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FOREWORD

When energy and material resources are extracted, processed, converted,
and used, the related pollutional wmpacts on our environment and even on our
health often require that new and increasingly more efficient pollution
control methods be used. Thc Hazardous Waste Engineering Research Laboratory
(HWERL) assists in developing and demonstrating new and improved methodologies
that will meet these needs efficiently and economically,

This report provides information on capital and operation costs for
10012ing wet scrubber systems designed to achieve RCRA air emissions standards
for hazardous waste incineration facilities, It 1s intended primarily for EPA
utilization in assessing cost/benefit trade-offs, although it may also be useful
to other individuals or organizations interested in hazardous waste incineration
e~onomics, The Thermal Destruction Branch, HWEPL, inay be contacted for additional
information on this subject.

David G. Stephan, Director

Hazardous Was:ie Engineering Research Laboratory
Cincinnati
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ABSTRACT

The U.S. Environmental Protection Agency, Office of Solid
Wasie, is currently conducting a Regulatory Impact Analysis (RIA)
of performance standards for hazardous waste incinerators. This
RIA 1s intended to determine both the costs and benefits of
various regulatory standards. The study repourted here addresses
certain cost aspects of hazardous waste incineration; specifically
capital and operating costs for ionizing wet scrubber (IWS)
systems used to control air emissions in some incineration
facilitaies,

This report serves as an addendum to a much more
comprehensive report, entitled "Capital and O&M Cost Relationships
for Hazardous Vaste Incineration", (Reference 1), The referenced
report was the result of a two-year study to develop parametric
cost estimating methods for hazardous waste incineration. These
parametric relationships allow capital and annual costs for
incineration facilities to be estimated as a function of waste
characteristics and quantities, facility capacity, generic
incineration system design, energy recovery utilization, air
pollution control requirements, operating schedule, and location
within the U.S.

Due to the broad scope of the original study, a number of
assumptions concerning facilaty design and operation were needed
to limit the user input requirements and ensuing engineering/cost
calculations. One of the major design assumptions was that
particulate/HCl emissions are controlled using venturi
scrubber/packed bed absorber systems. In recent years, however,
IWS systems have increased in popularity relative to the more
conventional venturi/packed bed scrubbing systems. This is
particularly true for large 1ncineration facilities which generate
extremcly fine particulate (<1 um) in the combustion process,

In order to include IUS systems as a design alternative in the
capital and OaM cost estimation model for hazardous wvaste
incineration, the study reported herein was performed, This study
provides a methodology to estimate:

-

(1) Capital cost vs. capacity/particulate efficiercy
relationships removzl for IWS systems, and,

iv



(2) 1IWs operating requircments, primarily power consumption
and makeup water.

These estimates can be used in conjunction with Reference 1
to project overall capital and O&M costs for incineration
facilities incorporating IWS's for air emissions control.

This report is submitted in partial fulfillment of Contract
No. 08-02-3176 by Acurex Corporation, Energy & Environmental
Division, urder the sponsorship of the U.S. Environmental
Protection Agency. This report covers the period December 1, 1983
to June 1, 1984 and work was completed as of August 15, 1984,
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SECTION 1

INTRODUCTION

The U.S. Environmental Protection Agencv, Office of Solid
Waste, 1s currently conducting a Regulatory Impact Analysis (RIA)
of performance standards for hazardcus waste incinerators, The
RIA 1s intended to determinc both the costs and benefits of
various ragulatory standards. The benefits of hazardous waste
incinerator regulations are being evaluated through risk
assessmrnt studies conducted by other investigators., The work
reported herr addresses certain cost aspects of hazardous waste
inciaeration; specifically, capital and operating costs for
lonizing wet sciubber (IWS) systems used to control air emissions
1n some 1ncineration facilities.

This report serves as an addendum to a much nore
comprehensive report, ent:tled "Capital and 0&M Cost Relationships
for Hazardous Waste Incineration”, (Reference i1). The referenced
report was the result of a two year study to develop parametric
cost estimating methods for hazardous waste incineration, ecnabling
the user to project potential economic impacts of regulation over
various segments of the incineration industry. The parametric
relationships developed 1n that study allow capital and annual
operating costs for incineration facilities to be estimated as a
function of waste characterist.cs and quantities, facility size or
capacity, generic incinerator systen design, encrgy recovery
utilizaticn, air pollution control recquarements, facilaity
operating schedule, and facility location 1n the U.S.

The capital cost relationsnips in the original study
encompass all facets of hazardous waste 1ncineration facilaitaes,
includirg waste storage and handling equipment, combustion
equipnent an¢ i1nstrumentation, air pollution controls, fluec gas
handling equipment, and auxilliary structures. Installation costs
and indirect costs for design and construction, air discharge
prrmitting, and startup are also addressed. The annual cperating
cost relationships encompass variablec costs such as fuel,
utiiities, chemicals, and waste disposal; semi-variable costs such
as labor and maintenance; and fixed charges to capital--
depreciation, insurance, and taxes.



Due to the broad scope of the original study, a nuuwber of
assumptions concerning facility design and operation vere needed
to limit the user input requirements and ensuing engineering/cost
calculations. One of the major design assumptions was that
particulate/liCl cmissions are controlled using venturi
scrubber/packed bed absorber systems such as that shown in Figure
l. With ninor variations, this is the system of choice for the
vast majority of hazardous waste incineration facilities, where
efficient particulate/liCl removal from combustion gas is required.

In recent years, however, IUS systems have increased in
popularity relative to the more conventional venturi
scrubber/packed bed absorber systems. This is particularly true
for large incineration facilties which generate cxtremely fane
particualte (<lum) in the comburtion process. Highly efficient
sub-micron particulate collection requirements --95Z, or even 99+%
in some cases -- demand extremely high venturi scrubber pressure
drops, on the order of 100 inches of water column (in. WC),
Multiple, nigh-head capacity ID fans and exorbitant power
consumptioa are required for such applications. IWS systems, with
pressure drops of less than 10 in. WC for the same particulate
collection efficiencies, offer substanitial reductions in power
consumption and operating cost. The tradeoff 1s initial capital
cost; IWS systems are several times morc expensive than comparably
sized venturi scrubber/packed bed absorber systems. This capital
vs. operating cost tradcoff can be advantagcous for many large
incineration facilities and possibly for smaller facilities,
depending on the specific application.@

In order to include IWS systems as a design altetnative in
the capital and O&M cost estimation model for new hazardous waste
incineraticn facilities, the study reported herein hacs been
performed to estimate the capital costs and operating requircments
for IWS's., Capital cost vs. capacity relaticachips are pnresented
tn Section 3 for 1-stage and 2-stage IWS systems, each
incorporating a crossf{low prescrubber. Section 4 presents methods
to estimate IUS system operating requirements, primarily power
consumption and blowdown/makeup water rate. The required input
for these cal:ulations, all derived from Reference 1, are itemized
in Section 2.

@ Tnere are some incinerator facilities which are replacing
their current pollution controls with an IWS or which are addang
an IWS after existing controls., This report does not cover the
retrofit costs to install an IVS on an existing incinerator, which
1s expected to be higher than the costs of installation when the
incinerator 1s being buile,
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SECTION 2
INPUT DATA REQUIREMENTS

Because this report is an addendum to the basic cost
estimation model for hazardous vaste incineration, Reference 1
should be consulted for all preliminary user data specifications
and matcria? balance/design calculations, The engincering
quantitiecs needed for IWS ccst estimation are listed bclow, along
with the sections in Reference 1 4n which these quantities are
calculated,

® Dry gas flow rate (Section 3.4.7),

L] sctm
DG I —

Particulate loading in combustion gas (Section 3.4,8),

(Cpart) I m__  gr/dsef

Saturation temperature (Scection 3.5.3 or 3.6;1),

Tsat = R —— F

Saturated gas flow rate (Section 3.5.5 or 3.6.3)

(qTG)sata —_3¢fr

® Quench outlet pressure (Section 3.5.5 or 3.6.3

PQ = psia

® Fractional particulate collection requirement (Section
3.701)'
Ppart =



SECTION 3
CAPITAL COSTS

APPLICABILITY

IWS systems are technically feasible and potentially
economical alternatives to venturi scrubber/packed bed absorber
systems for particylate or combined particulate/liCl control.
INS's are primaraly limited to larpe, > 50 M Btu/hr incinerator
applications, however, they may be economical for smaller
facilities if high loadings of extremely fine, submicron
particulate must be removed from the combustion gas.,

BASIS FOR COST ESTIMATES

® Because the vast majority of IWS system applications are
large incineration facilities handling a variety of wastes .
chlorinated and non-chlorinated, combined particuiate/Hot
removal capability is assumed 1in all cases.

° Therefore, vendor price quotations reflect the inclusion of
a crossflow prescrubber for quantitative HC1 removal upstream
from the basic IWS. Faigure 2 depicts the IVUS system
configuration, along with the upstream quench and downstream
fan and stack which are common to both IUS and venturi/packed
bed absorber systems,

s For 90—9527particulate removal, a single stage IWS is con-
sidered adequate for most applications, The actual vendor
quotations for single-stage IUS systems are based on 92%
removal at an inlet particulate loading of 2.0 gr/dscf.

e For very high efficiency (> 997) particulate removal, a
two-stage IWS 1s required (two IWS modules in series),

° The vendor pricc quotations are based on water scrubbaing
for HC1l removal. To maintain consistency with Reference 1,
hovever, caustic recycle scrubbing 1s also assumed in this
study.

© Thus, the IWS system costs prescnred 1n Figure 3 reflect the
incremental costs for addition of a caustic recycle system --
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pumps, piping, recycle tank, and ph controls. These incre-
mental costs are based on the information provided in Section
4,2,3.3 of Reference 1.

® The costs for other flue gas treatment/handling system com-~
ponents -- quench, ID fan, and stack -- are not included 1n
the Figure 3 estimates. Costs for these components should
be estimated using the methods presented in Reference 1 or
2.

e The IWS/prescrubber system cost estimates areo represcntative
of first quarter, 1984 prices. These costs were provided by
one vendor with a dominan' (if not exclusive) market share in
IWS technology.

COSTS

® Figure 3 presents graphical representations and regression
equations for purchased cost versus inlet gas flow rate for
two nominal particulate removal efficiencies. The lower

«curve (927 cfficiency) represents a l-stage IWS/crossflow
prescrubber/caustic recycle system. The upper curve (99%
efficiencyr) reflects the costs for two in-seriecs IUS modules,
Plus prescrubber and caustic recycle systenm.

¢ The appropriate curve in Figure 3 is determined by the
fractional collection elficiency rcquirement, calculated
in Reference 1.

¢ Because an upstream quench is assumed, the inlet gas {low
rate, q jyg » is given by,
s = (pg) ¢ U Tgqet 460V/520) (14.696/P)) = __ _ _acfm

® Based on this information, the IWS systen purchased cost
from Figure 3 is,

CIWS o s

® Installation costs for IWS systems are ajproximately 25-30%
of the purchased costs, based on vendor estimates. TFor
conservative cost estimating purposes, aowever, a 350% in-
stallation cost factor for the entire “ncineration and air
pollution ‘cantrol system may still be assumed, particularly
1f the 1ncinerator 1s a rotary kiln. For other incineration
systerms, a 40% overall installation rost factor may be more
appropraate 1{ IWS systems rather than ventura
scrubber/packed hed absorber systens are utilized. The 57
overall factor for iacineration system equipment delaivery
assumed 1n Reference 1 1s still applicable.



SECTION 4
OFERATINC REQUIREMENTS

Overall incineration facility opcrating requirements and
costs include fuel, power, water, caustic for liCl scrubbang,
residue disposal, labor, maintenance, and 1n-coming waste
characterization. [lowever, most of these operating requirements
are not affected by IWS system versus venturi/packed bed system
utilzation. In most cases, the only significant difference will
be 1n the areas of:

(1) Scrubbing system power consumption
(2) ID fan power consumption, and

(3) Scrubbing system blowdown rate and makeup water
requirement.

SCRUBBING SYSTEM POVLR CONSUMPTION

® In venturi/packed bed scrubber operation, the major sources
of power consumption are the two scrubbing fluid recycle
pumps. In Reference 1, these two power demands are
synbolized by “hump)vswa“d “@um JAbw » With units of
horscpower, Power requirements H%r the quench system and ID
{an arc addressed separateiy.

© In IVS/crossflow prescruober operation, pcwer is needed for
high voltage particle chargirg, hcating purge air for the IMS
insulator conpartments, and operating the scrubber fluid re-
cycle pumps.

© Based on vendor-specified estimate cf power consunmption,
these requirements are related to the inlet gas flow rate by,

-3
(PIWS)l = 13.83 + 7.8 X 10 Arys hp
for single stage IWS systems, and,

-3
(PIWS)2 33.4 + 6.4 X 10 9 1ws hp

for two stage IVUS systems.
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This quantity, Pyyc, is equivalent to the quantity
([bump?vsw+ (Ppump Abw for venturi/packed bed scrubber
operation.

ID FAN POWER CONSUMPTION

o As discussed in Section 1 of this report, reduced ID fan
power consumption is the major advantage of IWS versus
venturi scrubber,/packed bed absorber system utilization.

e Egtimated pressure drops for the IWS systems addressed in
Section 3 are 5 in., WC for the single-stage unit.

e Based on these values and the information presented in
Reference 1, Section 3.8, total system pressure drops vs,
equipment configuration are as follows:

Quench/l-stage IWS, Psys = 11 in WC
Quench/2-stage IVS, Poys © 14 in WC
WHB/quench/l-stage IWS, Psys = 15 1n WC
WiIB/quench/2-stage, IVS, psys = 18 in WC

® Following selections of the appropriate system pressure drop
cstimate, the fan horscpower requirement, Pgan, can be
calculated using the equation presented in Section 3.8 of
Reference 1.

BLOWDOWN RATE AND MAKEUP WATER REQUIREMENT

® Based on vendor specifications, the IWS system recycle flow
and blowdown streams are limited to suspended solids con-
centrations of 6000ppm.

® Particulate is the only major source of suspended solids in
the recycie loop.

e Thus, based on simple material balance, the blowdown rate is
given by,

n = gom

= 0.003 (C )1 9 part

quw part’I

o This blowdown rate, Qgqy’ €an be used in Section 3.7.9 of
Reference 1 to estimate the total quench/scrubbing system
makeup water requirement.
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