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INTRODUCTION

Potential legislation concernirime particulate oPM-2.5 (particulatanatter less than 2.5
microns) has been under discassfor several yearsAtmospheriair quality is thassue that
legislation is trying to addresdHoweverstack emissions from stationary sources are only one
contributor to atmospheric Pi.5. SincdPM-2.5 can come from a wide variety of sources (road
dust, automobile exhausts, farm fields, acid condensation, etc2,%bm stationary sources

is onlyone source contributing total atmospheric PA2.5. Also the PM2.5 generated by
stationary souwres can come from two disttly different sources; HJolid particulate

emissions, and 2) gaseous emissions which condense in the atmospherEPAIS#dies have
shown that PMR.5 in the Eastern USA atmospharensists nearly 50 % of condebsa

sulfates, nitrates, and ammonium. Unfortunately, the ESP is a device which only collects solid
particulate, and does not collect these conal#asnaterialgnote that a fabric filter is also just a
dust collector) Therefore gaseous species will pass thinahe ESP to atmosphere with no
control by the ESP. If control of gaseous species is required, a wet flue gas scrubber, or
dry/semidry injection of sorbents ahead of the dust collector (ESP or FF) must be used.

DISCUSSION

When designing ESPs to calte®PM-2.5 or even PM in general, the test method becomes
extremely critical. The most commgarticulatetest methods in use today in the USA are listed
below, with comments on the amount of condensable mateaiaistincluded as particulate;

TestMethod Comments

EPA 17 Measures particulatgocks)only

EPA 5F Measures particulatgocks)only

EPA 5 (320F Probe Temperature) Particulate plus small level of sulfuric acid
EPA 5 (248F Probe Temperature) Particulate plus high levels stilfuric acid
EPA 5 (180F Probe Temperature) Particulate plus most sulfuric acid

PM 201 Particulate plus all sulfuric acid

PM 202 Particulate plus all sulfuric acid



Depending on the test method required for permitting, the solitgate (rocks) can make up

all or only a part of -tinlegpeople eferdorteodt hdifpatcht t i1 cul a
asthen f i | t erabl ed particul at e.theaifpoletorendustythano mo r e
Afi |l ter abl Bohe pRRWheni discudsiagtthe atmosphepirticulatefilterable

particulate means solid particulate plus all condensable particEB#&.test methods 201 and
202 clearly state their intent to include condensibles as particdlatan ESP vendor, férable
particulate meansolid particulate (rocks) onlfas measured by EPA Test Methods 17 or 5F)
After all, solid particulate is athatan ESP collects and is therefore all the ESP vendor can
guarantee. Sometimes ESP systems have to be desigesttéone low solid partidate
emissions, so that the swhsolid particulate plus condensiblg®. the secalled filterable
particulate)meets the environmentabmpliancemethod/limit. Note that this same discussion
applies equally to fabric filtersyhich also only collect solid particulate.

1. ESPs for Electric Utilities

With regard to the impact of ESPs on the solid particulate, stbdiesbeen performezh the

particle sizes of particulate entering and leaving our ESRisllerrizedcoalfired boilergi.e.

electric utilities) We have found first that the measurement of particle size is an imprecise
science and that depending on test method, different results are possible. For example, typical
mass mean particle size distributions forveuizedcoal fired boilers (at the ESP inlet) with

various test methods would be as follows;

Test Method Typical Mass Mean
Insitu Plate Type Impactor (Anderson) 5 Microns
Centrifugal Laboratory Sizing (Bahco) 12 Microns
Insitu Cyclonic Impator (Brinks) 16 Microns

Thus, even when discussing solid particulate only, there is confusion as to just what portion of
the particulate is what particle size. However for the purposes of this paper we have based the
following discussion on Bahco tedata. We chose Bahco because there tends to be more
historicaldata available on outlet particle size using a laboratory device.

A high efficiency ESP will emit particles both larger and smaller than 2.5 microns. And the
particle size distribution iV get finer and finer as the ESP efficiency increases. This is because
the ESP is more efficient on large particles than small.



If we consider a typical coal analysis (i.e. HHV=12,000 BTU/LB and 12 % ash), the total solid
particulate ESPniet concentration would be;

1,000,000 BTU /12,000 BTU/LB * 0.12 Ash * 0.85 Carryover = 8.5 LB/MMBTU

From historical data, typical particle sizéor a utility pulverizedcoal fired boiler would be a

mass mean df2 microns and a standard deviatiof 3.8 The particle size distribution would be
as shown on Figure 1.

FIGURE 1

100 TYPICAL PARTICLE SIZE DISTRIBUTION (BAHCO METHOD)
PULVERIZED-COAL FIRED BOILER

50
+lo
==== = SES=8 s=

30

® it
UL
5 20
4
1S
=
wi
N
7] - |
w 10 X
—
o 9.
'E 8
—3

&l = = = =

. e E

5

4

EE H - ==

= R EESSS

2,50 o

2

1

001 00501 02 05 1 10 20 30 40 50 60 70 80 0 9% % 99 99.8 99, 99.99

WEIGHT PERCENT LESS THAN INDICATED PARTICLE SIZE



From Figure 1, we can sdéleat about 11 % of the incoming solid particulate will be-P8.
Thus the inlet loading of PM.5 would be;

8.5 LB/MMBTU * 0.11 = 0.935 LB/MMBTU of inlet PM-2.5

Particle size measuremeritave been madmn the outlet paitle size distribution from high
efficiencyESP's. These studies have shown that asaillextionefficiency of the ESP gets

higher, the outlet particle size distributiortggemaller. Typically, the percentage 2\ in the

outlet particle size distribution for an ESP achieving USA New Source Performance Standards of
0.03 LB/MMBTU (approx. 30 MG/NM3), was in the range of 50 % of the outlet particulate.
Therefore in this cse, we would calculate that the mass emissions eREMnicron particulate

with a total emission of 0.03 LB/MMBTU would be;

0.03 LB/MMBTU * 0.50 = 0.015 LB/MMBTU of PM2.5
Thus the overall calculated efficiency of this ESP on2Mwould be;
(0.935-0.015) / 0.935 = 98.4 % on PRI5
Note that the overall efficiency on total particulate would be;
(8.5-0.03) /8.5 = 99.65 % on all particulate

So as mentioned above, the ESP is less efficient on fine particles than large, but ESPstdo collec
fine particles at high efficiency.

Of course the above calculations assume that the ESP makes exactly 0.03 LB/MMBTU on the
outletparticulateemission. However, nost recent ESP stamps on RC boilershave achieved

well better than 0.03LB/MMBTU Pariculate enissions as low as 0.01 LB/MMBTU
(approximately0 MG/NM3) are common on recent stags. If the customer has included some
conservatism in the specified operating conditiom¥@ redundant fieldend the ESP vendor

has additioal conservatisrfor guarantee, the ESPs will do exceptionally well.

In the case of very low emissions, 0.01 LB/MMBTU (approx. 10 MG/NM3), the mass emission
of PM-2.5 would be calculated as follows;

0.01 LB/MMBTU *0.70 = 0.007 LB/MMBTU of PM2.5

Note that for thé case, the percentage of P\ has been increased from about 50 % to 70 % in
this outlet penetration, because the ESP will collect the coarser fractions in high efficiencies.



This serves to make the particle size smaller as the emissions get Tdwerthe overall
calculated efficiency of this ESP on P26 would be;

(0.935- 0.007) / 0.935 = 99.25 % on Pa5
Note that the overall efficiency would be;
(8.5-0.01) /8.5 = 99.88 % on all particulate

Thus these new utility ESPs are deratrating higher than 99% collection efficiency on-2N
solid particulate.

2. ESPs for Biomass Firing

Before discussing PM.50n biomass boilerst might be useful to discuss PM. Legislation

has already been implemented in some parts of tiefoiSbiomass fired boilersvhich has

required PM10 emissions to be achievedowever, most biomass has one important chemical
characteristic, which is that biomass has almost no sulfur content. Thus studies have shown that
the contribution of condendes to particulate mass measurements is very low (using ESP 5 type
testing at 248 F probe temperature). Thus for this specific application solid particulate very
closely approximates atmospheric particulate.

On the above basithe ESP vendors in the BShavebeen abléo make guarantees of

particulate emissions in a specific particle size range. However, guarantees involvity PM

were easy to manage. This is because data on high efficiency ESPs has shown that nearly 100 %
of the outlet particulate igss than 10 microns in size. Thus if a guaranere required for

total particulate less than 0.03 LB/MMBTEgproximatel\80 MG/NM3) and PM10 less than

0.02 LB/MMBTU (approximately20 MG/NM3), we simply sized the ESP to achieve 0.02
LB/MMBTU of total particulate. We could accept either EBAdr EPAL7 testing, because

there was little or no sulfuric acid in the flue gas.

The guarantee of PM.5 on biomass firing is a simple extension of the B\Mcase. There will

be little condensibketo worry abat, and one simplizas to address the fact that some portion of

the dust will be less than 2.5 microns and some greater than 2.5 microns. Assumptions would be
similar to the pulverized coal case, in that as required outlet emission getasswered

fraction less than 2.5 microns would be greater.

One major disclaimer on biomass type firing, is that we are discussing bark, sanajest,
vines, etc. which are naturdbpt material. These types of boileen sometimes get involved
with construction detis, creosoted timbegnd tire firing. These materials, especially tires
which use sulfur as a vulcanizing agesd have higher levels of condensibles. P10
assumptionsannot be extended to that higher sulfur fuels situation.



3. ESPs foRefinery Fluid Catalytic Cracking Units

Perhaps the most complicated application for achieving2Bemissions would be FCCU.

Oddly enough, the problem is not actually in the collection of the solid particsileda/alumina
catalyst fines). Particate emissions on this application with dry ESPs have been demonstrated
down to 0.001 GR/ACFapproximatelyd MG/NM3). Similar to other applications, as the solid
particulate emission gets lower, the percent of the penetrating particulate less thamdh$ mic
gets greater.

The complication o this applications thatthere can be a considerable condensibles contribution
to particulate measurements. The amount of condensibles depends on tes{ ERABISF,

or 17)and probe temperatu(@80 F, 248 F, 30 F, or process operating, IB)l sulfur content,

and presence or lack of hydn@ating. So we camave condensibles contributions ranging from
near 0 GR/ACF, to as high as 5 or 10 times the amount of solid particulate in the fl$®dhs.
selectionof test method is critical to the ESP design, to the point of forcing the technology to wet
scrubbers. If the condensibles present are high and the test method is going to include all or
most of the condensibles as particulate, then the use of an E&Résommended.

This can make the achiieng of total PM or PM2.5 a very complicated situation. What happens
in some cases is that the condensibles contribution is measured/predicted in advance. Then the
ESP has to be sized for solid particulate, sw;th

Solid Particulate + Condensibles Contribution = Total Measured Particulate

Thus the ESP might be sized for solid particulate emissions well lower than the performance
requirement.In this processhie particulate is being praut by a series of twor three cyclones
This removes most of the large particles ahead of the EBéntAe ESP selectively reduces
particle sizeas well Therefore a high collection efficiency ESR FCCU will have autlet
particle size distribution consisg of very hgh, >90%, PM2.5. Therefore the conservative
approach in this case would be to assume total solid particulate to be equal to s@lisl PM

4. ESPs for Cement, Nickel, Lime Mkdins

On kiln applications, there is typically a very coarse/large padiz&edistribution. At face

value, one might assume that these ESPs do not have to collect very many fines. This since the
percent of the particle distribution less than 2.5 microns, is much lower than other applications.
However in fact, there are quitggh levels of fine particulate from kiln applications if the fines

are measured in mass concentration, not percent. This is because the ESP inlet dust
concentrations from kilns are extremely high. Thus a smaller percentage of a much larger mass
concentation can result in fines concentrations levels which are as high or higher than some
other applications.



Condensi bles levels on kilns wil | thddfeelforthene wh a't
kiln can range from natural gas, to cdalpil. There is even disposal of PCB contaminated oils

in some kilns. Therefore care should be taken to evaluate the amount of condensibles, as a
significant contribution is possible under some conditions.

5. ESPs for Pulp & Paper Recovery Boilers

Of all the ESP applications, this is probably the easiest one to deal with in terms205 PM
performance. That is because the ESP inlet particle size on this applisaxiremely fine
(See Figure 2 The typical mass mean particle size on a regoveiler ESP is 50% less than
0.35 microns.



