Noti ce

Thi s Engi neering Guide was recently converted to a PC format and
it has not been proof read by our engineering staff. Therefore,
it is subject to change at a |l ater date.



Chi o EPA
Ofice of Air Pollution Control
Engi neering Section
Engi neeri ng Gui de #46
Questi on:

How shoul d capital cost, annualized cost, cost-effectiveness
be determined in order to select or evaluate an em ssion
requi renent based on Best Avail abl e Technol ogy (BAT),
Reasonably Avail abl e Control Technol ogy (RACT) or Reasonably
Avai | abl e Control Measures (RACM? (This question was
originated by Air Quality Mdeling and Pl anning Section of
the Division of Air Pollution Control.)

Answer :

Cenerally, the nore efficient a control device is in
reducing em ssion rate of a pollutant, the greater the cost
of the device. Many tines in the process of trying to
ascertain what is BAT for new or nodified sources and RACT
or RACM for existing sources, the cost-effectiveness of a
control device becones the primary determ ning factor

The foll owm ng docunent entitled "CGuidance for Estimating
Capital and Annual Costs of Air Pollution Control Systens"
is aguideline to assist in determning capital costs,
annual i zed costs and other information necessary in

cal culating the cost-effectiveness of a pollution control
devi ce.

Costs associated with a pollution control device include the
capital cost and the annualized cost. Capital cost includes
the direct cost of purchasing the control device along with

the I abor and installation costs. Annualized costs are the

total expenditures, on an annual basis, required to

anortize, operate and naintain the control device. Interest
paid on borrowed noney for the equi pnent, plus taxes,
i nsurance and overhead are all included in the annualized

cost. Cost-effectiveness is determ ned by dividing the
total annualized cost of the device by the total annual

em ssion reduction achieved by the device, and is normally
expressed in dollars per unit weight em ssion reduction
(e.g., $/ton or $/pound).

The determ nati on of whether or not a particular cost-
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effectiveness value is economcally reasonable is not within
the scope of this engineering guide. Questions in this
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regard should be directed to either the Engineering Section
or Air Quality Mddeling and Pl anning Section of the Division
of Air Pollution Control.

Decenber 5, 1983
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SECTION 1
| NTRODUCTI ON

1.1 PURPCSE

Regul ati ons of the Ohio Environnental Protection Agency
(OEPA) require that any person intending to install a new source
- or nodify an existing source - of air em ssions apply for and
obtain a permt-to-install (PTI). The review of PTI applications
is conducted by local air agencies and OEPA district offices.
Cost anal yses are an inportant aspect of the reviewand it is
extrenely inportant that costs be derived in a consistent nmanner.
The purpose of this docunent is to provide gui dance on cost
estimating and rel ated net hodol ogies that will pronote statew de
uniformty and consistency in the estimating of costs for air
pol lution control systens. The nethods and procedures presented
shoul d provide cost estimates accurate to within 20 to 30

percent for specific cases where adequate data are avail abl e.

1.2 SCOPE AND FORMAT

In the preparation of cost estimates for air pollution
control systens it is commobn practice to separate costs into two
interrelated cost centers - capital and annualized costs. The
capital investnent cost includes the direct cost of purchased
equi pnent, the labor and materials to install the system and the
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i ndirect costs associated with the design, construction and
startup expenses. Annualized cost is the total annual
expenditure to operate and maintain the facility and includes the
day-t o-day operating costs and expenditures for interest on
borrowed capital, taxes, insurance and over head.

A nmet hodol ogy for developing total installed capital cost
and total annualized cost estimates is presented. Since the
purpose is to establish consistency in estimating techni ques a
general i zed approach is presented and specific process or
equi pnment costs are not included. The nethodol ogy is based on
the factoring techni que devel oped for the United States
Environnmental Protection Agency (U.S. EPA) by GARD, Inc.
(Reference 1). Enphasis is on costs of systens that enploy air
pol lution control hardware; however, by follow ng the general
procedures and basic principles, costs can be derived for control
by process change, material or fuel substitution and for the
secondary costs associated with the treatnent and di sposal of
waste materials captured by the control system

Section 2 presents a discussion of the many vari abl es that
affect the costs of em ssion reduction systens and points out
process paraneters, regulatory and control systemrequirenents
that influence system design and cost. The average unit cost,
scaling and factoring techniques comonly used to estimate costs
are briefly described in Section 3 and the Iimtations of each
techni que are explained. The factoring nethod is best suited to
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permt review cost analyses since it offers reasonabl e accuracy,
can be adapted to reflect costs for specific installations and
can be conducted with noderate effort.

Section 4 discusses capital costs conponents, suggests
sources of cost information and |lists average factors for
deriving direct and indirect installation costs as a function of
pur chased equi pnent expenditures. Adjustnent nultipliers and
criteria for their use in preparing refined estimtes for a
specific systemare provided and the use of cost indexes to
equal i ze costs on a current, constant dollar base is discussed.

Section 5 is devoted to estimation of annualized costs and
cont ai ns subsections on direct operating costs, indirect
operating costs, cost factors and their use. Control system and
operational variables have a major affect on direct operating
costs, can differ substantially between both simlar and
dissimlar plants and control systens, are case specific in
nature and require judgenent in their definition. GCeneral
gui delines are provided to assist in this judgenent.

I nformation, data and fornmula useful in estimating control system
utility requirenents and capital recovery costs are provided.
Section 6 discusses the cost-effectiveness concept and
illustrates the cal culation and use of cost-effectiveness and

i ncremental cost-effectiveness val ues.
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SECTI ON 2

VARI ABLES AFFECTI NG EM SSI ON CONTROL COSTS

Publ i shed air pollution control costs are frequently
general i zed data representing industry averages and are often
presented as cost per capacity paraneter (such as dollars per ton
of production or per cubic foot of exhaust gas treated per
m nute). These averages represent a range of costs, may be based
on a nunber of different installations and hide the fact that
costs vary widely. The capital and operating costs are subject
to many of the sane variables that are or should be considered in
the sel ection and design of the control systemitself. Variables
or factors that influence control system selection, design and
costs include:

. Pl ant/source status - |ocation, newexisting facility.

. Process/ source paraneters - type, sizel/capacity,
continuous or intermttent, operating nethods/cycles.

. Gas stream characteristics - tenperature, pressure,
vol une, pollutant concentration(s), chem cal
conposi tion, physical nature.

. Regul atory requirenents - emssion limtations,
opacity, performance/ process/equi pnent/ nonitoring
st andar ds.

. Systemrequirenents - type, size, auxiliary and gas

condi tioni ng equi pnent, capture/collection system
ef ficiencies and configurations, construction
materials, insulation, utilities, instrunentation,
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wast e di sposal /reclainmtreatnent, operating and

2-2



mai nt enance nmaterial s/ supplies.

Pl ant | ocation, local climte, geography and denography may
dictate nore stringent emssion |limtations, sophisticated
control and increased costs. Retrofit applications can result in
installation costs that greatly exceed the costs at new
facilities because of space restrictions, difficult tie-ins and
out -dated process equi pnent. Process operating nethods and
cycl es necessarily influence both system design and costs.

Cyclic or fluctuating gas flow rates affect system perfornance,
must be accommobdated in system design/sel ection and affect
ultimate costs.

Exhaust stream characteristics of major inportance include
vol unme, pressure, tenperature, noisture content, pollutant
concentrations(s), and corrosiveness. Gas conditioning equi pnment
to preclean, cool, dry, humdify or chemcally treat the gas
stream may be required. Acidic conponents require that corrosion
resistant materials be used in the capture and collection
systens. Physical properties of pollutants - such as particle
size and electrical properties - affect costs and design.

Coll ected materials nmust be handl ed, store and di sposed of
in an acceptable manner. Significant expenses can be involved in
providing | and area, treatnent/disposal facilities and in
bringing utilities to the disposal site. Wen collected

materials can be reclainmed or recovered a credit may be realized
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as product, by-product, heat or fuel. Standby (redundant)

equi pnent, safety margin provisions, instrunentation and
automated operation to inprove reliability and reduce mai nt enance
can have substantial effect on costs.

In summary the total cost of an air pollution control system
is influenced by many variabl es and these variabl es nust be taken
into account in making reliable cost estimates. Non-specific
cost data based on industry averages can be m sl eadi ng since the
average represents nmany different types of installations with a
wi de range of costs. The |ow end of the range m ght represent an
installation using a m ni num of standard equi pnent installed by
pl ant personnel that just neets regulatory emssion |imts. The
hi gh end of the cost range may be for a sophisticated custom zed
system that included redundant equi pnent, autonation, expensive
construction materials, waste treatnent/di sposal, auxiliaries and
ot her special or customfeatures. These differences or variables
af fect both purchased equi pnent and installation costs. Each
vari abl e shoul d be exam ned and quantified as precisely as

possible in order to preserve the accuracy of the estinate.
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SECTI ON 3
METHODS FOR ESTI MATI NG CAPI TAL COSTS

Capital costs of a control systeminclude the cost of the
pur chased equi pnent, i.e., the control device, auxiliary
equi pnent and accessories, and all direct and indirect
installation costs. The direct installation costs include the
| abor and material costs for erection and handling, foundations
and supports, electrical, piping, insulation, painting, site
preparation, facilities and buildings. Indirect installation
costs include engineering, supervision, construction and field
expense, fees, start-up, performance tests and conti ngenci es.
There are a nunber of nmethods for estimating capital costs.
The accuracy of any nethod is directly related to the anmount and
detail of information available and the manner in which it is
used. The estimate may be "order of nmagnitude" (when based on
i ndustry averages), accurate to within £20 to 30 percent (when
derived fromprelimnary designs) or to wwthin 5 percent (when
prepared from conplete plans and specifications). Detailed cost
estimates (x5 percent accuracy) require conplete and detail ed
information and data that is site-specific and based on
mat eri al / energy bal ances, site/soil surveys, conplete process and
structure plans/specifications and ot her engi neering works. Less
detailed estinmates are adequate for permt review needs. Several
comonl y used estimating nethods are di scussed bel ow.
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3.1 AVERACGE UNIT COST ESTI MATES

This nethod is based on the average cost per size or
capacity paraneter. For exanple the basis of cost estinmates may
be dollars per 1000 standard cubic feet per mnute (scfnm of
treated exhaust gas, per kilowatt (kW of boiler size or per ton
of production. The average unit cost represents a range of
costs. Non-specific cost data based on industry averages can be
m sl eadi ng and the range of capital costs derived fromsuch data
can be very wide. This nethod | eads to an order of magnitude

estimate and is best used for general conparison only.

3.2 SCALED ESTI MATES

Where costs are known for a given size or capacity, a scaled
estimate can be nade to obtain the costs for simlar equi pnent or
for control systens of a different size. The "power rule" is a

techni que for scaling of cost data using the equation:

(S.) "
G =G (S)

Were C, and C, are the desired and known costs respectively S,
and S, are the size or capacity of the "desired" and "known"
control device or equi pnent respectively, and n is the scaling
exponent. For equi pment costs the exponent or factor has been
shown to average 0.6 and the rule is comonly referred to as the
"six tenths factor." The scaling factor of six-tenths is nost
accurate when applied to single equipnent itenms but has been used
for approximation of conplete systemcosts. The six-tenths
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techni que may produce errors of 50 percent or nore because of
differences in size, location, auxiliary equipnent, system

sophi stication, or other dissimlarities. Accuracy is highly
questionabl e when costs are scaled to reflect nore than an order
of magnitude in size. Since scaling nethods are relatively

i naccurate they should only be used when no other costs are
avai |l abl e. Exanples of scaling exponents and an indication of
the wide variation in exponents that can be expected are shown in

Tabl e 3-1.

3.3 FACTORED ESTI MATES

A factored estimate is a total capital cost estinmate based
on only one or two itens. Accuracies within +20 to 30 percent
are possible using the so-called "factored" nethod when adequate
data are available. An exanple is the nodified Lang net hod
devel oped for the U S. Environnental Protection Agency (US EPA).
In this nethod the basic purchase prices of equipnent are
multiplied by appropriate factors to conpute the other costs.
The multiplier factors are derived from experience with previous
construction and systemcosts. Adjustnent of the nmultiplier
factors all ows devel opnent of costs that nore closely reflect the
specifics of a given system The nethod is therefore well suited
to permt review cost analyses since it offers reasonable
accuracy, can be adapted to reflect specific installations and
can be conducted with noderate effort. For these reasons the
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met hods for estimating capital and annualized costs presented in
Sections 4.0 and 5.0 are those devel oped for the US EPA by Gard,

Inc. (Reference 1).

TABLE 3-1. SCALI NG EXPONENTS FOR CONTROL DEVI CE
AND AUXI LI ARY EQUI PMENT?

Scal i ng exponent

Equi pnrent item Uni t Exponent
Fabric filter ft2z cloth 0. 95
El ectrostatic precipitator ft? plate 0. 37
Wet col | ector acfm 0.70
Cycl ones acfm 0. 80
Absorption units acfm 0.62
Car bon adsor ber | b carbon 0. 90
Catal ytic incinerator acfm 0. 60
Ther mal i ncinerator

e With heat exchanger acfm 0.70

e Wi t hout heat exchanger acfm 0.4-0.5
Condensers acfm 0.70
Fan system BHP 0. 96
Punp system

Reci procati ng BHP 0.52

Centri fugal BHP 0.52
Quench t ower acfm 0. 85
Spray chanber acnf 0. 43
Reheat er acnf 0.78
Duct wor k ft? 0.55
Exhaust stack ft 1.0
Hopper s ft3 0. 68
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Screw conveyors l ength, ft 0.8

St orage tanks
e Less than 40, 000 gal gal 0. 29
« More than 40, 000 gal gal 0. 63
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SECTION 4
CAPI TAL COSTS

4.1 CAPI TAL COST COVPONENTS

The capital cost of an air pollution control systemis
defined as the direct and indirect expenses incurred tot he date
when the facility begins full scale or commercial operation and
maj or start-up problens have been resolved. Direct expenses
(costs) consist of the purchased equi pment cost for the system
plus the direct installation costs for |abor and material s needed
to the install the system Indirect expenses (costs) are those
not directly related to specific equipnment but necessary to
conpl ete the design, construction and start-up of the overal
control systemfacility. Table 4-1is a listing of capital cost
conponents categorized as direct costs (the delivered equi pnment
costs) and installation costs - direct and indirect. Exanples of
each cost conponent are given and acconpani ed by appropriate

expl anat ory remarKks.

4.1.1 Equipnent Costs

Pur chased equi pnent cost is the nost inportant itemin a
capital cost estimate and includes the price of the control
device, auxiliary equipnent, instrunments, controls, taxes and
freight. 1In a factored estimate the equi pment costs provide the
basis for devel oping the remaining capital costs, i.e., the
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direct and indirect costs of installation. Factored estimates
rely upon good estimates of equi pnent costs because all other
costs are derived fromthem The inportant of obtaining good
equi pnent costs and defining what those costs include cannot be
over - enphasi zed.

Sources of Cost Information--

Equi pnment costs may be obtai ned fromvendors, fabricators
and suppliers. Witten quotations are preferred because the
scope of the equipment or control device supplied at a given cost
is better defined than in oral quotations. Several quotations
can be obtained to allow a cross-check of costs and project
scope. Useful sources containing the names of equi pnent vendors
i ncl ude the Chem cal Engi neering Equi prment Buyers Cui de, the
classified section of tel ephone directories, pollution control
magazi nes and trade journal advertisenments. Price fromsuppliers
or vendors are a preferred source of such information. Care nust
be taken to clearly define what is and is not included when
obtaining prices fromvendors or other sources. One quote may be
for "flange-to-flange" costs only whereas another may include al
or part of such itens as electricals, instrunents, controls,
foundations, etc. Because of these variations it is extrenely
inportant to determ ne and define the scope of the project and
the coverage of quoted prices.

Publ i shed reports and articles in technical journals are

anot her source of cost information. Typical are such exanples as
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the Control Techni ques Qui deline Docunents (CTGD) and the
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TABLE 4-1.

CAPI TAL COST COMPONENTS

Capi tal cost conponent

Exanple itens

Remar ks

Direct costs

Pur chased equi pnent
e Control device

e Auxiliary equi pnment

Fabric filter, ESP,
scrubber, afterburner,
absor ber, equi pnent for
process change/fugitive
em ssion control, etc.

Punps, fans, hoods/
duct wor k, stacks, dust
hopper s/ conveyors, gas
condi tioners, sprink-
lers, mst elimnators,
etc.
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Direct costs consist of the
del i vered cost of equi pnent and
instrunmentation directly rel ated
to capture, collection and
handl i ng of the exhaust stream
and col |l ected pol |l utants.

Where control option is process
change the equi pnent costs may

i ncl ude conveyors, reactors,

m xers, etc., i.e., process

equi pnent. A road dust reduction
program m ght include the cost of
oi ling trucks or additional hau
trucks due to vehicle speed
reduction controls. Price of
itens is on an F. O B. basis

Process change nay invol ve duct -
wor k changes and add-on retrofit
systens may require duct work
nmodi fi cations. Since nost
ductwork is shop fabricated for
the specific application it is
included in the auxiliary equip-
ment cost rather than as an
installation cost.



Capi t al

cost conponent

Exanple itens

Remar ks

| nstrunent s/ control s

Taxes

Construction/field expense

Construction fee

Startup

Per f or mance t est

Model study

Recorders, sensors,
transmtters and
control room equi pnment.

Sal es/ use t axes.

Costs of maintaining
and supporting a | abor
force in the field.

Fee covers payrol

addi ti ons, subcontrac-
tor supervision, risk
i nsurance, etc.

Costs of | abor, mater-

ial's, equipnent and
nodi fications needed to
pl ace systemin good
operating order.

Cost of acceptance/ per-
f or mance/ conpl i ance
testing.
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Control device costs may include
internal electricals and sone or
all controls and i nstrumentati on.

Ohi o and many ot her states exenpt
certified air pollution control
equi pnent fromcertain taxes.

These costs are affected by
proj ect si ze.

Fee size dependent on project

si ze and sophi stication, single
vs. nultiple contractors, in-
house vs. vendor vs. contractor
erection.

Startup expenses are those
incurred after the facility has
been conpl et ed.

Normally a fixed cost item

I n unusual circumnstances a node
study may be necessary where
little data is available from
past installations.



Capi tal cost conponent

Exanple itens

Remar ks

e Conti ngenci es

e Freight

Installation direct costs

e Foundati ons/ supports

e Erection/ handling

Desi gn changes, conpl e-
tion del ays (weat her,
strikes, etc.) and
associ ated penal ties,
price increases, etc.

Labor and naterial for
f oundati on, excavati on,
steel, concrete,
backfill, etc.

Labor and naterials to
assenbl e, and set in
pl ace and connect.
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Conti ngency costs are real costs
that may be experienced due to
unf oreseen circunst ances.

Cost of |oading, rigging,
delivery and unloading if not
i ncluded in purchase price of
equi pnent .

These costs consist of the direct
expenses for material and | abor
to install the purchased

equi pnent .

In retrofit cases involving
installation on an existing
structure and reinforcenent or
nodi fi cation woul d be incl uded
or, if not necessary, this item
woul d be del et ed.

In retrofit applications this
cost includes renoval of existing
equi pnent .



Capi tal cost conponent Exanple itens Remar ks

« Electrical Labor and materials for | ESP installation nmay have high
installation of wiring, | electrical costs and require that
switchgear, circuit suppl enent al power be provided
breakers, substati on, (hi gher capacity service, substa-
etc. tion, transformer, etc.).

e Pi ping Labor and materials to This can be a high cost itemfor
install piping, hang- wet collection (scrubber) systens
ers fittings, valves, and for control by process
etc. change.

e I nsul ation Labor and materials for | I nsulation and/or heaters on
installing insulation, device itself may be included in
steamtracing or other pur chased cost.
freeze protection.

e Painting Labor and materials for | Usually a mnor cost item but my

Site preparation

pai nting or coating to
provi de weat her/corro-
sion protection.

Labor and materials for
road grading, clearing,
pi ers, sidings, dispos-
al / parking areas, re-
noval of existing
structures, etc.

be a high cost where gas/liquid
streans are corrosive requiring
special internal/external liners
or coatings.

This cost is highly sensitive to
case specifics. My require | and
survey, study, dewatering, etc.



Capi tal cost conponent

Exanpl e itens

Remar ks

e Facilities/buildings

| ndi rect costs

e Engi neeri ng/ supervi sion

Labor and materials for
adm ni strative/ mai nt en-
ance/ process bui | di ngs
and ot her structures
directly related to the
air pollution control
system | ncl udes
access roads, fencing,

I ighting, heating,
cool i ng, etc.

Desi gn of system con-
struction supervision
and nmanagenent .

Sone systenms may require storage
facilities for consumabl e
materials used in the collection
system i.e., oil tanks for oil-
fired incinerators, |inme storage
for flue gas desul furization
systens, etc. Buildings and
facilities wth heating/cooling,
sanitation facilities, shops and
of fices for system operating
personnel are included in this
item Also railroad sidings,
truck depot and parking are

i ncl uded as necessary.

I ndirect costs of installation

i ncl ude those costs not directly
related to a specific equi pnent
item but necessary to conplete

t he design, construction, startup
and operation of the system

Project size usually determ nes
t hese costs. Small systens using
st andard equi pnent require |ess
engi neering and supervision than
| arge prototype systens or
process changes.
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Background I nformati on Docunents (BID) published by US EPA. The
difficulty in using this information is that docunents are
sonetimes general in their treatnent of processes and control
systens and/or are "nodel" studies for simlar but general
processes. An exceptional and excellent publication for
obt ai ni ng equi pnent costs is the Gard Manual .* Thi s nmanual
contains information useful in the sizing of control systens and
provi des fl ange-to-flange costs for common control equi pnent and
for auxiliary equipnent. Wen extracting capital expenditures
from published information care should be taken to clearly define
the scope and basis for the costs. Industry supplied cost
informati on may be obtained fromdirect query, past purchase
orders or fromsuch sources as US EPA Section 114 letters, plant
surveys and published reports. Generally such information
requi res explanation, verification and scope definition to be
useful since the cited costs may be equival ent, rather than
actual cost data, or may be conposites that are not broken down
adequately for direct use.

In the absence of other cost information rough estimtes can
be made using cost indexes, average unit costs and scaling
met hods. Cost curves that display purchased equi pnent costs,
total capital costs and annualized costs can be found in US EPA
docunents and ot her published reports. The accuracy of these
curves relative to a specific application depends upon the
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simlarities between the assunptions used in the exanple curves
(frequently not adequately explained) and the conditions under
whi ch the systemunder review will actually be used. Accordingly
both the accuracy of the costs and applicability to a given case
may be hi ghly questionabl e.
Cost Escal ati on- -

Since prices vary wdely fromone tine period to anot her,
cost data fromvarious tine periods nust be adjusted to a
constant data base to make neani ngful conparisons. A cost index
provi des a nmethod for upgrading costs to account for inflation
wi t hout doing in-depth studies of individual project or cost
itens. The Chem cal Engineering Plant |Index (EC Index) is
frequently used to extrapol ate control equi pment to current
dollars. Reference 1 recomends use of the CD Index in
conjunction with the U S. Departnent of Labor, Bureau of Labor
Statistics (BLS) whol esale price i ndexes and suggests they be
used as shown in Table 4-2. The CE Index is used for updating
costs of all mmjor equipnent itens. Table A-1 of Appendix Ais a
tabul ati on of CE Index values for the years 1957 through 1982.

Where costs for one year (B) are known they can be adjusted
to another year (A) by sinple ratio of costs and indexes.

(Year A | ndex)
Year A cost = Year B cost x (Year B Index)
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TABLE 4-2. COST ADJUSTMENT | NDEXES FOR Al R POLLUTI ON CONTROL SYSTEM EQUI PMENT

Equi prent item

Use of the Index or Conposite |Index Shown

Cont rol Equi pnent
Absor ber

Absor ber
 Package unit
e Custom unit

El ectrostatic Precipitators
e I nsul ati on*

Fabric Filter

e | nsul ati on*

e Stainless steel construction*
e Filter nedi a*

Fl are

I nci nerat ors-Thermal / Catal ytic
 Package unit
e Custom unit

Mechani cal Col |l ectors
Refri geration

CE Fabri cated Equi pnent | ndex

CE Process Equi pnent | ndex
CE Fabri cated Equi pnent | ndex

CE Fabri cated Equi pnment
% (BLS No. 1392 factor) + (CE Fabricated
Equi pnrent Factor)

CE Fabri cated Equi pnent | ndex

% (BLS No. 1392 factor) + (CE Fabricated

Equi pnment Fact or)

BLS No. 10130264 - for adjustnent of
stainless steel cost only

BLS No. 0312 or No. 0334 - for filter
medi a cost only

CE Fabri cated Equi pnent | ndex

CE Process Equi pnent | ndex
CE Fabri cated Equi pnent | ndex

CE Process Machi nery | ndex
CE Process Equi pnent | ndex
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Equi pnent item Use of the Index or Conposite Index Shown

Venturi Scrubber CE Fabri cated Equi pnent | ndex

e Rubber liner* BLS No. 07

Auxi liary Equi pnent

Cool i ng tower CE Fabricated Equi pnent | ndex

Danper s CE Fabricated Equi pnent | ndex

e Automati c control CE Process Instruments/ Controls |Index on
that portion of price

Duct wor k CE Fabri cated Equi pnent | ndex

Dust renoval / handl i ng CE Fabri cated Equi pnent | ndex

Fans/ motors/starters

« Fans BLS No. 1147 | ndex

« \btors BLS No. 1173 | ndex

e« Starters BLS No. 11750781 | ndex

e V-belts BLS No. 11450133 | ndex

Heat exchanger CE Fabri cated Equi pnent | ndex

Punps BLS No. 1141 | ndex

St acks CE Fabri cated Equi pnent | ndex

* Apply index values only to that portion of the price,
"add- on"

attributable to the special

bet ween carbon and stai nl ess steel

or rubber

[ ining and nmechani cal

VS.

feature or material, i
construction, additional
automatic controls.
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In sunmary it is appropriate to re-enphasi ze that equi pnent
cost is the nost inportant itemof a capital cost estimte and
the nore accurate this information, the better is the capital
cost estimate. The paraneters and other factors on which the
equi pnent cost is based, the source of cost information, howit
was derived and what it does (and does not) include should be

clearly understood and specified in the cost statenent.

4.1.2 Installation Costs

The installation costs can generally be considered as a
fi xed percentage of the equipnent costs. However this percentage
factor is influenced by the type of installation. Many of the
individual itens in the direct and indirect installation
categories are subject to site-specific adjustnent. For exanple
installation costs vary depending on: whether or not the
installation is newor retrofit (foundations, supports, site
preparation factors), the geographic |ocation and topography of
the site (site preparation factor), whether the auxiliary and
control device equipnment are factory or field assenbled (erection
and handling factors), the availability and proximty of service
facilities (electricity, water, etc.) at the site and whether the
equi pnent is to be outside or enclosed in buildings (facility and
buil ding factors). Wile equipnent costs represent a firm cost
since they are obtainable fromsupplier's quoted prices it is
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evi dent that know edge of the specific application is inportant
in deriving installation costs. Use of the appropriate cost
adjustnents is an inportant aspect of capital cost derivation and
proper use can provide cost estimates tailored to a specific
installation.

4.2 COST FACTORS AND THEI R USE!

Estimation of the capital costs for air pollution control
systens requires that information and data be avail abl e that
clearly define.

. Al systemdetails and requirenments, i.e., the
conponents, size, configuration, design and operating
paraneters, gas streamand site characteristics, etc.
of the capture, control and di sposal systens necessary
to satisfy the pollution control requirenents for the
specific source. Section 2.0 discusses variables that
af fect systemrequirenents and costs.

. Control device and auxiliary equi pnent costs. Previous
di scussion in Section 4.1.1 indicated sources of
equi pnent cost information and enphasi zed the
i nportance of obtaining accurate prices that specify
what is included and/or excluded in the cited price.

The method of estimating costs presented here is based on
the factoring technique of establishing direct and indirect
installation costs as a function of direct (purchased equi prment)
costs. Table 4-3 gives average cost factors for common types of
air pollution control equipnent and Table 4-1 shows exanple itens

that are covered by cost factors and indicates applicability.

The cost factors are applied to the cost of delivered purchased
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equi pnent (direct costs) to estimate the direct and indirect
installation costs. The capital cost estimate for the entire
systemis the sumof direct costs for purchased equi pnent and the

direct and indirect installation costs.
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TABLE 4-3. AVERAGE COST FACTORS FOR ESTIMATING CAPITAL COSTS OF

COMMON EMISSION CONTROL SYSTEMS!

4-15

Thermal and
Electrostatic Venturi catalytic Carbon
Cost category Precipitator scrubber Fabric filter incinerator adsorber Gas absorber Refrigerator
Direct costs
Purchased equipment:*
a) Control device (A) Purchased cost of control device (A)
b) Auxiliary Equipment (8) Purchased cost of auxiliary equipment (B)
c) Instruments and controls 0.10 x (A+B)
d) Taxes (unless exempt) 0.05 x (A+B)
e) Freight 0.05 x (A+B)
Base price (C) Total of above
Installation:**
a) Foundations and supports 0.04 0.06 0.04 0.08 0.08 0.12 0.08 0.12
b) Erection and handling 0.50 0.40 0.50 0.14 0.14 0.40 0.14 0.40
c) Electrical 0.08 0.01 0.08 0.04 0.04 0.01 0.08 0.01
d) Piping 0.01 0.05 0.01 0.02 0.02 0.30 0.02 0.02
e) Insulation 0.02 0.03 0.07 0.01 0.01 0.01 0.10 0.01



Thermal and
Electrostatic Venturi catalytic Carbon
Cost category Precipitator scrubber Fabric filter incinerator adsorber Gas absorber Refrigerator
f) Painting 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.01
g) Site preparation*** As required
h) Facilities and
buildings*** As required
Subtotal-multiplier for direct 0.67 0.56 0.72 0.30 0.30 0.85 0.43 0.57
installation costs
Indirect costs
Installation:**
a) Engineering and supervi- 0.20 0.10 0.20 0.05 0.05 0.10 0.05 0.10
sion
b) Construction and field 0.20 0.10 0.10 0.10 0.10 0.10 0.10 0.10
expense
c) Construction fee 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
d) Startup 0.01 0.01 0.01 0.02 0.02 0.01 0.02 0.01
e) Performance test 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
f) Model study 0.02 - - - - - - -
g) Contingencies 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Subtotal-multiplier for indirect 0.57 0.35 0.45 0.31 0.31 0.35 0.31 0.35
installation costs

* Direct cost factors (c,d,e) for purchased equipment are the same for all equipment and are applied to the sum of control device (A) and auxiliary equipment (B) costs.
*x Cost factor multipliers for direct and indirect installation costs are applied to the base price (C).
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faleied Costs for site preparation, facilities and buildings, if such are required, are added to t he other direct installation costs.
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The cost factors in Table 4-3 are typical or average
mul tipliers derived from previous experience with construction
and system costs. As discussed in Sections 2.0 and 4.1.1 there
are many vari ables than can affect the overall control system
costs - particularly with respect to the cost of installation.
Installation costs can vary substantially fromone systemto
anot her dependi ng on such consi derations as whether it is a new
or retrofit installation, equipnent is delivered as a package
unit or requires field assenbly, utilities are available at or
near the site, equipnent is to be enclosed or outside and in or
on new or custom zed or untried prototype equi pnent. For these
reasons it is desirable to adjust those cost itens that are
heavily influenced by systemsize, |ocation, sophistication and
the like. Table 4-4 presents adjustnment factors for selected
cost categories that can be used to devel op refined estinmates
that nore closely reflect the nature and characteristics of a
specific system The table |ists general criteria on which to
base use of the adjustnment factors. The use of cost factors and

adjustnents is discussed in the follow ng sections.

4.2.1 Direct Costs

Direct costs consist of the conbined purchase price of the

primary control (control device) and auxiliary equipnent, the
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instrunentation and control costs, taxes and freight charges.
Al'l system conponents that are not field fabricated should be
accounted for and included in the purchased equi pnent costs. The

cost factors in Table 4-3 for calculating instrunentation, taxes
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TABLE 4-4. COST ADJUSTMENT FACTORS FOR SELECTED COST CATEGORI ES!

Cost adjustment
Cost category and adjusment criteria factor

Instrumentation

1. Simple, continuous, manually operated. 0.5t0 1.0
2. Intermittent operation, modulating flow with emissions monitoring 1.0to 1.5
instrumentation. 3

3. Hazardous operation with explosive gases and safety backups

Freight
1. Major metropolitan areas in continental U.S. 0.2t0 1.0
2. Remote areas in continental U.S. 1.5
3. Alaska, Hawaii, and foreign 2
Handling and erection
1. Assembly included in delivered cost with supports, base, and skids 0.2t0 0.5
included. Small to moderate size equipment.
2. Equipment supplied in modules, compact area site with duct and 1
pipe runs less than 200 feet. Moderate-size system
3. Large system, scattered equipment with large runs. Equipment 1.0t0o 1.5
requires fabrication at site with extensive welding and erection.
4. Retrofit of existing system; includes removal of existing equipment 2

and renovation of site. Moderate to large system

Site preparation

1. Within boundary limits of existing plant; minimum effort to clear, None
grub, and level

2. Outside plant limits; extensive leveling and removal of existing 1
structures; includes land survey and study

3. Requires extensive excavation and land ballast and leveling. May 2

require dewatering and pilings.

Eacilities and buildings

1. Outdoor units, utilities at site None

2. Outdoor units with some weather enclosures. Requires utilities 1
brought to site, access roads, fencing, and minimum lighting

3. Requires building with heating and cooling, sanitation facilities, 2

with shops and office. May include railroad sidings, truck depot
with parking area.

Engineering and supervision

1. Small-capacity standard equipment, duplication of typical system, 0.5
turnkey quote

2. Custom equipment, automated controls 1to2

3. New process or prototype equipment, large system 3
Construction and field expenses

1. Small-capacity systems 0.5

2. Medium-capacity systems 1

3. Large-capacity systems 1.5
Construction fee

1. Turnkey project, erection and installation included in equipment cost 0.5

2. Single contractor for total installation 1

3. Multiple contractors with A&E firm's supervision 2
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Cost adjustment

Cost category and adjusment criteria factor
Contingency
1. Firm process 1
2. Prototype or experimental process subject to change 3to5
3. Guarantee of efficiencies and operating specifications 5to0 10
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and freight costs are applied to freight-on-board (FOB), fl ange-
to-fl ange equi pnment prices that generally include internals only.
Instrunentation and controls are listed as a separate cost factor
itemsince they may be an optional feature and/or may be
purchased froma different vendor. Accordingly it is preferable
to obtain price quotations and purchase price data for contro
and auxiliary equipnent on a FOB, flange-to-flange basis and to
list instrumentation costs separately. Qher price bases can be
used providing the inclusions/exclusions in the price are well
defined so that appropriate adjustnent in the use (or non-use) of
affected cost factors can be made. The purchased equi pment cost
- the total cost of FOB equi pnment, instrunmentation/control (if
purchased separately or otherw se not included in equipnent
cost), freight and taxes - is nultiplied by adjusted cost factors
(Tables 4-3 and 4-4) to obtain direct and indirect installation
costs.

4.2.2 Installation Costs - Direct and |Indirect

The direct installation costs consist of the direct expenses
associated with installation of equipnent. They include
materials and | abor for foundations, structural supports,
handl i ng and erection, electrical, piping and ductwork,
insulation, painting, site preparation, buildings and facilities.
The installation cost factors in Table 4-3 assune that the
installation is done by outside contractors rather than plant
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personnel. Since site preparation and buildings or facilities
have little relation to purchased equi pnment costs appropriate
adj ustnent (Table 4-4 factors) should be made when unusual
situations or requirenents are encountered such as renoval of
exi sting structures, swanpy or unstable subsurface, deep
excavation, etc. Direct installation costs can also vary
consi derably and may require adjustnent dependi ng on whet her
equi pnent is factory assenbled or field erected, the installation
is new or retrofit and equipnent will be |ocated outdoors,

encl osed, on the ground, on or in a new or existing structure,
etc.

Indirect installation costs include expenses for engineering
and supervision, construction and field expenses, construction
fees, startup, performance tests, nodel studies and
contingencies. |Itens such as engineering, construction fees and
contingencies are related to contracting nethods, conplexity and
overall size of the project. Cost adjustnent is based on system
size, contracting arrangenent and whether standard, custom or
prototype equi pnent is installed. Mdel studies are normally not
necessary and usually pertain to |arge el ectrostatic precipitator

syst ens.
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SECTION 5

ANNUALI ZED COSTS

Annual i zed costs consist of the direct expenses for
operation and mai ntenance of the air pollution control system and
the indirect operating costs associated with capital investnent
and overhead. Direct costs include the expenses for operating
and nmai ntenance | abor, replacenent parts, utilities and waste
di sposal. Indirect operating costs include overhead, taxes,

i nsurance, admnistration and capital recovery charges. The
operating costs are adjusted for any credits obtained fromreuse
or sale of recovered products or materials or from heat or energy
recovery. The sumof the direct and indirect costs (less any

credits) is the annualized operating cost.

5.1 DI RECT OPERATI NG COSTS

System vari abl es (such as degree of system automation) and
operational variables (such as continuous or intermttent
operation and nunber of shifts) influence the operating | abor and
supervi sion requirenents. M ntenance requirenents depend on the
nature of the gas stream 1i.e., corrosiveness or abrasiveness,
construction materials, systemsize and type. The operation and
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mai nt enance (O&\M) requirenents and the associated | abor costs can
vary substantially between plants and control systemtypes.
Accordi ngly considerable judgenent is required in estimating
direct operating costs for a specific air pollution control

systemtype and application. Sone general guidelines that may be

hel pful in making these judgenents are presented below. In
general :
. The | abor and material costs for O%M normally range between

2 to 8 percent of the total annualized costs. The renai nder
is primarily utility costs and capital charges.

. Operating | abor and supervision decrease with increased
system aut omat i on.

. Smal | systens that operate intermttently or on demand are
| abor intensive and may require a full tinme operator in
att endance during system operation for purposes of start-up,
control and shutdown.

. Larger automated and continuously operated systens nmay
require operator presence for only a short period per shift;
primarily for nonitoring purposes.

. Total annual |abor cost is a function of the nunber of 8-
hour operating shifts per year. For exanple, small plant
operation of one shift per day, 5 days per 50 week year
versus three shifts per day, 365 days per year for |arge
plants in the basic netals, petroleumand chem ca
i ndustries. Therefore the operator |abor should be
estimated on a man-hours per shift basis for the particul ar
system types.

5.2 | NDI RECT OPERATI NG COSTS
Maj or cost centers for indirect operating costs are the
capi tal investnent and overhead expenses. The annualized capital

charges reflect the costs for capital recovery over the

5-2



depreciable life of the system COverhead expenses i ncl ude
payrol |l overhead (salaries of supervisory personnel, plant
guards, janitors, etc.) and plant overhead (enpl oyee fringe
benefits, costs of adm nistrative buildings, cafeterias, change
houses, nedical facilities, plant protection, auxiliary services
for plant operation). Overhead costs are not charged directly
but are allocated to the control facility as a percentage of the

direct payroll for Q&M | abor and supervi sion

5.3 COST FACTORS AND THEI R USE

Table 5-1 |ists annualized cost categories and provides
exanpl e cost factors and cost data that can be used for
estimating annualized costs. As discussed in Section 5.1 the
direct operating costs are influenced by system and operational
variables that in turn cause fluctuation in unit costs.
Accordingly the cost factors are presented as exanpl es that
require judgenent in their use. The discussion and expl anati on
that follows wll be hel pful as guidance in proper use of the

factors.

5.3.1 Direct Cost Factors

Qperating | abor depends on the size, type and conplexity of

the control system The degree of system automation and the
continuity of operation also influence operating | abor

5-3



requi renents. A large, Conplex system such as a flue gas

desul furization (FGD) system may require the continuous effort of
several operators (16 or nore hours/shift) whereas a small wet
collector may require only occasional observation (0.5 to 1.0
hours/shift). Consequently | abor demands are best determ ned on

a case-by-case basis, considering each maj or system conponent and
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TABLE 5-1. COST FACTORS AND COST DATA
FOR ESTIMATING ANNUALIZED COSTS?

Direct operating costs Cost factor? Reference
Operating labor
Operator $10.62/man-hour 3
Supervisor 15% of operator labor 1
Operating materials As required
Maintenance
Labor $11.36/man-hour 3
Material 100% of maintenance labor 1
Replacement parts As required
Utilities
Electricity $0.065/Kwh 4,5,6
Fuel oil $1.05/gal 4,7,8
Natural gas $5.75/1000 cu. ft. 4,5,9
Plant water $0.37/1000 gal 1
Water treatment and
cooling water $0.15/1000 gal 1
Steam $7.53/1000 Ib 1
Compressed air $0.03/1000 ft® 1
Waste disposal $7.50-15.00/ton 1
Indirect operating costs $7.50-15.00/ton 1
Overhead 80% of operating labor and 1
maintenance labor
Property tax’ 1% of capital costs 1
Insurance 1% of capital costs 1
Administration 2% of capital costs 1
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Direct operating costs

Cost factor?

Reference

Capital recovery cost

Credits

Recovered product

0.16275 (as an example of
10% interest rate and an
equipment life of 10 years

As required

See Table
5-3 and
Table B-1
for other
interest
rates and
equipment
lives

& All costs are in December 1982 dollars.

® Delete this item if facility is certified as tax exempt by the State Department

of Taxation.
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overal |l system operation. Reasonable values nust be assigned for
di rect | abor costs because sonme of the other annualized costs are
dependent on them Supervisory personnel are estinmated as a
percentage (15% of the direct | abor.

Control equi pnent vendors can often supply good esti nates of
operating | abor needs. The best source of operating |abor
requi renents are those derived fromsimlar or identica
operations but such information is often held as proprietary by
t he conpany. Published reports provide data that is often based
on actual operating systens. For |arge systens that are
aut omat ed and conti nuously operated the values in Table 5-2 can
be used to estimate operating |abor requirenents. As pointed out
in Section 5.1, considerable judgenent is necessary in
establ i shing operating costs - particularly where the control
systemis conplex or of prototype nature or has redundant
subsystens. The general guidelines in Section 5.1 and case- by-
case consideration will assist the estimator in adjusting Table
5-2 values to nore closely represent operating |abor requirenents
for a specific case. The total man-hours per shift (or hour) is
multiplied by the nunber of shifts per year (or annual system
operating hours) and the [ abor rate to determ ne annual operating
| abor costs.

Opnerating material costs include the delivered cost of raw

mat eri al s and special chemcals required for operation of certain
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control systens. Exanples are the linme, |inmestone and soda ash
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TABLE 5-2.

ESTI MATED LABOR HOURS PER SHI FT!

Control device

Qperating | abor?
(man- hours/shift)

Mai nt enance | abor?®
(man- hour s/ shift)

Fabric filters
Precipitators
Scrubbers

| nci nerators
Adsor bers
Absor bers
Refri geration
Fl ares

2 - 4
0.5 - 2
2 - 8

1- 2
0.5-1
1- 2

a Applicable to |arge,

control systens.

aut omat ed and conti nuously operated

® Preventive mai ntenance | abor only.
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for a flue gas desul furization (FG) scrubber, absorbent and
adsorbent chem cals, sulfur trioxide for electrostatic
precipitator (ESP) gas conditioning, wetting agents for dust
suppression systens and the chem cal s used i n wast ewat er
treatment of the effluent froma control device. Prices can be
obt ai ned from chem cal suppliers and catal ogues. Annual
consunption is determned and is multiplied by the unit cost to
obtain the annual cost of raw materials. |Increnental costs for
control by fuel and material substitution are conputed in the
same nanner.

Mai nt enance | abor values in Table 5-2 pertain to

preventative mai ntenance only for large capacity systens handling
relatively non-corrosive materials. The degree of maintenance
required i s anal ogous to operating |abor requirenents di scussed
above, i.e., system conplexity, exhaust gas conditions, etc.

| argel y determ ne mai ntenance needs. For exanple an FGD system
is a highly conplex system frequently has problens with scaling
and corrosion, and hi gh mai ntenance costs can be expected.
Conversely a nedi um energy wet collector controlling an anbi ent
tenperature exhaust is an exanple of a sinple systemwth little
mechani zation and | ow mai nt enance costs. Sources of maintenance
| abor data are simlar to those discussed for operating |abor,
i.e., vendors published reports, case histories and industry
data. The estimator nust deci de whet her mai ntenance wll be | ow,
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typi cal or high based on the information in hand and adj ust

mai nt enance | abor val ues accordingly to fit a specific system
Annual rmai ntenance hours are multiplied by the mai ntenance | abor
rate to determ ne annual mai ntenance | abor costs.

In addition to the preventative maintenance costs di scussed
above sone systens require periodic replacenent of parts in order
to sustain systemperformance and integrity. Filter bag
repl acenent is an exanple. The |abor costs for parts replacenent
is in addition to the | abor costs for normal preventative
mai nt enance and is generally equal to the cost of replacenent
parts. The cost of replacenent parts is accounted for as a
separate cost item (see Table 5-1) and is discussed bel ow

Repl acenent parts are those system conponents or materials

which have a limted useful life and are normally replaced on a
periodic schedule. Filter bags, catal yst el enments and adsorbents
are exanples of routinely replaced parts. The frequency of
repl acenent is a function of severity of service, operating hours
and gas stream characteristics. The annual cost of replacenent
parts can be determ ned by dividing their cost by their expected
life. Table 5-3 provides estimates of expected life for parts
and equi pnent itens. The values are based on a qualitative
j udgenent of the service life expected for differing
appl i cations, maintenance service and duty cycles.

Uility costs include outlays for electricity, fuels, water,
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steam and conpressed air to operate the control device and
auxi | iary equi pnment including waste treatnent/di sposal equi pnent.

The utility requirenents can be obtained fromvendors or other
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sources and can be estimated by use of the foll owm ng equations:

Fan power

0.746 (CEM (aP) (SG) (H)
kwh = 0.746 (hp) (H = 6356 n
wher e:

kwh = kil owatt-hours

hp = hor sepower

CFM = actual volunetric flow rate, acfm

AP = pressure | oss, inches WG

n efficiency, usually 60-70%

H = hours of operation

SG = specific gravity as conpared to air @ 700F, 29.92
i nches nercury.

Punp power

0.746 (GPM (hd) (SG) (H)
kwh = 0.746 (hp)(H = 3960 n
wher e:

GPM = flowrate, U S. gpm

hd = head of fluid, feet

SG = specific gravity relative to water @ 600oF, 29.92
i nches nercury

H, n - same as above

e Precipitator power
Use an average of 1.5 watts per square foot of c
ol l ection area based on a range of 0.3 to 3 watts per
square foot.

e« Baghouse power (auxiliaries, notors, etc.)
Use 0.25 kwh per 1000 square feet of cloth area to
estimate the power requirenents for baghouse shaker
nmotors, reverse air fan notors, etc

e Incinerator fuel

The exhaust rate and the inlet, outlet and conbustion
tenperatures determne the fuel requirenents for
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incinerators. EPA publication 450/ 3-76-031, "Report of
Fuel Requirenents, Capital Cost and Operating Expense

for Catalytic and Thermal Afterburners,” Septenber 1976
can be used in deriving utility costs for incinerators.
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TABLE 5-3. GUI DELI NES FOR PARTS AND EQUI PMENT LI FE!

Service life
expectancy, years
Low? Aver ageP Hi gh°

Equi pnent life

El ectrostatic precipitators 5 20 40

Venturi scrubbers 5 10 20

Fabric filters 5 20 40

Thermal incinerators 5 10 20

Catal ytic incinerators 5 10 20

Adsor bers 5 10 20

Absor bers 5 10 20

Refri geration 5 10 20

Fl ares 5 15 20
Materials and Parts Life

Filter bags .3 1.5

Adsor bent s

Cat al yst 2 5 10

Refractories 1 5 10

2 Low Iife expectancy based on continuous operation, handling
noderate to high tenperature gas streans with high concen-
trations of corrosive or abrasive materials.

b Average |ife expectancy based on conti nuous operation for three
shifts per day, five to seven days per week and handling
noder at e concentrations of non-corrosive or non-abrasive
mat eri al s.

¢ Hgh life expectancy based on intermttent operation or

approxi mately one shift per day handling gas streans with | ow
concentrations and | ow tenperature.
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Wast e di sposal cost as listed in Table 5-1 is based on the

renmoval , handling and di sposal of a dry, inert and non-toxic
contam nant. The factor assunes disposal is done by an

i ndependent contractor at a nearby landfill. Conpared to this
"base" cost, waste disposal requiring unusual handling, pre-

di sposal treatnent, precautionary, safety and other speci al
measures woul d obviously entail greater expense and conversely
the cost for in-house and/or on-site disposal would be less. In
general the waste disposal cost itemapplies only when the

coll ected material has no val ue, nmust be renoved and di scarded.
Di sposal within the control system- such as conbustion of
hydrocarbons in an incinerator or flare - would have little or no
operating cost and could provide an econom c benefit (operating
credit) in the formof recoverabl e heat.

Cost factors and annual costs for other disposal techniques
are not readily available. Annual waste disposal costs can,
however, be estimated by follow ng Table 5-1 format, identifying
the costs of the individual itenms (O M|l abor, materials,
replacenents, utilities, etc.) associated with waste
treat nent/ di sposal, and conbining (or incorporating) these costs

into those for the control system

5.3.2 |Indirect Cost Factors
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Non-incone taxes, insurance and adm nistrative portions of

i ndirect operating costs can collectively be estimted as four
percent of the installed capital cost. For pollution control
facilities certified by the taxing authority as tax exenpt the
tax conmponent (1% should be deleted and a value of three percent
used to cover insurance and adm nistration.

Over head costs include both plant and payroll overhead and
typically are 80 percent of the conbined | abor charges for
operation and mai ntenance of the control system

Capital recovery costs are the annualized capital charges

associated with capital recovery over the depreciable life of the
system The capital recovery cost is a function of the interest
rate and overall life of the equipnent, i.e., a conbination of
depreciation and interest charges. Depreciation represents the
nmoney put aside each year to replace the systemat the end of its
useful life. Interest charges are the costs for borrow ng noney
to pay for the em ssion control system Capital charges can be
estimated by nmultiplying the capital recovery factor by the total
capital investnent for the system The capital recovery factor
conbi nes interest on borrowed funds and depreciation of equi pnment
into a single factor. The equation for the capital recovery
factor (CRF) 1is:
i (1+i)"
CRF = (1+i)" -1
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wher e:

i
n

interest rate, expressed as a deci nal
economc life of the system years

Capital recovery costs = (capital cost) x (CRF)

Tabl e 5-3 gives expected equipnment |ife (n) for control devices
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and Table B-1 of Appendix B lists the capital recovery factors

for various interest rates and equi pnment |ives.

Product recovery credits are applied agai nst annual costs
whenever the captured pollutant can be economically recovered,
has val ue and can be used or sold. The value on a unit basis
(pound, gallon, Btu, etc.) nmust first be determned. Purity,
concentration and other marketability/useability factors nust be
consi dered when establishing a fair unit value for the captured
material. |If the collected pollutant is recycled the unit
(actual) value can be assuned to be the final product price |ess
processi ng costs. The annual anount of captured nateri al
actually re-used is nultiplied by the net unit value to determ ne
product recovery credit. \Wiere captured materials are sold the
unit value of salable materials should be adjusted for handling,
packagi ng, transportation and ot her expenses associated with the
mar keting effort or with neeting custoner use specifications.
Credits for heat recovery, such as from high tenperature
i nci nerator exhausts, should be estinated when applicable.

A comon error in estimting annualized costs is the
erroneous assessnent of marketability or use of the captured
materials. For exanple, in sonme areas a sulfuric acid byproduct
is either not a marketable comopdity or sale would result in a
| oss because of handling and transportation costs. The relative
purity of a captured material such as recovered sol vents may
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preclude or limt marketability. Heat recovery credits pertain

5-20



only to that portion of the heat recovered from and attri butable
to, the conbusted pollutant; heat recovery associated with the

auxiliary fuel is excluded.
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SECTI ON 6

COST EFFECTI VENESS

Several feasible techniques usually are available for the
control of an em ssion source. The control efficiencies and
costs of the several candidate systens may differ and in general
the nore efficient the control device, the greater the cost.
Cost-effectiveness relationships are useful in conparing the
em ssion reduction costs of alternate control nethods and in
selecting a control option based on costs and affordability.

Cost -effectiveness is conputed by dividing the total
annual i zed cost (dollars) of the control system by the annual
anount (pounds) of em ssion reduction achi eved by the system and
is expressed in dollars per unit weight of pollutant renoved
(doll ars per pound, $/I1Db).

Exanpl e: Assune that the annualized cost of an air
pollution control systemis estimted at $172, 000, the overal
control efficiency of the systemis 99 percent, the uncontrolled
em ssion rate is 112 pounds per hour (Ib/h), and annual operating
time is 8000 hours. Cost-effectiveness is determ ned as foll ows:

Amount of pollutant controlled = 0.99 x (112 I b/h) x (8000 h/yr)
= 887,040 I b/yr
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$172, 000 /yr
Cost-effectiveness = 887,040 | b/yr

= $0.194/1b pollutant collected
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The "increnental (marginal or differential) cost-
ef fectiveness" is useful in conparing the costs of a "base case"
control with alternate controls that could provide greater
em ssion reduction, i.e., reduction of residual em ssions exiting
t he base case control device. Increnmental cost-effectiveness
val ues provide a neans of conparing the econonmics of alternate
control options for a given source and are conparative val ues
cal cul ated by dividing the difference in annualized cost (AC) of
two systens (a and b) by the difference in em ssion reduction
(ER) of the two systens. |In terns of dollars per weight unit of

pol | utant coll ect ed,

-(Aca'—p‘cb)—

I ncremental cost effectiveness = (ER, - ER)
The follow ng exanple illustrates the cal cul ati on and use of
i ncrenental cost-effectiveness val ues.

Exanpl e: Assune that an engi neering study shows that an
uncontrol |l ed source of 4200 tons per year can be brought
into conpliance by either of three control systenms - a
venturi scrubber, a low efficiency electrostatic
precipitator (ESP), or a high efficiency ESP. The
respective collection efficiencies for the three systens are
90 percent, 95 percent and 99 percent. Further assune that
the annual i zed costs and eni ssion reduction quantities are
as shown in Table 6-1. (In constructing tables of

i ncremental cost-effectiveness the control system options
shoul d be ranked in order of increasing em ssion reduction
as shown in Table 6-1.)

The cost-effectiveness values (colum C of Table 6-1) are

cal cul ated as shown in the previous exanple, i.e., by
dividing the annualized cost (columm B) by the annual
em ssion reduction (colum A). In this exanple the range of
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cost-effectiveness values (colum C) for the three control
options is relatively small.
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TABLE 6-1. EXAMPLE COST-EFFECTIVENESS DATA FOR CONTROL SYSTEM OPTIONS?

A B C D E F
Cost-effective- Incremental cost-
Annualized ness, annualized Incremental Incremental effectiveness, incremental
Emission | control costs, control cost per emission annualized annualized control cost
reduction, $lyr pound collected reduction, control costs, per pound collected
Control system 1000 Ib/yr (B+A), $/1000 Ib 1000 Ib/yr $lyr (E+D), $/1000 Ib
Venturi scrubber
(base case) 7,560 450,000 59.5 - - -
Low efficiency ESP 7.980 348,400 43.7 420 (-101,600) (-242)
High efficiency ESP 8,320 442,300 53.2 340 93,900 276

# Example of a tabular display of cost-effectiveness and incremental cost-effectiveness.
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For cal culating the increnmental cost-effectiveness the
values in colums A and B are used to determ ne the
increnents (differences) between the em ssion reductions and
annual i zed costs of two systens. For instance in conparing
the venturi scrubber and the | ow efficiency ESP systens the
respective values for the two systens are subtracted to
obtain the increnent in em ssion reduction (7980 - 7560 =
420) and in annualized cost (348,000 - 450,000 = -101, 600).
The differential conparison of the | ow and high efficiency
ESP systens is nade in the sanme manner. The increnental
cost-effectiveness values (colum F) are obtained by
dividing increnental annualized control costs (colum E) by
the increnmental em ssion reduction (colum D). For the
venturi scrubber vs. |low efficiency ESP,

(-101. 600)
I ncrenental cost effectiveness = 420 = -$242 per
1000 I b of
em ssi ons
col l ected

For this exanple case the values in Table 6-1 indicate that:

. The cost effectiveness of the three options is
approximately the sane, i.e., about 50 dollars per
pound of em ssion coll ected.

. The increnmental cost-effectiveness of the high-
efficiency ESP versus the low efficiency ESP is 276
dol | ars per thousand pound collected. The cost of
addi ti onal em ssion reduction (340,000 Ib/yr) using a
high efficiency vs. a low efficiency ESP at 276 dollars
per thousand pound woul d cost nore than six tines the
cost (43.7 dollars per thousand pound) of the initial
poundage collected by the low efficiency ESP - a
significant econom c penalty.

. The low efficiency ESP will reduce em ssions at a | ower
cost than the venturi scrubber. The increnental cost-
ef fectiveness is negative or "favorable" because the
| ow efficiency ESP will collect nore em ssions (420, 000
I b/yr) and at a | esser annualized cost (-$101, 600) than
the venturi scrubber.
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APPENDI X A

CHEM CAL ENG NEERI NG COST | NDEXES -
1957 THROUGH 1982



TABLE A-1. CHEMICAL ENGINEERING PLANT AND EQUIPMENT COST INDEXES?

Index 1982 1981 1980 1979 1978 1977 1976 1975 1974 1973 1972 1971 1970
Annual® Annual Annual Annual Annual Annual Annual Annual Annual Annual Annual Annual Annual
CE plant index 314.3 297 261.1 238.7 218.8 204.1 192.1 182.4 165.4 144.1 137.2 132.3 125.7
Engineering and
supervision 314.0 268.5 214.0 185.9 161.9 162.1 150.8 141.8 134.4 122.8 111.9 111.4 110.6
Building 290.4 274.9 238.3 228.4 213.7 199.1 187.3 177.0 165.8 150.9 142.0 135.5 127.2
Construction
labor 263.8 242.4 204.3 194.9 185.9 178.2 174.2 168.6 163.3 157.9 152.2 146.2 137.3
Equipment,
machinery supports 335.4 323.9 292.2 264.7 240.3 220.9 205.8 194.7 171.2 141.8 135.4 130.4 123.8
Fabricated equipment
325.1 321.8 291.6 261.7 238.6 216.6 200.8 192.2 170.1 142.5 136.3 130.3 122.7
Process machinery 315.0 301.5 271.8 250.0 228.3 211.6 197.5 184.7 160.0 137.8 132.1 127.9 122.9
Pipe, valves, and
fittings 379.6 360.1 330.0 301.2 269.4 247.7 232.5 217.0 192.3 151.5 142.9 137.3 132.0
Process instruments
and controls 298.3 287.9 249.5 231.5 216.0 203.3 193.1 181.4 164.7 147.1 143.9 139.9 132.1
Pumps and
COMPressors 414.3 388.5 330.3 280.4 257.5 240.2 220.9 208.3 175.7 139.8 135.9 133.2 125.6
Electric equipment
and materials 238.7 222.4 206.1 183.2 167.8 159.0 148.9 142.1 126.4 104.2 99.1 98.7 99.8




Index 1982 1981 1980 1979 1978 1977 1976 1975 1974 1973 1972 1971 1970
Annual® Annual Annual Annual Annual Annual Annual Annual Annual Annual Annual Annual Annual
Structural supports,
insulation, and paint 332.2 322.0 297.7 273.6 248.9 226.0 209.7 198.6 171.6 140.8 133.6 126.5 117.9
CE plant index 119.0 113.6 109.7 107.2 104.2 103.3 102.0 101.5 102.0 101.8 101.8 99.7 98.5
Engineering and
supervision 110.9 108.6 107.9 106.9 105.6 104.2 103.4 102.6 101.7 101.3 102.5 99.3 98.2
Building 122.5 115.7 110.3 107.9 104.5 103.3 102.1 101.4 100.8 101.5 101.4 99.5 99.1
Construction labor 128.3 120.9 115.8 112.5 109.5 108.5 107.2 105.6 105.1 103.7 101.4 100.0 98.6
Equipment,
machinery supports 116.6 111.5 107.7 105.3 102.1 101.2 100.5 100.6 100.2 101.7 101.9 99.6 98.5
Fabricated equipment
115.1 109.9 106.2 104.8 103.4 102.7 101.7 101.0 100.1 101.2 100.9 99.6 99.5

Process machinery 116.8 112.1 108.7 106.1 103.6 102.5 102.0 101.9 101.1 108.1 101.8 100.1 98.1
Pipe, valves, and
fittings 123.1 117.4 113.0 109.6 103.0 101.6 100.7 100.6 101.1 104.1 103.3 98.8 97.9
Process instruments
and controls 126.1 120.9 115.2 110.0 106.5 105.8 105.7 105.9 105.9 105.4 102.9 100.4 96.7
Pumps and
COMPressors 119.6 115.2 111.3 107.7 103.4 101.0 100.1 101.1 100.8 101.7 102.5 100.0 97.5
Electric equipment
and materials 92.8 91.4 90.1 86.4 84.1 85.5 87.6 89.4 92.3 95.7 101.0 100.6 98.4
Structural supports,
insulation, and paint 112.6 105.7 102.1 101.0 98.8 98.3 97.3 99.2 99.8 101.9 101.6 100.4 98.0




® The indexes for the years 1970 through 1981 are from April 19, 1982 issue of Chemical Engineering.
The index for the year 1981 is based on revised figures for December 1981 in the April 19, 1982 issue of Chemical Engineering. Indexes for the

years 1957 through 1969 are from Reference 1.

® The index for the year 1982 is based on the preliminary figures for December 1982 in the February 7, 1983 issue of Chemical Engineering.
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CAPI TAL RECOVERY FACTORS



TABLE B-1. CAPITAL RECOVERY FACTORS

Equipment Annual Compounded Interest, %
life, yr 5 6 7 8 10 12 15 20
1 1.05000 | 1.06000 | 1.07000 | 1.08000 | 1.10000 | 1.12000 | 1.15000 | 1.20000
2 0.53780 | 0.54544 | 0.55309 | 0.56077 | 0.57619 | 0.59170 | 0.61512 | 0.65455
3 0.36721 | 0.37311 | 0.38105 | 0.38803 | 0.40211 | 0.41635 | 0.43798 | 0.47473
4 0.28201 | 0.28859 | 0.29523 | 0.30192 | 0.31547 | 0.32923 | 0.35027 | 0.38629
5 0.23097 | 0.23740 | 0.24389 | 0.25046 | 0.26380 | 0.27741 | 0.29832 | 0.33438
6 0.19702 | 0.20336 | 0.20980 | 0.21632 | 0.22961 | 0.24323 | 0.26424 | 0.30071
7 0.17282 | 0.17914 | 0.18555 | 0.19207 | 0.20541 | 0.21912 | 0.24036 | 0.27742
8 0.15472 | 0.16104 | 0.16747 | 0.17401 | 0.18744 | 0.20130 | 0.22285 | 0.26061
9 0.14069 | 0.14702 | 0.15349 | 0.16008 | 0.17464 | 0.18768 | 0.20957 | 0.24808
10 0.12950 | 0.13587 | 0.14238 | 0.14903 | 0.16275 | 0.17698 | 0.19925 | 0.23852
11 0.12039 | 0.12679 | 0.13336 | 0.14008 | 0.15396 | 0.16842 | 0.19107 | 0.23110
12 0.11283 | 0.11928 | 0.12590 | 0.13270 | 0.14676 | 0.16144 | 0.18448 | 0.22526
13 0.10646 | 0.11296 | 0.11965 | 0.12652 | 0.14078 | 0.15568 | 0.22526 | 0.17911
14 0.10102 | 0.10758 | 0.11434 | 0.12130 | 0.13575 | 0.15087 | 0.21689 | 0.17469
15 0.09634 | 0.10296 | 0.10979 | 0.11683 | 0.13147 | 0.14682 | 0.17102 | 0.21388
16 0.09227 | 0.09895 | 0.10586 | 0.11298 | 0.12782 | 0.14339 | 0.16795 | 0.21144
17 0.08870 | 0.09544 | 0.10342 | 0.10963 | 0.12466 | 0.14046 | 0.16537 | 0.20944
18 0.08555 | 0.09236 | 0.09941 | 0.10670 | 0.12193 | 0.13794 | 0.16319 | 0.20781
19 0.08275 | 0.08962 | 0.09675 | 0.10413 | 0.11955 | 0.13576 | 0.16134 | 0.20646
20 0.08024 | 0.08718 | 0.09439 | 0.10185 | 0.11746 | 0.13388 | 0.15976 | 0.20536
21 0.07800 | 0.08500 | 0.09229 | 0.09983 | 0.11562 | 0.13224 | 0.15842 | 0.20444
22 0.07597 | 0.08305 | 0.09041 | 0.09803 | 0.11401 | 0.13081 | 0.15727 | 0.20369
23 0.07414 | 0.08128 | 0.08871 | 0.09642 | 0.11257 | 0.12956 | 0.15628 | 0.20307
24 0.07247 | 0.07968 | 0.08719 | 0.09498 | 0.11130 | 0.12846 | 0.15543 | 0.20255
25 0.07095 | 0.07823 | 0.08581 | 0.09368 | 0.11017 | 0.12750 | 0.15470 | 0.20212
26 0.06956 | 0.07690 | 0.08456 | 0.09251 | 0.10916 | 0.12665 | 0.15407 | 0.20176
27 0.06829 | 0.07570 | 0.08343 | 0.09145 | 0.10826 | 0.12590 | 0.20176 | 0.15353
28 0.06712 | 0.07459 | 0.08239 | 0.09049 | 0.10745 | 0.12524 | 0.20122 | 0.15306
29 0.06605 | 0.08385 | 0.08145 | 0.08962 | 0.10673 | 0.12466 | 0.20102 | 0.15265
30 0.06505 | 0.07265 | 0.08059 | 0.08883 | 0.10608 | 0.12414 | 0.20085 | 0.15230



Equipment Annual Compounded Interest, %
life, yr 5 6 7 8 10 12 15 20
31 0.06413 | 0.07179 | 0.07980 | 0.08811 | 0.10550 | 0.12369 | 0.15200 | 0.20070
32 0.06328 | 0.07100 | 0.07907 | 0.08745 | 0.10497 | 0.12328 | 0.15173 | 0.20059
33 0.06249 | 0.07027 | 0.07841 | 0.08685 | 0.10450 | 0.12292 | 0.15150 | 0.20049
34 0.06176 | 0.06960 | 0.07780 | 0.08630 | 0.10407 | 0.12260 | 0.15131 | 0.20041
35 0.06107 | 0.06897 | 0.07723 | 0.08580 | 0.10369 | 0.12232 | 0.15113 | 0.20034
40 0.05828 | 0.06646 | 0.07501 | 0.08386 | 0.10226 | 0.12130 | 0.15056 | 0.20014
45 0.05626 | 0.06480 | 0.07350 | 0.08259 | 0.10139 | 0.12074 | 0.15028 | 0.20005
50 0.05478 | 0.06344 | 0.08246 | 0.08174 | 0.10086 | 0.12042 | 0.15014 | 0.20002




APPENDI X C

COST STATEMENT AND EXAMPLE FORVATS
FOR PRESENTI NG COSTS



APPENDI X C

COST STATEMENT AND EXAMPLE FORVATS FOR PRESENTI NG COSTS

Definition of the basis for, and limts of, the cost estimate are
of paranount inportance since wthout such definition accuracy is
conprom sed and the estimate will be of questionable and limted
use. An essential first step is determining what is to be
costed, i.e., the equipnent, structures, instrunents/controls,
auxiliaries, etc. that are directly related to the capture,
coll ection and handling of the exhaust stream and of the
coll ected pollutants (including disposal and treatnent) and are
necessary to its installation and satisfactory operation. The
cost analysis is generally preceded by an engi neering eval uation
of the proposed control systemas regards source applicability,
adequacy and conpliance capability. This review and/or the
informati on and data contained in a conplete application
packageshoul d provi de an adequate basis for:
e Detecting, defining and quantifying the variables that affect
costs. (Section 2.0 lists and di scusses the many vari abl es

that can affect the costs of air pollution control systens.)

e Establishing the "boundaries" and requirenents of the control
facility, i.e., define what is - and is not - a functional,
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operational and/or a necessary part of the facility and is to
be included (or excluded) in the cost estimate. (Table 4-1
lists exanples of capital cost conponent itens and can serve
as an abbrevi ated checklist or rem nder in defining system
"boundari es" and cost estinmate scope).

Cost St at enent

A cost estimate should be acconpanied by a cost statenent that
clearly and concisely sets forth the basis for, and the limts
of, the cost estimate. The cost statenent should be both
positive and negative; it should state both what is - and is not
- included in the cost itens so that no question remains in the
mnd of the reader. Additionally and inportantly the statenent
shoul d explain the basis, rationale and reason for

i ncl udi ng/ excluding cost itens and for nodifying costs. In brief

t he cost statenment shoul d:

e Provide a general description of the function and operation of
the control facility as a whol e and expl ain the purpose or
role of the subsystens within the facility.

e List the itens that are included in each category of capital
cost conponents and specify what is included in the cost of

each such item

e Indicate the cost itens, conponents or categories that are not
included in the estimte and give the reasons for exclusions.

e Docunent the source(s) of cost information and the basis for -
and date of - the cited costs.

e Explain the basis, rationale and reason for any adjustnents
that are made with respect to cited or derived costs and/or
the use of cost adjustnent factors.

The results of a cost estinate are well suited to tabular display

in a ledger type format that |ists the major cost categories and
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the contribution conponents in each category. 1In the estimating
procedure described herein the basic purchase of equipnent is
mul tiplied by appropriate factors to conpute other costs. It is
conveni ent to conbine the cost conputations and to display the
results on a single form Tables C1 and C2 are exanple
formats that can be used to conpute and present capital and

annual i zed costs.



TABLE C-1. EXAMPLE FORMAT FOR COMPUTING AND PRESENTING CAPITAL COSTS

Cost Item Computation Method Cost, dollars

Direct costs

Purchased equipment:

Basic equipment (A) Purchased cost of control device
Auxiliary equipment (B) Purchased cost of auxiliaries
Total equipment costs (A+B) Total of above (A+B)

Average cost  Adjustment

factor x factor  x (A+B)
Instruments/controls (0.10) ( ) ( )
Taxes (unless exempt) (0.05)
Freight (0.05) () ()
Base price (C) Subtotal of above plus (A+B) (©)
Installation costs, direct: Average cost  Adjustment
factor x factor  x (©)
Foundations/supports ( ) ( )
Erection/handling ( ) ( ) ( )
Electrical ( ) ( )
Piping () () -
Insulation ( ) ( )
Painting ( ) ( )
Site preparation® Estimate () x adjustment ()
Facilities/buildings” Estimate () x adjustment ()
Total installation costs (D) Subtotal of above (D)
TOTAL DIRECT COSTS (E) Base price (C) + installation cost (D) (E)
Installation costs, indirect: Average cost  Adjustment
factor x factor  x (©)
Engineering/supervision () () () .
Construction/field expenses () () () .
Construction fee (0.10) () () .
Start-up () () -
Performance test (0.01) ( )
Model study ( ) ( ) ( )
Contingencies (0.03) ( )
TOTAL INDIRECT COSTS (F) Total of above indirect costs (F)
TOTAL CAPITAL COSTS (G) Direct costs (E) + indirect costs (F) (G)

& Absence of parenthesis in the adjustment factor column means no such factor is available.
b Costs for these are unrelated to equipment costs (C) and are developed independently on an individual item

G5



basis. General estimates for these items can be modified with cost adjustment factors. Case specific estimates
are entered directly in the cost column.



TABLE C-2. EXAMPLE FORMAT FOR COMPUTING AND PRESENTING ANNUALIZED COSTS

Cost Item Computation method Cost, dollars

Direct operating costs

Operating labor

Operator ,$/h  x h/yr (a)
Supervision 15% of operator labor cost
Operating materials As required
Maintenance (general)
Labor , $/h x h/yr (b)
Materials 100% of maintenance labor
Replacement parts As required
Labor 100% of replacement parts cost
Utilities
Electricity , $/kWh  x kWh/yr
Fuel oil , $/gal X gal/yr
Gas , $/10%% x 10%t3"
Water , $/10° gal x 10%gal/yr
Steam ,$10° b x 10° Ib/yr
Other (specify) As required
Waste disposal , $/ton X ton/yr
Wastewater treatment , $/10° gal x 10%gal/yr

TOTAL DIRECT OPERATING
COSTS (A) Subtotal of above (A)

Indirect operating (fixed) costs

Overhead 80% of O/M labor costs (a+b)
Property tax 1% of capital costs ($ )*
Insurance 1% of capital costs*
Administration 2% of capital costs*
CRF___ (at %, ____yrs) x capital

Capital recovery costs™
TOTAL FIXED COSTS (B) Subtotal of above (B)
Credits

Product recovery , $/ton X ton/yr ( )

Heat recovery , $/10° Btu x 10° Btu/yr ( )
TOTAL CREDITS (minus C) Subtotal of above ( ) (C)
TOTAL ANNUALIZED COSTS () ([D)
(D) (A=+B) minus (C)

* Total capital costs (G) from Table C-1.



