EPA/452/B-02-001

Section 2

Generic Equipment and Devices



Chapter 4

Monitors

Danid C. Musstti

Innovative Strategiesand Economics Group
Air Quality Strategiesand StandardsDivision
Officeof Air Quality Planning and Standards
U.S. Environmentd Protection Agency

Research Triangle Park, NC 27711

Margaret Groeber

SAIC

2260 Park Ave, Suite 402
Cincinnati, OH 45206

DanMdoney

D&E Technicd

1008 W. William Street
Champaign, IL 61821

Walter Koucky and

PaulaM. Hemmer

E. H. Pechan & Associates, Inc.
3622 Lyckan Parkway, Suite 2002
Durham, NC 27707

October 2000

EPA/452/B-02-001



Contents

vt I g1 oo B [ o o ISP 43
4.2 Continuous Emissions MONITONNG SYSLEMS ......ccueueererieeesiesesieseseseesseseseeseeseesseseesessessessessessessessenses 44
S o)L T S =1 1 45

A2 LTEXIECHVECEMS ...ttt ettt ettt et 46

4202 INSHUCEMS ...ttt ettt et 48

4.2.2 MONItOrSand GaS ANAIYZEIS........ccuevieiireriereseeseeieeeesese e e e seessesseseseeseesessessessessessessenses 410

4.2.3 DaaACQUISTTION SYSLEIM ...ttt st sttt b e bt sae b e 413

4.3 ParametriC IMONITOMNG .....cueeueeeeuerieieeteetesie sttt sttt se s e esesbessesbeebesbesaesbebeseeseensaneeneeneenseneaneaneas 414
4.3.1 PartiCUlAE MELLEr (PIM) .....eeeeiiie ettt se e ne e snesne e 416

.32 SUITUN DIOXITE ...ttt ettt b et be bt et e b sb e s et e e e e e e e ne e e eneeneenis 418

4.3.3 CarDONMONOXITE ...ttt ettt b et e bt e e e e e et e e e eneens 419

.34 NITFOUSOXITAES ...ttt ettt h e b e bttt b e e besa e et e beseese e s e e e e eneeneanas 421

E R SR @ o o TSROSO 423

.38 VOCS ...ttt sttt ettt sttt st sttt s et Re bRt e R et Rt bt Re et Rt Re et bt ne et ne et neeene 423

A.3.7 DAS .ottt R ettt E et bt R et R et be st bt Re st st nenne 426

4.4 Estimating Capital and Annual COSESTOr CEMS.... ..o 4-26
4.4.1 Development Of COSt EQUALTONS .........oouirieieieeeiieiere et sre e e seeneas 427

A.4.3 TOA ANNUBI COSES ...ttt ettt s a et e be e e s e e e e et e e e ne e e seeeaeenas 433

A5 SAMPIECAICUIBLION ...ttt ettt b e be s et st e besbese e e e e e e e e e e eneaneaneas 434
4.6 ACKNOWIEAGEMENTS ...ttt ettt s e bt et st ebesbe s et ebesbesbeseebeeese e e e s aneaneeneas 4-36
LS (= = 16U 4-36



4.1 Introduction

Emissonsmonitoringisanincreasingly important part of air pollution control. Air pollution
legidation often takestheform of emissionslimitsor guidelineswhich anindustrial processmust
meet. Monitoring demonstrates compliance with regulatory or permit limits. Inaddition, monitor-
ing providesinformation regarding gaseous pollutants and parti culate matter released into the at-
mospherethat can be used for compiling emissionsinventory data, permitting new and existing
facilities, and performing audits. Industrial facilitiescan use emissionsmonitoring to assessand
monitor process control and efficiency, to determine pollution control deviceefficiency, and to
monitor health and safety within the plant. Participationin emissionstrading programsgeneraly
requiresemissionsmonitoring.

Theterm monitor refersto awidevariety of instrumentation used to measurethe concen-
tration of both gaseous compounds, particulate matter and physical propertiessuch asopacityina
wastegasstream. Therearemany different typesof monitorscommercidly availablefor emissons
monitoring. Monitorsgenerally requireadditional equipment for samplecollection, calibration of
instruments, and data acquisition and processing. Monitors must be ableto provide accurate
reproducibledata.

The1990 Clean Air Act required enhanced and periodic monitoring for specific pollutants
at various stationary sources. These requirementswere codified in the Compliance Assurance
Monitoring (CAM) Rule. Emissionsunitswithar pollution control equipment at sourcesregulated
under TitleV arerequired to have CAM. CAM requiresamodificationtotheTitleV permit to
include aprogram to establish monitoring adequate to demonstrate compliance with applicable
regulations. TitleV recordkeeping and reporting requirementsapply to CAM affected units. States
haveflexibility in establishing adequate CAM approaches.

Under the CAM Rule, there are two viable monitoring optionsfor monitoring source
compliancewith permitsor regulations. Thefirst optioniscontinuousemissionsmonitoring
(CEM), whichisadirect measurement of pollutant concentration from aduct or stack onacon-
tinuousor periodic basis. The second optionispar ametric monitoring, whichinvolvesindirect
measurement of emissions by monitoring key parametersrelated to the operating statusof air
pollution control equipment or process equipment. Parametric monitoring requiresdemonstration
that the processor control parameters being monitored correl ate to measured pollutant emission
levels

CEM isrequired for large sources or sourcesthat have monitoring requirements under
New Source Review (NSR), New Source Performance Standard (NSPS), National Emissions
Standardsfor Hazardous Air Pollutants (NESHAPS), or other State requirements. CEM isre-
quired under someof the EPA regulationsfor either continual compliance determinationsor deter-
mination of exceedances of the standards. [1] Parametric monitoring ismorefrequently used at
small emission sources. Asaresult of the CAM Rule, parametric monitoring isbecoming increes-



ingly important. Use of parametric monitoring can provide moreflexibleand less expensive op-
tionsfor demongtrating compliancefor regulated sources.

Sdlecting the proper monitoring equipment or parametric method involvesmorethanbasic
cost and performance comparisons. Operational conditionsvary fromfacility tofacility for agiven
source category, making the choice of monitoring equipment uniqueto eachingtdlation. Thechoice
of monitoring system dependson thefollowing [Clarke, 1998] considerations:

i physical/chemica propertiesof the pollutant and waste gas stream,

[ regulatory or permitting limitsand any associated reporting requirements,
[ location and method of collecting, processing, and disposing of samples,
| calibration and accuracy requirements,

| qudity assuranceand quality control requirements,

[ mai ntenancerequirements, and

[ facility safety and management.

Thischapter describes cost estimation methodsfor monitoring equipment used to determine
compliancestatusunder the Clean Air Act.

4.2 Continuous Emissions Monitoring Systems

A continuousemission monitoring system(s) (CEMS) isanintegrated system that demon-
strates source compliance by collecting samplesdirectly from the duct or stack discharging pollut-
antstotheatmosphere. A CEM Sconsistsof all the equipment necessary for the determination of
agasor particulate matter concentration or emission rate. Thisincludesthree basic components:

T thesampling and conditioning system,
I thegasanalyzersand/or monitors, and
I dataacquistionsystem (DAS) and controller system.

A CEM Scan bedesigned to monitor asingle pollutant or multiple pollutantsand waste gas Stream
parameters. Gaseous compounds, particul ate matter, opacity, and volumetric flow rate aretypi-
cally monitored by CEMS. Figure 4.1 depictsatypical CEM Slayout for multiple parameter
monitoring.
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Figure4.1: Typica CEMSfor Multiple Parameter Monitoring

Proper placement of sampling portsin thewaste gas stream and proper equipment selec-
tionfor thecomponentsareall critical for the collection of accurate and reproduci bleinformation
fromaCEMS. For thisreason, thedesign of aCEM Sisusualy based on vendor experienceand,
therefore, vendor-specific. Most systemsare provided ona*“turnkey” basiswherethevendor
supplies, ingtals, and and tests all necessary equipment [18].

EPA has published standard methodsfor installing, operating and testing CEMS. EPA
rulesspecify thereference methodsthat are used to substantiate the accuracy and precision of the
CEMS. TheEPA aso maintains performance specificationsused for eva uating the acceptability
of the CEM Safter ingtdlation. Finaly, therulesprovide quality assuranceand control procedures
to evaluate the quality of data produced by CEM Soncein operation [18]. Thedataproduced
under these standard or reference methodsare direct and enforceabl e measurements of emissions.

4.2.1 Sampling Systems

CEMS are divided into two major categories, extractiveand in situ. In situ CEMS
typicaly havemonitorsand/or ana zyerslocated directly inthe stack or duct. ExtractiveCEMS
captureasamplefrom theduct or stack, condition the sample by removing impuritiesand water,
and transport the sampleto an analyzer in aremote, environmentally protected area. Somemoni-
toring system designsmay employ both typesof systems. Thetwo systemsarediscussed in greater
detall inthe next sections.

All sampling systems need programmabl elogic controllers (PL Cs) to link the sampling
equipment to both monitorsand DAS. PL Csare generally modular in design and used widely
throughout industry. Typica functionsof PLCsare:



. Logictiming

. Counting

. Datatransfer

. Triggering automatic functions

. Providinganaogtodigita signal converson

. Regigeringdarms

. Datalogging

. Perform mathematical caculationsor calibration functions

In CEM S applications, PCL s manage sampling and calibration by controlling solenoid
valvesthat send either waste gasor calibration gasto themonitor. Thisinformationisalso sentto
the DASto prevent cdibration datafrominadvertently being used assampledata. PL Cstypicaly
control functions such as zero and span checks, darmsfor excessemissionsor system malfunc-
tionsandinterfacingwiththe DAS.

4211 Extractive CEMS

Inan extractive CEMS, the system extractsasample at aspecified siteinthewaste gas
stream and then trangportsit toamonitor in an environmentaly protected area. Thistypeof system
protectsthe monitoring instrumentation from thehigh temperatures, high velocities, high pressures,
particulate matter, corrosive substances, and water vapor inthe waste gas stream.

A sampleistransported from the sampling probe | ocation to the analyzer or monitor. In
generd, the samplerequiressomeform of conditioning prior to analysis. Conditioning caninclude,
filtering of particulate mater, removal of water vapor, cooling of the sample, and dilution of the
sample. Extractive systemsare generally classified based on thetype of conditioning: hot-wet,
cool-dry, or dilution. Hot-wet systems maintain the sample at high temperature and do not
removewater vapor. Cool-dry systemslower the sampletemperature and remove water vapor.
Dilution systemssampleat low flow rates or dilutethe sample prior to analysiswhichresultsin
lower water vapor and parti culate matter content. Conditioning may be performed at the port or at
theandyzer. Depending onthetypeof system, extractive CEM S sampling and conditioning equip-
ment can include sampling probe/port, sampling transfer lines, line heaters, apump, afilter, a
condenser or dryer, and chillers. The choice of sampling system typeisapplication-specific[18.]
Figure4.2 showsatypica extractive systemwith acool-dry sampling system.

Extractiveandyzersaretypicaly lessexpensiveand easier to maintain and repair thanin
situanalyzers. Thisisprimarily dueto their location in an environmentally controlled room at
ground level, rather than at the source. Duetotheir ocation they do not require additiona envi-
ronmental protection. Inaddition, theanalyzersare easily accessibleto techniciansfor mainte-
nance and repair. Having an environmentally controlled room aso allowsthe calibration gasses
and systemsto belocated in the same area, which simplifiescalibrations.



Analyzers

Conditioning
System

Heated Sample Line

Figure4.2: Exampleof an Extractive CEM Swith Cool-Dry Sample

However, the advantages of extractive CEM S can be offset by the requirements of the

sampling system. Initia costsof sampling systemscan be quitehigh, and sampling and condition-
ing equi pment requiresroutine maintenance. Other sample handling problemsinclude:

Probesand linesclogging with contamination,

Heated linesfailingin cold climates causing water to freeze and block lines,
Probefilter causing lossof pollutant asit passesthrough the probe media
(scrubing),

Dilution probe causing temperature, pressure, gasdensity effects, and water dropl et
evaporation when dilution air isadded to the samplegas,

Water entrainment,

Leaksinthetubing or e sawhereinthe system,

Adsorption of pollutant to thewall, filter, tubing or other components, and
Absorption of pollutant to thewater whichisremoved by aconditioning systems.

Other important factorsin sel ection and design of monitoring systemsinclude:

Regulatory requirements,
Dataavailability (% timemonitor suppliesdata)
Volume of waste gasmust which must be collected and conditioned [ 18].

Thereareanumber of commercialy available CEM Smonitorsand gasanayzersavail-

able, including severa multi-pollutant andyzers. Thismanud providescogtsfor thefollowing types
of extractive CEMSgivenin Table4.1:
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Table4.1: Pollutant Monitoring Capability for
Commercidly Available Extractive CEMS

Gaseous Compound Analyzers Monitors
NO, Opacity
SO, PM
COCO, Flow Rate
02

THC

HCl

4212 InSituCEMS

Insitu CEM Sare systemswherethe anayzer isphysically located in the stack or duct.
Theeffluent gasismeasured in Situ asit flowsthrough asampling location placed in the stack or
duct. Two typesof in situ measurementsare possible: point (in-stack) and path (cross-stack).
Point measurementstake place at the precise point where the sampling cell islocated. Path
measurementsaretaken acrossagiven path intheemissonsstream. M ost path measurementsare
taken by sending asignal acrossthe stack and reflecting it back to adetector near the source of the
signad. Theemissonscrossing that path arethen averaged over agiven period of time. Figure4.3
depictsatypical instuCEMS.

In situ monitorsrequire durable construction and are generally enclosed in sturdy, sealed
cabinetsto protect them from extreme temperatures, moistureand corrosive gases. Asaresult, in
situmonitorsaregenerally more expens ve than comparabl e extractive monitors.

Theprimary advantage of in situ monitorsisthelocation of the monitor in close proximity
to the sampling probe, which minimizestheloss of contaminate from leaks, absorption, and
adsorption, and also eliminatesthe need for acomplex and costly sampling and conditioning
system.

Although insitu analyzers were devel oped to avoid maintenance and avail ability prob-
lems associ ated with the sampling systems used in extractive monitoring, some problemsremain.
Service, maintenance and replacement of inStu analyzersismoredifficult thanwith extractive units
duetotheir locations. Becausethe concentration of pollutants (especially particulate matter) ina
stack isnot uniform, placement of thein situ analyzer (like placement of theextractiveanayzer’s
probe) isacritical consideration. The sampling probe can become contaminated or plugged.
Although the problem of gas sampl etransportation to the monitor has been eliminated by insitu
placement, the need to take calibration gasto thein situ analyzer hastakenitsplace.
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Figure4.3: Exampleof an In Situ CEM Swith Path and Point Sampling

Thereareanumber of commercialy available CEM Smonitorsand gasanayzersavail-
able, including severd multi-pollutant andyzers. Thismanud providescostsfor thefollowing types
of ingtuCEMSgivenin Table4.2:

4.2.2 Monitorsand GasAnalyzers

A monitor isadevicethat sensesor measures aphysical/chemical property of agiven
substance such aslight absorption. The sensor or measuring device generatesan electrical output
signal. Strip chartsand/or computer data acquisition systemsrecord the output signal, which
correlatesto apollutant concentration or other parameter (e.g. flow rate) through an equation,
graph, or more complicated mathematical relationship. CEM S convert resultsinto unitsof the
applicableemission standard and providearecord (typically aprinted chart and/or an el ectronic
datafile). Many integrated systemsa so include acalibration system for gasanalyzersthat auto-
matically performsand recordstherequired calibrationson aperiodic basis(e.g., daily).

Table4.2: Pollutant Monitoring Capability for
Commercidly AvailableInStuCEMS

Gaseous Analyzers Compound Monitors
SO, Opacity
CcO PM

0, Flow Rate
SO,/NO,

SO,/NO /O,

CO/CO,




Older generation gasanalyzers produced only arel ative measurement (e.g., percent of full
scale) that needed to be compared against the calibration gases before the stack concentration
could becaculated. Many current generation anayzers can control and integrate ca culation data
allowing themto read actud stack concentrationsonthefront of theinstrument. Theseanalyzers
may al so perform dataacquisition functionsand communicate directly with computersthat pro-
duce reports. Theconfigurationsand ingtd lation requirementsvary widdly between different ana
lyzersand applications.

Critical factorsin selecting thetype of analyzer or monitor for aparticular application
include gas concentration, stack and ambient temperaturesand the presence of contaminantsthat
could damage or interferewith the sampling or andyzer systems. Other issuessuch asdataavail-
ability requirements may influence andyzer selection or drivethe need for two anayzerswith one
inabackup capacity. Theseissuesimpact equipment sel ection and can substantially impact capi-
tal, operating, and maintenance costs. Asmanufacturesovercome past limitations, monitorsand
gasandyzersare becoming moreversatile. Theselection of amonitor and the cost andlysisshould
be performed on asite-specific basis.

A technical discussion onthetypesof monitorsand gasanayzersthat arecommercially
avallablefor extractiveandin situ systemsis beyond the scope of thisdocument. Reference[18]
providesadetailed technica discussion of gasanalyzersand monitorsfor varioustypesof CEMS
and the pollutants and parametersthat can be monitored. Table 4.3 and Table 4.4 summarizethe
varioustypesof monitorsthat are currently availablefor extractiveand in situ systemsincluding
both point and path type monitors. A discussion on selected monitorsisprovided below.

Fourier Transformation Infared Spectroscopy

Fourier Transformation Infrared Spectroscopy (FTIR) detects compounds based onthe
absorption of infrared light at critical wavelengths. The amount of absorption isdependant onthe
molecular bonds present in the waste gas compounds. Thisabsorption createsaunique” finger-
print”, or chemica signature, that can be analyzed to determinethe compounds present and their
concentrations. Current FTIR CEMscan accurately monitor up to Six gaseous compounds (SO,
NO,, CO, HCl, CO,, and O,) varioushazardousair pollutants, and volatile organic compounds
smultaneoudy. Figure4.4illustratesasmplified schematic of an FTIR Analyzer. [4]

Current FTIR systemsare primarily extractive sampling instrumentsand havesmilar in-
stallation requirementsto extractive CEMS. Although FTIR instrumentstend to be more expen-
gvethan other anayzers, theability to monitor multiple pollutantswith oneinstrument improvesits
cost effectiveness. AsFTIR CEM Sareardatively new technology, thereislittleinformation on
their long-term performance. Dueto the precision of theinstrument, maintenancerequirementsare
high. Maintenanceof aFTIR CEM Srequiresthefollowing:
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Table4.3: Extractive CEMS GasAnayzers[18]

Absorption Luminescence Electro Analysis Paramagnetic
Spectroscopic Methods Methods Methods Methods
(Infrared/Ultraviolet)

Spectrophotometry Fluorescence Polargraphy Thermomagnetic
Differential Absorption Chemiluminescen Potentiometry Magnetodynamic
Gas Filter Correlation Flame Photomete Electrocatalysis Magnetopuematic
Fouier Transform Infrared Amperomatic

Conductimetric

Table4.4: In-Situ CEM S GasAnalyzers[18]

Gas Analyzers PM Monitors

Point Path Point Path

Second Derivative  Differential Absorption Light Back Scattering
Absorption
Polargraphy Gas Filter Correlation lon Charge Light Scattering
and Absorption

Potentiometry Nuclear Radiation

Electrocatalysis Attenuation

. Technica maintenance personne

. High priced parts
. Lengthy calibration
. Short frequency

Opacity Monitor

Opacity monitorsarein situ path devicesbased on the principle of transmissometry; the
measurement of thetransmission of light through afluid. A light source of known frequency is
generated by oneof thefollowing devices. LED, incandescent light, or laser. Theopacity monitor
then detectsthe decreasein light transmission acrossthe stack dueto particulate matter. Light
absorption and scattering due to parti culate matter in the gas stream is detected at a specified
optical wave ength that minimizesabsorption by other materia inthestack gas. I nterference caused
by highlevelsof NO, and water droplets can reduce accuracy. An opacity monitor consistsof a
light sourcefor generating thelight, atransmissometer for accurately measuring thetransmission of
light, aninterna referencesystem for calibration, and adataacquisition system for datacollection.

[3]
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Figure4.4: Simplified Schematic of an FTIR Analyzer [4]

Particulate M atter Monitor

The standard EPA reference methodsfor measuring PM arebased on flowing ameasured
volume of waste gasacrossaparticlefilter and capturingthe PM. Thefilterisweighed beforeand
after exposureto determinetheweight of PM inthe measured volume of air. Thistechniqueis
known asgravimetric measurent.

Particulate matter (PM) monitorsarearelatively new technology, and, therefore, make
useof newer techniques. Typica approachesincudelight scattering measurement, transmissometry
(seeopacity monitors), and other optical and el ectrostatic techniques. The method that comes
closest to the gravimetric method i s beta attenuation, whereastrip of filter mediaisexposedtoa
known volume of the gas stream. The filter mediathen goes through a betaray source and
detector that measuresthe attenuation (absorbtion) of the betasource by the PM onthefilter. This
method issubject to variation dueto high betaattenuation of heavy metal inthe PM.

CEM S cannot replicate the EPA method, and, therefore, rely on surrogate measures of
PM concentration, such asthe optical or electrostatic characteristicsof the PM intheir path. For
processeswherethe PM and other stack characteristicsare constant, acalibrated instrument can
provide reasonabl e accuracy. | n application such ashazardouswasteincinerators, wherethe gas
stream can vary substantialy, the potentia for inaccuracy increases.
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PM monitoring isan advancing technology, and changesintechniquesand instrumentation
arelikdly tooccur quickly. Thesechangesresultinchangesininstrument costs. Althoughagenera
cost hasbeen provided for PM monitors, thiscost islessreliablethan the costs of better estab-
lished technol ogies such asextractivegasmonitors. If morerediablecost inforationisrequired, a
cost estimate should be obtained from avendor.

4.2.3 DataAcquisition System

Dataacquisition systems(DAS) consist of acomputer, monitor, printer and software
that interface with the monitoring system and providereports, datastorage, and screen displays.
Anayzersproduce an output signd involtsor milliampsthat represents afraction of thefull
sca ereading established using calibration gases. Thisoutput signd typically goestoastrip
chart recorder that uses colored pensand paper graph chartsto record the analyzersreadings.
Thisreading must beinterpreted based on the calibration value; for example, if acalibration gas
of 10 ppm produced asignal of 10 volts, then areading of 4 volts correspondsto aconcentra-
tion of 4 ppm. Whilemany CEMsstill include strip chart recorders asback-up systems, most
CEMsrely on DA Sfor dataprocessing and management.

DAStypicdly includeanalogtodigital conversion boardsthat takethevoltage or
milliamperagesignal fromthe analyzer and convert it into digital information that can beunder-
stood by acomputer. Newer generation monitors havetheability toinclude caibrationinforma-
tion and directly report concentrations; they are also capabl e of storing dataand communication
directly to computerswith digital information. The computer can aso providecontrolling
functionsfor themonitorssuch asperforming calibrations, if not provided by aPL C system.

Reporting requirements can have asignificant effect onthedesign of aDAS, andthe
reporting frequency and averaging timefor the monitoring results can impact capacity and cost.
However, thegrowing power of personal computershasimproved thefunctionality and lessened
theupper-end costsfor DAS, (Table4.16 in Appendix A showsarange of cost between $16,000
and $20,000). Proprietary softwaretypically comesfromthe DASvendor. Thissoftware man-
agesdataand produces quality assured reportsfor use by plant personnel and regulatory authori-
ties. Examplesof DAS computer program functionsinclude[7]:

| Allowing the operator tointerfacewiththe CEMS;

T Averaging data, cal culating emissionsestimates, and creating reports,
T Providing el ectronic and hard copiesof logsand reports;

| | nterfacing with other computer systems.

4.3 Parametric Monitoring

Parametric monitoring differsfrom CEM Sinthat emissionsarenot monitored directly.
Parametric monitoring isthe monitoring of key, emissions-correl ated easurables (such aspres-
sure). Operating parametersare monitored by thermocouples, differential pressure gauges, or
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other instrumentation. For example, athermal treatment device designed to control VOCs dem-
onstratescompliancewith aV OC destruction efficiency of greater that 90% aslong asatempera
tureof 1800 Fismaintained by thedevice. Thiscorrelation of temperatureto emissionsreduction
isestablished thorough periodic monitoring (e.g., annual compliancetesting). Parametric monitor-
ing alowstheuse of temperature monitoring in place of VOC monitoring for thisdeviceoncethe
correlation of temperatureto VV OC destruction hasbeen established.

Theuse of parametric monitoring can provide moreflexible and lessexpensive options
than CEM Sfor demonstrating compliance of regulated sources. EPA'sview of theuse of para
metric monitoring isexpressed intheMay 1, 1998 “EPA Draft Fina Periodic Monitoring Guid-
ance’ document.

Parametric monitoring providesareasonabl e assurance of compliance, but the CAM Rule
should be consulted for guidance on thetype of parametric monitoring that might satisfy periodic
monitoring[3]. Anadditional sourceof information that includesadditional monitoring parameters
beyond those used inthe CAM Ruleisthe“Ohio EPA’s Operation and Maintenance (O& M)
Guiddinesfor Air Pollution Control Equipment”.

When parametric monitoring isused for continuous compliance monitoring, the equipment
requirements can besimilar to CEMS. Although the gas sampling systems used by emissions
monitorsarenot likely to be componentsof parametric monitoring systems, sometypeof cdibra-
tion and dataacquisition systemsarelikely to berequired. Thetypeof process, control equipment
and pollutant to be monitored determine the sel ection of aparametric monitoring system. Data
reduction, record-keeping, and reporting are performed independently of samplinginaparametric
system, however, they areinherent to regulatory compliance demonstration. For many sources, a
combination of parametric monitoring and adataacquisition systemissufficient to comply with
CAM. Someformsof parametric monitoring may usethe sametypesof dataacquisition, record
keeping and reportingas CEMS.

“When using parametric datato satisfy the periodic monitoring requirement, the permit
should specify a range which will assure that the source is in compliance with the
underlying requirement. Wherever possible, the proposed range should be supported
by documentation indicating a correlation between the parameter(s) and compliance
with the emission limit, although it is not required that the range be set such that an
excursion from the range will indicate noncompliance with the associated limit. The
permit should also include some means of periodically verifying this correlation.

For example, the permit may require periodic stack testing to verify direct
compliance with the applicable requirement. At the same time, the test data could be
used to set the parameter ranges that will be used to determine compliance between
tests.

The permit should also specify what happens when a parameter exceeds the
established range. For example, the permit should specify whether excursion from the
established rangeis considered aviolation or whether it will instead trigger corrective
action and/or additional monitoring or testing requirements to determine the compli-
ance status of the source.”
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Most monitoring isrequired to demonstrate compliance with applicableemissionslimita-
tionsfor specific pollutants. Although multiple pollutantsmay at sometimesbe correlated to the
same parameter, in most cases, the parametric monitoring method depends on the pol lutant of
interest. Sampl e collection, analysis, and datareduction methods are specific to the type of con-
taminant or process measurement being monitored.

A brief discussion and examplesof parametric monitoring aregiveninthefollowing
sectionsfor avariety of pollutantsincluding PM, SO,, CO, NO,, VOCs, and opacity. The costs
for parametric monitoring of asingleunit isalso presented at theend of each sectionin Tables4.5
-4.10. [18]

Cost estimatesfor parametric monitoring weretaken from the supporting information
related to theregulatory impact andysisfor the CAM rulemaking. The cost estimatescontainedin
thissection are not sengitiveto the size of theequipment. Ingenera, they represent medium sized
unitsthat do not already have applicable monitoring requirements under NSPS or other federal
programs. Thesecogtsrepresent monitoring for one control devicesuch asasingletherma unit or
baghouse. The costsreported aregenericin nature, whilethetrue cost will depend on anumber
of factors(sizefor instance). Larger unitsmay have multiple control devicesand would require
multi ple parametric monitoring devices. Inaddition, larger unitstypically already have monitoring
systemsin place. Many of these unitsare required to upgrade their monitoring under the CAM
Rule. Rather than relying solely on the cost estimates provided by thisdocument, an* expert” on
the design and choice of parametric monitoring equi pment should be consulted to determinethe
truecost.

4.3.1 ParticulateMatter (PM)

Thetwo principal methodsof controlling PM emissonscurrently inuseby U.S. industry
areelectrostatic precipitators (ESPs) and fabricfilters, also called baghouses. Parametric moni-
toring has been used for many yearsto monitor ESP performance. Itemssuch asgasvolumeand
vel ocity, temperature, moisture, rapping (cleaning) frequency, and theectrostaticfiel d’ svoltage
and current applied areindicatorsthat can be monitored to assure continued ESP performance.
ESPsaretypicaly used by larger sourcesthat may aready be subject to NSPS or other monitor-
ing requirements. ESPsare not typically viewed as cost effective control devicesfor smaller
SOUrces.

The CAM Ruleused parametric monitoring of abaghouse asitsbasisfor establishing PM
parametric monitoring costs. Fabricfiltration can be applied to awiderange of sources, from
small shot-blast unitsto large steel mills. Thissection usesmonitoring of the pressuredrop across
the baghouse asan example of parametric monitoring. A baghouse operatesmuch likeavacuum
cleaner with afan either blowing dirty air through (positive pressure) thefilter or drawingair into
(negativepressure) thefilter. Ineither case, it takessubstantia air pressuretoforcetheair through
thefilter. Thepressuredrop isameasurement of thisdifferencein pressure between the clean and
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dirty sidesof thefilter. Static pressure gauges can beinstalled at theinlet and outlet of thefabric
filter to determinetheunit’spressuredrop. Asthefabric becomesclogged with dust thereismore
resistancetoair flow, resultinginanincreased pressuredrop.

Typically, abaghouseiscleaned in sections, with jetsof counter-flowing air used to blow
captured dust off thefilter and into ahopper. In many installations, the baghousewill follow a
routine cyclewith the pressure drop increasing as the bag becomes coated with dust, and drop-
ping back to abaselinevalueafter itiscleaned. Pressure drop measurementsare used to deter-
mineif thefabricisbeing properly cleaned and that the baghouseisoperating asdesigned. Abnor-
mally high valuesmay indicate that thefilter mediaisbecoming “blinded” by materials, suchas
organic aerosols, that cannot beremoved. Thisisapotentia indication of afailureto captureand
control theprocessPM. Abnormally low valuesmay indicate holesinthefilter mediaor mechani-
cal failure of baghouse components. Table4.5 provides cost estimationsfor parametric monitor-
ing of PM emissionsusing pressuredrop acrossthefilter fabric.

Aswith other typesof CAM, monitoring of pressuredrop isauseful indicator of baghouse
performance, but does not guarantee compliance with emission standards. Any parametric moni-
toring program for fabric filtration control equipment should be considered part of an overall
compliance program that includes routineinspectionsand maintenance logsthat help to predict
and eliminate equipment problemsbeforethey occur. Routine monitoring of the key operating
parameterswill improvethe performance of afabricfilter and increaseitseffective servicelife.
Establishing an effective operation and maintenance program isan important component of pre-
dicting baghousefailures.

Thereareseverd other methodsfor monitoring. PM visua opacity monitoring by certified
smoke readersisone method. Other methodsinclude use of PM CEM Swhich are now on the
market. However, PM CEM Sare il considered anew technology. These methodsare gener-
aly more expens vethan parametric monitoring of PM.

Another typeof PM control that istypically applied to organic aerosolsisthermal treat-
ment. Althoughthisisprimarily aVOC control technique, it iseffectivefor the control of high
mol ecular weight organic compoundsthat can condenseto form PM. Combustion temperatures
aremeasured by thermocouplesinstalled in thermal treatment units. Temperature measurements
can be used to eva uate combustion practicesand, if maintained within desi gnated operating ranges,
would provide areasonablelevel of confidencefor compliancewith aPM emission limitation.
Temperaturemonitoring of athermal treatment devicedoesnot requireinstallation of additiona
equipmentexcept possibly foraDASI[9].

4.3.2 Sulfur Dioxide
Thetwo principa methodsof control of sulfur dioxide (SO,) inuseintheU.S. today are

wet gas scrubbing and spray dryers. Spray dryersare becoming more prevelant on new and start-
upinstalations, but wet gas screbbersare till morewidely used overal.
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Table4.5: Cost Summary for Parametric Monitoring of Particulate Emissions
Using Pressure Drop Across Fabric Filter.

ltem Total Cost, $
Capital and other initial costs? 1,070
Planning® 240
Equipment selection® 2,050
Install and calibrate sstem¢ 630
Total capital Investment (TCI) 3,990
Annual Costs, $/yr

Operation and maintenance® 270
Recordkeeping' 2,015
Property taxes, insurance, and administrative? 160
Capital recovery (CRF =)" 380
Total Annual Cost, $/yr 2,825

a

Engineer, 32hrs @ $30/hr + managerial review 2hrs @ $50/hr + $10
telephone charges

Engineer and purchasing agent 4 hrs @ $30/hr

Equipment manufacturer cost

In house and contractor combined labor cost of $360

10% of purchased equipment cost + In house and contractor labor
cost of $65

5 min. per shift 3 shifts per day x (365 daysyr) @ $17.50/hr of
operator time for manageris review @ $50/hr, 10% of operator
time for clerical support @ $10/hr and $100 for supplies.

Based on 4% of TCI

CRF =0.0944 x TCI based on 20 year life and 7% interest.

- ® a o o

> a

The CAM Rule used wet scrubbers (gas-absorbers) to determineitsRIA SO, monitoring
costs. Wet scrubbersuseavariety of techniquesincluding packing materials, perforated trays,
and sprayersto force close contact between the dirty gas and the gas scrubbing liquid (liquor)
flowing through the scrubber. One SO, parameter used to indirectly monitor emissionsisthe
pressure drop across awet scrubber measured by adifferential pressure gauge or manometer.
Similar to our discussion of the baghouse, abnormally high and abnormally low pressuredropscan
indicate operationa problems. Abnormally low pressure dropsindicatethat thedirty gasisprob-
ably not being forced into adequate contact with the scrubber liquor and that SO, is probably
being rel eased without adequate treatment. Abnormally high pressuredropsarelikely toindicate
mechanica problemssuch asflooding (excessveliquor) or clogging (contamination of the packing
material). These problemsindicatefailureto adequately capture and control SO,. The CAM
techniques used inthisexampleare generally applicableto other pollutantsbeyond SO,. [10]

Monitoring the pressure drop in agas scrubber islessexpensivethan using SO, CEMS,
but it only givesan indication of scrubber operation and isnot necessarily anindication of compli-
ancewith applicableregulations. For atrueindication of compliance, parametric monitoring should
beused. Table 4.6 provides cost estimatesfor parametric monitoring of awet scrubber using
pressure drop.
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Oneof thesmplest formsof parametric monitoring ismonitoring of fuel sulfur content and
fuel useage. Fuel sulfur content istypically available asamaximum specification from thefuel
vendor. It can al so be sampled on-site and provided asaweight percent sulfur. The molecular
weight of SO, istwicethat of elemental sulfur. Therefore, by monitoring therate of fuel use, the
SO, emissionsrate can beeasily cal culated by assuming complete combustion of al fuel sulfur to
SO,. Fuel purchase records may be adequate to monitor fuel use. If thisinformation isnot ad-
equate to demonstrate compliance with the applicable standard, fuel monitoring devicescan be
purchased.

Liquid and gaseousfuel s can be monitored using atotalizer, which measuresgallonsor
cubicfeet of gasused. Totaizersareavailablewith eectronic signalsfor usewith DAS. Solid fuel
monitoring could beaccomplished by weighing of fuel. Another approach would beto measurethe
heat output of the equipment. For example, boiler steam output monitored and converted to heat
input. A relationship between thefuel required and steam produced for aparticular fuel caneasily
be established for most industria boilers. Oncethisrelationship isestablished, steam production
could beused asasurrogate for monitoring fuel use.

4.3.3 CarbonMonoxide

Carbon monoxide resultsfrom incomplete combustion of carbon based fues. Sometypes
of combustion equipment, such asincineratorsmay producerelatively highlevelsof carbon mon-
oxide. Thermal treatment of the off-gasmay be used to burn carbon monoxide and other products
of incomplete combustion. Most industrial combustion equipment, including stationary turbines
and other stationary engines, producerelatively small amountsof carbon monoxide. For these
sources, combustion optimizationisthetypica control method. Control of key engine operating
parameters, such asfud, air, and engineload, optimizes combustion and letstheengine operate at
alow and compliant emissionslevel. Oxidesof nitrogen, VOCs, and other pollutantscan also be
effectively limited through combustion optimization.

Someindustrial combustion equipment requiresafairly narrow set of operating param-
eters. For thistype of equipment, periodic testing can establish an emissions pattern that corre-
latesto optimum operating conditions. The operating conditionsthat correlateto violations of
emissionslimitationscan bemonitored using parametric monitoring techniques. Thecritical aspect
of thistype of monitoring isto establish the relationship between operating conditionsand emis-
sions. During aperiodic compliancetest, the key parameters, such as operating temperature,
excessair and load can be monitored concurrently with CO. By establishing acorrelation be-
tween these parametersand CO emissionsratesfor therange of operating conditions, algorithms
can bedevel oped to predict emissions.

Theseagorithmscan be programmedintoaDAS. The DAS canthen monitor operations
and determineif any of the conditionsthat produce excessemissionsoccur. Portable combustion
analyzersare an acceptable monitoring option for CO sourcesand can be used to measure excess
airor O2, air flow, and temperature.
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Table4.6: Cost Summary for Pressure Drop AcrossWet Scrubber

ltem Total Cost, $
Capital and other initial costs

Planning? 4,890
Equipment selection® 0
Support facilities® 2,000
Purchased equipment cost? 3,260
Install and check DAS® 5,680
Data collection text' 16,140
Total Capital Investment (TCI) 31,970
Annual Costs, $/yr

Operation and maintenance? 900
Annual RATA" 10,930
Recordkeeping and reporting 2,020
Property taxes, insurance, and administrative? 1,280
Capital recovery" 3,020
Total Annual Cost, $/yr 26,650

2 Based on $ 4,250 labor to review regulations, define monitoring require-
ments and develop CAM plan plus $640 in supplies.

b Cost of selecting PC-based data acquisitions system included in planning
costs.

¢ Cost of installing sampling ports in stack.

4 Cost based on Pentium class PC, monitor, printer, and operating software.

¢ PC installation and interconnection for sensor signals, equipment calibra-
tions and start-up services.

f Cost for data collection testing is based on the cost for initial RATA testing
onaCEM.

9 Based on 10% of purchased equipment cost + 10% of installation labor
cost.

h Cost for data collection testing is based on the cost for annual RATA
testing on a CEM.

" 5 min. per shift 3 shifts per day x(365 days/yr) @ $17.50/hr for operators.
Add 2.5% of operator time for engineeris review @ $30/hr, 2.5% of
operator time for manageris review @ $50/hr, 10% of operator time for
clerical support @ $10/hr and $100 for supplies.

I QA planning, training, and equipment inventory estimated to be 50% of
CEM cost.

“ Based on 4% of TCI

' CRF = 0.0944 x TCI based on 20 year life and 7% interest.

Thistype approach can beacost effective manner of parametric monitoring, particularly
when several identical unitsare operated by acompany. The costs of devel oping parametric
monitoring techniquesfor additiond identical unitsshould besubstantidly lessthan for thefirst unit.

Cost estimatesfor theinitial development of thistype of parametric monitoring of CO on
anindividual combustion unit arecontainedin Table4.7. Inthisexample, portableanayzersare
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used for ashort period of timeto establish arelationship between operating conditionsand emis-
sions. The purchased equipment cost islower than usingaCO CEM, however, adataacquisition
systemisrequired. For most combustion equipment that operateswithin apredictablerange, this
method offersgreater assurance of compliance than pressure drop monitoring described inthe
previoustwo examples. Someindustrial combustion equipment operatesat near steady-state con-
ditions, and s mpler parametric monitoring may beadequate. Many industrid boilersa ready monitor
operating parameters such asload and combustion airflow using strip chart recorders. Someunits
may be ableto demonstratethat their existing monitoring isadequateto maintain compliance.

4.3.4 NitrousOxides

NO,_ emissonsfromindustrial combustion equipment can be monitored inthe same man-
ner as CO emissionsdiscussed above. NO,_emissionswill vary withload and will typically in-
creaseastheloadincreases. Tolimit NO, generation, load, combustion zone temperature and
excessair need to beminimized. Although thealgorithm that describestherelationship between
NO, and operating conditionsisobviously going to be different than the one devel oped for CO,
the basic gpproachisidentical. Stationary turbines produce moreNO, than CO and may operate
much closer to regulatory limitsfor NO, . The parametric monitoring approach may need addi-
tional periodic direct testing of NO, emissionsif the margin of complianceissmall.[12] Cost
estimatesfor theinitia development of parametric monitoring of NO, onanindividua combustion
unit arecontainedin Table4.8.

4.3.5 Opacity

Opacity regulationsareintended to support compliance with PM emissionslimitations.
Opacity standards can bethought of as surrogate or parametric approachesto determining PM
compliance. Opacity can bemeasured using an opacity monitor or through the use of EPA Meth-
ods9and 22. Itispossiblethat parametric approaches, such asthosediscussed for COand NO,
that rely on correl ating operating status of the equipment to emissionsrates, can beused. How-
ever, for most processes, high opacity isnot atypical operation and probably cannot easily be
correlated totypical operating parameters.

The CAM Rule proposed EPA Method 9 asamethod of establishing compliancewith
opacity regulationsand can a so be considered amethod or supporting method of verifying com-
pliancewith PM emissionslimits. Usng ERPA Method 9, opacity ismeasured by acertified smoke
reader who visually observesthe opacity or optical density of the plume. Thereaderseyesare
“cdibrated” by undergoing recertification every sx months. Thismethodisuseful for plantswith
control devicesthat normally produceno visibleemissions, but when controlsfail, visbleemissons
occur. For example, consider aprinting presswith adrying oven that producesvisiblesmoke. To
eliminate the smoke, thermal combustion control equipment isinstalled. For thisprocess, any
visbleemissonsarelikely to indicate operating problemswith the control equipment.
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Figure4.7: Cost Summary for Parametric Monitorying of CO Emissions
Using Temperature and other Combution Operating Parameters

ltem Total Cost, $
Capital and other initial costs

Planning? 4,890
Equipment selection® 0
Support facilities® 2,000
Purchased equipment cost? 3,260
Install and check DAS® 5,680
Data collection text' 16,140
Total Capital Investment (TCI) 31,970
Annual Costs, $/yr

Operation and maintenance? 900
Annual RATA" 10,930
Recordkeeping and reporting' 2,020
Property taxes, insurance, and administrative? 1,280
Capital recovery" 3,020
Total Annual Cost, $/yr 26,650

3 Based on $ 4,250 labor to review regulations, define monitoring require-
ments and develop CAM plan plus $640 in supplies.

b Cost of selecting PC-based data acquisitions system included in planning
costs.

¢ Cost of installing sampling ports in stack.

4 Cost based on Pentium class PC, monitor, printer, and operating software.

¢ PC installation and interconnection for sensor signals, equipment calibra-
tions and start-up services.

T Cost for data collection testing is based on the cost for initial RATA testing
onaCEM.

9 Based on 10% of purchased equipment cost + 10% of installation labor
cost.

h Cost for data collection testing is based on the cost for annual RATA
testing on a CEM.

" 5 min. per shift 3 shifts per day x(365 days/yr) @ $17.50/hr for operators.
Add 2.5% of operator time for engineeris review @ $30/hr, 2.5% of
operator time for manageris review @ $50/hr, 10% of operator time for
clerical support @ $10/hr and $100 for supplies.

QA planning, training, and equipment inventory estimated to be 50% of
CEM cost.

“ Based on 4% of TCI

' CRF = 0.0944 x TCI based on 20 year life and 7% interest.
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Table4.8: Cost Summary for Parametric Monitoring of NO _Emissions
Using Temperature and other Combustion Parameters

Iltem Total Cost, $
Capital and other initial costs

Planning? 4,890
Equipment selection 0
Support facilities® 2,000
Purchased equipment cost? 3,260
Install and check DAS® 5,680
Data collection text' 16,140
Total Capital Investment (TCI) 31,970
Annual Costs, $/yr

Operation and maintenance? 900
Annual RATA" 10,930
Recordkeeping and reporting' 2,020
Property taxes, insurance, and administrative? 1,280
Capital recovery" 3,020
Total Annual Cost, $/yr 26,650

2 $4,250 labor to review regulations, define monitorying requirements and
develop CAM plan plus $640 in supplies.

Cost of selecting PC-based data acquisitions system included in planning
costs.

Cost of installing sampling ports in stack.

Cost based on Pentium class PC, monitor, printer, and operating soft-
ware.

PC installation and interconnection for sensor signals, equipment
calibrations and start-up services.

Cost for data collection testing is based on the cost for initial RATA
testing on a CEM.

Based on 10% of purchased equipment cost + 10% of installation labor
cost.

Cost for data collection testing is based on the cost for annual RATA
testing on a CEM.

5 min. per shift 3 shifts per day x(365 days/yr) @ $17.50/hr for operators.
Add 2.5% of operator time for engineeris review @ $30/hr, 2.5% of
operator time for manageris review @ $50/hr, 10% of operator time for
clerical support @ $10/hr and $100 for supplies.

QA planning, training, and equipment inventory estimated to be 50% of
CEM cost.

Based on 4% of TCI

CRF = 0.0944 x TCI based on 20 year life and 7% interest.
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Most air pollution emissions points are al so subject to opacity regulations. For opacity
regulations, Methods 9 and 22 are enforceabl e reference methods and not parametric methods.
Opacity reading islessexpensivethan direct emissionsmonitoring using CEMs. PM CEMsare
now on the market, but are arelatively new technology (see Section 4.2.2). However, opacity
reading does haveitsdrawbacks. The presence of water vapor in the stack, the color of smoke
emitted, and the position of the sun can substantially influence apparent opacity. In spite of these
complicating factors, opacity reading remainsin wide use because of thelack of dternative meth-
odsfor easily determining PM emissions.

Cost estimatesfor parametric monitoring of opacity using visual opacity readingson an
individual unit arecontainedin Table4.9.

43.6 VOCs

The use of temperature monitoring to assure thermal destruction of organic particlesis
primarily applied to assuming VVOC destruction. Periodic testing, such asacompliancetest, estab-
lishesthe performance of thethermal treatment (e.g., 98% destruction of VOC) at the minimum
operating temperature achieved during thetest. Provided thistemperatureismaintained andthe
typeand amount of VOC feed to thethermal unit do not change substantially, the performance of
theunitisdemonstrated.

Inorder to evaluate control costsfor the CAM Rule, EPA devel oped aparametric moni-
toring approach for carbon adsorbers, which arefrequently used to abate VOC emissions. Peri-
odic or continuous direct measurement of outlet VOC concentration isonetype of parametric
monitoring applied to V OC adsorbent control devices. The purpose of thismonitoring isto detect
“breakthrough” of VV OC through the carbon, which occurswhen the carbon becomes saturated
with VVOCsand can longer removethem from the gas stream. V OCsthen passthrough the carbon
uncontrolled. The adsorbtion capacity of the carbon and the V OC concentrationinthegasstream
help determine an appropriate monitoring approach.

Larger systemstypically regenerate the carbon onste, often many timesaday. Asaresult,
the potential for breakthrough ishigh in these systems, so many other parametersaretypically
monitored to maintain safety and performance. M easuring theinlet gastemperature and thetem-
perature of the carbon bed can detect potential fires. Monitoring of apressure drop acrossthe
carbon adsorber isan indicator of proper gasflow, carbon bed plugging, or carbon bed channel -
ing. Static pressure gauges, magnehelic gauges, or manometerscan beinstalled at theinlet and
outlet to determine pressure drop. Continuous V OC monitoring may also be appropriate, for
these systems. If alow resolution VOC monitor isused, VOC monitoring becomsaparametric
method rather than aCEM method. Themonitor used could belesssensitiveand expensivethan
aVOC CEM sinceitisonly required to detect theV OC concentrations after the carbon absorber
hasrisento alevel that indicates breakthrough [13].

4-23



Table4.9: Cost Summary for Parametric Monitoring of Opacity
UsingtheVisbleEmissonsMethod

ltem Total Cost, $
Capital and other initial costs

Planning? 1,070
Course selection® 240
Training Course® 550
Certification® 1,100
Total Capital Investment (TCI) 2,960
Annual Costs, $/yr

15 minute daily observation® 1,700
Semiannual certification 1,100
Recordkeeping and reporting? 2,015
Property taxes, insurance, and administrative 120
Capital recovery 280
Total Annual Cost, $/yr 5,215

@ Engineer, 32 hrs @ $30/hr + managerial review 2hrs @ $50/hr + $10 tele-
phone charges.

b Engineer and purchasing agent 4 hrs @ $30/hr.

¢ One-day training course for two plant operators @ $17/hr + $200 to con-
tractor + $50 other costs.

4 Two days for two operators to pass certification tests @ $17/hr.

¢ 15 min. per day opacity observation for operator @ $17/hr

T 5 min. per shift 3 shifts per day x(365 days/yr) @ $17.50/hr for operators.
Add 2.5% of operator time for engineeris review @ $30/hr, 2.5% of opera-
tor time for manageris review @ $50/hr, 10% of operator time for clerical
support @ $10/hr and $100 for supplies.

9 Based on 4% of TCI

" CRF = 0.0944 x TCI based on 20 year life and 7% interest.

Smaller systemsmay not regenerate the carbon onsite. Periodic replacement of the car-
bon or the entire system are common practices. The system can beassmpleasa55 gallondrum
filled with carbon and ahose that can be connected to asource of VOCs (such asasmall storage
tank). Multipledrumscan be stored onsite and switched out when the carbon becomes saturated
withVOCs. A recycling vendor can then recyclethe used drums, leaving fresh drumsasreplace-
ments. For these systems, periodic testing with sampletubes may be adequatefor detectingwhen
the carbon is saturated and drum replacement isrequired. This periodic testing can be used to
establish areasonabl ereplacement schedule. Cost estimatesfor parametric monitoring of VOCs
using carbon absorption capacity on anindividua unit are containedin Table4.10.
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4.3.7 DAS

Thetype of recordkeeping used to demonstrate compliance should be reasonably consis-
tent withthe size, complexity and regul atory requirementsof the source and the source' spotential
for excessemissions. Inthecost summaries presented in the previous sections, aDA S pricewas
only included inthe cost estimatesfor CO and NO, parametric monitoring. For other examples,
such asmonitoring the pressure drop acrossabaghouse, smple manua methods can be adequate;
recordkeeping can consist of an operator manually logging the pressure drop once per shift. How-
ever, larger sources, or sourceswith more stringent regul atory requirements, may necessitatethe
useof aDAS.

Thedataacquisition systemsinvolved with parametric monitoring do not differ greatly

fromDASfor CEMS. Theneedto acquirean electronic signal, then process, store, check, and
summarizethesignal asareporting parameter isidentical. Some specia signal conditioning may

Table4.10: Cost Summary for Parametric Monitoring of VOCs

Using Carbon Absorption Capacity

ltem Cost, $
Capital gnd other initial costs

Planning ) 1,070
Equipment selection . 240
Purchased equipment cost ] 620
Install and calibrate system 630
Total Capital Investment (TCI) 2,960
Annual costs, $/yr .

Operation and gfnaintenance 130
Recordkeeping 9,795
Property taxes, insurance, and administrative 100
Capital recovery 240
Annual Cost, $/yr 10,265

a2 Engineer, 32 hrs @ $30/hr + managerial review 2hrs @ $50/hr + $10

telephone charges

Engineer and purchasing agent 4 hrs @ $30/hr

Equipment manufacturer/supplier cost

In house and contractor combined labor cost of $630

10% of purchased equipment cost + In house and contractor combined

labor cost of $65

f 5 min. per shift 3 shifts per day x(365 days/yr) @ $17.50/hr for operators.
Add 2.5% of operator time for engineeris review @ $30/hr, 2.5% of
operator time for manageris review @ $50/hr, 10% of operator time for
clerical support @ $10/hr and $100 for supplies.

9 Based on 4% of TCI

" CRF =0.0944 x TCI based on 20 year life and 7% interest.

® o o o

4-25



be required, however, most DAS are equipped or easily upgraded to handle signals such as
temperatures provided by different typesof thermocouples. Inthe CO and NO _examples,aDAS
and computer are used to devel op correl ations between process parameters and observed emis-
sonprofiles. Inthisexample, the DA Sisessentia inacquiring process operating information that
iscorrelated by the computer to anemissionsprofile.

4.4  Estimating Capital and Annual Costs for CEM S

TheU.S. Environmental Protection Agency (EPA) developed acomputer software pro-
gramfor estimating the cost of CEM Sttitled Continuous Emission Monitoring System Cost Modd,
Verson 3.0 (CEM S Cost Model). The CEM Scost estimation methodsin this chapter represent
asimplified version of thismodel appropriatefor usewith the spreadsheets used throughout this
manual . With the exception of rounding errors, the costs estimates produced from thismethod
match the val ues obtained with the CEM S Cost Model .

Thisapproach represents an adequate estimation method for permit engineersverifying
equipment costsduring permit analysisor for engineersperforming initial costsof equipment at
typical installations. Total Capital Investment (TCI) and Total Annual Cost (TAC) can beesti-
mated for numerous CEM S configurations, without going to themore complex CEM SCost Modd.
The equations provided in this section do not cover all of the scenariosand monitor typesand
equipment combinationsthat areavailableinthe CEM S Cost Model.

Thismethodol ogy estimates study-level costsfor asingle CEM Sto monitor emissions
from onesourceat afacility. Thevaueobtained for asingle CEM Sshould not be multiplied by the
number of CEM Srequired for amultiple sourcefacility sincethisoverestimatesthe cost of mul-
tiple CEMS. A more detailed approach would require consideration of additional factorsthat
impact theaccuracy, reliability and cost of ingtalling and maintaining amonitoring system. Detailed
cost estimates should rely on the more complete CEM Cost M odel along with vendor or other
expert anaysisof application specific requirements.

441 Development of Cost Equations

The cost equationsfor TCI and TAC in this section were devel oped fromthe CEM S
Cost Model using multiplelinear regression techniques. Factorsthat impacted capita costs, annual
costs, personnel cost factors, and equipment cost factors, functioned asvariablesintheregresson
anaysis. Thesefactorsare assigned default valuesfrom CEM S Cost Model data.

Thismanual assumesthe necessary personnel toinstall aCEM Sincludesacorporate

environmental engineer (CEE), two plant technicians, aCEM S consultant, and test personnel. The
cost factors associ ated with these personnel includewages, overhead, travel time, travel fare, per
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diem, andfees. The TCl and TAC equationsare derived assuming thevauesgivenin Table4.15
located in Appendix A. Theseassumptionsmust be cons dered when determining theapplicability
of the cost equations. Thedefault valuesfromthe CEMS Cost Model for personnel cost factors
aresuppliedin Table4.11. Thedatain Table4.11arefully loaded hourly ratesfor each employee
type. Thedefault valuescan be modified if location specific or vendor specificinformationis
available(e.g., local labor rates).

The equipment cost factorsinclude the cost of the CEM S monitorsand analyzersand
auxiliary equipment. Themonitor and analyzer costsare specific to the CEM S configuration (Ex-
tractive, In Situ, and FTIR) and the pollutant(s) or parameter(s) monitored. Auxiliary costsinclude
thesampling system, DA S equipment, shelter for equipment, and controls. It soincludes equip-
ment, such asaccessladdersand platforms, and both system fabrication and ingtallation. The TCI
and TAC equationsare derived assuming thevaluesgivenin4.16 located in Appendix A. The
default valuesfrom the CEM S Cost Modd for the equipment cost factor issuppliedin Table4.12.
The equipment costs presented in Table 4.12 are averages of costsprovided by severa vendors
for development of the CEM S Cost Model. These default values can be modified if vendor
specificinformationisavailable.

Table4.11: Default Personnel Hourly Ratesand Cost Factors

Cost Item CEE Plant Plant CEMS Test
Technicial Technician Il Consultant Personal
Wage rate, $/hrw/o OH  30.00 18.00 27.00 27.00 16.00
Overhead (OH), % of
wage rate 40 40 40 200 200
Fee, % profit N/A N/A N/A 10 10
Hourly Rate’ 42.00 25.20 37.8 89.1 52.8

! Loaded hourly rate, $/hr (wage rate with OH & Fee)

Muli-variablelinear regression was performed using the default cost factorsto produce
regression congtantsfor various CEM S sampling configurationsand pollutant monitors. Thereare
uniqueregression constantsfor both the TCIl and TA C cost equations, which act as*” correction
factors’ for the default values of the cost factors. The set of constantsto be utilized in the cost
equationsisdetermined by the CEM Sdesign. Design optionswhich are accounted for include:

i DeviceType- the CEM Ssampling configuration (Extractive, In Situ, and FTIR),
T Parameter Monitored - single pollutant, multiple pollutants, opacity, and flow,
T Pre-control sample- additional samplinglocation prior to the pollution control device, and
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Table4.12: Default Analyzer and Monitor Equipment Costsfor CEM S ($)

Pollutant or Parameter Extractive In-situ FTIR
Gaseous Compound Analyzers
NO, 10,440 N/A N/A
SO, 12,500 35,000 N/A
CO 8,490 28,000 N/A
CO, 7,890 N/A N/A
o, 5,860 6,600 N/A
THC 10,200 N/A N/A
HCI 12,390 N/A N/A
SO,/NO, N/A 37,000 N/A
SO,/NO /O, N/A 45,000 N/A
co/co, N/A 34,000 N/A
Monitors?
Opacity 25,000 25,000 25,000
PM 37,700 37,700 37,700
Flow 18,000 18,000 18,000
FTIR analyzer N/A N/A 100,000

a All CEMS use identical opacity, PM, and flow monitors.
® Add $8,000 for capability to monitor before control as well as after control.

T New Ingdlation- ingtalation onanew facility versusretrofit on an existing facility.

The user must first select between an Extractive, In Situ, or FTIR installation, thensel ect
the pollutant(s) or parameter(s) to be monitored. The equations assume one CEM S sampling
location installed downstream ofthe pollution control device. The cost for an additional sampling
location prior to the control can beincluded using the Pre-control sample parameter. The equa-
tionsassumeretrofit installation of the CEM Son an existing facility and correct for the cost of
ingtdlation onanew facility using the New ingtall ation parameter. Theregression constant setsare
locatedin Table4.13for capital costsand Table4.14 for annual costs.
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Table4.13: Coefficientsfor Caculating Total Capital Investment (TCI) for CEMS

Parameter Pre-Control Installation k1 k2 k3 k4 k5 k6 k7
Measured Sample (hrs) (hrs) (hrs) (hrs) (hrs) (hrs)
Device Type Extractive

NO, $88,366 3325 152.5 0 109.9 90.7 1
NO, X $150,130 368.5 248.1 0 120.8 135.0 2
NO, $88,634 342.7 167.7 0 109.9 90.7 1
NO, X $150,606 383.1 282.1 0 120.8 135.0 2
HCl X $88,866 3325 152.5 0 109.9 95.7 1
HCl X $150,630 368.5 248.1 0 120.8 140.0 2
HCl $89,134 342.7 167.7 0 109.9 95.7 1
HCl X $151,106 383.1 282.1 0 120.8 140.0 2
Co, $88,280 261.5 152.5 0 109.9 90.7 1
Co, X $150,037 293.0 248.1 0 120.8 135.0 2
Co, $88,548 272.5 167.7 0 109.9 90.7 1
Co, X $150,513 308.0 282.1 0 120.8 135.0 2
Flow $22,470 192.1 98.5 0 62.7 42.0 1
Flow X $25,095 205.5 128.8 0 69.1 43.2 2
Flow $22,638 199.1 100.5 0 62.7 42.0 1
Flow X $25,371 214.6 131.6 0 69.1 43.2 2
Opacity $22,033 192.1 98.5 0 62.7 6.0 1
Opacity X $24,657 205.5 128.8 0 69.1 7.2 2
Opacity $22,201 199.1 100.5 0 62.7 6.0 1
Opacity X $24,933 214.6 131.6 0 69.1 7.2 2
Cco $88,366 3325 152.5 0 109.9 90.7 1
Cco X $150,130 368.5 248.1 0 120.8 135.0 2
Cco $88,634 342.7 167.7 0 109.9 90.7 1
Cco X $150,606 383.1 282.1 0 120.8 135.0 2
SO, $88,366 3325 152.5 0 109.9 90.7 1
SO, X $150,130 368.5 248.1 0 120.8 135.0 2
SO, $88,634 342.7 167.7 0 109.9 90.7 1
SO, X $150,606 383.1 282.1 0 120.8 135.0 2
o, $88,280 261.5 152.5 0 109.9 90.7 1
0O, X $150,037 293.0 248.1 0 120.8 135.0 2
0O, $88,548 272.5 167.7 0 109.9 90.7 1
o, X $150,513 308.0 282.1 0 120.8 135.0 2
PV $28,855 211.2 153.9 0 64.7 27.1 1
PV X $36,482 224.9 200.4 0 71.1 28.6 2
PV $29,223 218.2 155.9 0 64.7 27.1 1
PV X $37,158 234.0 203.2 0 71.1 28.6 2
THC $85,086 332.9 152.7 0 109.9 93.2 1
THC X $143,350 369.3 248.5 0 120.8 137.5 2
THC $85,354 343.1 167.9 0 109.9 93.2 1
THC X $143,826 383.9 282.5 0 120.8 137.5 2
Device Type In-Situ

coIco, $39,228 288.1 101.0 0 105.1 91.8 1
co/co, X $45,992 328.8 151.9 0 122.1 137.2 2
coIco, $39,501 298.3 108.6 0 105.1 91.8 1
coIco, X $46,479 343.0 167.5 0 122.1 137.2 2
CcO $38,028 283.8 97.4 0 105.1 91.8 1
CcO X $43,592 320.3 144.7 0 122.1 137.2 2
CcO $38,301 294.0 105.0 0 105.1 91.8 1
CcO X $44,079 3345 160.3 0 122.1 137.2 2
SO, $38,028 283.8 97.4 0 105.1 91.8 1
SO, X $43,592 320.3 144.7 0 122.1 137.2 2
SO, $38,301 294.0 105.0 0 105.1 91.8 1
SO, X $44,079 3345 160.3 0 122.1 137.2 2
O, $38,028 287.0 97.4 0 105.1 91.8 1
O, X $43,592 3235 144.7 0 122.1 137.2 2
O, $38,301 298.0 105.0 0 105.1 91.8 1
©) X $44,079 338.5 160.3 0 122.1 137.2 2
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Table4.13: Coefficientsfor Calculating Total Capital Investment (TCI) for CEMS(Cont.)

Parameter Pre-Control Installation k1 k2 k3 k4 k5 k6 k7
Measured Sample (hrs) (hrs) (hrs) (hrs) (hrs) (hrs)

Device Type Extractive

Flow X $25,875 253.5 98.6 0 64.3 42.0 0.367
Flow X X $32,737 290.6 158.8 0 71.2 86.4 0.733
Flow $26,049 260.5 100.6 0 64.3 42.0 0.367
Flow X $33,223 302.9 167.2 0 71.2 86.4 0.733
SOZINOX X $39,228 289.7 101.0 0 105.1 91.8 1
SOZINOX X X $45,992 330.4 151.9 0 122.1 137.2 2
SOZINOX $39,501 300.3 108.6 0 105.1 91.8 1
SOZINOX X $46,479 345.0 167.5 0 122.1 137.2 2
SOZ/NOX/O2 X $40,428 293.9 104.6 0 105.1 91.8 1
SOZ/NOX/O2 X X $48,392 338.9 159.1 0 122.1 137.2 2
SOZ/NOX/O2 $40,701 304.5 112.2 0 105.1 91.8 1
SOZ/NOX/O2 X $48,879 353.5 174.7 0 122.1 137.2 2
Device Type FTIR

NO, X $168,674 352.5 77.6 109.0 109.9 91.6 0
NO, X X $226,296 376.2 108.4 131.8 120.8 135.6 0
NO, $168,966 363.5 71.6 109.0 109.9 91.6 0
NO, X $226,788 391.2 98.4 131.8 120.8 135.6 0
SO, X $168,674 352.5 77.6 109.0 109.9 91.6 0
SO, X X $226,296 376.2 108.4 131.8 120.8 135.6 0
SO, $168,966 363.5 71.6 109.0 109.9 91.6 0
SO, X $226,788 391.2 98.4 131.8 120.8 135.6 0
Cco X $168,674 352.5 77.6 109.0 109.9 91.6 0
Cco X X $226,296 376.2 108.4 131.8 120.8 135.6 0
Cco $168,966 363.5 71.6 109.0 109.9 91.6 0
Cco X $226,788 391.2 98.4 131.8 120.8 135.6 0
HCl X $168,674 352.5 77.6 109.0 109.9 91.6 0
HCl X X $226,296 376.2 108.4 131.8 120.8 135.6 0
HCl $168,966 363.5 71.6 109.0 109.9 91.6 0
HCl X $226,788 391.2 98.4 131.8 120.8 135.6 0
Co, X $168,674 281.6 77.6 109.0 109.9 91.6 0
Co, X X $176,931 283.8 79.6 121.0 120.8 92.4 0
Co, $168,966 292.6 71.6 109.0 109.9 91.6 0
Co, X $177,223 294.8 73.6 121.0 120.8 92.4 0
o, X $168,674 281.6 77.6 109.0 109.9 91.6 0
o, X X $176,931 283.8 79.6 121.0 120.8 92.4 0
o, $168,966 292.6 71.6 109.0 109.9 91.6 0
o, X $177,223 294.8 73.6 121.0 120.8 92.4 0
Flow X $184,793 301.3 115.1 89.0 62.7 72.0 1
Flow X X $236,742 332.1 171.3 100.7 69.1 116.4 2
Flow $184,993 312.3 109.1 89.0 62.7 72.0 1
Flow X $237,250 348.4 162.1 100.7 69.1 116.4 2
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Table4.14: Coefficientsfor Calculating Total Annual Costs(TAC) for CEMS

Parameter Pre-Control Installation k8 k9 k10 k11 k12 k13 k14
Measured Sample (hrs) (hrs) (hrs) (hrs) (hrs) (hrs) (hrs)
Device Type Extractive

NO, $3,860 44.2 390.3 0 1.7 76.9 0.1
NO, X $5,110 50.8 548.9 0 1.8 113.9 0.2
NO, $3,860 44.2 390.3 0 1.7 76.9 0.1
NO, X $5,110 50.8 548.9 0 1.8 113.9 0.2
HCI $4,360 44.2 390.3 0 1.7 80.9 0.1
HCI X $5,610 50.8 548.9 0 1.8 117.9 0.2
HCI $4,360 44.2 390.3 0 1.7 80.9 0.1
HCI X $5,610 50.8 548.9 0 1.8 117.9 0.2
CO, $3,860 42.2 389.2 0 1.7 74.7 0.1
CO, X $5,110 48.8 547.6 0 1.8 111.4 0.2
CO, $3,860 42.2 389.2 0 1.7 74.7 0.1
CO, X $5,110 48.8 547.6 0 1.8 111.4 0.2
Flow $1,655 22.1 386.6 0 0.0 34.0 0.05
Flow X $1,885 27.3 652.1 0 0.0 34.0 0.1
Flow $1,655 22.1 386.6 0 0.0 34.0 0.05
Flow X $1,885 27.3 652.1 0 0.0 34.0 0.1
Opacity $1,218 22.1 386.6 0 0.0 0.0 0.05
Opacity X $1,448 27.3 652.1 0 0.0 0.1 0.1
Opacity $1,218 22.1 386.6 0 0.0 0.0 0.05
Opacity X $1,448 27.3 652.1 0 0.0 0.1 0.1
CO $3,860 44.2 390.3 0 1.7 76.9 0.1
CO X $5,110 50.8 548.9 0 1.8 113.9 0.2
CO $3,860 44.2 390.3 0 1.7 76.9 0.1
CO X $5,110 50.8 548.9 0 1.8 113.9 0.2
SO, $3,860 44.2 390.3 0 1.7 76.9 0.1
SO, X $5,110 50.8 548.9 0 1.8 113.9 0.2
SO, $3,860 44.2 390.3 0 1.7 76.9 0.1
SO, X $5,110 50.8 548.9 0 1.8 113.9 0.2
0O, $3,860 42.2 389.2 0 1.7 74.7 0.1
o, X $5,110 48.8 547.6 0 1.8 111.4 0.2
o, $3,860 42.2 389.2 0 1.7 74.7 0.1
o, X $5,110 48.8 547.6 0 1.8 111.4 0.2
PV $2,723 32.7 521.4 0 15 89.3 0.1
PV X $2,953 37.9 861.5 0 15 89.3 0.2
PV $2,723 32.7 521.4 0 15 89.3 0.1
PV X $2,953 37.9 861.5 0 15 89.3 0.2
THC $4,060 44.2 390.8 0 1.7 78.9 0.1
THC X $5,310 50.8 549.8 0 1.8 115.9 0.2
THC $4,060 44.2 390.8 0 1.7 78.9 0.1
THC X $5,310 50.8 549.8 0 1.8 115.9 0.2
Device Type In-Situ

coIco, $4,948 48.0 502.3 0 1.8 77.6 0.05
coI/co, X $6,257 61.5 795.2 0 2.0 115.0 0.1
coI/co, $4,948 48.0 502.3 0 1.8 77.6 0.05
coI/co, X $6,257 61.5 795.2 0 2.0 115.0 0.1
CO $4,948 43.7 406.3 0 1.7 77.1 0.05
CO X $6,257 52.9 603.2 0 1.8 114.0 0.1
CcO $4,948 43.7 406.3 0 1.7 77.1 0.05
CO X $6,257 52.9 603.2 0 1.8 114.0 0.1
SO, $4,948 43.7 406.3 0 1.7 77.1 0.05
SO, X $6,257 52.9 603.2 0 1.8 114.0 0.1
SO, $4,948 43.7 406.3 0 1.7 77.1 0.05
SO, X $6,257 52.9 603.2 0 1.8 114.0 0.1
o, $4,948 41.7 405.2 0 1.7 74.9 0.05
o, X $6,257 50.9 602.1 0 1.8 111.8 0.1
o, $4,948 41.7 405.2 0 1.7 74.9 0.05
(@) X $6,257 50.9 602.1 0 1.8 111.8 0.1
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Table4.14: Coefficientsfor Caculating Total Annual Costs(TAC) for CEM S (Cont.)

Parameter Pre-Control Installation k8 k9 k10 k11 k12 k13 k14
Measured Sample (hrs) (hrs) (hrs) (hrs) (hrs) (hrs) (hrs)
Device Type Extractive

Flow X $1,875 26.4 485.1 0 1.7 42.5 0.05
Flow X X $2,054 36.3 854.5 0 1.8 79.0 0.1
Flow $1,875 26.4 485.1 0 1.7 42.5 0.05
Flow X $2,054 36.3 854.5 0 1.8 79.0 0.1
SO,/NO, X $4,948 48.0 502.5 0 1.8 77.9 0.05
SO,/NO, X X $6,257 61.5 795.4 0 2.0 115.3 0.1
SO,/NO, $4,948 48.0 502.5 0 1.8 77.9 0.05
SO,/NO, X $6,257 61.5 795.4 0 2.0 115.3 0.1
SO,/NO,/O, X $4,948 52.3 598.5 0 1.9 78.4 0.05
SO,/NO,/O, X X $6,257 70.1 987.4 0 2.2 116.3 0.1
SO,/NO,/O, $4,948 52.3 598.5 0 1.9 78.4 0.05
SO,/NO,/O, X $6,257 70.1 987.4 0 2.2 116.3 0.1

Device Type FTIR

NO, X $22,375 35.5 30.2 301.2 1.7 76.9 0
NO, X X $24,861 41.7 36.2 439.9 1.8 113.9 0
NO, $22,375 35.5 30.2 301.2 1.7 76.9 0
NO, X $24,861 41.7 36.2 439.9 1.8 113.9 0
SO, X $22,375 35.5 30.2 301.2 1.7 76.9 0
SO, X X $24,861 41.7 36.2 439.9 1.8 113.9 0
SO, $22,375 35.5 30.2 301.2 1.7 76.9 0
SO, X $24,861 41.7 36.2 439.9 1.8 113.9 0
CO X $22,375 35.5 30.2 301.2 1.7 76.9 0
CO X X $24,861 41.7 36.2 439.9 1.8 113.9 0
CO $22,375 35.5 30.2 301.2 1.7 76.9 0
CO X $24,861 41.7 36.2 439.9 1.8 113.9 0
HCl X $22,375 35.5 30.2 301.2 1.7 76.9 0
HCl X X $24,861 41.7 36.2 439.9 1.8 113.9 0
HCl $22,375 35.5 30.2 301.2 1.7 76.9 0
HCl X $24,861 41.7 36.2 439.9 1.8 113.9 0
CO, X $22,375 33.5 30.2 300.1 1.7 4.7 0
CO, X X $24,674 39.7 30.8 435.0 1.8 75.4 0
CO, $22,375 33.5 30.2 300.1 1.7 4.7 0
O, X $24,674 39.7 30.8 435.0 1.8 75.4 0
O, X $22,375 33.5 30.2 300.1 1.7 4.7 0
O, X X $24,674 39.7 30.8 435.0 1.8 75.4 0
O, $22,375 33.5 30.2 300.1 1.7 4.7 0
O, X $24,674 39.7 30.8 435.0 1.8 75.4 0
Flow X $2,616 27.1 397.6 21.2 0.0 34.0 0.05
Flow X X $2,913 32.3 666.8 25.6 0.0 70.0 0.1
Flow $2,616 27.1 397.6 21.2 0.0 34.0 0.05
Flow X $2,913 32.3 666.8 25.6 0.0 70.0 0.1

4.2 Total Capital Investment

Total Capita Investment (TCI) includesdirect and indirect costs associated with purchas-
ing and installing equi pment. Costsinclude the equipment cost, which can be composed of the
following components. CEM sampling system cost, monitor cost, DAS cogt, auxiliary equipment
cost, and both direct and indirect installation costs. The estimate includes costs associated with
planning for the CEM S, equipment selection, purchase, ingtallation, support facilities, performance
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testing (Functiona Acceptance Test), and quality assuranceevauations. Findly, the TCl includes
theinstallation of any required platforms & laddersfor routine accessand service. TCl iscalcu-
lated fromthefollowing equation:

TCl = ki + (k2 x A) +(ks xB) +(ks xC) +(ks xD)
+(ksxE) +(k7 xF) (4.1)

wherek through k. arethe regression constantsfor capital costsgivenin Table4.13. The cost
factor variables Athrough F arethe personnel and equipment cost factors as defined bel ow:

A= CEE hourly cost (includes Rate, Overhead, and Fee)

B = Plant Technician hourly cost (includes Rate, Overhead, and Fee)
C= Plant Technician |l hourly cost (includes Rate, Overhead, and Fee)
D = CEM S Consultant hourly cost (includes Rate, Overhead, and Fee)
E = Test Crew hourly cost (includes Rate, Overhead, and Fee)

F = Cost of Equipment

Default valuesfor personne cost factors Athrough E aregivenin Table4.11. Default vauesfor the
equipment cost factor, F, aregivenin Table4.12.

4.4.3 Total Annual Costs

Tota annud cost (TAC) isthe sum of theannual direct and indirect costs. Direct annual
costsincludevariable, semi-variable, and fixed costs. Variabledirect annual costs account for
purchase of calibration gas, water, and el ectrical power or other consumablesrequired by the
CEMS. Fixed and semi-variabledirect annual costsinclude operating and supervisory labor cost,
mai ntenance cost, and equipment replacement cost. Ingenerd, indirect annua costsincludethe
capital recovery cost, property taxes, insurance, administrative charges, and overhead. Capital
recovery cost isbased on theanticipated equipment lifetimeand theannua interest rate employed.
Equipment lifetimeof 10 yearsistypicd for CEMS. TAC iscd culated from thefollowing equation:

TCl = k1 + (k2 xA) + (k3 xB) + (k4 xK) + (k5 xD)

+ (k6 x E) + (k7 xF) (4-2)
where k8 through k14 are the regression constantsfor annual cost givenin Table4.14 and A
through F arethe default cost factorsgivenin Tables4.11 and 4.12 asdefined in the capital cost
section. TCl isthetotal capital cost ascalculated in the previous section and CRF isthe Capital
Recovery Factor.
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The Capita Recovery Factor, CRF, in Equation 4.2 can be cal culated fromthefollowing
equation:

i (L+i)"

W 4.3

CRF =

where
i =interest rate (e.g., i = 0.07 for a7% interest rate)
n=equipment life (in number of years)

For CEM Ssystems, theagency typically assumesan equipment lifeof 10 years.

4.5 Sample Calculation

What isthe cost for aExtractive SO, gasanayzer onanew facility with sampling locations
before and after the control device? Assumeaninterest rate of 7% and that themonitor hasa10-
yea life.

Step 1: Caculate Tota Capital Investment, TCI, from Equation 4.1

TCl = k1 + (k2 xA) + (k3 xB) + (k4 xK) + (K5 xD)
+ (k6 x E) + (K7 x F)

Loaded labor ratesfrom Table4.11:
A = CEE Rate=$42.0/hr
B = Plant Technician| Rate = $25.2/hr
C = Plant Technician || Rate=$37.8/hr
D = Consultant Rate=$89.1/hr
E = Test Crew Rate = $52.8/hr
Equipment Cost from Table4.12:

F = Equipment cost for an Extractive SO, CEMS = $12,500
Coefficientsk,, k,, k;, k,, k; k; andk from Table 4.13:

k, = $150,130
k, = 368.5hrs

4-34



k, = 248.1hrs
k,= Ohrs

k, = 120.8 hrs
ks = 135.0 hrs
k =2

Substituting these valuesinto equation 4.1 gives.

TCl = $150130 + $15477 + $6,252 + $0 + $10,763 + $7 128 + $25,000
=$214,750

Step 2: Calculate Capital Recovery Factor, CRF, from Equation 4.3:

007 x (1+ 007)*°
CRF = o
[@+ 007)% - 4]

CRF = 01424

Step 3: Calculate Total Annual Cost, TAC from Equation 4.2:

TAC = ks + (ko x A) + (k1 xB) +(ku xC) +(kiz xD)
+(kisx E) +(ku xF) +(CRF xTCI)

Loaded labor ratesfrom Table 4.11.

A= CEE Rate=$42.0/hr

B = Plant Technician| Rate = $25.2/hr

C = Plant Technician || Rate= $37.8/hr

D = Consultant Rate= $89.1/hr

E = Test Crew Rate = $52.8/hr
Equipment Cost from Table4.12:

F = Equipment cost for an Extractive SO, monitor = $12,500
Coefficientsk,, k,, kK, K, K., kK ;and k , from Table 4.14:

k, = $5,110
k, = 50.8hrs
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k, =548.9hrs
k, =0hrs

k, =18hrs
k, =113.9hrs

K, =02

From Step 1, TCI = $214,750. Substituting these val uesinto equation 4.2 gives:

TAC = $5110 + $2.134 + $13832 + $0 + $160 + $6,014 + $2500 + (CRF xTCI)
= $29,750 + (01424 x $214,750)
= $60,330

Thetotal capital investment is$214,750 and thetotal annual cost is$60,330 for aSO, extractive
CEM Swith sampling locations before and after the control device.
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Appendix A

ASSUMPTIONS FOR PERSONNEL
AND EQUIPMENT COST FACTORS
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Appendix A consistsof tables of assumed valuesfor personnel and equipment cost fac-
tors. Thetotal capital investment (TCI) and total annual cost (TAC) equations, Equations4.1and
4.2, werederived with these values built into them. These assumptions must be consideredin
determining the applicability of the equationsto aspecific source. Seethe CEM S Cost Model for
additiond information regarding thesetablesand their devel opment.

Table4.15: Default Personnel Travel and Per Diem Cost Factors

Cost Item CEE Plant Plant CEMS Test
Technicial Technician 1l Consultant Personal

Wage rate, $/hr w/o OH 30.00 18.00 27.00 27.00 16.00

Overhead (OH), % of

wage rate 40 40 40 200 200

Fee, % profit N/A N/A N/A 10 10

Hourly Ratel 42.00 25.20 37. 89.1 52.8

Table4.16: Default Auxiliary Equipment Costsfor CEMS($)

Equipment Extractive In-situ FTIR
Sampling system

After control 40,000 1,000 38,000

Before control 50,000 2,000 48,000
Data acquisition system 20,000 20,000 16,000
CEMS shelter 12,000 N/A 10,000
Fabrication of system in shelter 12,800 N/A 7,700
Monitor control unit N/A 10,000 N/A

‘ Only needed if system includes opacity or PM monitor.
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