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21,000 HOUR  PERFORMANCE REPORT ON SCONOX

(Report and Data Sets Posted to Website http://www.sunlaw.com)
by Robert Danziger, Howard Lange, Cary Seabaugh and Greg Gilbert

September 15, 2000

Executive Summary
Sunlaw Energy Corporation and Goal Line Environmental Technology here provide a complete history of the performance of SCONOx Mod II from its startup in late December 1996 through it’s performance to the end of August, 2000.  Having now logged over 21,000 hours of commercial operation at over 99% reliability, Mod II SCONOx has established performance record after performance record and this report clearly establishes that SCONOx has now Achieved In Practice a NOx limit of 1.3 ppm and CO limit of 1 ppm, while also contributing virtual elimination of SOx, formaldehyde, acetaldehyde, and substantial reductions of VOC’s and particulates compared to all other emission reduction alternatives.  

While it is exciting to review Mod II performance, it should also be remembered that Goal Line Environmental Technology and Sunlaw now have over ten years experience with SCONOx. Lab work was followed by pilot-scale testing which was followed by installation of the first full-scale Mod I SCONOx at U.S. Growers in Los Angeles, a sister plant to the Federal site of Mod II.   Then subsequent to Mod II, a successful installation at the Genetics Institute in Massachusetts, a 200 kw gas turbine test facility at Goal Line’s Knoxville factory, an industrial boiler installation at Margaritas Textile Service in Los Angeles, and numerous other programs have allowed us to calibrate and fine tune our understanding of SCONOx and it’s processes.

It is very important to note that SCONOx Mod II performance has been proven on a commercial powerplant, not an experimental one.  The Federal powerplant operated under a 20-year power sales agreement with Southern California Edison that was restructured and terminated in early January of 1998.  The Edison agreement required the Federal poweplant to operate baseload.  The buyout was instituted to facilitate the onset of electricity industry deregulation in California.  Subsequent to the buyout the Federal powerplant has been operating as a “merchant plant” selling power when it is profitable, and shutting down when the market price is below running costs.  Power prices were frequently at record lows from January 1998 through April of 2000, when prices increased dramatically for up to 16 hours per day (and occasionally more).  SCONOx has now proven itself during both baseload operation and much more frequently dispatched merchant operation.

An unexpected result has been significant income to Sunlaw from sale of Reclaim Trading Credits (RTC’s) realized because of the installation of SCONOx.  Under the SCAQMD RECLAIM program Sunlaw is allowed to generate over 100,000 pounds of NOx at the Federal powerplant.  Because of SCONOx, Sunlaw can instead sell almost all that amount.  Prices for RTC’s have skyrocketed this year along with the power prices, reaching $40 per pound, very high compared to last year’s 85 cents per pound.  The SCONOx installation at Sunlaw has now paid for itself, and the present value of the stream of RTC’s is greater than the entire cost of the SCONOx development program and installation!

To emphasize the point, SCONOx cost-effectiveness has been a matter of great controversy.  After almost ten years of development and four years of operation we can now definitively say that the cost-effectiveness for the Federal powerplant SCONOx is less than $0/ton.  In fact the SCONOx shows profitability with a significant internal rate of return.  We recognize this situation is peculiar to the RECLAIM program in the SCAQMD, but most certainly there are analogs in any area that has an emissions trading program.

This is important to note because it implies there are ways of incentivizing both technology development and rapid dissemination of proven technology without added cost to government, while making private investment in ultra-clean technology profitable.  What a far cry from looking at pollution control exclusively as an additional cost burden.

Another area of continuing controversy has been the ability to measure at the 0 to 2 ppm levels achieved by SCONOx.  Some have speculated that measurement cannot be accurately obtained less than plus or minus 1 ppm, despite universal guarantees by almost all analyzer vendors of accuracy in the low parts per billion.   The attached data definitively shows that in over 100,000 data points that the variability in emissions measurements is less than 0.2 ppm for NOx, and that measurements between on-site Continuous Emissions Monitoring System (CEMS) data and certified independent testing equipment have always agreed within the very narrow range required by Relative Accuracy Test Audits (RATA).  Therefore, the only possibility for inaccuracies is that the sample delivered to the analyzer is somehow consistently flawed.  In 1997 the American Society of Mechanical Engineers and Solar Turbines speculated that the solubility of NOx in water could affect the sample in this way.  A second speculation was that the NO2 to NO conversion efficiency was overstated resulting in consistently low readings.  In response Sunlaw engaged Delta Air Quality Services, and SCAQMD-certified testing laboratory, to test for both concerns and found that the solubility of NO2 was a factor in CEMS measurement and could understate the amount of NOx by approximately one-tenth of 1 ppm (0.1 ppm).  Analyzer conversion efficiency was also examined but discarded as a source of potential inconsistency because the ratio of NO2 to NO in Federal’s flue gas is 5% to 10%, and therefore the maximum difference that could result from a 10% loss in converter efficiency is only 0.01 ppm (assuming a 1 ppm sample).  The only other cause for possible CEMS unreliability speculated in recent meetings has been ammonia interference.  Obviously this is not an issue with SCONOx.

Please note that the Federal powerplant is water injected for primary pollution control, Genetics Institute has dry-low NOx, and the Margaritas Textile Service boiler installation is also dry Low NOx.

The SCONOx 21,000 Hour Report consists of:

1. Analysis and Data Summary

2. A CD-ROM has two Excel files and one Word file.  The Word file is this report.   One Excel file is entitled  “Full-Time 1996-2000” which contains each 15-minute data point recorded by the CEMS system.  The second Excel file is entitled “Run-Time 1996-2000” and contains the same information except that startups, shutdowns, R&D, exceedances for reasons unrelated to SCONOx, and plant downtime have been removed.

3. Appendix I: Independent Testing History

4. Appendix II:  Detailed Discussion of CEMS Accuracy

We thank you in advance for the time required reviewing and analyzing the data.  We know that serious scrutiny is required and we look forward to discussing any questions or issues that may arise.  Please feel free to contact Robert Danziger (323-233-2224, rdanziger@glet.com) or Allan Bedwell (865-671-4045, abedwell@glet.com) if you have any questions.

Respectfully submitted;

Robert Danziger

Chairman Emeritus

Sunlaw Energy Corporation and 

Goal Line Environmental Technology

The 21,000 Hour Report

ANALYSIS OF SCONOX PERFORMANCE          DECEMBER 1996 TO AUGUST 2000

Introduction: 

SCONOx™ is a NOx control technology that has been developed for gas turbines, boilers, and internal combustion engines of all sizes.  SCONOx has been utilized in a commercially operating powerplant, the Federal powerplant owned by Sunlaw Energy Partners I since December of 1996, and has logged over 21,000 hours of operation.  This report provides an analysis of the CEMS data over the 3 year 8 month period.  The detailed data is available in full from Sunlaw or Goal Line in CD-ROM form, or it may be downloaded in its entirety from Sunlaw’s website http://www.sunlaw.com. 

The NOx levels in the two 1997 commercial performance periods achieved LAER levels of 3.5 ppm and 2.0 ppm, but represented only a stage in the development of the SCONOx™ technology.  During the 1997 commercial performance period, a substantial fraction of operation was at NOx levels below 1.3 ppm.  This led us to try to find out why SCONOx sometimes performed better than the control target of 2 ppm.  R&D was performed between January 1998 and March 1999.  Based on what we learned, the SCONOx™ technology has been further improved to the point that NOx levels consistently below 1.3 ppm have now been achieved during commercial performance in 1999 and 2000.
The Federal Powerplant is a 32 MW combined-cycle power plant employing a General Electric LM2500 gas turbine/generator, rated at 25 MW, and a 7 MW steam turbine/generator.  The gas turbine is equipped with water injection for suppression of NOx formation.  The SCONOx system was retrofitted to the plant and is located downstream of all other process equipment, immediately upstream of the stack.  The SCONOx system operates at approximately 300oF.

The SCONOx system at the Federal Cogeneration Plant has been in operation since December 28, 1996.  During its more than three-year, eight month history, SCONOx has passed through a number of phases.  To properly interpret the emissions data that have been recorded during this extended commercial performance period, it is important to understand the purpose and NOx control objective of each phase of the SCONOx program.

The Six Phases of the Mod II SCONOx Program

A brief chronology of the SCONOx performance at the Federal Powerplant, including key milestones in terms of recognition by air quality agencies, is as follows:

	             Dates
	Phase
	Purpose/Recognition

	December 1-15, 1996
	
	Pre-SCONOx--NOx emissions 25-53 ppm (dry @ 15% O2), 41.2 ppm average

	December 16-27, 1996
	
	SCONOx Startup--NOx reduced below 2 ppm

(Figure 1)

	December 28, 1996 - May 31, 1997
	I
	Commercial performance of NOx control below 3.5 ppm

	June 1, 1997 - December 31, 1997
	II
	Commercial performance of NOx control below 2.0 ppm

	July 2, 1997
	
	EPA certifies that SCONOx has "demonstrated in practice" 3.5 ppm (3-hr avg.)--letter from EPA Region IX (Appendix A)

	March 23, 1998
	
	EPA certifies that SCONOx has "demonstrated in practice" 2.0 ppm (3-hr avg.)--letter from EPA Region IX (Appendix A)

	April 10, 1998
	
	South Coast AQMD lowers NOx BACT for large gas turbines to 2.5 ppm (15-min. avg.)

	January 1, 1998 - March 31, 1999
	III
	R&D phase--further improvement of SCONOx technology

	April 1, 1999 - December 31, 1999
	IV
	Commercial performance of NOx control below 1.3 ppm

	January 1, 2000 - March 31, 2000
	V
	R&D phase--refinement of SCONOx technology (minor plant improvements)

	April 1, 2000 - present
	VI
	Continuation of commercial performance of NOx control below 1.3 ppm


SCONOx has clearly been a success from the very beginning of its operation at the Federal Plant (e.g., see Figure 1) and has continued to be improved and to achieve increasingly effective NOx control.  During its more than three-year, eight-month performance period to date, the SCONOx system has been in operation at all times that the plant has operated.  As of the end of August 2000, a total of 21,050 hours of SCONOx operation at full plant capacity had been demonstrated.  It is important to realize that even during the R&D phases (Phases III and V), the SCONOx system was always in operation whenever the plant operated, controlling NOx to levels on the order of a few ppm (versus the 25 ppm average pre-SCONOx NOx level).  

Discussion of the Results

A record of 15-minute average NOx, CO and O2 CEMS readings and fuel flow rate for the period 12/1/96 through 8/31/00 is provided on the enclosed CD-ROM disk and at http://www.sunlaw.com. 

Table 1 summarizes performance results for the entire SCONOx performance period beginning with its inception December 28, 1996 through the end of August 2000.  As of the end of August, SCONOx had been in operation at the Federal Plant for a total of 35,038 hours.  Table 1 accounts for all 15-minute intervals during this period, separating them into the following categories:

· Non-Operation/Startup/Shutdown--15-minute intervals when the plant was down or was in startup or shutdown mode.  These intervals were identified based on the CEMS and fuel flow records (data included on the CD-ROM).  Periods when CEMS and fuel flow were zero indicated that the plant was down.  Startups were periods following periods when the plant was down and when fuel flow rate was increasing, O2 was approaching its normal operating range and/or NOx and CO trends had not yet stabilized.  The duration’s of startups varied depending on how rapidly fuel flow was brought up and the length of time required for NOx and CO levels to stabilize.  Startup durations were mostly in the 1 to 2 hour range.  However they were in some cases longer as minor plant operation problems were often experienced during startups.  Shutdowns were generally the last 15-minute interval in a plant run, i.e., prior to a down period.  Shutdowns were longer than one 15-minute interval in some cases if fuel flow was brought down more gradually than usual. Shutdowns were characterized by lower fuel flow as well as O2, NOx and CO excursions.

· At-Load Operation--15-minute intervals when the plant was not down or in startup or shutdown mode.

· CEMS/Operational Test/Problems--15-minute intervals when the plant was at load but was experiencing tests or problems that invalidated the CEMS data as being representative of SCONOx performance.  Examples of this would be the annual CEMS RATA tests, CEMS malfunctions, SCONOx system tests, problems with the gas turbine water injection system (affects NOx level from gas turbine), etc.  Periods in which CEMS/operational tests/problems were occurring were identified by reviewing the plant operators' log.  CEMS problems were also evident in the CEMS records as periods when the O2 readings were out of their normal range while fuel flow was within its normal range. It should be noted that estimated data has not been entered for 15-minute intervals during which the CEMS system was being calibrated, but it is assumed the SCONOx worked the same before and after the daily calibration for purposes of aggregate hour calculation.  This was generally two successive 15-minute intervals per day, but was more in some cases when it appeared that the CEMS was being given unscheduled calibrations.

· SCONOx Malfunctions--15-minute intervals when the plant was at load but the SCONOx system was not functioning properly due to a mechanical problem.  These periods were identified by reviewing the plant operators' log and discussing them with the operators.

	Table 1. Summary of NOx Control Results 12/28/96 - 8/31/00
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Phase >
	
	
	VI
	V
	IV
	III
	II
	I

	Time Period >
	
	
	4/1/00 - 8/31/00
	1/1/00 - 3/31/00
	4/1/99 - 12/31/99
	1/1/98 - 3/31/99
	6/1/97 - 12/31/97
	12/28/96 - 5/31/97

	Purpose >
	
	
	Control Objective      1.3 ppm
	R&D
	Control Objective      1.3 ppm
	R&D
	Control Objective      2.0 ppm
	Control Objective      3.5 ppm

	
	 Commercial         All

   Periods            Periods
	
	
	
	
	

	
	Totals
	Totals
	
	
	
	
	
	

	Months in Period
	26
	44
	5
	3
	9
	15
	6
	6

	Total Hours in Period
	21,934
	35,038
	6,478
	2,184
	6,600
	10,920
	5,136
	3,720

	Hours of Non-Operation, Startups, Shutdowns
	9,687
	13,988
	4,697
	1,319
	4,175
	2,980
	381.25
	433.50

	Hours of At-Load Operation
	12,246
	21,050
	1,780
	864
	2,424
	7,939
	4,754
	3,286

	Hours with CEMS/Operational Tests/Problems
	246
	321
	26
	4
	34
	70
	79
	106

	Hours with SCONOx Equipment Breakage
	77
	77
	4
	n/a
	23
	n/a
	8
	41

	Hours with NOx > 6 ppm
	0.00
	54
	0.00
	0.00
	0.00
	54
	0.00
	0.00

	Hours with NOx from 3.5 to < 6 ppm
	7


	537
	0.00
	0.00
	0.00
	530
	0.00
	7

	Hours with NOx from 2.0 to < 3.5 ppm
	1,800
	5,201
	0.00
	0.00
	0.00
	5,176
	25
	1,775

	Hours with NOx from 1.3 to < 2.0 ppm
	3,464
	5,787
	1
	295
	1
	2,027
	2,548
	913

	Hours with NOx < 1.3 ppm
	6,650
	7,295
	1,748
	564
	2,365
	79
	2,093
	443

	SCONOx Reliability, %
	n/a
	n/a
	99.73
	n/a
	99.03
	n/a
	99.83
	98.75


As indicated by the figures in the "Totals" column in Table 1, the SCONOx system at the Federal Plant has been in operation for more than three years and eight months.  During this period, the plant has experienced 21,050 hours of full-load operation; and SCONOx has operated whenever the plant has operated.  During these 21,050 hours of operation, SCONOx has controlled NOx from pre-SCONOx levels averaging about 41 ppm (but generally controlled to 20 to 25 ppm with water injection) to levels on the order of a few ppm for all but 77 hours during which SCONOx was experiencing mechanical problems.

Remarkably, this record of success includes the first months of operation (Phase I), which were essentially a break-in period, and an extended R&D period (Phase III), during which demonstration of NOx control was not the primary objective. 

In the initial phases of operation, Phases I and II in 1996-1997, it was clearly established that SCONOx, in conjunction with water injection, was capable of controlling NOx below 2 ppm.  This fact was quickly recognized by the EPA (see letters from EPA Region IX in Appendix A).  At the completion of this period, Goal Line decided to evaluate methods to improve the NOx control capability of the technology.  These improvements were evaluated and implemented during a subsequent R&D period, Phase III.  Since completion of these improvements in March 1999, SCONOx has consistently controlled NOx below 1.3 ppm.  The chief improvement was to lower space velocity by adding more catalyst.

Control of NOx below 1.3 ppm was demonstrated for 9 months in 1999 (Phase IV) and 5 months in 2000 as of the end of August (Phase VI, still in progress).  Having completed the 6-month demonstration of 1.3-ppm in September of 1999, normal operation was interrupted in order to perform some R&D on minor plant improvements and to obtain feedback from EPA and SCAQMD during the first 3 months of 2000 (Phase V).  During the 14 months of Phases IV and VI combined, the plant operated at full load for a total of 4,113 hours, and NOx was controlled below 1.3 ppm for all but 2 of these hours.

Even before its NOx control capability was improved, i.e., during and prior to Phase III, SCONOx achieved a substantial amount of operation below 1.3 ppm.  During Phases I, II and III, NOx was controlled below 1.3 ppm for a total of 2,615 hours.  Thus in the total performance that has occurred at the Federal Plant through the end of August, NOx control below 1.3 ppm has been achieved for a total of 6,726 hours.

These results clearly establish the capability of the SCONOx technology, in conjunction with water injection, to control NOx emissions from a large gas turbine below 1.3 ppm. 
Reduction of CO Emissions

SCONOx contains an integrated oxidation catalyst, which promotes oxidation of CO to CO2 simultaneously with destruction of NOx by the primary SCONOx catalyst.  

During the initial phases of SCONOx operation at the Federal Plant, i.e., Phases I and II, CO emissions were reduced from pre-SCONOx levels of roughly 6 to 11 ppm (average of 8.51 ppm [dry @ 15% O2]) to the 2-4 ppm range.  During the subsequent R&D phase, Phase III, improvements were made to the SCONOx technology to enable control of CO too much lower levels.  Since completion of those improvements in March 1999, SCONOx has consistently controlled CO below 1 ppm.

Table 3 summarizes CO emissions since March 1999, i.e., during Phases IV, V and VI of the demonstration.  During this 17-month period in 1999-2000, the plant experienced 4,965.25 hours of full-load operation.  With the exception of 26.5 hours of SCONOx malfunction; CO was controlled below 1 ppm for all but 0.5 of these hours.  Thus Phases IV, V and VI of the commercial performance period have clearly established that SCONOx is capable of controlling CO levels on a gas turbine below 1 ppm.

	Table 2. Summary of CO Control Results 4/1/99 - 8/31/00
	
	
	

	
	
	
	
	

	Phase >
	
	VI
	V
	IV

	Time Period >
	
	4/1/00 - 8/31/00
	1/1/00 - 3/31/00
	4/1/99 - 12/31/99

	Purpose >
	
	Control Objective      1.3 ppm
	R&D
	Control Objective      1.3 ppm

	
	Totals
	
	
	

	Months in Period
	17.00
	5
	3
	9

	Total Hours in Period
	       15,262 
	       6,478 
	       2,184 
	       6,600 

	Hours of Non-Operation, Startups, Shutdowns
	       10,193 
	       4,697 
	       1,320 
	       4,176 

	Hours of At-Load Operation
	         5,069 
	       1,781 
	          864 
	       2,424 

	Hours with CEMS/Operational Tests/Problems
	              65 
	           27 
	              4 
	           34 

	Hours with SCONOx Equipment Breakage
	              28 
	             5 
	 n/a 
	           24 

	Hours with CO > 1 ppm*
	               1 
	            -   
	            -   
	             1 

	Hours with CO < 1 ppm*
	         4,976 
	       1,749 
	          860 
	       2,366 

	
	
	
	
	

	*Baseline CO without SCONOx = 6-11 ppm, 8.51 ppm average (dry, @ 15% O2)
	


Reduction of VOC and HAP Emissions

Similar to the separate oxidation catalysts that are used with many systems, the integrated oxidation catalyst in the SCONOx system reduces not only CO but also VOC emissions.  The catalyst causes VOC hydrocarbons to be oxidized to CO2 and water.  Tests by Delta Air Quality Services in March 1997 (Appendix I) showed the following results for formaldehyde and acetaldehyde, two of the most common and significant VOC found in gas turbine exhaust gases.

	Compound
	Inlet Concentration, ppb
	Outlet Concentration, ppb
	Reduction, %

	Formaldehyde
	358
	10.1
	97.2

	Acetaldehyde
	13.6
	0.8
	93.9


These results indicate that the SCONOx system reduces at least some VOC quite effectively.  However, similar measurements of benzene indicated that emissions of this compound were essentially unaffected by the SCONOx catalyst.  This shows that the effectiveness of the SCONOx system in reducing VOC varies depending on the specific compound.  These results are specific to the low temperature (approximately 300oF) at which the SCONOx system operates at the Federal Plant.  This low operating temperature resulted from the fact that the installation at the Federal Plant was a retrofit.  Installations on new power plants would normally be done in a higher-temperature zone, and in these cases VOC reductions by SCONOx have been shown to be superior to those achieved by separate oxidation catalysts used with other systems.

Probable Reduction in Particulate Emissions

In June 1997, Delta Air Quality Services performed particulate measurements (Appendix I) in the stack gases of both the Federal Plant and the nearby Growers Plant, a similar combined-cycle plant that housed the Mod I SCONOx until its shutdown and catalyst removal in 1996.  The purpose of these measurements was to assess whether or not the SCONOx system at the Federal Plant was introducing any significant amount of particulate matter into the flue gas being treated.  The results of those measurements were as follows:

Particulate Emissions from Federal Plant

0.43 lb/hr

Particulate Emissions from Growers Plant

0.75 lb/hr

These results suggest that the SCONOx system probably reduces the amount of particulate matter in the flue gas that it treats.  Similar results have been found at the Genetics Institute SCONOx installation.

Reliability

Table 2 summarizes plant operation hours and SCONOx malfunction hours for the non-R&D phases of the demonstration.  These commercial operation phases provide the best indication of SCONOx reliability since R&D phases do not reflect normal equipment maintenance and operation.

	Table 3.  SCONOx Reliability
	
	
	
	
	

	
	
	
	
	
	

	Phase >
	
	VI
	IV
	II
	I

	Time Period >
	
	4/1/00 - 8/31/00
	4/1/99 - 12/31/99
	6/1/97 - 12/31/97
	12/28/96 - 5/31/97

	Purpose >
	
	Control Objective     1.3 ppm
	Control Objective          1.3 ppm
	Control Objective        2.0 ppm
	Control Objective         3.5 ppm

	
	Totals
	
	
	
	

	Months in Period
	           26 
	            5 
	            9 
	            7 
	            5 

	Total Hours in Period
	     21,934 
	     6,478 
	     6,600 
	     5,136 
	     3,720 

	Hours of Non-Operation, Startups, Shutdowns
	       9,934 
	     4,724 
	     4,210 
	        461 
	        540 

	Hours of At-Load Operation
	     12,000 
	     1,754 
	     2,390 
	     4,675 
	     3,181 

	Hours with SCONOx Equipment Breakage
	           77 
	            5 
	          24 
	            8 
	          41 

	SCONOx Reliability, %
	       99.35 
	     99.78 
	     99.05 
	     99.28 
	     97.85 


In the non-R&D phases of commercial operation, Phases I, II, IV and VI, the plant experienced a total of 12,000 hours of at-load operation.  During these hours, SCONOx always operated but exhibited significantly reduced performance (i.e., was unable to meet the NOx control objective) for a total of 77 hours.  As indicated in Table 2, this equates to a reliability factor of 99.35% for the overall period as of August 31, 2000.  This is a conservative definition of reliability in that during most of these malfunction hours, SCONOx, while not being able to meet its NOx control objective, was still quite effective in controlling NOx.

SCONOx reliability naturally improved during the break-in period, Phase I, as more was learned about operating and maintaining the system.  Also, reliability was the subject of additional R&D during Phase V.  Thus current and future reliability may be better than the 99.35% figure calculated on the basis of the overall performance period.  For example, as indicated in Table 2, during the 5 months of operation since completion of the Phase V R&D, as of the end of August 2000, reliability has been 99.78%.

Conclusion   

Performance of Goal Line's improved SCONOx technology at the Federal Power Plant provides a strong technical basis for lowering the current most stringent NOx BACT for large gas turbines from 2.5 to 1.3 ppm (dry, corrected to 15% O2).  Indeed, SCONOx has performed better, by a wide margin, than any pollution control device in the history of power generation.  During the entire period of its development and use, the Federal powerplant has operated profitably and reliably, and any argument with respect to its cost is made moot by this one fact:

Further, SCONOx allows us to glimpse a clean future.  On a dirty day in Los Angeles the air coming out of the Federal powerplant is cleaner than the air going in.  When SCONOx operates at levels achieved at Genetics Institute and Margaritas Textile Services, the air coming out is cleaner than the air going in even on clear days.  SCONOx points the way to eliminating powerplants a source of pollution and its attendant dangers.  Powerplant pollution has plagued this world for over 100 years, and we have taken the first step to righting this inhumane situation.

APPENDICES

APPENDIX I:  SCONOx Testing Summary

The Federal Cogeneration Plant is a South Coast Air Quality Management District (AQMD) "RECLAIM" facility and is thus equipped with a certified continuous emission monitoring system (CEMS).  The CEMS compiles and records 15-minute averages of NOx, CO and O2 concentration levels in the flue gas at the stack.  The 15-minute average NOx and O2 data are provided to the South Coast AQMD on a monthly basis.  As required for all RECLAIM facilities, the CEMS system on the Federal Cogeneration Plant is subjected to an annual relative accuracy test audit (RATA), which is conducted by an independent testing firm.  To further validate the SCONOx performance, this CEMS is periodically subjected to additional checks by the independent testing firm (approximately bimonthly).

The following independent tests were performed by the SCAQMD certified testing laboratory, Delta Air Quality Services:

Date     Testing Description                 
Results/Comments
 Apr-97 

Formaldehyde                         

Show 97.2%

         
Acetaldehyde, benzene                 

reduction of formaldehyde, 93.9%

        
 Use EPA method 0011, liquid          
removal of acetaldehyde

         
Chromatography CARB430

         
EPA TO-14 gas chromatography,

         
Mass spectrometry

 May-97  

Relative Accuracy Test Audit (RATA) 
 Show relative accuracy within

         
Use Certified Scott Gas 1L2242      
 
7.5%; as such only require annual

(12.32ppm NOx)                       
RATA (Low level calibration error <1%)

 Jun-97  

84 Point Mapping Test                

All measured locations

         
Use certified Scott Gas              

showed levels less than 0.5ppm

         
SG9148350 (3.8ppm NOx)              
(Average = 0.16ppm)

 Jun-97  

Particulate Stack Gas Test  

Show no increase in PM with

Use SCAQMD Method 5.2  

SCONOx (.43 lb/hr vs.75

Lb/hr at Growers)

 Sep-97  

Inlet Air Gas Turbine Particulate Test
Show 0.22 lb/hr inlet particulate

         
Use SCAQMD Method 5.2,              
concentration.

         
EPA Method 201A

 Sep-97  

Hydrocarbon (ROG) Emissions Test     
Show no increase in ROG's

         
Use SCAQMD Method 25.3               
with SCONOx Non Detectable

         
Couriered samples analyzed by

         
Atmospheric Assessments Associates

         
(Certified laboratory) within 48 hours 

of sampling

 Sep-97  

24 Point NOx Stratification
Confirm NOx at CEMS probe 


Use certified calibration location

is within 0.17 ppm of stratification 

gases: Scott CC28143 (2.222ppm NOx),
average

SG9148350 (3.8 ppm NOx)

 Oct-97  

NOx Analyzer Linearity               

Meets 90% accuracy linearity

         
Use certified Scott Calibration      

requirement in 40 CFR 75 Appendix 

        
gasses: CC103926                     

A Section 3.2 (Test 17.0ppm Gas;

         
(23.46 ppm NOx), SG9148350           
measures 16.8 (< 2% error))

         
(3.8 ppm NOx)

 Jun-98  

NOx Stratification                   

Confirm NOx at CEMS probe

         
Use Certified Calibration            

Location is within 0.13 ppm

         
Gasses: Praxair SA11929(20.6ppm NOx),
of stratification average

         
SA8645 (10.3ppm NOx)

 Jun-98  

CEMS NO2 Conservation Investigation  
Some portion (0.15 ppm) of NO2

         
for Federal                      


is water soluble/can dissolve into

         
Use certified cylinders              

collected condensate

         
Scott CC86276 (6.42 ppm NOx),

         
Praxair SA15654 (24.4 ppm NOx)

 Jun-98  

RATA low lever calibration tests     
Low Level Calibration Error

         
Use certified calibration gas        

Average = 0.08%

        
Praxair CC48609 (8.16 ppm NOx):      
(at 25% scale: 6.15ppm vs 6.12 ppm

         
Praxair SA11482 (191 ppm NOx);       
at 10% scale: 2.46ppm vs. 2.62ppm

         
Scott 1L2242 (12.32 ppm NOx),        
at 7% scale: 1.63ppm vs. 1.56 ppm)

         
ALM012538 (101.5 ppm NOx)

 Aug-98  

Repeat June 98 NO2 Conservation Test 
Observe 0.16 ppm; compare

         
Use certified Praxair cylinders      

to 0.15 ppm seen in earlier test

         
CC50936(19.5ppm NOx),

         
CC86276 (6.42 ppm NOx)

 Sep-98  

Particulate Stack Exit Test      

 Show PM from Federal with 

SCONOx

         
Use SCAQMD Method 5.2                
not higher than Growers (0.28 lb/hr

                                             


vs. 0.60 lb/hr)(Growers Mod I SCONOx unit 

had been decommissioned August 1996)

 Sep-99   

Relative Accuracy Test Audit        

Relative accuracy within 7.5%;

         
Introduce calibration gas at         

as such, only require annual RATA

         
5%, 10%, 20% of full scale           

show low level calibration average

         
Use certified calibration gas:       

percent error = 0.37%

         
Praxair SA11482 (191 ppm NOx)

 Sep-99  

24 Point Stratification              

Show CEMS NOx probe within

         
Use Scott Certified                 
 
0.07 ppm of Stratification

         
Calibration Gas 1L3822               

Average

         
(0.9214ppm NOx) and

         
ALM033919 (1.925ppm NOx)

 May-00   


NOx Stratification                 
 
Confirm concentration of

         
Use Scott Specialty gases nitric oxide
NOx at location of CEMS

        
 bottles 1L3822 certified at          

Probe is within 0.02ppm

         
0.9214 ppm and ALM033919.            
of the average of the 24 point

         
(Certified at 1.925 ppm) Tests       

stratification test

         
conducted in accordance

         
with EPA/SCAQMD Method 1

         
and 40 CFR Part 60 Appendix B;

         
SCAQMD Source Test Manual

         
Chapter X  Section 13.  Use API

         
analyzer (extractive CEMS).

 May-00  

Measure control efficiency of CO, NOx
>95% CO Control

         
Use modified Scott Specialty         

95% NOx Control (to 1.1 ppm

         
Certified Calibration Gas bottles:   

from 20.2 ppm)

         
ALM033919 (1.925ppm NOx),

         
1L3822 (0.9214ppm NOx),

         
SGAL2541 (9.25 ppm CO),

         
SA11685 (5.11ppm CO)

         For the above NOx and CO tests,  Delta Used the modified EPA Method 10;

         an API Model 300 non dispersive infrared/gas filter correlation

         analyzer (outlet) and a Thermo Environmental Corporation Model 48

         (inlet); Delta used EPA Method 7E for NOx; a Thermo

         Chemiluminescence analyzer (Model 10AR)

APPENDIX II:  DATA ACCURACY

Sunlaw’s last ten years of work has definitively proven the accuracy of the CEMS and independent testing such that emissions data can be accurately measured to within fifteen one-hundredths of one part per million (0.15ppm). The quality of the data Sunlaw has obtained from its continuous emissions monitor system (CEMS) on its General Electric LM2500 gas turbine equipped with the SCONOx™ emissions reduction system is discussed below.

There are five indicators of data quality.  They are 

Precision

Accuracy

Representation

Comparability

Completeness

Each of these indices are defined and discussed below:

Precision is a measure of the reproducibility of laboratory analyses of the same sample.  It is expressed in terms of distribution or scatter of the data, and traditionally calculated as the standard deviation or coefficient of variation (CV, standard deviation divided by the mean).  

Precision can be represented as a standard deviation (STD Dev.) such as uncertainty or a confidence interval.  Data sets of the May 2000 low-level spike test showed a standard deviation of 0.063 ppm between expected and observed values.  This corresponds to an uncertainty of 0.02 ppm (STD Dev/n1/2) and a 95% confidence interval of 0.05.  Translated, this means we are at least 95% confident that the difference is truly somewhere between 0.08 ppm and 0.13 ppm.  

Another way to look at precision, especially at low concentrations is to calculate a method detection limit (MDL).  The method detection limit is defined by 40 CFR 136, Appendix B-Definition and Procedure for the Determination of the Method Detection Limit – Revision 1.  It states, “The method detection limit is defined as the minimum concentration of a substance that can be measured and reported with 99% confidence that the analyte concentration is greater than zero, (or in this case different from the expected value) and is determined from analysis of a sample in a given matrix containing the analyte.”  The MDL is determined by seven replicate analyses of an analyte in a given matrix at one to five times the estimated MDL.  It is calculated as: MDL = 3.143 S where S is the standard deviation of the replicate analyses, and 3.143 is the student “t” value corresponding to seven replicates with n-1 degrees of freedom at the 99% confidence level.

Because the method detection limit may not completely specify the confidence an analytical laboratory has in reporting a result, a laboratory typically presents a reporting limit or quantitation limit.  The numerical difference between the method detection limit is defined by the CFR and a laboratory’s reporting limit varies for different types of analyses and sample matrices but generally varies from the MDL value by being approximately three times greater than the MDL.

Analyzing the May 2000 low level spike recovery data in this manner indicates a detection limit of 0.15 ppm and a corresponding reporting limit of 0.45 ppm.  This shows that Sunlaw has a system precise enough to report values greater than .45 ppm and expect them to be accurate to ( 0.15 ppm.

Accuracy is a measure of the degree of conformity of a value generated by a specific procedure to the assumed or accepted true value; it includes both precision and bias.  Bias is the persistent positive or negative deviation of the method average value from the assumed or accepted true value. 

The May 2000 test showed relative accuracy of 2.0% (@ 5-6 ppm).  Precision has been discussed.  Bias is evaluated during low and high levels spike recovery tests, as well as during NO2 conservation tests.  Both spike recovery tests at 5-6 ppm and 12 ppm show that bias is not significant.  

The June, 1998 NO2 system conservation test also investigated bias.  This test showed a loss of 40% of NO2  spiked into the system.  Applying this ratio to the measured NO2 values indicates a loss of  0.15 ppm NOx (which is a small fraction of the total NOx).  This is consistent with a MDL of 0.15 ppm.

Representativeness expresses the degree to which sampling data accurately and precisely represent a characteristic of a population, parameter variations at a sampling point, or an environmental condition.  The representativeness criterion is based on making certain that sampling locations are properly selected and that a sufficient number of samples are collected. 

There are two parts to representativeness.  First, samples were collected from representative locations in the stack.  Stratification results show the CEMS probe is within 0.02 ppm of the average of the traverse.  Second, samples were taken during representative operations.  Furthermore, data collected for six months involves all operating conditions, which is again representative of actual operations.  

Comparability is a qualitative parameter expressing the confidence with which one data set can be compared with another.  Sampling data should be comparable with other measurement data for similar sample collected under similar conditions.  This goal is achieved using standard techniques to collect and analyze representative samples and by reporting analytical results in appropriate unites.  Data sets can be compared with confidence when the precision and accuracy are known.

This is the foundation of Reference Method testing.  All sources compare to the same method.  Limits are set using numerical value, averaging time, and Reference Method.  The data is then comparable-to limits, to reference tests, to certified standards, to other sources, etc.  A BACT limit is a standard and should have a value (1 ppm) an averaging time (3 hours) and a reference method (SCAQMD methods or certified CEMS).

Completeness is an expression of the number of valid measurements obtained compared with the number planned for a given study.  The goal is to generate a sufficient amount of valid data.  Very simply, Sunlaw planned to obtain six months of data and got six months of data.

At the pre-stated performance levels the Federal CEMS is accurate to 0.1% of the analyzer full-scale range.  Additionally, API guarantees their NOx analyzer to ( 0.1% of full-scale range.  The facility performs daily calibrations as part of their facility’s CEMS Quality Assurance & Quality Control (QA/QC) program.  The daily calibrations are performed using EPA Protocol 1 certified calibration gas.  The review of the data demonstrates that the NOx component of the CEMS performs well within the applicable standards of performance required under RECLAIM for the CEMS.

For all of the above-cited reasons, Sunlaw’s CEMS data is more appropriately described as accurate to ( 0.15 ppm than by accurate to (1 ppm.
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