applications will be submitted to the appropriate agencies. 
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Figure 1 : PLOT PLAN OF THE TASK 5 COMBUSTOR-BOILER DEMONSTRATION SITE 
PHILADELPHIA, PA 

Control Room is on left side. Main Combustor-Boiler Room is at right. Propane tank in upper right is for pilot heat. The building is a 
single story brick structure, with two rooms, one is 76' x 29', and the other is 3 i ' xi4'. both with 22' high ceiiings io ihe Bai r o d  

The L shaped partition on top is an 18 foot high concrete wall that encloses two sides of an alley next to the building. The alley will be 
used for coal storage and feed system, stack cleanup equipment, and fams, blowers, oil tank. 



FYwe 2: Photograph of Arsenal Building and Surroundings ' 
- 

TASK 5 DEMONSTRATION SITE IN PHILADELPHIA INDUSTRIAL PARK 
Building size is 100 x 30 feet x 20 feet high. - .- - . - -- . ___ ._ -_ -_ - -  - 

-- - 

INTERNAL VIEW - 

ALLEY FOR FUEL & STACK EQUIPMENT 
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Figure 4: Particle Retention of the Existing Wet Particle Scrubber at 50” Draft 
Vs Water Flow Rate 

Pressure Drop (“W.C.) 
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SIDE VIEW . 
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Figure 6: Ground Level SO2 Emissions at Arsenal Test Site for 0.5 MMBm 
SO2 at Stack, Equals 85% Reduction in 2%S Coal & 20 M M B W  Firing Rate. 
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