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OVERVIEW 

The approach to the UARG variability analysis is quite straightforward.  We rely on the regression equations developed by EPRI in its analysis of the mercury ICR data.
  EPRI developed regression models for a total of ten control technology classes.  For each control technology class, EPRI developed one model to predict overall mercury removal efficiency and a second model to predict the percent of elemental mercury in the stack effluent.  With the exception of the cold-side ESP control class,
 all of the models use the chlorine content of the coal as the single explanatory (independent) variable.  Our approach is based on using the individual coal analyses (mercury, chlorine and heating value) reported in Part II of EPA’s mercury ICR.  We simply exercise the appropriate regression model (as a function of control technology class) to predict a mercury emission factor (lb/1012 Btu) for each available coal analysis.  The individual steps are further described in the following paragraph. 

COMPUTATIONAL DETAILS

First, we calculate the uncontrolled mercury emission factor by the dividing the ICR Part II coal concentration (ppm) by the heating value of that sample (Btu/lb).  Next, using the appropriate EPRI regression model (based on control class), we compute mercury removal based on the chlorine content of the ICR Part II coal sample.  Then, we apply the removal percent to the uncontrolled value to arrive at a mercury emission factor for that sample.  We repeat the process for each Part II coal analysis.  Then, we rank order the individual emission factors in ascending order.  Lastly, we compute percent less than a given value and plot the results as a cumulative distribution frequency (CDF).  

To illustrate the approach, consider a unit that is equipped with a cold-side electrostatic precipitator (ESPc) followed by a wet flue gas desulfurization (FGDw) system.  The EPRI regression model for ESPc/FGDw units is shown in Equation 1. 
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Assume the following coal analysis:

Hg = 0.1 ppm, dry basis

Cl2 = 400 ppm, dry basis

Heating value = 12,000 Btu/lb, dry basis

The uncontrolled mercury emission factor is:
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Now, use Equation 1 to calculate mercury removal by the ESPc/FGDw.
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So, the mercury emission factor for the first coal sample is:
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The above-described process is repeated for as many coal samples as that particular facility submitted to EPA pursuant to Part II of the Agency’s mercury ICR.  The individual emission factors are sorted in ascending order and plotted as illustrated in the following graph.

[image: image6.wmf]55

.

0

1438

.

0

)

400

(

Ln

1157

.

0

moval

Re

=

-

´

=


Of course, the frequency distribution presented above illustrates that even the best performing units are not necessarily capable of achieving low emissions 100 percent of the time.

STATISTICAL CHARACTERISTICS OF EPRI REGRESSION MODELS

The following table summarizes the parameters of the EPRI regression models for some of the more important control classes (i.e., best performing/lowest emitting sources).

Control Technology Class
r2
n
Removal Equation

Cold-side ESP (ESPc)

0.53
28
0.1133Ln(x) – 0.2987

Spray Dryer/Fabric Filter (SD/FF)
0.91
10
0.2854Ln(x) – 1.1302

Cold-side ESP/wet FGD system (ESPc/FGDw)
0.70
11
0.1157Ln(x) – 0.1438

Fabric Filter (FF)
0.19
9
0.1816Ln(x) – 0.4287

Fluidized Bed Combustor/Fabric Filter (FBC/FF)
0.57
6
0.1394Ln(x) + 0.1127

The relationship among the r2 value of a regression model, the degrees of freedom, and the t-statistic is given by Equation 2.  We determine a confidence level from the calculated t-statistic. In this application, the phrase “confidence level” is the degree of certainty that the regression model is not reflecting random chance
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Where:








t = t-statistic for a two-tailed comparison







df = degrees of freedom = number of samples minus 2.
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Solving Equation 2 for the above ESPc/FGDw example with r2 = 0.7 and n = 11:
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For a t-value = 4.58 and df = 9, the confidence level is (1- 0.0013) = 99.87%.  In other words, we have a high level of confidence in our predicted emission factors for the for ESPc/FGDw control configuration.  

The confidence level for the above-cited EPRI regression models ranges from essentially 100 percent for the ESPc and SD/FF control classes to approximately 76 percent for the FF control class.  We have looked into the relatively low r2 value for the fabric filter control class, because it is an important configuration with respect to the mercury MACT rule.  For example, we have two FF Texas lignite units with low chlorine concentration (i.e., 133 and 167 ppm) and low mercury removal (i.e., 8 and ~ 0 percent).  Unfortunately, we have two other FF units with similar chlorine concentrations (i.e., 127 and 100 ppm) and fairly significant mercury removal (i.e., 66 and ~ 100 percent).  As you can imagine, these four data points make it almost impossible to have a large r2 value when modeling the FF control class.  Of course, these data points are nothing more than a reflection and a reality of the Part III ICR data – not especially different from those apparent negative removal efficiencies that occupied such a significant amount of Working Group time earlier this year.  

If you have any questions concerning the calculations described in this memorandum, please do not hesitate to call me at (919) 510-0376.  I look forward to continuing our dialogue on the important topic of mercury emissions variability.
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� See Table 3-7, “Assessment of Mercury Emissions from U.S. Coal-Fired Power Plants,” EPRI Report No. 


1000608, October 2000.


� The independent variable to predict mercury removal for the cold-side ESP class is the ratio of the chlorine concentration in the coal to SO2, computed from the sulfur concentration in the coal. 


� The cold-side ESP model is based on a large number of data points because we were able to use both the ESPc only units as well as the ESPc/FGDw units.  Of course, for the ESPc/FGDw units, we included only the Hg removed across the ESP.
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