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TECHNICAL PROGRESS REPORT 
(QUARTERLY REPORT NO. 5) 

This progress report refers to Project Description for Grant No. 
DE-FG01-94CE15612, llDevelop a Combustion of Municipal Solid Waste 
with Oil Shale in Circulating Fluidized Bed," dated September 2, 
1994. The Project Description lists and describes six tasks, four 
of which are virtually complete, with two others underway. A 
summary of progress on each task follows. 

1. Task 1: Development of a Detailed Test Plan. This task is 
complete, and was documented in previous reports. 

2. Task 2: Preparation of Test Equipment. This task is complete. 
Two test units (a six-inch internal diameter and a fifteen-inch 
internal diameter unit) were prepared and used as described under 
Task 4. The test units are described in a draft report from Hazen 
Research, Inc. (see Task 5), and the task description will be part 
of our-final report. 

3. Task 3: Obtain test materials. This task is complete. As 
described in previous reports, we obtained an adequate quantity of 
a pelletized.ltstandardlt MSW from BEPR/BFI, Eden Prairie, MN. For 
test purposes, we synthesized the desired llworst probable case" of 
MSW by the addition of sulfur and chlorine to reach the sulfur and 
chlorine levels characteristic of such waste. We also obtained an 
adequate quantity of representative oil shale to use as an additive 
as described in our test plan. 

4. Task 4: Execute Feasibility Demonstration Program. This task 
is complete. The principal investigator for the ACERC subcontract 
has submitted his report, which we have reviewed. The report from 
our subcontractor Hazen Research, Inc. has been received. As 
described in a previous report, the results demonstrate that the 
process is technically feasible. Appendix B contains a summary of 
Hazen's findings, which will be documented fully in our final 
report . 
5. Task 5: Data Analysis. This task is underway. We are currently 
doing further analysis of the results to ensure that we have a 
proper basis fo r  estimating the potential for scale-up to 
commercial size . We have obtained the most current federal 
regulations (and proposed regulations) for municipal waste disposal 
and municipal waste combustors. Some work also needs to be 
evaluated and reported concerning the cementitious properties of 
the oil shale ash. We will then use these data and standards to 
update the process requirements and improve our economic 
projections. Appendix A summarizes the most important findings of 
the work so far accomplished. 

6. Task 6: Project Management, Reporting, and Necessary Liaison 
Activities. Those portions of this task associated with work done 
on Tasks 1 through 5 have been completed. This task will continue 
throughout the period of the study. 
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In-summary, work is proceeding within budget. No serious problems ,- 

in completing the’statement of Work are foreseen. 



APPENDIX A 
SUMMARY OF INTERIM FINDINGS AND RECOMMENDATIONS 

Our conclusions do' not differ in substance from those drawn by 
Hazen Research Inc. (see Appendix B); however, we have made some 
clarifications. 

CONCLUSIONS 

Our basic conclusions are: 

A. The process works as we had expected. Oil shale absorbs acid gas 
pollutants and produces an ash which could be, at the least, 
disposed of in a normal landfill. 

B. Based upon test data from the Hazen Research Inc. 6-inch 
circulating fluidized bed test unit: 

1. An absorbent/pollutant (A/P) ratio of 3.0 'is sufficient to 
meet Best Available Control Technology (BACT) requirements for 
acid gas pollutants, 

2. The chlorine is essentially eliminated from the offgas, 

3. At an A/P ratio of 4.5, over 98.5 of the acid gas 
pollutants are removed, 

4. Temperature has a major effect on the viability of the 
process, and needs to be maintained between 1436O F and 1508OF 
(780 and 820° C), 

5 .  Operating temperatures below 1400" F could significantly 
impact the process: however, temperatures in that range were 
not tested, 

6. Temperatures of about 1450" F appear most desirable if 
the ash reaches sufficiently cementitious properties, 

7. Data from the 15-inch tests indicates that the reduced 
residence time and/or reduced temperature in the free board 
resulted in reduced acid gas absorption. 

C. Considering the results of the 15-inch unit tests in conjunction 
with those from the 6-inch test unit, we find: 

8. The 15-inch data without oil shale shows an excess sulfur 
output compared with the input; the excess probably came from 
contamination in the 15-inch system, If we compute the effects 
of contamination, and if we assume that the contamination is 
constant, we note that the effect of the excess output moves 
the 15-inch unit performance closer to that of the 6-inch 
unit, especially at high A/P ratios. This is shown in Table 
I and Figure 1. 
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9. Using a 3.5:l A/P ratio, we find that the amount of oil 
shale required for 95%+ removal of the acid gas is 15.8 pounds 
of oil shale per 100 pounds of RDF for the llas received" RDF 
without Ca and Mg. For the llseverelf RDF case, 21.04 pounds of 
oil shale per 100 pounds of RDF will be required. 

10. At higher A/P ratios, it appears that changes in residence 
time may be overcome, with significant process ramifications. 

RECOMMENDATIONS- 

1. Run tests on the 6-inch CFBC at reduced temperatures to 
determine reactor performance, 

2. Determine the effect of residence time, 

3. Modify the 15-inch reactor to duplicate temperature and 
residence times determined from the 6-inch reactor, 

4 0  Complete engineering on a full-scale model, and 

50 Determine the costs of a full-scale facility and verify the 
economics. 



Table I 
SUMMARY OF POLLUTANT REMOVAL TEST RESULTS* 

A/P RATIO 

1.10 

2.49 

2.99 

3.42 

53.72 

15" 5 4.57 90.5 

Yo so2 
REDUCTION 

38.5 

74.3 

78.5 

89.7 

92.7 

Yo ACID GAS 
REDUCTION 

92.0 

94.5 

96.1 

98.6 

43.8 

CFBC 

90.0 

RUN NO. 

*See table below for corrections to 15" tests assuming amounts produced by prior 
contamination (residue) of pollutant 

15" 

15" 

15" 

15" 

TEST RESULT MODIFICATIONS BASED ON ASSUMPTION OF PRIOR 
CONTAMINATION OF 15" TEST UNIT 

2 

3 

4 

5 

I 15" 1 

Yo ACID GAS 
REDUCTION 

62.6 

81.3 

83.8 

92.1 

94.2 
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% ,  Figure 1 ';. 
Performance Summary 
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INTRODUCTION AND SUMMARY 

Synfuels Engineering Development, Inc. (SED) secured a grant for testing of Invention No. 61 2, 
"Combustion of Municipal Solid Wastes with Oil Shale in a Circulating Fluidized Bed" through the 
Department of Energy Energy Related Inventions Program (DOE ERIP). In December 1994, SED 
authorized Hazen Research, Inc. to conduct a series of pilot-scale combustion tests in support of 
the grant project. A test plan was developed by SED and Hazen to demonstrate that co-combustion 
of municipal solid waste (MSW) and oil shale can reduce emissions of gaseous pollutants to 
acceptable levels. 

The purpose of the program conducted at Hazen was to determine: 

a 

a 

the ratio of oil shale to MSW (absorbent/pollutant) which provides containment of 90% or 
more of acid gas emissions (SO? and HCI). For this study, the absorbent is defined as the 
total moles of calcium and magnesium and the pollutant as the total moles of sulfur and 
chlorine in the system. 

the effects of temperature and residence time on acid gas emissions using various 
absorbent/pollutant ratios. 

if a cementitious ash is produced which will, at a minimum, be acceptable in normal 
landfills. 

Pelletized MSW was obtained from BFI Recycling Systems (BFI) that approximated the 
composition set forth by SED. Oil shale used during the testing was obtained from Rio Blanco Oil 
Shale. Sulfur dioxide and HC1 gases were metered to the fluid bed to simulate higher percentages 
of sulfur (from rubber or leather wastes) and chlorine (from textile wastes), which might be 
encountered in  the MSW but which \yere not present in the MSW evaluated for this program. 

Five days of combustion testing were conducted in Hazen's 6-inch-diameter circulatins fluid-bed 
combustor (CFBC) during February and March 1995. Hazen's I 5-inch-diameter CFBC \\'.as used 
to perform an additional [est on March 33. 1995. The demonstration runs were witnessed by Harry 
E. McCarthy and Reed Clayson. representatives of SED i n  the interface w i t h  Hazen. 

-- 
i iazw Research. Inc. 
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,The results from the 6-inch-diameter CFBC tests on March 21, 1995, are summarized below: the 
operating temperature vaned between 1476 and 1503°F. It can be seen that while increasing the 
ratio of absorbent to pollutant (ALP) at a constant temperature, the containment of pollutants I S  + 
C1) increased correspondingly. The emissions were measured as SO, and HCI and then calculated 
to sulfur and chlorine equivalents. 

Six-inch-diameter CFBC 
. March 21, 1995 

6 Inch Diameter CFBC 
March 21,1995 

I -A- S+Cl I " i  t i ? i  

50 I I I 
I 

1.8 3 .O 3 -7 4.7 
A/p Ratio 

The same trend can be seen in the test run of March 23, 1995, in the 15-inch-diameter CFBC. 
With an increasing A P  ratio, the amount of pollutant containment is greater. However. it should 
be noted that the percent containment of pollutants is consistently less in the I 5-inch-diameter tluid- 
bed combustor tests compared to testing in the 6-inch-diameter combustor. The cause of this 
discrepancy is not known; however. an explanation for this effect could be that there was less 
retention time at temperature for the gaseous and solid reactants during testing with the 15-inch 
CFBC. The freeboard zone of the 15-inch CFBC was about 200°F lower than the bed temperaturc. 
whereas there was very little temperature differential between the bed and freeboard during test~ng 
in the six-inch CFBC. Additionally. if one assumes [hat SO: production from the pollutnnt 1 5  

Haien Research, Inc. 

- .- - -_ 
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Input, lb 
s s+c1 

0.23904 0.59723 
, 

constant, we can calculate that the production rate for an MSW-only case would be 3.18 x l o 3  
moles per hour. This is based on the awmption that the MSW acts the same in the 6-inch and 
15-inch combustors. If this production rate is constant. we can further assume that the containment 
of pollutant is from oil shale scrubbing. Using this, we can compute that the A/P ratio (for the 
total production of SO, only) is 3.3, which would allow sustained absorbing. The following 
tabulation and graph demonstrate the containment of pollutants related to various A/P ratios during 
testing in the 15-inch CFBC. 

Emissions, Ib % Contained 
s S + C I  s s+c1 

0.10965 0.1 1646 54.1 80.5 

15-inch-diameter CFBC 
March 23, 1995 

3 
4 

Run Ratio 12 
4.00 0.23942 0.52384 0.09163 0.09691 61.7 81.5 

4.45 0.29628 0.57763 0.05207 0.05487 82.4 90.5 
5 I 4.74 10.34758 I 0.62931 I 0.04268 I 0.04389 I 87.7 I 93.0 

15 Inch Diameter CFBC 
March 23,1995 

100 
z 

(3 s 

C .- ; 75 

50 

i - 4 -s  : 
i + S+CI ! 

3.5 4.0 4.5 
ivp Ratio 

4.7 

B y  increasing the A/P ratio in the combustion process through the iiddition ot' oil shale. the amount 
of pollutant emissions can he greatly reduced. 

Haico iiesearch. Inc. 

- 
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CONCLUSIONS 

This test work demonstrated that co-combustion of MSW and oil shale under some conditions can 
reduce emissions of gaseous pollutants (SO, and HC1) by greater than 92%. Ash stability and 
TCLP tests were conducted to determine if  the process would also produce a cementitious ash 
product which could be disposed in a sanitary landfill. 

During this program it was determined: 

. 

. 

Reduced SO, and acid gas emissions occurred while increasing the A/P ratio during the 
combustion process. 

Combustion temperatures greater than about 1510°F (821°C) tended to elevate the SO, 
emissions. 

If both the A/P ratio and the combustion temperature were varied, temperature generally had 
the predominant control on absorption of acid gas emissions. 

Due to the lower temperature in the freeboard, the 15-inch-diameter CFBC system showed 
higher SO, emissions. 

Residence time also appeared to affect the amount of pollutant absorption by the oil shale. 

The "best" temperature range for this process appeared to be between 1436 and 1508°F (780 
to 820"C), with strong indication that the lower end of that range is more desirable. 

An operating AP ratio should be chosen that is sufficient to stay within desired emission 
limits. 

A/P ritio of less than 3 showed only marginal decrease in SO,. 

N P  ratio between 3 and 1 showed significant decrease in SO, emissions. 

A n  A/P ratio greater than 1 showed cubstanrial decrease in the level of SO, ciiiissions 
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If one assumes that SO, production from the contaminant is constant. we can calculate that the 
production rate in the MSW-only case is 3.18 x IO” moles per hour. This is based on the 
assumption that the MSW acts the same in the 6-inch and 15-inch combustors. If this production 
rate is constant, we can further assume that the reduction of emissions is from oil shale scrubbing. 
Using this, we can compute that the A/P ratio for the total production of SO, only is 3.3, which 
would allow sustained absorbing. The following tabulation shows the reduction in emissions 
compared to the A/F’ ratio while operating each of the test systems. 

Ha7m %-search, Inc 

7;- 
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RECOMMENDATIONS 

Additional test runs should be considered in order to further optimize the combustion 
temperature. 

More studies would need to be performed to determine optimal residence time. 

The feed rate of oil shale could be used as a form of process control. Since the composition 
of wastes will vary, the A/P ratio may have to be adjusted. In the operation of a system for 
co-combustion of MSW and oil shale, if the monitored SO2 emissions were too high, the 
temperature of the system should be checked. If the temperature is outside of the optimal 
range (either too high or too low) then it should be corrected first. If the level of SO, still 
does not return to specifications, then the oil-shale feed rate (essentially the A/P ratio) should 
be increased accordingly. Or conversely, in order to conserve resources, if the SO, level is 
below necessary limits, the oil shale rate could be decreased. 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility 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. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

tia:?n Research. Inc 


