July 2, 1993 RECE‘VED

Mr. Clair Fancy, P.E., Chief A 15333
Bureau of Air Regulation RIUBE

Florida Department of Environmental Protection igion af Al ‘
2600 Blair Stone Road DN;S Management
Tallahassee, FL 32399-2400 Resoure

Re:  Okeelanta Power Limited Partnership
DEP File No. AC50-219413, PSD-FL-196

Dear Mr. Fancy:

'On behalf of Okeelanta Power Limited Partnership (Okeelanta Power), we are submitting this letter and
the following comments on the permit documents issued by the Department of Environmental Protection
(DEP) on June 3, 1993, for the above-referenced facility. Our two major concerns are addressed below.
A number of other issues are addressed in the addendum which is attached hereto and incorporated herein
by reference. This letter does not fully address all of the issues we discussed during our meeting earlier
today. but we will promptly provide you with the additional information that you requested in the next
few days.

LIMITS ON FACILITY CAPACITY (74.9 MW)

In various documents, including the "Intent to Issue”, "Technical Evaluation and Preliminary
Determination”, "Dratt Permit”, "BACT Determination” and "RACT Determination”, the Department has
reported the tacility’s capacity as 71.25 MW, It is unclear whether the 71.25 MW refers to a net or a
gross generating capacity. As noted in the application and all supporting documents, the project will be
designed with a gross generating capacity of 74.9 MW,

From discussions with staff at FDEP, we understand the 71.25 MW was selected to provide a significant
margin with respect to the 75 MW limit on generating capacity. Roget’s Dictionary of Electrical Terms
defines "capacity” as a generating facility’s "output in kilowatts under ordinary full load conditions.” The
Okeelanta facility will be designed such that its capacity, as defined above, will be 74,9 MW.
Consequently, the electric generating eguipment, namely the steam turbine generator, will be so sized. In
addition, control systems will be installed to ensure that the capacity of the facility will not exceed 74.9
MW,

Any electric power plant, including particularly a cogeneration plant which supplies steam to a process, is
subject to upset conditions (rapid, unexpected changes in steam tlow or electrical load) which may result
in an instantaneous increase in electrical output. The power plant control systems are designed to control
most upset conditions; however, there may be some conditions which are outside the range of the control
systems. As stated above, the Okeelanta facility will be designed to generate 74.9 MW under normal
operating conditions and will have state-of-the-art controls to assure generation is limited to the design
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limit of 74.9 MW under most conditions, including many upset conditions. When an upset or abnormal
condition occurs the facility’s control system will maintain or, if necessary, promptly restore the electric
generator’s output to less than 75 MW by initiating one or more of the following:

*  The steam turbine governor control valves will operate to maintain throttle steam flow and
electrical output at the desired set point,

* If necessary, the steam output of the boilers can be reduced by operating the main steam line
controls.

*  If necessary, process steam can be bypassed around the steam turbine generator to the heat
rejection system (condenser).

*  [f necessary. process steam-can be vented to the atmosphere.
*  As a last resort, the Control Room operator can initiate manual controls.

We believe that an upset condition which may result in an excursion of electrical generation above 75
MW will be infrequent, and of short duration, and normal operating conditions should be restored within
minutes so that the tacility’s integrated hourly average will not exceed 75 MW. Consequently, we
helieve that it is appropriate to maintain the facility’s capacity limit at 74.9 MW, subject to an additional -
requirement of meeting a short-term averaging condition (for example, one hour averaging time) with
accompanying monitoring and reporting requirements. We will provide engineering plans, as well as a
monitoring and reporting plan, to the Department within 30 days after they become available.

The New York Public Service Commission dealt with a similar question concerning an 80 MW threshold
established by New York state law. See Case 91-E-0454, Proceeding on Motion of the Commission to
Interpret and Enforce the Output Limitations Implementing the PSL §2(2-a) 80 MW Size Restriction
(attached). In New York, there were 14 facilities with capacities at or near 79 MW that were at risk of
exceeding the 80 MW threshold during upsets or compliance tests. In response to the arguments
presented by those companies, the State of New York uitimately concluded that compliance with the 80
MW threshold could be demonstrated by measuring a facility’s electrical output over a four-hour period.
By analogy, the New York case helps to confirm our belief that a one-hour averaging period is
reasonable, restrictive, and appropriate for demonstrating compliance with Florida’s 75 MW threshold.

RESTRICTIONS ON WOOD WASTE

The draft permit states that any wood waste materials used as fuel shall be "free from painted and
chemically treated wood, ... and special wastes....” (page 7, Specific Condition No. 12), which implies
that any amount of these materials in the fuel is not permitted. This restriction is unnecessarily severe
and restrictive.
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"Special wastes” are defined by statue to include "yard trash” and "construction and demeolition debris. "
See Section 403.703(33), Florida Statutes, as amended by Chapter 93-207, Laws of Florida (CS/HB 461).
"Yard trash" is defined to mean:

vegetative matter resulting from landscaping maintenance or land clearing operations
and includes materials such as tree and shrub trimmings, grass clippings, palm fronds,
trees, and tree stumps.

Section 17-701.200(87), Florida Administrative Code. "Construction and demolition debris” is defined to
include "materials generally considered to be not water soluble and non-hazardous in nature, including but
not limited to ... lumber, from the construction or destruction of a structure ...." Section 17-
701.200(17), F.A.C. The term also includes "tree remains, trees, and other vegetative matter which
normally results from land clearing or land development operations ...." Id.

Okeelanta Power intends to use ¢lean wood wastes from yard trash and construction and demolition debris
as fuel. There appears to be no legal or factual justification for the Department’s proposed restriction on
Okeelanta Power’s ability to use these "special wastes." Therefore, we request that the term "special
wastes” be deleted from Specific Condition No. 12.

As Okeelanta Power has explained to the Department in the past, Okeelanta Power will obtain its wood
waste materials from a variety of suppliers, including several local governments. Okeelanta will use its
hest efforts to ensure that the wood waste materials are free from treated or painted wood. However,
Okeelanta cannot guarantee that the fuel will be completely free from such materials at all times. Despite .
Okeelanta’s best eftorts, there is always the possibility that some painted or chemically treated wood will
be present in the fuel supply. Moreover, Okeelanta has evaluated a "worst case” scenario in its
application. Okeelanta considered the possibility that up to 3% of the wood in its fuel supply could
consist of treated wood. The analysis of this scenario demonstrated that even the use of 3% treated wood
would not result in any adverse air quality impacts. As shown in the application, all ambient air quality
standards and the Department’s Air Toxics Policy would be satisfied.

We believe the intent of Specific Condition No. 12 is to require that Okeelanta Power implement best
efforts to prevent treated or painted wood from being combusted at this facility and ultimately to ensure
that air quality standards are met. We are concerned that a literal interpretation of Specitic Condition No.
12 would not atlow any amount of treated or painted wood in the fuel supply. In order to assure the
Department that best efforts are being implemented and air quality standards are being met, a two part
compliance program will be performed. A protocol describing this program will be submitted 1o the
Department 60 days prior to commencing operations.

The program will consist of the following elements:

1. A fuel quality inspection, testing, and management program (including daily visual inspections of
the incoming wood material and regular inspections at the originating wood yard sites) will be
implemented to control the amounts of treated and painted wood in the fuel and fuel
concentration [imits for arsenic, chromium, and copper will be established.
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2. Stack testing for arsenic, chromium and copper emissions will be conducted every six months for
the first two years of operations, as required for other pollutants under Specific Condition 24 of
the draft permit. Based on the stack testing for arsenic, chromium, and copper, compliance with
the No-Threat Levels for these compounds will be demonstrated.

We believe that as a result of implementing this plan, the requirement for ash monitoring, as stated in
Specific Condition 12, is no longer necessary and should be deleted.

Attached for your consideration is a revised Specific Condition No. 12.

CONCLUSION

Thank you for your consideration of these comments. If you have any questions concerning these
comments, please call me at 904-331-9000.

Sincerely,

O anrd a:zu/%

David A. Butf, M.E., P.E.
Principal Engineer

cc: Gus Cepero, Okeelanta Corp.
David Dee, Carlton-Ficlds
Jewell Harper, EPA
John Bunyak, NPS
Bevin Beaudet, PBCHU
Mark Carney, USGenCo
Richard Donelan
Clare Lardner
Stephanie Brooks--DEP District
File (2)
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CASE 91-E-0454 = Proceeding on Motion of the Commission to
Interpret and Enforce the Output Limitations
Inplementing the PSL §2(2-a) 80 MW Bize
Restriction.
ORDER INTERPRETING AND CLARIFYING

THE 80 MW OUTPUT LIMITATIONS
(Issuved and Effective April 22, 1992)

8Y THE COMMISSION:
BACKGROUNL:

On August 27, 1951, a Notice Soliciting Comments was
issued in the captioned proceeding, reguesting comments on a
Proposed Order interpreting and implementinyg the 80 MW limit set
forth at PSL §2(2-a), which governs gualification as a
ocogensration €facility under state law. That standard has been
enforced through imposition of the four output limitations, first
promulgated in the Salt City Order ¥ and later clarified in the

Ramapo Order. ¥ As set forth in the Kamapo Order, the output
P

Vcase 28689, Balt City Energy Venture, Ord:
(Issued January 15, 1988).

Ycese 20689, consolidated raicon Company of New York, Inc. and

Rarmapo Cogeneration L.P.,
(Issued February 1, 1989).
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limitations mandate that a qQualifying facility (QF) developer, in
order to demonstrate compliance with the §2(2~a) 1imit, must:

A. Guarantee that the electric output will not exceed
80 MW for any quarter-hour period;

B. Cause to be installed snd maintained in good
operating cordition, the metering and other
eguipment necessary for monitoring compliance with
the above standard by the uwtility and for
producing records for ftaff review;

c. Agree that, in the event of two exceedences of the
80 MW limit within any five-year period, it shall
lose status as a cogencration facility under PSL
§2(2~a), and as a result, forego entitlement (it
relevant) to the statuatery minimum rate set forth
in PSL §66-c for the tern of the contract; and

D. Agree that even i{f {t loses status as a

cogeneration facility under PSL §2(2-a) for &
violation of the standards set forth [above), it
will not seek to operate the facility at output
levels above 80 MW.
These output limjitations have been applied to contracts for
facilities which, because sized near the 80 MW limit, could
potentially exceed the limit. %There are fourteen such contracts,
., including cne between Niagara Mohawk Power Corporation (Niagara
Mohawk) and Onondaga Cogenseration L.P, (Onondaga), approved
before the limitations were first adopted, I’

This proceeding wes instituted, and comments were
solicited, prenised upon a petition frox the Indepandent Power
Producers of New York (IPPNY) requesting interpretation and
clarification of the limitations. Th¢ Proposed Order resolved

the questions IPPNY raised, but asked for comments befora any

VYrwelve of these fourteen contracts, in effect as of April 1,
1952, are with Niagara Mohawvk, one is with New York State
Electric & Gas Corporation (NYSEG), and one is with Consolidated
Edison Company of New York, Inc. (Con Edison). These facilities
are listed in Appendix A.

-2‘
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decigion was implemented. Because the comments raise a number of
igsues not addressed in the Proposed Crder, it is replaced with
this Order.

IHE PRCPOSEDL ORDER
IPPNY's Petition

In a petition filed April 29, 1591, IPPNY asks for an
interpretation of the cutput limitaticns which it asserts would
conform the limitations to reasonable capacity testing
procedures. According to IFPNY, compliance with the limitations
can be achieved conly through installation of elaborate contrcl
systems that will cecntinuously monitor plant performance and
compensate for varietions in gehepaticn output caused by either
changes within the electricity grid or within the plant. IPPNY
worries, however, téat pre-comnercial testing of control systems,
such testing fellowing a major repair, ané annual Oependable
Maximum Net Capability (DMNC) testing, could force developers to
exceed the 80 MW limit, thereby violating the limitetions. IPPNY
submite that such forced exceedences should not trigger the
penalties applicable under the limitations.

Properly tested contrcl) systems, IPPNY maintains, are
essential to compliance with the limitations. As IPPNY describes
it, these systems must be tested prior to & facility's commercial
operation, and, during such tests, plant components must be run
at their maximum output. IPFNY is concerned that the 80 MW limit
might be exceeded as a conseguence of that testing. IPPNY adds

that the same considerations achere following major repair or
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replacement ©f major plant componénts that wmight occur during the
plant's operating lifetime.

IPPNY also relates that developers will conduct four-
hour DMNC tests at least yearly to assess the capacity capability
of their plants. ¥ Interpreting the New York Power Pool (NYPP)
DMNC testing procedures as measuring capability on a time-
averaged basis over the four~hour period, IPPNY argues that it
might be necessary for a facility to operate at more than 80 Mw
at some times during the four-hour period in order to compensate
for other times when it is operating at less than 80 MW, WwWithout
an exception from the limitetions, says IPPNY, production from a
unit must be cycled down durinq‘a,test, producing an artificially
low result and thereby unfairly constraining facilities to a
lower DMNC rating. For example, IPPNY insists, a unit might show
& test result of 76 MW when 1t could actually achieve 79 MW,
These circumstances, IPPNY seserts, are exacérbated during the
summer DMNC tests, because adjustmentz way be made to the test
results based on the average ambient temperature experienced
during & utility's summer peak.

Giving these testing protocils, IPPNY contends that no
purpese would be served by applying the output limitations during
the tests. IFPNY believes deveslopers could_not evade the policy
underlying the limitations through cerducting frequent tests,
because the number of such tests is limited under sach '

developer's contract. To remove any incentive to evade the

Yaccording to IPPNY, the results of those tests will be used
for a variety of purposes depending upon the provisions ef the
particular contract.

ahw
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limitations through testing, however, IPFNY proposes that
deveglopers not be paid for electricity delivered in excess of the
80 MW limitation during a test.

IPPNY maintains that advising utilities to implement
the limitations with flexibility during tests is the appropriate
relief. As IPPNY sees it, this would defer technical issues to
resolutiorn between the utility and the daveloper, without further
sdministrative intervention.

Besclution of Iesves in The Propoged Order

The Proposed Order explains that we have continuing
jurisdiction over the output limitations, which insure that the
requirements of qualifying statﬁs!under PSL §2(2-a) are met, V
To effectuate that 1prisdiction, the Froposed Order resolves some
of the issues IPPNY raises. But IPFNi's pstition also presents a
number of questions that may intrude upon Indfvidual contract
specifications, because contractual DMNC testing requirements
vary significantly, depending upon the terms each utility and
developer negotiated in each contract. Therefore, while generic
Policies were promulgated in the Propcsed Order, it was also
suggested that refinements to those policies could be made in
order to reflect individual circumstances.

The Proposed Order addressed & nunber of issues related
to caﬁacity testing and the output liritatjons. As to pre-

commercial testing, although the output limitations were to be

Y5e0, 2.9., Case 90-E-1156, Niagara Mohawk Power Corporation
and Seneca Power Partners L.P,, Qrder Modify

conditions (Issued April 29, 1991); Case 89-X~081,
Bsheaxing ond Clarifying Prigr Qxder (Issued December 12, 1989).

-5-
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interpreted broadly because they enforce the statutory mandats
incorporated in PSL $2(2-a), their application was limited to
“"operation" of a facility. Therefore, the Proposed Order gtates
that tests conducted during the pre-comvercial period should not
be considered within “operation" of the plant, as defined under
the limitations. The Proposed Order slsc advises the utilitieg
to make arrangements with developers to avoid conflicts over
exceedences during pre-opersticnal and annual DMNC testing, and
allows utilities to insist upon reasorable conditions
circumscribing the time, nurnber, extent and duration of such
exceedences. Moreover, utilities were informed that in no event
was a developer to be paid for ;ny gerneraticn delivered in excess
of 80 MW,

Similar r;asoning was 2pplied to the circumstances when
& plant cormes back on-line after a major repair. Under the
proposed Order, however, definition of what constitutes a "major
repair® was left to a later time. The Proposed Order again
obligates utilities to craft reasonable conditiens circumscribing
exceedences dﬁrinq such testing, if they are to be sxcused, and
advises that developers xay not be pald for excesdences.

The Proposed Order also daescribed potential conflicts
between the output limitations and the terme of some individual
contracts. These included the Onondaga - Niagara Mohawk
contract, which was approved before the limitations were adopted,
and the Niagara Mchawk - East Eyracuse contract, which provided
for a size increase that raised questions rejarding the

limitations. While the Esst Syracuse contrect conflict has been
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resolved, ¥ the Onondaga contract problem remains, and another
developer, Selkirk Cogen Partners L.P. (Selkirk cdgen) reports an
additional potential conflict.
POSITIONS OF IHE PARTIES

SCE

Concerned Citizens for the Environment, Inc. (CCE)
argues that overly-broad exenptions from the output limitstions
might “erode the ratepayers' federally protected right to receive
falr and reasonable rates while benefitting from a safe,
reljable, electric generating syster.“ i/ Relerring to the NYPP
Report filed in Case 91-E-0237, ¥ CCE argues that an excess of
capacity supplies from state-qu;14tying cogenerators threatens to
expose ratepayers to negative impacts, such zs the burden of
payments for unneeded capacity. According to CCE, tight controls
must be placed on QF output to avoid exacerkating those negative
impacts. 1Indeed, it believes that QFes should be fined for
exceedences, and that the armount of th2 fines should be refunded
to ratepayers through the fuel adjustment clause. CCE also urges
that reporting requirements be imposed on QFs and that contracte
be reopensd for further review if & QF exceeds the output

limitations on a recurring basis.

Ycase 91-E-0923, East Syracuse Generating Company, L.P.,
{Issued Cctober 2, 19%1) (East Syracuse

Ruling).
¥ocE comment, p.2.

¥case 91-E-0237, Report of the Merber Corporations of the New
York Powexr Pool Concerning 1993 lorg-Run Avoided Cost Fetimates

oy

{August 30, 1991).



USGen

I01s7187€91C Jur 21,93 17:27 No.042 P .08
Case 91-E-0454

CCE also interprete §2(2-a) as limiting our discretion.
According to CCE, the authority to supervisec the iﬁplementation
of that statute cannct be delegated to the utilities. CCE urges
strict interpretation and enforcement of the few legislative
mandates applicable to QFs, who, it szys, are not otherwise
regulated, except by contract language,
Kanine

Kamine Syracuse Ccgen Co., 1nc. (Kamine), a developer
planning to build a 79 MW facility, maintains that the definition
of a "major repair" should ke expanded. The developer believes
that the definition propounded §n the Proposed Order includes
only instances where the entire plant underyoes substantial downe
time. According to_the developer, majcr rejairs may also take
place where performance fror the plant is significantly reduced,
but the plant does not cease producticon entirely. As Kamine
describes {t, its combined-cycle facility could undergo a major
repair to the steam turbine cormponent while the gas turbine
component continues to operate. Under such circumstances, the
developer says, bringing the steam turbine back into service
would implicate testing procedures as rigorcus as those that
would be enmployed if the entire plant had been out of service.
Lavair

Lavair Cogeneraticn L.P., arnother 79 MW developer,

supports IPPNY's poeition and asks that it be informed of the

outcome of this proceeding.
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Niagara Mohawk begine by noting that it is the
purchasing utility for 12 of the 14 projects governed by the
output limitations. Niagara Mohawk requests that it be accorded
more flexibility in enforcing those limjitations. It also
qguestions whether DMNC testing upon return to service after a
major repair implicates the same considerations as pra-
operational testing.

According to the utility, it needs greater flexibility
in implementing the limitatiors. It asks that it be autherized
tO measure a facility's output over a four-hour peried instead of
the fifteen minute interval contemplated under the first output
limitation. The utility asserts the four-hour period is
preferable, because it is the standard used to conduct DMNC tests
l;d to measure output when determining the size of nAtacility.l’
The utility also argues that the four-hour output 1s easily
determined from & facility's generation log book and is more
reliable than measurement over the fifteen minute interval,
which, 1t says, way be prone to teleretering errors.

Niagars Mohawk is alsc concerned that in order to
comply with the limitations, developers will install devices
which automatically trip a unit off-line ir it appears that the
80 MW limit will be exceeded curing a fifteen minute interval.
Measuring output over the four-hour period instead, the utility

believes, will allew the developer tc average out such temporary

yﬁag Case 90-E-0238, American Ref-Fuel Company of Hempstead,
(Issued August 22, 1990;. )
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excasdences, and avoid the potentially hermful consequencss to
system relisbility of tripping a unit off-line with little or no
notice. The utility also maintains that using the four~hour
average would accommodate DMNC testing protocols, and that an
exception to the limitations for exceederces that occur during
such tests would not be needed If devel.opers could average output
{and exceedences) over the four-hour period,

Foreseeing emergency circumstances where operating a
facility at its maximum output, even if it exceeds 80 MW, might
benefit ratepayers, Niagara Mochawk also argues that the output
limitations should be walved under extiere or unusual ‘
circumstances. For example, the utilicy says, extra output might
be needed to custain{voltaé; in an area, to provide for systenm
restoration, or to increase operating recerve during a severe
generation shortaye. The utility suggyests that the limitations
should be waived when it reguests additional production from an
80 MW facility under such circumstances.

Niagara Mohawk alsco asks for guidance in implementing
its contract with Belkirk Cogen. As the utility describes it,
that developer intends to build two facilities at its Selkirk
site, one selling to Nisgara Mohawk and ancther selling to Con
Edison. According to the utility, those two facilities might not
be truly separate, and, if interconnected, would éxcced the 80 MW

limit, thereby violating the output linitations. Niagara Mohawk

-lon
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asks for clarification ¢f application of the output limitaticns
to this site. ¥

NYSEG
NYSEG {s concerned that the Proposed Order's

construction of the word “operation® might affect its 7% Mw
contract with South Corning. That contract, the utility relates,
contains previsions requiring the devaeloper to operate its
facility in accordance with NYSEG's operating procedures. The
utility claims these contract, provisions should control
electricity deliveries at all times, despite language in the
Proposed Order indicating that the ocuzput limitations would not
adhere to electricity deliverie; pade during a "pre-operstional"
period. )

NYSEG also asks for clarification that the reasonable
conditions it is to negotiate circumscribing exceedences during
capacity testing alsc govern the lerng:th and size of each
exceedence permitted during such & test. The utility believes
that exceedences of undue length or amount in size over 80 MW
could harm interconnection equipment, unless it were reconfigured
to absorb the exceedenca. NYSEG also requests permission to
refuse to excuse an excaedence even dAuring testing, if the
exceedence is due to an equipment failure instead of caused by
reasonable efforts to comply with testing protocols. Finally,

NYSEG asserts that, although the output limitations have been

”ﬁiagara Mohawk's proposals to measure output over a four-hour
periocd, and waive the limitations during unusual circumstances,
were supported by IPPNY, in a letter dated November 8§, 19%91, and
G.A.5., another 79 MW developer, in a letter from its agent,
EnteXx Research, Inc., dated December 3, 1951,

-ll~
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imposed only on cogeneration facilities in the past, they should
also be applied to any new energy-only contracts that might be

entered into with small hydro facilities or alternate energy

production facilities.

Selkirk Cogen
Selkirk Cogen Partners L.P. (Selkirk Cogen), the

successor to J.M.C. Selkirk, Inc., criticizes some of the
proposed policies expressed in the Prcposed Order, and asks for
relief specific to its project. The cevelorer also supports
Niagara Mohawk's proposed irplamentation of the output
limitations.

Selkirk Cogen objects‘tp twe aspects of the proposed
Order. First, it bflievel that it should be paid for eslectricity
delivered in excess of 80 MW during testing periods. It claims
the amount of such excsedences should bée sxmall, and that the
utilities cannot be excused from paying for electricity delivered
during exceadences, because PURPA, PSL §66~-c and QI contracts
require such payments.

Sscond, concerned that utilities might unfairly
implement the conditions governing exceedences during testing,
Selkirk Cogen contends that utilities should be reguired to
publish their policies on these matters in advance, with an
opportunity for administrative review. W¥ithout such guidelines,
the developer believes that the numerous disputes between

utilities and developers over these issues would have to be

adjudicated.

-12~
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Belkirk Cogen &lso complains that the Proposed Order
erects an obstacle to development of its project. As the
developer reads the Proposed Crder, a state-qualifying facility
sharing a site with a second facility must ke “truly separate"
from the second facility in orcer to comply with the output
limitations. Selkirk Cogen reports it interds to build two
facilities at ite Selkirk site -- a 7¢ MW facility selling to
Niagara Mohawk, qualifying under PSL §2(2-a), ¥ and an
approximately 277 MW (gross) facility selliry to Con Edison that
qualifies only under federal, and not state, law. ¥ Although
Selkirk admits that it plans tc therpally irterconnect the two
facilities, it argues that this.dgsign configuration does not
violate the output limitations or forfeit its qualification under
PSL §2(2-a).

The developer describes its contract with Niagara
Mohawk as requiring it to mairtain stete QF status under §2(2-a),
or & rate penalty will be impcsed., The developer relatss,
however, that the contract explicitly waives application of the
penalty provision if sales exceeding €0 MW are made from a
feacility located at the site tc Con Edison (or another third-
party utility). The developer also claims its contract with Con

Edison requires that utility tc purchazse all the electricity

Vone April 7, 1988 and Frebruary 14, 1990 :
approving this contract are cited in Appendix A.

Y¥eoase 28689, Consclidated Edison Co. of N.Y., Inc, and J.M.C.
S8elkirk, Inc., = Contract No. 346, lLetter Order (Issued October
24, 1989) and Letter Order (Issued November 14, 1991),
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produced at the site except thet elestricity scld to Niagara
Mohawk.

The developer then cites the Con Edison Staff
Merorandum accompanying approvel of the Con Edison contract as
noting that project plans called for the sharing of a steanm
turbine generator between the two facilities. ! selkirx also
guotes the Niagara Mohawk Staff Memcrandun accompanying approval
of Supplement Nos. 1 and 2 to the Niagara Mohawk contract as
stating that the rate penalty provision exception “is apparently
in anticipation of the loss of state QF status that will occur
when, if ever, the 252 MW Phase II [j.e., Con Edison] portion of .
this facility becomes operational." 2 According to Selkirk, the
only conditicn placed upon its combined two-Iacility arrangement
was that, upon entry of the Con Edison facility into service, the
developer was required to provide firm security for both the
existing and projected front-load under the contract.

Consequently, Belkirk concludes that a thermally and
electrically interconnected facility was approved, and that tweo
thermally and electrically isolated projects were not mandated,
Belkirk also argues that, although the net generation standard eof
PSL §2(2-a) was imposed on its Niagara Mohawk contract, the four

output limitations were not. According to Selkirk, approval of

Veoase 28639, Consolidated Edison Co. of N.Y., Inc. and J.M.C.

Selkirk, Inc. = Contract No. 346, Steff Memorandum (Filed Session
of October 18, 1989%9), p. 3.

Ycase 28689, Niagara Mohawk Pcwer Corporation and J.M.C.
Belkirk, Inc. =~ Contract No. %24, Bupp. Nos. 1 and 2, Staff
Memorandum (Filed Session of February 14, 19s0D), p. 2.

a
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the contract for that facility is therefore exempt from the
fourth output limitation, which restricts future ohtput to 80 Mw,

Eelkirk asks for clarification that it may proceed with
its development plans which, at a minimum, requires that the two
facilities share a stear turbine, end so be thermally
interconnected, The developer also srgues that it should be
permitted to electrically interconnect the two facilities, even
though it admits it might be poussible to supply Niagara Mohawk
with electricity from only a single combustion turbine and to
supply Con Edison with electricity excliusively from the remaining
combustion turbines and the shared steam turbine., Finally, the
developer claims that both projéc?s ara fully dispatchable, so
that each utility’'s ratepayers are protected against the prospact
of overpayments. _

RISCUSSION AND CONCLUSION

IPPNY's proposals to clarify the output limitations, as
modified in the Proposed Order, are generally acceptable.
Niagara Mohawk's proposal to experiment with implementation of
the output limitations also may be permitted in part. But if the
utility's proposed method proves unworkable, both it and
developers must be prepared to return to the method originally
envisioned for implementation, upon reascnable notice to the
affected QFs. The further clarification some utilities and QFs
regquest concerning the principles governing testing exceedences
is, however, not neccssarf. Finally, the output limitations are
applicable to the Onondaga and Selkirk Cogen contracts, albeit
that some flexibility in that application is appropriate.
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Excusing Testing Exceedences

As IPPNY suggests, exceedences that occur during pre-
operational testing, testing during return to service following a
major repair, and DMNC testing may be excused. ¥ Although, as
CCE majintains, the output limitations are to be interpreted
broadly because they enforce the 80 M¥ statutory mandate
incorporated in PSL §2(2-a), they are primarily intended to
control the amount of cutput for which & developer can recelve
payment. Because, as IPPNY concedes, developers may not ba paid
for exceedences which occur during the testing process, the
output limitations need not adhere to such events. ¥ This
reasoning adheres whether the exceederce occurs during pre-
operational tests, tests following maior repairs, or other DMNC
tests. ‘

Utilities, however, may insist on conditions
circumscribing such exceedences, if they are to be excused.
Utilities may require notice before a test is conducted, and may
reasonably limit their time, number, extent, and duration. ¥
Moreover, in no event may a daeveloper be paid for any generation

delivered in excess of 80 Mk, because that would vioclate both the

Yas NYSEG points out, the djstinction drawn in the Proposed
Order between “pre-operatiocnal" testing and other types of
testing is confusing and unwarranted.

Yror this reason, and because powar purchase contracts already
panalize developers for loss of $2(2-a) status, the further
sancticons CCE proposes are redundant end so will not be adopted.

Vin negotiating such conditions with QFs, utilities should
remember that contractual provisions governing tests differ
signiticantly, and the negotjated conditions should reflect
analysis of individual centract language.

- ~16~
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PSL §2(2-a) requirement that utility ratepayers' obligation to
purchase from state-qualifying facilities be limited to 80 MW and
the fourth output limitation, which restricts production to 80
MW. BSelkirk Cogen's argument that it must be paid for
relectricity delivered during exceedences is rejected because {t
conflicts with that principle, and because neither federal law
nor its contract require such payrents.

Several parties petitioned for a more sxact and
detajled statement of rules which would govern testing
axceedences. Although we are obligated to construe the Public
Service Law and our pelicies, we nead nct regulate all of these
details, which are a component ;f?the ongoing utility ~ QF
relationship. As responsible business entities, utilities &nd
QFs should be able to resolve such techrical issues without
further intervention. 1Indeed, it has been explained that the
utility = QF contractual relationship is no different from
contractual arrangements that "invelve fuel, labor or
squipment...not subject to...regulation under normal
conditions,"‘f and that "New York's statutoery structure, sound

regulatory practice, and ... limited staff resources® ¥ preclude

Ycase 92-E-0032, Erie Energy Assoclates, Declaratory Ruling
(Issued March 4, 1952), p. 2.

¥case 90=-F~0775, Consvlidated Edison Company of New York, Inc.,
2 A, W;ﬂm_m:mss_mnim_m Denyving Petition

(Issued Dscember 10, 1990) (Hydro Quekec Orcer), p. 8.
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ongoiné supervision of such utility management issues, ¥
Therefore, the requests for clarification are denled. ¥
Similarly, the description of "major repair® i{n the
Proposed Order -~ as & repair that causes substantial down-time
at a facility -- adequately guides the parties. Since developers
qénarally are not paid when their capacity is unavailable, there
is no incentive to manufacture a “major repair" event in order to
avoid the limitations. Of course, exceedences caused by minor
equipment failures that do not result in substantial down-time
may not be excused. As explained in the Salt city Clarification

Order:

The output limjtations were established to force a
developer to design its facility soc that exceedences
simply would not occur...[D}evelopers [may not] avade
that responsibility, through claiming that an
axceedence resulted from ne 11qenie or some other
fajilure that was not intentional. %

Consequently, requests for further definition of the "major

repalr" terminology are denied as well.
Nlagara Mohawk's Proposal

Niagara Mohawk asks that it be allowed to implement the
output limitations through ncasuting.output over 4 four=hour
period instead of the 15-minute interval prescribed in the first
limitation. IFPNY and several QFs support this proposal.

Yrnese nnnaremtnt decisions, of course, are subject to later
prudence review. Hydroc Quebec Order, p. 6.

UNYSEG also asks for guidance in applying the 1imitations te
future, hypothetical contracts., Buch hypotheticals, however, are
not ripe for review here, and NYSEG should negotiate future
eontracts in good faith,

Ycase 28689, Salt City Energy Venture,
(Issued November 1, 1588), p. 4.

s -15-
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Niagara Mohawk believes that its four-hour method would
be easier to implement, and would avoid potential threats to
system reliability. Maintaining that reljabjlity, the utility
asserts, could be difficult if an B0 MW unit were to trip oft-
line with little or no notice in order to forestall an exceedence
measured over the 15-minute interval. If such an exceedence
could be averaged out over the four-hcur period, however, this
threat could be avoided. Mcreover, the utility claims that so
averaging out temporary excec§ences over the four-hour period
would eliminate the need to excuse exceedences occurring during
testing. These are sufficient reasons to allow the utility to
experiment with implementation vaits method. ¥

Both the utility and the developers are advised,
however, that if th; wtility's method produces unforeseen
consequences or requires the utility to absorb excessive amounts
of generation, permission tc use the nethod can be rescinded. 1In
that event, developers must be prepared toc reconfigure their
facilities to abide by the 1%5-ninute interval. While the
experiment will not be terminated without reasonable notice,
developers must take that possibility into account in designing

their facilities.
Niagara Mchawk also suggaste that the output

limitations should be waived under unusual circumstances where
use of additional generatior might prcve beneficial. This

proposal conflicts with §2(i-a) and would undermine the integrity

VYcon Edison and NYSEG may join in this experiment at their
option.

. -1~
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of the 80 MW limitation. Under the proposal, developers must be
paid for production in excess of 80 MW, flatly contradicting the
PSL §2(2-a) mandate circumscribing the benefits associated with
state-qualifying status to facilities which restrict sales to 89
MW. Moreover, this proposal has been rejected before, when
propounded by developers. ! Conseguently, Niagara Mohawk's
request == for permission to waive the limitations and purchﬁse
power in excess of 80 MW under unusual circumstances =-- is
denied.

Ihe Onondaga contract

The 79 MW Onondaga =~ giagara Mohawk contract was
approved before the limitations were adcpted. Although the
contract requires the developer to maintain §2(2-a) status, or it
is voidable at the option of either party, it does not establish
a method for demonstrating compliance with the 80 MW limit. As a
result, given the language of §2(2-a), even one exceedence of the
80 MW limjt by the developer would violate the statute, and at
the utility's option, would invalidate the contract.

As discussed in the Propossd Order, ¥ to ameliorate
this harsh result, Niagara Mohawk is directed to amend that
contract to provide for application of the output limitations, if
the developer agrees, 1If the developer declines to accapt the

limitations, however, the utility is directed to treat any

Vcase 28689, Central Hudson Gas and Electric Corporation and
Mid-Hudson Cogeneration L.P., Qrder Ap

Sopditions (Issued August 30, 1988).

Yonondaga 4id not file comments in response to the Proposed

L

-«20~
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sxceedence of the 80 MW limit by this facility as a violation of
§2(z2-a).
The Selkirk Cogen Contract

Selkirk Cogen complains that the application of the
output limitations described in the Proposed Order conflicts with
the approvals of its contracts with Niagara Mohawk and Con Edison
for two facilities at ite Selkirk site. Those approvals, says
Selkirk Cogen, exempt it from the limitations and allow it to
thermally and electrically 1ntegrate.its facilities. Although,
contrary to this allegation, the output limitations were applied
to the contract with Niagara Mohawk and remain in effect, the
developer may be accorded some relief. Aas it points out, the
approvals for its contracts were confusing, and should be
clarified heres.

The output limitations clearly were imposed on Belkirk
Cogen's contract with Niagara Mohawk. The April 7, 19688 Latter
frder approving that contract tied the approval to the January
15, 1988 Order in Case 28689 (j,e,, the Balt City Order), where
the output limitations were first promulgated. ¥ Moreover, any
confusion which might have existed over application of the output
limitations was clarified in the Niagara Mohawk Staff Memorandum,
vhich stated that:

*The net generation standard adopted in Case 28689 for

determining eligibility for state QF status would apply

" to this facility. Conseguently, the output

limitations, as modiried in the Ramapo Order, apply to
this contract,» ¥

Vaprid 7, 1988 Latter Order, p. 2.
”Ningara‘nohawk Btaff Memorandum, p. 9.
-21-
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Therefors, the output limitations ¥ adhere to Selkirk Cogen'sg
facility selling to Niagara Mohawk, ard those 1imitations
prohibit deliveries in excess of 80 Mw from that facility.
Selkirk is correct, however, in contending that the
approvals of its contract with Niagara Mohawk were confusing. 1In
this respect, its ¢ircumstances are similar to those described in
the Fast Syracuse Ruling. There, the developer asserted that it
could, under its approvals, expand production of ite facility
beyond the 80 MW limit. 1t wae decided, however, that the fourth
output limitation, which prohibits production in excess of 80 Mw,
applied to that facility because:
While compliance with.that requirement is easily
preserved when an entirély separate power plant
component is subjected to that limitation, it makes
less sense to assume that the limitation would be
applied to a plant with integrated components, as East
Syracuse surmises, &
Similar logic adheres to Selkirk Cogen. Like Eagt
Syracuse, however, Selkirk Cogen did not have adeguate warning
that its proposed arrangements were impermissible, Indeed, the
approval language described as misleading in the East Syracuse
Ruling resembles the approval language applied to Selkirk Cogen's
Niagara Mohawk contract. Moreover, again like East Syracuse,

Selkirk Cogen has moved forward diligéntly with project

YThe "net generation standard" and the "output limitations"
terminologies both refer to the four conditions originally
adopted in the Salt City Order. gee, ¢.9., Kamine Byracuse April
20, 1988 Letfer Order (cited in Appendix A); Case 28689, Niagara
Mchawk Power Corporation and Dresser-Rand Company, Qrder

(Issued June 19, 1989), pp. 12-14.
Vzast syracuse Ruling, p. s.

a
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development efforts based on its interpretation ¢f the approvals.
In fact, its Niagara Mohawk facility is expected to sntear service
before the end ¢f the year. Therefore, Selkirk Cogen is entitled
to relief similar to that accorded East Syracuse.

In the East Syracuse Ruling, that developer was allowed
to proceed with its plans upen conditions that would effectuate
the intent behind the output limitations and protect ratepayers.
As CCE asserts, however, the cutput limitations enforce a
statutory mandate that protects ratepayers from excessive
payments for overproduction and so cannot ba waived entirely. Aas
& result, the relief accorded Selkirk Cogen must preserve the
output limitations, including tﬁe‘ban against production in
excaess of 80 MW. i

This can be accomplished by permitting Selkirk Cogen to
build a facility that {s therrally, but not electrically,
interconnected, The deveioper proposed exactly that arrangement
in its Environmental Information Report submitted in conjunction
with the approval of its Con Edison contract. ¥ As it stated
there: _

A separate 79 MW turbine cogeneration project...at the

(Bslkirk) site...for the sale of 79 MW of

slectricity...to Niagara Mohawk...will be built and

opesrated regardless of [the Con Edison project)....(The
latter) project will be housed in buildings separate
from the 79 MW project. However,...steam from the

initial projecs...will be ducted to the new 110 MW
stear turbine. ¥

Ypevelopers were required to file such reports as part of the
contract approval process. Case 27834, i il

Raguirements (Iesued May 30, 1989).

Vease 28689, J.M.C, Belkirk, Inc., Environmental Information
Report (Filed July 19, 1989), p. 2.

-

-2}~
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Construction of that facility, where one combustion
turbine is dedicated to Niagara Mohawk while the others are
dedicated to Con Ediscon, and waste heat from all those turbines
drives a steam turbine dedicated to Con Edison, pay be excused
under these circumstances even though the facilities will not be
entirely physically separate, ¥ Selkirk Cogen could have used
waste heat from the Niagara Mohawk turbire for purposes other
than generating electricity for sale to that utility, even if the
Con Edison facility were never built, Consequently, allowing the
developer to generate electricity for sale to Con Edison using
that heat may be permitted under these circumstances.

Electrically interconnecting the plants now, howaver,
would violate the output limitations by forcing Niagara Mohawk to
buy generation prodﬁ;ed from plant components sized well in
excess of 80 MW, and also deviates from the plant configuration
the developer itself described. Moreover, as discussed in the
East Syracuse Ruling, developers are bound to tha size of
facility described in their contract. an attempt by Selkirk
Cogen to sell Con Edison production in excess of the 252 MW (net)
limitation in that contract, by using electrical production fronm
the combustion turbine dedicated to Niagara Mohawk, would
constitute a size increase requiring entry into a naw contract
governing production from the "extra” turbine. Selkirk Cogen may

preserve its axisting contracts only if the plant components are

Yother developers, however, who cannot point to implicit
approval of their plans are now on notice that the 80 MW limit is
viclated unless facilities at the same site producing in excess
©f that amount are physically separate. East Syracuse Ruling,
pP. 11-12. :
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dedicated in accordance with the developer's oriqinally-proposed
configuration.

In contrast to the East Syracuse contracts, however,
further ratepayer protections need nct be imposed here. Unlike
the Eagt Syracuse facilities, both of Selkirk Cogen's facilities
are largely dispatchable, thersby sufficiently protecting

ratepayers from the prospec:t of purchasing overpriced energy.

<he commission orders: ,

1. Censolidated Edison Compary of New York, Inec.,
New York EState Electric & Gas Corporation, and Niagara Mohawk
Power Corporation are directel fo.tnrorce the 80 MW limit
established by PSL §2(2~a), as applied to their power purchase
contracts with staf%-qualitying facilities through the output
limitations, in conformance witl the ciscussion in the body of
this Order,

2. This proceeding is continued.

By the Commission,

;fjgbézzb?Vbézzszo~t4=D

(BIGNED) WILLIAM F. BARNES
Deputy Secretary
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Appendix A

20 MW PSL S2(2-a) STATE-OUALIFYING CONTRACTE

enondagn. Case 28689, Niagara Mohawk Power Corporatien
and Onondaga Cogeneration L.P. - Contract No, 507,

Latter Oxder (Issusd November 6, 1987).

2. G.A.S. Case 29252, Njagara Mchawk Power Corporation
and G.A.S. Alternative Systems, Inc, - Contract No.
44%, Order Conditioning Contract (Issued July 7, 1987)

and Order on Rehearing (Issued January 26, 1988).

3. 8alt City. Case 2868%, Niagara Mohawk Power
Corporation and Salt City Energy Venture - Contract No,

452,

(Issued January 18, 1568y and Qrder Denving Petitions
on ror clarificption (Issued May

27, 1688).

4. LM.C, Belkirk., Case 28689, Niagara Mohawk Power
Corporation and J.M.C. Belkirk, Inz., - Contract No.
524, Latter Order (Issued April 7, 1988) ang Letter
frdar (Issued February 14, 1990) and Letter Order
(Issued June 15, 19%0),

-

s, + Case 28609, Niagara Mochavk Power
Corporation and Kanine Syracuse Cogen Co.y Inc, =
Contract No. 527, Letter Order (Issue¢ April 20, 1988)

angd
(Issued March 12, 1990) and Leiter Orcer (Issued
November 21, 1950).

6. Hadson. Case 28685, Nisgara Mohawk Power Corporation
and Hadson Power Partners of Rensselaar (formerly Ultra
Cogen Systemps, Inc.) = Contract No. 540,

(Issued

Septepber 12, 1938) aAnd Latter Order (Issued October
31, 1950) and Latter Orcer (Issued March 5, 1991).,

7. Pover City. Case 28685, Nisgara Mohawk Power
Corporation and Pover City Generating, Inc. = Contract
No. 574, latter Order (1ssued Fe>ruary 6, 1989) ang
' (Issued September 12, 1985) and Order
(Issued March 12, 1590) and

lattar Order (Issusd January 15, 1991),

8. xngggx_gig;n. Case 28689, Niagara Mohawk Power
Corporation and Indeck Energy Services of Olean, Inec.
(formerly Dresssr-Rand Co.) = Contract No. 576, gigan
Patitlon (Issued June 19, 1989) and Lester Order
(Issued Novembar 30, 1990) and Letter Drder (Issued
Juns 3, 1991).
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$. Ag-Energy. Case 28689, Niagara Mohawk Power
Corporation and Ag-Energy, Inc. - Centract No. 529,
Letter Order (Issued September 27, 1589) and Letter
prder (Issued August 10, 1990) and Letter Order (Issued
Decenmber 17, 1990).

10. East Syracuse. Case 2868%, Niagars Mohawk Power
Corporation and East Syracuse Generating Ce. L.P.
(formerly 014 River A-%) = Contract No. 588, Letter
Order (Issued September 27, 1969) ang Letter Order
(Issved August 10, 195C) and Letter Order (Issued March
4, 1991).

11, Lavair. Case 26689, Consolidated Edison Co. of N.Y.,
Inc, and Lavair Cogeneration L.P. = Contract No, 343,
Letter Order (Issued October 10, 198%) angd Order
granting Reheapring in 2art (Issued Januvary 26, 1990)

(Issued July 2, 195%0) and

and 9rdex Granting petition
Lg;;g;_gzﬂg; {Issued Septembay 20, 1990).

12. Kanine Beaver Falls. Case 23¢89, Niagara Mohawk Power
Corporation and Xamine Beaver ralls Cogen, 1Inc, =~
Contract No. 613, lLetter Order (Issued May 29, 1990)

(Issued Septenber 21,

and muxmumnm
1950) and Letter Order (Issued April 22, 1991).

13, NCP. Case 28689, Niagars Mohawk Power Corporation and
Northern Consolidated Power, Inc. = Contract No. 606,

Lettar Order (Issued July 23, 155%0) and Oxdar
glaritving Prior Order (Issued December 8, 1$90) (Letter

Order Pending).

14. ﬁgn;h_sg;n;ni. Case 28689, New York Stats Electric &
Gas Corporation and Bsuth Corning Cogensration, Inc. -
Contract No. 481, Letter Ordel (Issued September 21,
1990) Ang Letter order (Issued April 1, 1681).
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OKEELANTA
Specific Condition No. 12,

The fuel used at the cogeneration facility shall not contain
hazardous substances, hazardous wastes, biomedical wastes, or
garbage.

The fuel used at the cogeneration facility shall not contain
special wastes, except wood, lumber, trees, tree remains, bagasse,
cane tops and leaves, and other clean vegetative and cellulose
matter.

The permittee shall perform a daily visual inspection of any wood
waste or similar vegetative matter that has been delivered to the
facility for use as fuel. Any shipment observed to contain
prohibited materials shall not be used as fuel, unless such
materials can be readily segregated and removed from the wood waste
and vegetative matter.

The permittee shall design and implement a testing program for the
wood waste and other materials delivered to the facility for fuel.
This program shall be submitted to the Department’'s Bureau of Air
Requlation for review and approval at least 60 days before the
commencement of operations of the cogeneration facility. At a
minimum, the program shall provide for the routine testing of the
fuel at the originating wood yard sites as well as at the
cogeneration site, to ensure that the quantities of painted or
chemically treated wood in the fuel are minimized. Fuel tests
shall be conducted weekly for the first year of operations at the
facility and monthly thereafter, if the Department determines on
the basis of the prior test results that less frequent testing is
appropriate. The permittee shall not use any delivered fuel that
contains an amount of treated or painted wood which, if burned,
would violate the Department’s No Threat Levels (NTL). The fuel
pile shall not contain more than 3% treated or painted wood at any
time.

YY#27655.1



ADDENDUM FOR
QKEELANTA POWER LIMITED PARTNERSHIP
1. TECHNICAL EVALUATION AND PRELIMINARY DETERMINATION (TEPD)
Page 2, Section I.C. Emissions- The wording in the first paragraph should
be revised to state that the facility will be restricted to less than 25

percent fossil fuel on a guarterly basis, as required by 40 CFR 60.42a.

Page 5, Section TIT. Technical Evaluation- Last paragraph, same concerns

expressed above related to the 25 percent fossil fuel limitation.

3. DRAFT PERMIT
Page 1, 2nd paragraph, line 15- The phrase "{or eguivalent}" should be
placed after the phrase "an activated carbon injection system" in this

sentence.

Page 8, Specific Ceondition 15- It is recommended that this condition be
revised to read as follows:
" The consumption of No. 2 fuel oil shall be less than 25 percent of
the total heat input te each beoiler unit in any calendar guarter.
Not more than 73,714 tons of coal shall be burned at this facility
during any l2-menth period. The combined heat input for coal and cil
shall be less than 25 percent of the heat input cn a calendar quarter

basis."

Page 8, Specific Condition 17- It is noted that during the initial
startup, debugging and testing of the facility prior to commercial
operation, the cogeneration boilers may operate when the existing Okeelanta
boilers are also operating. We therefore request that this condition be
modified to allow such operaticn during this period prior to commercial
operation. This period shall not exceed 12 months following initial firing

of fuel in the boilers.



Page 8, Specific Condition 18- The same concern for Boiler No. 16 as above

for the existing boilers.

Page 9, Specific Condition 19.b- It is requested that the phrase *and
covered" at the end of this conditicn be deleted. The coal pile for this
facility will be small and covering the coal pile will not result in any
significant reducticn in fugitive PM emissions, while creating operational

difficulties.

Page 9, Specific Condition 20- In the table of emission limits, the limit
for nitrogen oxides for all three boilers should be "862.5" TPY, instead of

"873.1" TPY.

It is also requested that the following emission limits be added to the
table. These limits are felt to be necessary tc comply with the NSPS, and
to insure air quality standards are met.

* Sulfur dicxide, 3-hour average of 1.2 lb/MMBtu and 588.0 lb/hr for

coal firing.

* Vigible emission limit of 20% opacity, 6-minute average, except up

to 27% cpacity is allowed for up tc 6 minutes in any 1-hour period.

Page 10, Specific Condition 21.a- It is requested that a provision be added
to this condition to cover the situation where a fuel such as ccal is not
initially fired in the facility. The following wording is suggested to be
added at the end of this condition: "If during the 180 day pericd after
initial startup a specific fuel has not been fired in a unit, the permittee
shall be required to conduct the performance tests within 60 days of
achieving the maximum operating capacity on this fuel, but no later than

180 days after initially firing this fuel in the unit.n"



Page 10 and 11, Specific Condition 21.b- It is requested that the
following changes be made in the listing of EPA stack sampling methods:
* Add Method 3A to Method 3
* Delete Method 7C and add Method 7E- Method 7C experiences
interferences due to ammonia and SO,.

* Delete Method 108- this method is not for mercury

A provision is also needed under "Compliance Requirements" to address
excess emissions which may occur for more than 2 hours duration, under
startup conditions. Due to the types of fuels used in this facility (e.g.,
biomass) and the limits on combustion related emissicons such as CO, excess
emissions could occur up to 6 hours during startup. The feollowing wording
ig suggested to be added to the specific conditions: The permittee shall
comply with the excess emissions rule contained in F.A.C. Rule 17-296.210.
In addition, the permittee is allowed excess emissions during startup
conditions, provided such excess emissions do not exceed a duration of four
hours, and such emissions in excess of two hours do not exceed six (6}

times per year.

4, PBACT DETERMINATION
Page 1, Sulfur Dioxide- Note that the 25 percent of heat input limitation

should be stated as less than 25 percent on a calendar gquarter basis.

Page 3- BACT Determination By DEP- For sulfur dioxide emissions, same

comment as above on fossil fuel heat input limitation.
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Division of Air
Mr, Clair Fancy, P.E. Resources Management
Bureau Chief
Bureau of Air Regulation
Florida Department of Environmental Regulation
2600 Blair Stone Road
Tallahassee, FL 32399-2400

May 25, 1993

Re: Okeelanta Power Limited Partnership and Osceola Power Limited Partnership
Dear Mr. Fancy:

This correspondence is in follow up to our meeting with you last week concerning the Okeelanta and
Osceola cogeneration facilities. Based on our discussions, Okeelanta and Osceola are willing to further
reduce total SO, emissions from the two facilities by reducing the annual emissions due to coal burning.
This will result in a significant reduction in worst-case annual SO, emissions compared to the worst-case
annual emissions presented in the original applications. In the original applications, worst-case annual
SO, emissions due to both facilities combined totalled 2,772 TPY. This is the level allowed under
federal new source performance standards, Subpart Da, for resource recovery facilities. To address the
Department’s concerns, Okeelanta and Osceola are willing to reduce the total annual SO, emissions to
1,507 TPY. In addition, their proposal eliminates the use of long-term averaging and bubbling of the
two facilities.

Annual 8O, Limits for Each Facility
Okeelanta and Osceola are willing to accept individual annual SO, emission limits for each facility.

Combined, the total SO, emissions from the two facilities are 1,507 TPY. Okeelanta Power and Osceola
Power are willing to accept the following permit limits:

[. Okeelanta Power--1,154.3 TPY of SO,. This is equivalent to 0.21 1b/MMBtu at the maximum
annual heat input of 11.06E+ 12 Btu/yr when burning 0.7 percent sulfur coal at a 16 percent
annual capacity factor, with the remaining heat input due to biomass. It should be noted that
burning 0.05 percent sulfur fuel 0il at a 25 percent capacity factor results in only 68 TPY of SO,
emissions and, therefore, Okeelanta wants to retain its ability to burn this fuel up to 25 percent
capacity factor. Okeelanta Power is willing to accept a permit condition of 1,154 TPY SO, based
on a 12-month rolling average.

2. Osceola Power--353.2 TPY of SO,. This is equivalent to 0.10 Ib/MMBtu at the maximum
annual heat input of 6.88E+ 12 Btu/yr when burning 0.7 percent sulfur coal at a 7 percent annual
capacity factor, with the remaining heat input due to biomass. It should be noted that burning of
0.05 percent sulfur fuel oil at a 25 percent capacity factor results in only 41 TPY of 8O,
emissions and, therefore, Osceola wants to retain the ability to burn this fuel up to 25 percent
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Mr. Clair Fancy, P.E.
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capacity factor. Osceola Power is willing to accept a permit limit of 353 TPY SO, based on a 12-
month rolling average.

The applicants are willing to accept these limitations as permit conditions if this would satisfy the
Department’s concerns and allow the permits to be issued promptly.

Overall SO, Limits

The revised conditions for the two facilities result in combined SO, emissions of 1,507 TPY. Ata
maximum heat input for the two facilities of 17.940x10'? Bru/yr (11.06x10' Btu/yr for Okeelanta and
6.880x10"2 Btu/yr for Osceola) when burning coal, the equivalent overall SO, emission rate is 0.168
Ib/MMBtu. This emission rate is very close to what has been determined recently to be BACT for SO,
for 100 percent coal-fired power plants (i.e., 0.17 Ib/MMBtu for Bechtel Indiantown and OUC Stanton
Unit 2).

Revised Tables

Based on the revised coal burning rates and SO, emissions, revised tables for the PSD applications have
been prepared. These tables present the revised annual heat input rates and the revised emissions and
emission limits for the two facilities.

Based on the revised SO, emission limits, the economic impact analysis included in the BACT evaluation
has been revised. Since the previous BACT analysis has shown that burning coal with a sulfur content
greater than 0.7 percent is not cost effective, the revised analysis was conducted for the 0.7 percent
sulfur coal case only. The technologies previously analyzed were retained: dry sorbent injection, dry
scrubbing and wet scrubbing. The revised BACT analysis is presented in the attached tables. The
analysis demonstrates the most cost effective control technology is dry scrubbing, and results in a total
cost effectiveness of $4,994/ton for Okeelanta Power and $10,487/ton for Osceola Power. These cost
effectiveness values are well above the $2,000/ton value which has been considered to be reasonable in
previous BACT determinations. Consequently, the use of dry scrubbing is not reasonable or appropriate
as BACT in this case.

We appreciate meeting with you and the Bureau’s staff to resolve the Department’s concerns. Please call
me at 904-331-9000 if you have any questions concerning this information.

Sincerely,

Ounrd G- 8 %/

David A. Buff, M.E., P.E.
Principal Engineer

¢c: Gus Cepero, Okeelanta John Bunyak, NPS
David Dee, Carlton-Fields Bevin Beaudet, PBCHU
Jewell Harper, EPA File (2)
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Table 2-2. Maximum Fuel Usage and Heat Input Rates, Okeelanta Power Limited Partnership
Facility (Revised 05/18/93)
Heat
Transfer Fuel
Heat Efficiency Heat Firing
Fuel Input (%) Output Rate
Maximum Short-Term (per boiler)
(MMBtu/hr) (MMBtu/hr)

Biomass 715 68 486 168,236 Ib/hr*
No. 2 Oil 490 85 417 3,551 gal/hr
Coal 490 85 417 40,833 lb/hr

Annual Average {total all three boilers)

(Btu/yr)
NORMAL OPERATION
Biomass 1.150E+13 68
No. 2 Oil 0 85
Coal ’ 0 ‘ 85
TOTAL 1.150E+13
25 IL. FIRIN
Biomass 8.118E+12 68
No. 2 Oil 2.706E+12 85
Coal 0 85
TOTAL 1.082E+13
16% COAL FIRIN
Biomass 9.288E+12 68
No. 2 Oil . 0 85
Coal 1.769E+12 85
TOTAL 1.106E+13

(Btu/yr)

7.820E+12
0
0

7.820E+12

5.520E+12
2.300E+12
0

7.820E+12

6.316E+12
0
1.504E+12

7.820E+12

1,352,941 TPY*"
0 gal/yr
0 TPY

955,059 TPY®
19,608,696 gallyr
0 TPY

1,092,706 TPY?®
0 gallyr
73,714 TPY 1

Note: Total heat output required = 486 MMBtu/hr each boiler, and 7.820E+ 12 Btu/yr total all
boilers. Fuels may be burned in combination, not to exceed indicated total heat outputs.

2 Based on heating value for bagasse of 4,250 Btu/lb, wet basis.
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Table 2-4. Proposed Emission Limits for the Okeelanta Power Facility (revised 05/18/93)

Emission Limit (Ib/MMBtu)

Pollutant Biomass No.2 Oil Bit. Coal
Particulate (TSP) 0.03 0.03 0.03
Particulate (PM10) 0.03 0.03 0.03
Sulfur Dioxide

24-hour average 0.10 0.05 1.2 1

Annual average? 0.02 0.05 1.2 1
Nitrogen Oxides

Annual average® 0.15 0.15 0.17
Carbon Monoxide

8-hour average 0.35 0.2 0.2
Volatile Organic Compounds 0.06 0.03 0.03
Lead 2.5E-05 8.9E-07 6.4E-05
Mercury v 2.4E-06 8.4E-06
Beryllium - 3.5E-07 5.9E-06
Fluorides -- 6.3E-06 0.024
Sulfuric Acid Mist 0.003 0.0015 0.036 I

3 Compliance based on 30-day rolling average, per 40 CFR 60, Subpart Da.

b Limits are 6.3x10° 1b/MM Btu for bagasse and 0.29x10 1b/MM Btu for wood waste materials.l
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Table 2-5. Maximuta Short-Term Emissions for the Okeelanta Power Cogeneration Facility (per boiler) (Revised 05/18/93)
Biomass No. 2 Fuel Qil Coal Maximum
Emission Activity  Maximum Emission Activity  Maximum Emission Activity Maximum Emissions
Regulated Factor Ref. Factor  Emissions Factor Ref. Factor = Emissions Factor Ref. Factor  Emissions for any fuel
Pollutant (Ib/MMBtu) (MMBtu/hr) (Ib/hr) (lb/MMBtu) (MMBtu/hr) (Ib/hr) (lb/MMBtu) (MMBtu/hr) (Ib/hr) (Ib/hr)
Particulate (TSP) 0.03 1 715 215 0.03 1 490 14.7 0.03 1 490 14.7 21.5
Particulate (PM10} 0.03 1 715 215 0.03 1 490 14.7 0.03 1 490 14.7 21.5
Sulfur dioxide 0.10° 2 715 71.5* 0.05* 9 490 24.5% 1.2% 1 490 588.0° 5880% |
Nitrogen oxides 0.15° 3 715 107.3° 0.15° 3 490 73.5° 017 3 490 83.3° 107.3°
Carbon monoxide 0.35¢ 4 715 250.3¢ 0.2¢ 4 490 98.0¢ 0.2¢ 4 490 98.0° 250.3°
Voo 0.06 4 715 429 0.03 4 490 14.7 0.03 4 490 14.7 429
Lead 2.5E-05 5 715 0.018 8.9E-07 10 490 0.0004 64E-05 12 490 0.031 0.031
Mercury 6.3E-06 6 715 0.0045 24E-06 11 490 0.00118 8.4E-06 13 490 0.0041 0.0045 1|
Beryllium - 7 715 - 35E-07 12 490 0.00017 5.9E-06 12 430 0.0029 0.0029
Fluorides - - - - 6.3E-06 14 490 0.003 0.024 14 490 118 118
Sulfuric acid mist 0.003 8 715 215 0.0015 8 490 0.74 0.036 8 450 17.6 176 |
Total reduced sulfur - - - - - - - - - - - - -
Asbestos - - - - - - - - - - - -
Vinyl Chloride - - - - - - - - - - - - -
® 24-hour average.
® 30-day rolling average.
€ 8-hour average.
Relerences:
1. Emission Factor based on NSPS 40CFR 60 Subpart Da.
2. Based upon maximum sulfur content of bagasse of 0.1%, dry basis {0.048%, wet basis).
3. Based on NO,_ control system.
4. Based on boiler design.
5. No data available for bagasse; based on testing on wood fired boilers in California (Sassenrath, 1991).
6. Based on source testing at Okeelanta and Osceola, and 30% removal for mercury control system. 1
7
8
g

. Emission Tests for Seminole Kraft {1990) and TAPPI Procecdings (1991).
. Based on AP-42; 3% of 8O, emissions.
. Based on maximum sulfur content of No. 2 fuel oil.

10. Toxic Air Emission Factors, EPA, 1988 (EPA-450/2-88-006a).

11. Toxic Air Emission Factors, EPA, 1988 (EPA-450/2-88-006a), using 30% removal from mercury control system.

12. Estimating Air Toxic Emissions from Coal and Oil Combustion Sources (EPA -450/2-89-001) (1989).

13. Based on "Mercury Emissions to the Atmosphere in Florida" (KBN, 1992), and 30% removal from mercury and ESP control system.
14. Based on "Emissions Assessment of Conventional Stationary Combustion Sources: Volume V: Industrial Combustion Sources (EPA-600/7-81-003c).
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Table 2-6. Maximum Annual Emissions for the Okeelanta Power Limited Partnership Facility (total all three boilers) (Revised 05/18/93) I
Biomass No. 2 Fuel Oif Coal Total
Emission Activity Annual Emission Activity Annual Emission Activity Annual Annual
Regulated Factor Factor Emissions Factor Factor Emissions Factor Factor Emissions Emissions
Pollutant (b/MMBtuw) (E12Btufyr) (TPY)  (Ib/MMBtu) (E12 Btufyr) (TPY) (Ilb/MMBtu) (E12 Btufyr) (TPY) (TPY)
Normal rations
Particulate (TSP) 0.03 11500 17250 - - - - - - 17250 *
Particulate (PM10} 0.03 11.500 172.50 - - - - - - 17250 *
Sulfur dioxide 0.02 11.500 115.00 - - - - - - 115.00
Nitrogen oxides 0.15 11500 862.50 - - - - - - 86250 "
Carbon monoxide 0.35 11.500 201250 - - - - - - 201250 °
vVOC 0.06 11500 345.00 - - - - - - 34500 ¢
Lead 2.5E-05 11.500 0.14 - - - - - - 0.14
Mercury b 11500 b - - - - - - 0.0300 1
Beryllium - - - - - - - - - -
Fluorides - - - - - - - - - -
Sulfuric acid mist 0.00060 11500 345 - - - - - - 345
Total reduced sulfur - - - - - - - - - -
Asbestos - - - - - - - - - -
Vinyl Chloride ’ - - - - - - - - -
25% Qil Fidng
Particulate (TSP) 0.03 8.118 121.77 0.03 2.706 40.59 - - - 16236
Particulate (PM10) 0.03 8.118 121,77 0.03 27706 . 4059 - - - 162.36
Sulfur dioxide 0.02 8.118 81.18 0.05 2.706 67.65 - - - 148.83 I
Nitrogen oxides 0.15 8.118 608.85 0.15 2.706 202.95 - - —- 811.80
Carbon monoxide 0.35 8.118 1,420.65 0.2 2.706 270.60 - - - 1,691.25
vOC 0.06 8118 24354 0.03 2.706 4059 - - - 284.13
Lead 25B-05 8.118 0.10 8.9E-07 2.706 0.001 - - - 0.10
Mercury b 8.118 b b 2706 b - - - 0.0300 1
Beryllium - - - 35B407 2.706 0.0005 - - - 0.00047
Fluorides - - - 6.27E-06 2706  0.0085 - - - 0.0085
Sulfuric acid mist 0.00060 8.118 2.44 0.0015 2,706 2.0 - - - 4.46 1
Total reduced sulfur - - - - - - - - - -
Asbestos - - - - - - - - - -
Vinyl Chloride - - - - - - - - - -~
16% Coal Firing
Particulate (TSP) 0.03 9.288 13932 - - - 0.03 1.76% 2654 165.86
Particulate (PM10) 0.03 9.288 13932 - - - 003 1.769 2654 165.86
Sulfur dioxide 0.02 9.288 92.88 - - - 1.2 1.769 1,061.40 1,15428 *
Nitrogen oxides 0.15 9.288 696.60 - - - 017 1.769 150.37 84697
Carbon monoxide 0.35 9.288 1,625.40 - - - 0.2 1.769 176.90 1,802.30
vocC 0.05 9.288 278.64 - - - 0.03 1.769 26.54 305.18
Lead 2.5E-05 9.288 0.12 - - - 6.4B-05 1.769 0.06 017 *
Mercury b 9.288 b - - - b 1.769 b 0.0300 *
Beryllivm - - - - - - 5.9B-06 1.769 0.0052 0.0052 *
Fluorides - - - - - - 0.024 1.769 2123 2123 *°
Sutfuric acid mist 0.00060 9,288 279 - - - 0.036 1.769 31.84 3463 *
Total reduced sulfur - - - - - - - - - -
Asbestos - - - - - - - - - -
Vinyl Chloride - - - - - - - - - -

8 Indicates maximum annual emission rate.
Refer to text for explanation.
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Table 2-8. Okeclanta Power Cogeneration Facility Maximum Annual PM Emission Rates for Fugitive Dust Sources (Revised 05/18/93)
Uncontrolled Controlled Maximum Maximum Maximum
Emission Control Emission Annual Annual PM(TSP) PM10 Annual PM10
Factor Efficiency Factor Thruput Emissions Size Emissions
Source (Ib/ton) Control (%) (Ib/ton) {tons/yr) (tons/yr) Mult. {tons/yr)
Coal Handling
Railcar Unloading 0.00234 Enclosure 70 0.00070 73,714 0.026 0.35 0.009
Conveyor-to-Coal Pile 0.00234 None ¢ 0.00234 73,714 0.086 0.35 0.030
Reclaim Hopper 0.00234 Enclosure 90 0.00023 73,714 0.009 0.35 0.003
Conveyor-to-Crusher 0.00234 None 0 0.00234 73,714 0.086 0.35 0.030
Coal Crusher 0.02 Enclosure 70 0.00600 73,714 0.221 0.45 0.100
Crusher-to-Conveyor 0.00234 None 0 0.00234 73,714 0.086 0.35 0.030
Conveyor-to-Boiler Silo 0.00234 None 0 0.00234 73,714 0.086 0.35 0.030
Storage Pile - None 0 - - 0211 0.5 0.105 a
Coal Storage Pile Maintenance 0.90328 Watering 50 045164 b 14,600 © 3.297 035 1.154
Biomass Handling
Truck Dump 0.00012 None V] 0.00012 1,352,941 0.083 0.35 0.029
Conveyor-to-Conveyor 0.00012 None 0 0.00012 1,352,941 0.083 0.35 0.029
Conveyor-to-Hog Tower 0.00012 None 0 0.00012 1,352,941 0.083 0.35 0.029
Hogger 0.02 Enclosed 95 0.00100 1,352,941 0.676 0.35 0.237
Hogger-to-Conveyor 0.00012 None 0 0.00012 1,352,941 0.083 035 0.029
Transfer Tower 0.00012 None 0 0.00012 1,352,941 0.083 0.35 0.02¢
Conveyor-to-Stacker 0.00012 None 0 0.00012 1,352,941 0.083 0.35 0.029
Stacking 0.00012 None 0 0.00012 1,352,941 0.083 0.35 0.029
Underpile Reclaim 0.00012 Enclosed 90 0.00001 1,352,941 0.008 0.35 0.003
Reclaimer-to-Conveyor 0.00012 None 0 0.00012 1,352,941 0.083 0.35 0.029
Transfer Tower 0.00012 None 0 0.00012 1,352,941 0.083 0.35 0.029
Conveyor-to-Boiler Feeders 0.00012 None 0 0.00012 1,352,941 0.083 0.35 0.029
Biomass Storage Pile - None 0 - - 0.160 0.5 0.080
Biomass Storage Pile Maintenance 0.90328° Watering 50 0.45164° 21,900° 4,945 0.35 1.731
Fly Ash Handling i
Fly Ash Transfer 0.00727 Enclosure or 50 0.00364 43,2949 0.079 0.35 0.028
Watering
TOTAL 10.804 3859 i

® Refer to Appendix A and text for derivation.

P |b/VMT.
€ Vehicle miles traveled per year.

d 1,352,941 TPY biomass at 3.20 percent ash; assumes all ash is flyash.
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Table 2-10. Maximum Hourly Emissions of Non-Regulated Pallutants for the Okeelanta Power Cogeneration Facility (per boiler) (Revised 11/25/92)
Biomass No. 2 Fuel Oil Coal Maximum

Non Emission Activity Hourly Emission Activity Hourly Emission Activity Hourly Hourly
Regulated Factor Factor Emissions Factor Factor Emissions Factor Factor Emissions  Emission®
Pollutant (Ib/MMBtu) Ref (MMBtu/hr) (Ib/hr) (lb/MMBtu) Ref  (MMBtu/hr) (Ib/hr) (Ib/MMBtu) Ref  (MMBtu/hr) (ib/hr) (Ilb/hr)
Ammonia 0.0148 8 715 10.6 0.0143 8 490 73 0.048 8 490 236 23.6
Antimony uD 3 ns - 2.32E-06 5 490 0.0011 349E-05 5 490 0.017 0.017
Arsenic 1.62E-04 10 715 0.116 5.00E-07 1 490 0.0002 2.64B-05 4 490 0013 0.116
Barium 1.06E-04 3 715 0.076 6.69E-06 5 490 0.0033 TA4E-M4 5 490 0.36 0.36
Bromine 147603 7 715 1.05 6.97E-06 5 490 0.00342 7.90E-04 5 490 0387 1.05
Cadmium 543E-06 2 715 0.0039 1.58E-06 1 4%0 0.0008 1.36E-06 4 490 0.001 0.0039
Chromjum 1.54E-04 10 715 0.110 1.39E-05 1 490 0.0068 1.66E-05 4 490 0.008 0.110
Chromium*® 381E-05 9 s 0.027 2.78E-06 9 490 0.0014 3.32E-06 9 490 0.002 0.027
Cobalt 4.98E-04 7 715 0.356 1.17E-05 5 490 0.0058 7.20E-05 5 490 0.035 0.356
Copper 1.45E-04 10 715 0.104 4.20E-05 1 490 ©0.021 1.71E-04 4 4%0 0.084 0.104
Dioxin 6.93E-12 2 715 5.0E-09 - 490 - - 490 - 535E-09
Furan 3.62E-10 2 715 26E07 - 490 - - 490 - 2.6E07
Formaldehyde 6.56E-04 2 715 0.469 4.05B-(4 1 490 0.20 2.20E-04 4 490 0.108 047
Hydrogen Chloride 3.70E-02 3 75 26.5 6.37E-04 6 490 0.312 790E02 6 490 87 38.7
Indium 1.27TE4 7 715 0.091 - 490 - - 490 - 0.091
Manganese 7.98E-04 2 715 057 3.08E-06 1 490 0.0015 3.10B-05 4 490 0.015 0.57
Molybdenum 254E-04 7 715 0.18 4.88B-06 5 490 0.0024 8.83E-05 5 490 0.043 0.18
Nickel 441E-05 2 715 0.032 4.76E-05 1 490 0.023 1.02E-03 4 490 050 0.50
Phosphorus 3.53E-04 3 715 0.25 5.81E-06 5 490 0.0028 8.60E-04 5 4%0 0.42 042
Selenium up 3 715 - 4.60E-06 1 490 0.0023 5.34E-05 5 490 0.026 0.026
Silver 2.94E-05 3 715 0.021 - 490 - - 490 - 0.021
Thallium UD 3 s - - 490 - - 490 - -
Tin 1.62E-(4 7 715 0.12 3.30E-05 5 490 0.016 8.83E-05 5 450 0.043 0.12
Zine 4.24E-4 2 715 0.30 6.69E-06 5 490 0.0033 349E-04 5 430 0.17 0.30
Zirconium 9.29E-05 7 715 0.066 - 490 - - 490 - 0.066

Note: UD = undetectable levels in gas stream.

2 Denotes maximum for any fuel.

References

1: Toxic Air Pollutant Emission Factors - A Compilation for Selected Air Toxic Compounds and Sources, Second Edition EPA-450/2-90-011 (1990).
: Based on "Air Toxic Emissions from Wood Fired Boilers®, C. Sassenrath, 1991 TAPPI Proceedings.
Based on stack test results of wood fired boilers and fuel analysis at Seminole Kraft Corporation (1990) equipped with wet scrubbers.
: Estimating Emissions from Oil and Coal Combustion Sources EPA-450/2-89-001 (1989).

: Emissions Assessment of Conventional Stationary Combustion Systems Volume V, 1981. Based on an uncontrolled spreader stoker design and then assuming 90% control from ESP,
: Emissions Assessment of Conventional Stationary Combustion Systems Volume V, 1981, Based on an uncontrolled spreader stoker design.
: EPA PM/VOC Speciation Database, updated October, 1989,
: Based on maximum 20 ppm NH, in exhaust gases for biomass and No. 2 fucl oil; 65 ppm for coal.
: Based upon stack test data at Dade County RRF, 1992, which indicated less than 20% of total chromium was chromium*5,
: Same as reference 2; includes 3% treated wood buming.

ot
=

Source: KBN, 1992,
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Table 2-11. Maximum Annual Emissions of Non-Regulated Pollutants for the Okeelanta Power Cogencration Facility (total alt boilers) (Page 1 of 2) (Revised 05/18/93)

Biomass No. 2 Fuel Qil Coal Totai
Non Emission Activity Annual Emission Activity Annual Emission Activity Annual Annual
Regulated Factor Factor Emissions Factor Factor Emissions Factor Factor Emissions Emission
Pollutant (lb/MMBtu) (E12 Btu/yr)  (TPY) (Ib/MMBtu) (E12 Btu/fyr) (TPY) (Ib/MMBtu) (E12 Btu/yr) (TPY) (TPY)
Normal Operations
Ammonia 0.0148 11.500 851 - - - - - - 851
Antimony up 11.500 - - - - - - - -
Atrsenic 5.58E-05 11.500 0.32 - - - - - - 032 °
Barium 1.06E-04 11.500 0.61 - - - -~ - - 0.61
Bromine 147E-03 11.500 8.45 - - - - - - gs®
Cadmium 543606 11.500 0.031 - - - - - - 0031 *
Chromium 5 S4E-05 11.500 032 - - . - - - - 032 °
Chromium*® 1.35E-05 11500 0,078 - ' - - - - - 0.078 *
Cobalt 4.98E-04 11.500 2.86 - - - - - - 286 *°
Copper 7.23E-05 11.500 042 - - - - - . - 0.42
Dioxin 6.93E-12 11.500 4.0E-08 - - - - - - 40E08 *
Furan 3.62E-10 11500 2.1E-06 - - - - - - 2.1E06 °
Formaldehyde 6.56E-04 11.500 N - - - - - - 38 *
Hydrogen Chloride 3.70E-02 11.500 212.75 - - - - - - 2128
Indium 1.27E-04 11.500 0.73 - ) - - - - - 073 °
Manganese 7.98E-04 11.500 459 - . - - - - - 46 *
Molybdenum 2.54E-04 11.500 1.46 - - - - - - 15 ®
Nickel 441E-05 11500 © 025 - - - - - - 0.25
Phosphorus 353E-04 11500 2.03 - - - - - - 2.03
Selenium uD 11.500 - - - - - - - -
Silver 2.94E-05 11.500 0.169 - - - — - - 0.169 &
Thallium uUD 11.500 - - - - - - - -
Tin 1.62E-04 11.500 0.93 - - - - - - 093 ®
Zinc 4244 11500 2.44 - - - - - - 244 &
Zirconiurn 9.29E-05 11500 0.53 - - - - - - 053
25% Qil Firing
Ammonia 0.0148 8.118 60.1 0.0148 2.706 20.02 - - - 80.10
Antimony uD 8.118 - 2.32B-06 2.706 0.0031 - - - 0.0031
Arsenic 5.58E-05 8.118 023 5.00E-07 2.706 0.0007 - - - 0.23
Barium 1.06E-04 8.118 043 6.69E-06 2.706 0.0091 - - - 0.44
Bromine 147E-03 8.118 5.967 6.97E-06 2.706 0.0094 - - - 5.976
Cadmium 5.43B-06 8.118 0.022 1.58E-06 2.706 0.0021 - - - 0.024
Chromium 554E-05 8118 0.22 1.39E-05 2.706 0.0188 - - - 0.24
Chromium +6 1.35E-05 ) 8118 0.055 2.78E-06 2.706 0.0038 - - - 0.059
Cobalt 4.98E-04 8118 2,02 1L17E-05 2.706 0.0159 - - - 2.04
Copper 7.23E-05 8.118 0.29 4.20E-05 2.706 0.0568 - - - 0.3s
Dioxin 6.93E-12 8.118 2.8E-08 - 2.706 - - - - 2.8E08
Furan 3.62E-10 8.118 1.5E-06 - 2.706 - - - - 1.5E-06
Formaldehyde 6.56E-04 8.118 2.7 4.05B-04 2.706 0.55 - - - 321

Hydrogen Chloride 3.70E-02 8.118 150.18 637E-04 2,706 0.8616 - - - 151.04
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Table 2-11. Maximum Annual Emissions of Non-Regulated Pollutants for the Okeelanta Power Cogeneration Facility (total all boilers) (Page 2 of 2) (Revised 05/18/93)

Biomass No. 2 Fuel Oil Coal _ Total
Non Emission Activity Annual Emission Activity Annual Emission Activity Annual Annual
Regulated Factor Factor Emissions Factor Factor Emissions Factor Factor Emissions Emission
Pollutant {Ib/MMBtu) (E12 Bru/yr) (TPY) {Ib/MMBtu) (E12 Btu/fyr) (TPY} (Ib/MMBtu) (E12 Bru/yr) {TPY) (TPY)
Indium 1.27E-04 8.118 0.52 - 2.706 - - - - 0.52
Manganese 7.98E-04 g.118 3.4 3.08E-06 2.706 0.0042 - - - 32
Molybdenum 2.54E-04 8.118 1.03 4 88E-06 2.706 0.0066 - - - 10
Nickel 441E-05 8.118 0.18 4.76E-05 2.706 0.0644 - - - 0.24
Phosphorus 3S53E-04 B.118 1.43 5.81E-06 2.706 0.0079 - - - 1.44
Selenium uD 8.118 - 4.60E-06 2.706 0.0062 - - - 0.0062
Silver 2.94E-05 8.118 0.119 - 2.706 - - - - 0.119
Thallium uD 8.118 - - 2.706 . - - - - -
Tin 1.62E-4 8.118 0.66 3.30E-05 ' 2.706 0.045 - - - 0.70
Zinc 4.24E-4 8.118 1.72 6.69E-06 2,706 0.0091 - - - 1.7
Zirconium 9.29E-05 8.118 038 - 2.706 - - - - 0.38
16% Coal Firing
Ammonia 148E-02 9.288 68.73 -- - - 0.048 1.769 4246 11119 *
Antimony uD 9.288 - - - - 349E-05 1.769 0.031 0031 ®
Arsenic S5.58E-05 9.288 0.26 - . - - 2.64E-05 1.769 0.023 0.28
Barium 1.06E-04 9.288 0.49 - — - TA4E-04 1.769 0.66 1.15 2
Bromine 147E-03 9.288 6.83 - - - 7.50E-04 1.769 0.699 7.53
Cadmium SA43E06 9.288 0.025 - - - 1.36E-06 1.769 0.0012 0.026
Chromium 554E-05 9.288 0.257 - - - 1.66E-05 1.769 0.015 0.272
Chromivm +6 1.35E-05 9.288 0.063 - - - 3132B06 1.769 0.003 0.066
Cobalt 4.98E-04 9.288 2.31 - — - 720E-05 1,769 0.064 24
Copper 7.23E-05 9.288 0.34 -- - - 1.71E-04 1.769 0.15 049 *
Dioxin 6.93E-12 9.288 3.2E-08 - - - - 1.769 - 312808
Furan 3.62E-10 9.288 1.7E-06 - - - - 1.769 - 1.7E-06
Formaldehyde 656E-04 9.288 3.0 - - - 2.20E-04 1.769 0.19 3.24
Hydrogen Chloride 3.70E-02 9.288 171.828 - - - 7.90E-02 1.76% 69.88 2417 *
Indium 1.27E-04 9.288 059 - - - - 1.769 - 0.59
Manganese 7.98E-04 9.288 k)| - - - 3.10E05 1.76% 0.027 37
Molybdenum 254E-04 9.288 1.18 - - - 8.83E-05 1.769 0.078 13
Nickel 441E-05 9.288 0.21 - - - 1.02E-03 1.769 0.50 111
Phosphorus 3.53E-04 9.288 1.64 - - - 8.60E-04 1.769 0.76 240 ®
Selenium uD 9.288 - - - - 534E05 1.769 0.047 0047 ®
Sitver 2.94E-05 9.288 0.137 - - - - 1.769 - 0.137
Thallium uD 9.288 - - - - - 1.769 - -
Tin . 1.62E-04 : 9.288 0.75 - - - 8.83E-05 1.769 0.078 0.83
Zinc 4.24E-04 9.288 1.97 - - - 349E-04 1.769 031 2.3
Zirconium . 9.29E-05 9.288 043 - - - - 1.76% - 043

Note: UD = undetectable levels in gas stream.

& Denotes maximum annual emissions for any fucel scenario.
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Table 3-3.  PSD Source Applicability Analysis for the Okeelanta Power Limited Partnership Facility

(revised 05/18/93)
Cogeneration Significant
Baseline Facility Net Emission PSD
Regulated Emissions  Annual Emissions Change Rate Applies
Pollutant (TPY) (TPY) (TPY) (TPY) ?
Particulate (TSP) 473.7 183.3° 290.4 25 No 1
Particulate (PM10) 426.3 176.4° -249.9 15 No
Sulfur Dioxide 748.3 1,154.3 406.0 40 Yes |
Nitrogen Oxides 888.7 862.5 -26.2 40 No
Carbon Monoxide 10,388.0 2,012.5 -8,375.5 100 No
vOC 4019 345.0 -56.9 40 No*
Lead 0.28 0.17 0.11 0.6 No 1
Mercury 0.0292¢ 0.0300 0.0008 0.1 No |
Beryllium 0.0004 - 0.0052 0.0048 0.0004 Yes 1
Fluorides ©0.04 21.2 21.2 3 Yes |
Sulfuric Acid Mist 22.4 34.6 6.4 7 No 1
Total Reduced Sulfur - - 0 10 No
Asbestos - - 0 0.007 No
Vinyl Chloride - - 0 0 No
* Nonattainment review does not apply since there is no increase in VOC emissions.
® Includes 172.5 TPY from boilers and 10.8 TPY from fugitive dust sources. 1
¢ Includes 172.5 TPY from boilers and 3.9 TPY from fugitive dust sources.
9 The estimated average annual emission rate for the 1990-1991 and 1991-1992 crop years is
0.0292 TPY. The highest annual emission rate for either of these years is 0.0300 TPY. I
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Table 6-18. Maximum Impacts of Toxic Pollutants for Okeclanta Power Cogeneration Facility (total all boilers) (Revised 05/18/93) |
Maximum
Hourly Concentrations (pg/m*)
Emissions® 8-Hour 24-Hour Annual

Pollutant (ib/hr) Impact NTL Impact NTL Impact NTL
Ammonia 708 39 180 3.0 43.2 - -
Antimony 0.051 0.0028 5 0.002 12 0.0002 03
Arsenic 0.35 0.0163 2 001 0.48 0.000226 ° 0.000230
Barium 1.08 0.0594 5 0.05 12 0.0033 50
Beryllium 0.0087 0.0005 0.02 0.0004 0.0048 0.00003 0.00042
Bromine 315 0.15 7 0.11 1.68 - -
Cadmium 0.012 0.0005 0.5 0.0004 0.12 0.00003 0.00056
Chromium metals 033 0.0154 5 0.012 12 0.00087 1000
Chromium*¢ 0.081 0.0041 05 0.003 0.12 0.000059 °© 0.000083
Cobalt 1.07 0.05 05 0.04 0.12 - -
Copper 0.31 0.01 10 0.01 24 - -
Dioxins/Furans 8.0B07 - - - - 2.1B09 2.2E-08
Fluoride 354 1.95 25 1.48 6 - -
Formaldehyde 141 0.07 45 0.05 1.08 0.004 0.077
Hydrogen Chloride 116.1 6.39 70 484 168 0.360 7.0
Indium 0.27 0.01 1 0.01 0.24 - -
Manganese 1.7 0.08 50 0.06 12 - -
Mercury 0.0135 0.0007 0.5 0.0006 0.12 0.00004 03 |
Molybdenum 0.54 0.03 50 0.02 12 - -
Nickel 1.50 0.08 0.5 0.06 0.12 00011 ¢ 0.0042
Phosphorus 1.26 0.07 1 0.05 0.24 - -
Selenivm 0.08 0.004 2 0.003 048 - -
Silver 0.06 0.003 0.1 0.002 0.024 0.0002 3
Sulfuric Acid Mist 528 29 10.0 22 24 - - |
Thallium - - - - - - -
Tin 0.36 0.02 1 0.61 0.24 - -
Zinc 0.90 0.04 10 0.03 24 - -
Zirconium 0.20 0.009 50 0.01 12 - -

Note:  NTL = no-threat level.

Maximum concentrations determined with ISCST2 model and West Palm Beach meteorological data for 1982 to 1586.
Highest predicted concentration (ug/m?) for a 10 g/s (79.365 Ib/hr) emission rate:
8-hour =-4.369

24-hour = 3310
Annual = 02459

% Total all three boilers.
® Based on maximum annual average emission rate of 0.32 TPY total all three boilers (avg. of 0.073 Ib/hr).

© Based on maximum annual average emission rate of 0.078 TPY total all three boilers (avg. of 0.018 1b/hr).

9 Based on maximum annual average ¢mission rate of 1.56 TPY total all three boilers (avg. of 0.356 Ib/hr).
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Table 2-2. Maximum Fuel Usage and Heat Input Rates, Osceola Power Limited Partnership Facility

(Revised 05/03/93)
Heat
Transfer Fuel
Heat Efficiency Heat Firing
Fuel Input (%) Output Rate
Maximum Short-Term (per boiler)
(MMBtu/hr) (MMBtu/hr)
Biomass 665 68 452 156,471 Ib/hr*
No. 2 Oil 460 85 - 391 3,333 pgal/hr
Coal 460 85 391 38,333 Ib/hr
Annual_Aver tal iler:
(Btu/yr) (Btu/yr)
NORMAL QPERATIONS
_ Biomass TO00E+12 68 4760E+12 823,529 TPY*®
No. 2 Oil 0 85 0 0 gal/yr
Coal 0 85 0 0 TPY
TOTAL 7.000E+12 4. 760E+12
25% OIL FIRING .
Biomass ' 4941E+12 68 3360E+12 581,294 TPY"
No. 2 Qil 1.647E+ 12 85 1.400E+12 11,934,783 gal/yr
Coal 0 85 0 0 TPY
TOTAL 6.588E+12 4.760E+12
7% COAL FIRING
Biomass 6.398E+12 68 4351E+4+12 752,706 TPY*
No. 2 Qil 0 85 0 0 galfyr
Coal 4.816E+11 85 4.093E+11 20,065 TPY
TOTAL 6.880E+12 4.760E + 12

Notes: Total heat output required = 452 MMBtu/hr cach boiler and 4.760E +12 Btu/yr total both
boilers. Fuels may be burned in combination, not to exceed indicated total heat outputs.

* Based on heafing value for bagasse of 4,250 Btu/Ib.
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Table 2-4. Proposed Emission Limits for the Osceola Power Facility (Revised 05/18/93) 1
Emission Limit ({b/MMBtu)

Pollutant Biomass No.2 Qil Bit. Coal
Particulate (TSP) 0.03 0.03 0.03
Particulate (PM10) (.03 0.03 0.03
Sulfur Dioxide

24-hour average 0.10 0.05 1.2 1

Annual average?® 0.02 0.05 1.2 ]
Nitrogen Oxides

Annual average® 0.12 0.12 0.17
Carbon Monoxide

8-hour average 0.35 0.2 0.2
Volatile Organic Compounds 0.06 0.03 0.03
Lead 2.5E-05 8.9E-07 6.4E-05
Mercury . b 2.4E-06 8.4E-06
Beryllium - 3.5E-07 5.9E-06
Fluorides - 6.3E-06 0.024
Sulfuric Acid Mist 0.003 0.0015 0.036 |

2 Compliance based on 30-day rolling average, per 40 CFR 60, Subpart Da.
b [ imits are 6.3x10° 1b/MM Btu for bagasse and 0.29x10¢ Ib/MM Btu for wood waste materials I
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Table 2-5. Maximum Short-Term Emissions for Osceola Power Cogeneration Facility (per boiler) (Revised 05/18/93) 1
Biomass #2 Oil Coal Maximum
Emission Activity Maximum Emission Activity Maximum Emission Activity ~ Maxdmum  Emissions
Regulated Factor Ref. Factor Emissions Factor Ref. Factor Emissions Factor Ref. Factor Bmissions  for any fuel
Pollutant (1b/MMBtu) (MMBtu/hr) (Ib/hr) (ib/MMBtu) (MMBtu/hr} (Ib/hr) (Ib/MMBtu) {MMBtu/hr) (Ib/hr) (Ib/hr)
Particulate (TSP) 0.03 1 665 20.0 0.03 1 460 138 0.03 1 460 138 200
Particulate (PM10) 0.03 1 665 20,0 0.03 1 460 138 0.03 1 460 138 20.0
Sulfur dioxide 010" 2 665 665 * 0.05 9 460 230* 1.2 1 460 5520 5520+
Nitrogen oxides 012 ° 3 665 »8° 0a2® 3 460 ss2® 017° 3 460 782 798 P
Carbon monoxide 035 ¢ 4 665 2328 © 0z°¢ 4 460 920 © 02¢ 4 460 92.0 2328 ©
vOC 0.06 4 665 399 0.03 4 460 13.8 0.03 4 460 13.8 39.9
Lead 25E05 5 665 0.017 8.9B-07 10 460 0.0004 6.4B-05 12 460 0.029 0.029
Mercury 6.3E-06 6 665 0.0042 24E-06 11 460 0.0011 8.4E-06 13 460 0,0039 00042 |
Beryitium - 7 - - 35B407 12 460 0.00016 5.9E-06 12 460 0.0027 0.0027
Fluorides - - - - 6.3B-06 14 460 0.003 0.024 14 460 11.0 11.0
Sulfuric acid mist 0.003 8 665 200 0.0015 8- 460 0.7 0.036 8 460 16.6 16.6

Vinyl Chloride

* 24-hour average,

b 30-day rolling average.

¢8-hour average.

References:

e - Y T

B, Based on AP-42; 3% of S0, emissions.

9. Based on maximum sulfur content of No. 2 fuel oil.

. Emission Factor based on NSPS 40CFR 60 Subpart Da.
. Based upon maximum sulfur content of bagasse of 0.1 percent, dry basis (0.048 percent, wet basis).
. Based on NQ, control system.
. Based on boiler design.

. No data available for bagasse; based on testing on wood fired boilers in California (Sassenrath, 1991).
. Based on mercury content in sugar cane and mercury control system.

. Emission Tests for Seminole Kraft (1990) and TAPPI Proceedings (1991).

10. Toxic Air Emission Factors EPA 1988 (EPA-450/2-88-006a).
11. Toxic Air Emission Factors BPA 1988 (EPA-450/2-88-006a), using 30% removal from mercury control system.
12. Bstimating Air Toxic Emissions from Coal and Oil Combustion Sources (EPA -450/2-89-001) (1989).

13. Based on "Mercury Emissions to the Atmosphere in Florida* {(KBN, 1992), and 30% removal from mercury and ESP control system.
14. Based on *Emissions Assessment of Conventional Stationary Combustion Sources: Volume V: Industriai Combustion Sources (EPA-600/7-81-003c).
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Table 2-6. Maximum Annual Emissions for Osceola Power Limited Partnership Facility (total all boilersy (Revised 05/18/93) |
Biomass No. 2 Fuel Coal Total
Emission Activity Annual Emission Activity Annual Emission Activity Annual Annual
Regulated Factor Factor Emissions Factor Factor  Emissions Factor Factor Emissions Emissions
Pollutant (Ib/MMBtu) (E12 Bw/yr) (TPY} (Ib/MMBw) (E12 Btufyr) (IPY) (Ib/MMBtu} (E12 Bru/fyr) (TPY) (TPY)
Normal Operations
Particulate (TSP) 0.03 7.000 105.00 - - - - - - 105.00 *
Particulate (PM13) 0.03 7.000 105.00 - - - - - - 105.00 *
Sulfur dioxide 0.02 7.000 70.00 - - - - - - 70.00
Nitrogen oxides 0.12 7.000 420.00 - - - - - - 420.00
Carbon monoxide 0.35 7000  1,22500 - - - - - - 1,225.00 2
vOoC 0.06 7.000 210,00 - - - - - - 210,00 *
Lead 25E-05 7.000 0.09 - - - - - - 0.09
Mercury b 7.000 b - - - - - - 00161 |
Beryllium - - - - - - - - - 0.00
Fluorides - - - - - - - - - 0.00
Sulfuric acid mist 0.00060 7.000 210 - - - - - - 2.10
Total reduced sulfur - - - - - - - - - -
Asbestos - - - - - - - - - -
Vinyt Chloride - - - - - - - - - -
25% Oil Firing
Particutate (TSP) 0.03 4,941 74.12 0.03 1.647 2471 - - - 98.82
Particulate (PM10) 0.03 4941 74.12 0.03 . le47 24N - - - 98.82
Sulfur dioxide 0.02 4,941 49.41 0.05 1.647 41.18 - - - 9059 ]
Nitrogen oxides 0.12 4.941 296.46 0.12 1.647 98.82 - - - 39528
Carbon monoxide 0.35 4941 864.68 0.2 1.647 164.70 - - - 1,029.38
vocC 0.06 4,941 148.23 0.03 1.647 2471 - - - 172.94
Lead 25E-05 4.941 0.06 89E07 1.647 0.001 - - - 0.06
Mercury b 4941 b ® 1.647 b - - - 0.0161 i
Beryllium - - - ASEQ7 1.647 0.0003 - - - 0.00029
Fluondes - - - 6.27E-06 1.647 0.0052 - - - 0.005
Sulfuric acid mist 0.00060 4.941 148 0.0015 1.647 1.24 - - - 272 |
Total reduced sulfur - - - - - - - - - -
Asbestos - - - - - - - - - -
Vinyl Chloride - -~ - - - - - - - -
7% Coal Finng
Particulate (TSP) 0.03 6.398 95.97 - - - 0.03 0.482 7.23 103.20
Particulate (PM10) 0.03 6.398 9597 - - - 003 0.482 723 103.20
Sulfur dioxide 0.02 6.398 63.98 - - - 12 0.482 289.20 353.18
Nitrogen oxides 0.12 6.398 383.88 - - - 0.17 0.482 40.97 42485 *
Carbon monoxide 035 6398 1,119.65 - - - 02 0.482 48.20 1,167.85
voC 0.06 6.398 191.94 - - - 0.03 0.482 7.23 199.17
Lead 25E-05 6.398 0.08 - - - 64B-05 0.482 0.02 o0 *
Mercury b 6.398 b - - - b 0.482 b 0.0161 *
Beryllium - - - - - - 5.9E-06 0.482 0.0014 0.0014 ®
Fluorides - - - - - - 0.024 0.482 5.78 LW
Sulfuric acid mist 0.00060 6.398 192 - - - 0.036 0.482 8.68 1060 *

Total reduced sulfur
Asbestos
Vinyl Chloride

2 Denotes maximum annuval emissions for any fuel scenario.
b Refer to text for explanation.
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Table 2-8. Osceola Power Cogencration Facility Maximum Annual PM Emission Rates for Fugitive Dust Sources (Revised 05/18/93)
Uncontrolled Controlled Maximum Maximum Maximum
Emission Control Emission Annual Annual PM(TSP) PM10  Annual PM10
Factor Efficiency Factor Thruput Emissions Size Emissions
Source (lb/ton) Control %) (Ib/ton) (tons/yr) (tons/yr) Mult. (tons/yr)
Coal Handling
Railcar Unloading 0.00234 Enclosure 70 0.00070 20,065 0.007 0.35 0.002
Conveyor-to-Coal Pile 0.00234 None ] 0.00234 20,065 0.023 0.35 0.008
Reclaim Hopper 0.00234 None 90 0.00023 20,065 0.002 0.35 0.001
Conveyor-to-Crusher 0.00234 None 0 - 0.00234 20,065 0.023 0.35 0.008
Coal Crusher 0.02 Enclosure 70 0.00600 20,065 0.060 0.45 0.027
Crusher-to-Conveyor 0.00234 None 0 0.00234 20,065 0.023 0.35 0.008
Conveyor-to-Boiler Silo 0.00234 None 0 0.00234 20,065 0.023 0.35 0.008
Storage Pite - None 0 - - 0211 0.5 0.105*
Coal Storage Pile Maintenance 0.90328 Watering 50 045164 ® 14,600 3.297 0.35 1.154
Biomass Handling ’
Truck Dump 0.00012 Nene 0 0.00012 823,529 0.050 0.35 0.018
Conveyor-to-Conveyor 0.00012 None 0 0.00012 823,529 0.050 0.35 0.018
Conveyor-to-Hog Tower 0.00012 None 0 0.00012 823,529 0.050 0.35 0018
Hogger 0.02 Enclosed 95 0.00100 823,529 0412 0.35 0.144
Hogger-to-Conveyor 0.00012 None 0 0.00012 823,529 0.050 0.35 0.018
Transfer Tower 0.00012 None 0 0.00012 823,529 0.050 0.35 0.018
Conveyor-to-Stacker 0.00012 None 0 0.00012 823,529 0.050 0.35 0.018
Stacking 0.00012 None 0 0.00012 823,529 0.050 0.35 0.018
Underpile Reclaim 0.00012 Enclosed 90 0.00001 823,529 0.005 0.35 0.002
Reclaimer-to-Conveyor 0.00012 None 0 0.00012 823,529 0.050 0.35 0.018
Transfer Tower 0.00012 None 0 0.00012 823,529 0,050 035 0.018
Conveyor-to-Boiler Feeders 0.00012 None 0 0.00012 823,529 0.050 0.35 0.018
Biomass Storage Pile - none 0 - - 0.160 0s 0.080
Biomass Storage Pite Maintenance 0.90328° Watering 50 0.45164° 21,900 © 4.945 035 1731
Hy Ash Handling
Fly Ash Transfer 0.00727 Enclosure or Watering 50 0.00364 26,353 ¢ 0.048 0.35 0.017
TOTAL 9.745 an |

& Refer to Appendix A and text for derivation.

P Ib/VMT

¢ Vehicle miles traveled per year.

¢ 823,529 TPY biomass at 3.20 percent ash; assumes all ash is fly ash.
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Biomass No. 2 Fuel Oil Coal Maximum
Non Emission Activity Hourly Emission Activity Hourly Emission Activity Hourly Hourly

Regulated Factor Factor Emissions Factor Factor Emissions Factor Factor Emissions  Emission any fuel
Pollutant (Ib/MMBtu) Ref (MMBtu/hr)  (Ib/hr) (Ib/MMBtu) Ref (MMBtu/hr)  (fb/hr) (lb/MMBtu) Ref (MMBtu/hr) (Ib/hr) (Ib/hr)
Ammonia 1.5E-02 8 665 10.0 4.8E-02 8 460 221 48E-0: 8 460 221 221
Antimony upD 3 665 - 2.32E-06 5 460 0.0011 349E-05 5 460 0.016 0.016
Arsenic 1.62E-04 10 665 0.11 5.00E-07 1 460 0.0002 264E-05 4 460 0.012 0.11
Barium 1.06E-04 3 663 007 6.69E-06 5 460 0.0031 T44E-04 5 460 0.34 0.3
Bromine 1.47E-03 7 665 0.98 6.97E-06 3 460 0.00321 T9E04 5 460 0.363 0.98
Cadmium 5.43E-06 2 665 0.0036 1.58E-06 1 460 0.0007 136E06 4 460 0.001 0.0036
Chromium 154E-04 10 665 0.10 1.39E-05 1 460 0.0064 1.66E05 4 460 0.008 0.10
Chromium +6 381E-05 9 665 0.025 2.78B-06 9 460 0.0013 132E06 9 460 0.002 0.025
Cobalt 4.98E-4 7 665 0.33 1.17BE-05 3 460 0.0054 720E05 5 460 0.033 0.33
Copper 145E-05 10 665 0.0096 4,20E-05 1 460 0.019 1.71IE-04 4 460 0079 0.079
Dioxin 7.18E-12 2 665 4.8E-09 - 460 - - 460 - 4.8E-09
Furan 3.75E-10 2 665 25E07 - 460 - - 460 - 25E07
Formaldehyde 6.77E-04 2 665 045 4.05E-04 1 460 0.19 220E04 4 460 0.101 0.45
Hydrogen Chloride 3.70E-02 3 665 2.6 6.37E-04 6 450 0.293 T90E02 6 460 36.3 363
Indium 1.27E-04 7 665 0.084 - 480 - - 460 - 0.084
Manganese 7.98E-04 2 665 053 3.08E-06 1 460 0.0014 J10E05 4 460 0.014 0.53
Molybdenum 254E-04 7 665 017 4.88E-06 5 460 0.0022 883E05 5 460 0.041 0.17
Nickel 4.41E05 2 665 0.02% 4,76E-05 1 460 0.022 1L0ZE03 4 460 047 047
Phosphorus 353E-04 3 665 0.23 581E-06 5 460 0.0027 860E-4 5 460 0.40 0.40
Selenium uD 3 665 - 4,60E-06 1 460 0.0021 S34E05 5 460 0.025 0.025
Silver 2.94E-05 3 665 0.020 - 460 - - 460 - 0017 0.020
Thallium uUD 3 665 - - 460 - - 460 - -
Tin 1.62E-04 7 665 0.11 3.30E-05 5 460 0.015 88305 5 460 0.041 0.11
Zinc 4.24E-04 2 665 0.28 6.69E-06 5 460 0.0031 349E04 5 460 0.16 0.28
Zirconium 9.29E-05 7 665 0.062 - 460 - - 460 - 0.062

Note: UD = undetectable levels in gas stream.

* Denotes maximum for any fuel scenario.

References

1: Toxic Air Pollutant Emission Factors - A Compilation for Selected Air Toxic Compunds and Sources, Second Edition EPA-450/2-50-011 (1990).

2: Based on "Air Toxic Emissions [rom Wood Fired Boilers”, C. Sassenrath, 1991 TAPPI Proceedings.

3: Based on stack test results of wood fired boilers and fuel analysis at Seminole Kraft Corporation (1990) equipped with wet scrubbers.

4: Estimating Emissions from Oil and Coal Combustion Sources EPA-450/2-89-001 (1989).

5: Emissions Assessment of Conventional Stationary Combustion Systems Volume V, 1981, Based on an uncontrolled spreader stoker design and
then assuming 90% control from ESP.

6: Emissions Assessment of Conventional Stationary Combustion Systems Volume V, 1981. Based on an uncontrolled spreader stoker design.

7. EPA PM/VOC Speciation Database, updated October, 1989.

8. Based on maximum 20 ppm NH, in exhaust gases, see text; 65 ppm for coal.

9: Based upon stack test data at Dade County RRF, 1992, which indicated less than 20% of total chromium was chromium*

10: Same as reference 2; includes 3% treated wood burning.

6

Source: KBN, 1992,
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Table 2-11. Maximum Annual Emissions of Nen-Regulated Pollutants for Osceola Power Cogeneration Facility (total all boilers) (Page 1 of 2) (Revised 05/18/93) ]
Biomass No. 2 Fuel Oil Coal Total

Non Emission Activity Annual Emission Activity Annual Emission Activity Annual Annual
Regulated Factor Factor Emissions Factor Factor Emissions Factor Factor Emissions Emissions
Pollutant (lb/MMBtu)  (E12 Btu/yr) (TPY) (lb/MMBtu) (E12 Btufyr) (TPY) (1b/MMBtu) (E12 Btu/yr) (TPY) (TPY)
Normal Operations
Ammonia 1.5E-02 7.000 525 - - - - - - 52.5
Antimony uD 7.000 - - - - - - - -
Arsenic ‘ 5.58E-05 7.000 0.20 - - - - - - 020 *
Barium 1.06E-04 7.000 0.37 - - - - - - 0.37
Bromine 147E03 7.000 5.15 - - - - - - 51 °
Cadmium 5.43E-06 7.000 0.019 - - - - - - 0.019 *
Chromium 554E-05 7.000 0.194 - - - - - - 0194 *
Chromium +6 1.35E-05 7.000 0.047 - - - - - - 0.047 *
Cobalt 4.98E-04 7.000 1.74 - - - - - - 174 *®
Copper 7.23E-05 7.000 0.25 - - - - - - 0.25
Dioxin 7.18E-12 7.000 2.5E-08 - - - - - - 25E08 °
Furan 3175E-10 7.000 1.3E-06 - - - - - - 13E-06 ®
Formaldehyde 6.77E-04 7.000 237 - - - - - - 237 ®
Hydrogen Chloride  3.70E-02 7.000 129.50 - - - - - - 1295
Indium 1.27TE-04 7.000 0.44 - - - - - - 044 *°
Manganese 7.98E-04 7.000 2.79 - - - - - - 28 °
Molybdenum 254E-04 7.000 0.89 - - - - - - 089 *
Nickel 441E-05 7.000 0.15 - T - - - - - 0.15
Phosphorus 3.53E-04 7.000 1.24 - - - - - - 1.24
Selenium uD 7.000 - - - - - - - -
Silver 2.94E-05 7.000 0.103 - - - - - - 0103 *
Thallium UD 7.000 - - - - - - - -
Tin 1.62E-04 7.000 057 - - - - - - 057 °
Zinc 4.24E-04 7.000 1.48 - - - - - - 148 ®
Zirconium 9.29E-05 7.000 0.33 - - - - - - 033 *®
25% Oil Firing
Ammonia 1.5E-02 4941 371 4.8E-02 1.647 395 - - - 76.6 *
Antimony uD 4941 - 2R2E06 | 1.647 0.0019 - - - 0.0019
Arsenic 5.58E-05 4,941 0.138 5.00E-07 1.647 0.0004 - - - 0.138
Barium 1.06E-04 4.941 0.26 6.69E-06 1.647 0.0055 - - - 027
Bromine 147E-03 4941 3.632 6.9TE06 1.647 0.0057 - - - 3637
Cadmium 5.43E-06 4.941 0.013 1.58E-06 1.647 0.0013 - - - 0.015
Chromium 554E-05 4941 0.137 1.39B-05 1.647 0.0115 - - - 0.149
Chromium +6 1.35E-05 4941 0.033 2. BE-06 1.647 0.0023 - - - 0.035
Cobalt 4.98E-04 4941 1.23 1.17B-05 1.647 0.0097 - - - 1.24
Copper 7.23E-05 4941 0.18 4.20E-05 1.647 0.0346 - - - 021
Dioxin 7.18E-12 4941 1.8E-08 - 1.647 - - - - 1.8E08
Furan 375E-10 - 4941 9.3E-07 - 1.647 - - - - 93E07
Formaldehyde 6.77TE-4 4,941 1.67 4.05E-04 1.647 033 - - - 2.00
Hydrogen Chioride  3.70E-02 4941 91.41 6.37TE-04 1.647 c.5244 - - - 91.93
Indium 1.27E-04 4.941 031 - 1.647 - - - - 031
Manganese 798E-04 4.941 1.97 3.08E-06 1.647 0.0025 - - - 2.0
Molybdenum 2.54E-04 4.941 0.63 4.88E-06 1.647 0.0040 - - - 0.63
Nickel 4 41E-05 4.941 0.11 4.76E-05 1.647 0.0392 - - - 0.15

Phosphorus 3.53E-04 4.941 0.87 581E-06 1.647 0.0048 - - — 0.88
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Table 2-11. Maximum Annual Emissions of Non-Regulated Pollutants for Osceola Power Cogeneration Facility (total all boilers) (Page 2 of 2) (Revised 05/18/93) ]
Biomass No. 2 Fuel Gil Coal Total

Non Emission Activity Annual Emission Activity Annual Emission Activity Annual Annual
Regulated Factor Factor Emissions Factor Factor Emissions Factor Factor Emissions Emissions
Pollutant {(Ib/MMBw)  (E12 Btu/yr) (TPY) (lb/MMBtu) (E12 Btu/yr) (TPY) ({b/MMBtu) (E12 Btu/fyr) (TPY) (TPY)
Selenium uD 4.941 - 4.60E-06 1.647 0.0038 - - - 0.0038
Silver 2.94E-05 4.941 0.073 - 1.647 - - - - 0.073
Thallium uD 4.941 - - 1.647 - - - - -
Tin 1.62E-04 4,941 0.40 3.30E-05 1.647 0.027 - - - 0.43
Zinc 4.24E-04 4.941 1.05 6.69E-06 1.647 0.0055 - - - 1.1
Zirconium 9.29E-05 4,941 0.23 - 1.647 - - - - 023
7% Coal Firing
Ammonia 0.0148 6.398 41.35 - 4.80E-02 0482 11.57 5891
Antimony uD 6.398 - - - - 349E-05 0.482 0.008 0.008 °
Arsenic 5.58E-05 6.398 0.18 - - - 2.64E05 0.482 0.006 0.18
Barium 1.06E-04 6.398 0.34 - - - TA4E-04 0.482 0.18 052*
Bromine 147E-03 6.398 4.70 - - - 7.90E-04 0482 0.190 4.89
Cadmium 543E-06 6.398 0.017 - - - 1.36E-06 0.482 0.0003 0.018
Chromium 5.54E-05 6.398 0.177 - - - 1.66E-05 0482 0.004 0.181
Chromium +6 1.35E-05 6.398 0.043 - - - 332E96 0.482 0.001 0.044
Cobalt 4.98E-04 6.398 1.59 ’ - -. - 7.20E-05 0.482 0.017 1.6
Copper T.23E-05 6.398 0.23 - - - 1L.71E-04 0.482 0.04 027%
Dioxin 7.18E-12 6.398 2.3E-08 - S - - 0.482 - 2.3E-08
Furan 3.75E-10 6.398 1.2E-06 - - - - 0482 - 1.2E-06
Formaldehyde 6.7TE-04 6.398 22 - - - 2.20E-04 0.482 0.05 222
Hydrogen Chloride 3. 70E-02 6.398 118.363 - - - 7.90E-02 0.482 19.04 1374 %
Indium 1.27E-04 6.398 041 - - - - 0.482 - (.41
Manganese 7.98E-04 6.398 255 - - - 3.10E-05 0.482 0.007 26
Molybdenum 25404 6.398 081 - - - 8.83E-05 0482 0.021 0.83
Nickel 441E-05 6.398 0.14 - - - 1.02E-03 0.482 0.25 0.39*
Phosphorus 353E04 6.398 1.13 - - - 8.60E-04 0.482 0.21 1314°
Selenium uD 6.398 - - - - 5. M4E05 0.482 0.013 0.013*°
Silver 2.94E-05 6.398 0.094 - - - - 0.482 - 0.094
Thallium ubD 6.398 - - ) - - - 0.482 - -
Tin 1.62E-04 6.398 052 - - - 8.83E-05 0.482 0.021 054
Zinc 4.24E-04 6.398 1.36 - - - 349E-04 0.482 0.08 1.4
Zirconium 9.29E-05 6.398 0.30 - - - - 0482 - 0.30

Note: UD = undetectable levels in gas stream.

® Denotes maximum annual emissions for any fuel scenario.
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Table 3-3. PSD Source Applicability Analysis for Osceola Power Limited Partnership Facility (Revised

05/18/93)
Cogeneration
Facility Significant
Baseline Annual Net Emission PSD
Regulated Emissions Emissions Change Rate Applies
Pollutant (TPY) (TPY) (TPY) (TPY) ?

Particulate (TSP) 357.7 114.7° 2430 25 No 1
Particulate (PM10) 3219 108.5° -213.4 15 No 1
Sulfur dioxide 1785 3532 1747 40 Yes
Nitrogen oxides 437.8 424.9 -129 40 No
Carbon monoxide 59923 1,2250 -4,767.3 100 No
Volatile org, compds. 208.6 210.0 14 40 No°
Lead 0.16 0.10 -0.06 0.6 No
Mercury 0.0158° 0.0161 0.0003 0.1 No |
Beryllium 0.00002 ~ 0.00140 0.00138 0.0004 Yes
Fluorides 0.0079 5.78 5.8 3 Yes
Sulfuric acid mist 536 10.60 52 7 No
Total reduced sulfur - - 0 10 No
Asbestos - -- 0 0.007 No
Vinyl Chloride -- - 0 0 No
2 JIncludes 105.0 TPY from boilers and 9.7 TPY from fugitive dust emission sources. I
® Includes 105.0 TPY from boilers and 3.5 TPY from fugitive dust emission sources, 1
® Nonattainment review does not apply since the increase in VOC emissions is less than 40 TPY.
9 The estimated annual average emission rate for 1990 and 1991 is 0.0158 TPY. The highest annual I

emission rate for either of these years is 0.0161 TPY.
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Table 6-18. Maximum Impacts of Toxic Pollutants for Osceola Power Cogeneration Facility (total both boilers) (revised 05/18/93) i
Maximum
Hourly Concentrations (ug/m®)
Emissions" 8-Hour 24-Hour Annyal

Pollutant (Ib/hr) Impact NTL Impact NTL Impact NTL
Ammonia 442 6.4 180 42 432 - --
Antimony 0.032 0.005 5 0.003 12 0.0002 03
Arsenic 0.22 0.03 2 0.02 0.48 0.00029° 0.00023
Barium 0.68 0.10 5 007 1.2 0.004 50
Beryllium 0.0054 0.0008 0.02 0.0005 0.0048 0.00003 0.00042
Bromine 1.96 0.283 7 02 1.68 - -
Cadmium 0.0072 0.001 0.5 0.0007 0.12 0.00005 0.00056
Chromium metals 0.20 0.03 5 0.02 12 0.001 1000
Chromium +6 0.050 0.01 0.5 0.005 0.12 0.000069° 0.000083
Cobalt 0.66 0.10 0.5 0.06 0.12 - -
Copper 0.16 0.02 10 0.02 24 -~ -
Dioxins/Furans 5.1E-07 -- -- - -- 3.2E-09 2.2E-08
Fluoride 220 32 25 21 6 - -
Formaldehyde 0.90 0.1 45 0.09 1.08 0.006 0.077
Hydrogen Chloride 726 10.5 70 7.0 168 0.5 7.0
Indium 0.17 0.02 1 0.02 0.24 - -
Manganese 1.06 0.15 50 0.1 12 -- --
Mercury 0.0084 0.001 0.5 0.0008 0.12 0.00005 0.3 1
Molybdenum 034 0.05 50 0.03 12 - -
Nickel 0.94 0.14 0.5 0.09 0.12 0.0014° 0.0042
Phosphorus 0.80 0.12 1 0.08 0.24 - -
Selenium 0.05 0.007 2 0.005 0.48 -- --
Silver 0.04 0.006 0.1 0.004 0.024 0.0003 3
Sulfuric Acid 332° 4.8 10.0 32 24 - -- I
Thallium - -- (- - - = -
Tin 0.22 0.03 1 0.02 0.24 -- --
Zinc 0.56 0.08 10 .05 24 - --
Zirconium 0.12 0.02 50 0.01 12 - -
Note: NTL = no-threat level.

Maximum concentrations determined with ISCST2 model and West Palm Beach meteorological data for 1982 to 1986.
Highest predicted concentration (ug/m®) for a 10 g/s (79.365 Ib/hr) emission rate:
8-hour-= 11.44, 24-hour = 7.62, and ral = 0.50

* Total both boilers.
® Based on maximum annual average emission rate of 0.20 TPY total both boilers (avg. of 0.046 ib/hr).
¢ Based on maximum annual average emission rate of 0.047 TPY total both boilers (avg. of 0.011 1b/hr),
: Based on maximum annual average emission rate of 0.95 TPY total both boilers (avg. of 0.22 Ib/hr). I

Will occur a maximum of 7 percent of the year, corresponding to the proposed coal-burning restrictions.
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Table A. BACT '-'Top—down" Hierarchy of SO2 Reduction Methods for Okeelanta Power and Osceola Power (Revised 05/21/93)

Range Control Apnual Annual
of level SO2 Emissions Emissions
Top—down Control for BACT Emission for for
Ranking Technology Effectivencss  Analysis Level Okeelanta Power* Osceola Power**
(%) (%) (1b/MMBtu) (TPY) (TPY)
Ist Wet Limestone Scrubber (0.7% S Coal) 80-95 95 0.06 53.1 14.5
2nd Spray Dryer (0.7% S Coal) 80-92 92 0.10 84.9 23.1
3rd Dry—Sodium Duct Injection (0.7% S Coal) 40-50 50 0.60 530.7 144.6
Baseline Baseline (0.7 Wt% S Coal Uncontrolled) - -- 1.20 1,061.4 289.2

*

Total for the three boilers based on maximum heat input rate of 1.769 E+12 Btw/yr from coal firing only.

** Total for the two boilers based on maximum heat input rate of 0.482 E+ 12 Btu/yr from coal firing only.




Table B. Summary of Top— Down BACT Impact Analysis Results for 802, Okeelanta Power (Revised 05/21/93).

Environmental Impacts Energy Impacts Economic Impacts
Total Emissions Incremental Air Adverse Additional Energy Total Incremental Cost Incremental
502 Reduction Emission toxics enviromental Requirements Annualized Annualized Effectiveness Cost
Emissions  Over Baseline  Reduction impact? impacts? Electricity Cost Cost Over Baseline Effectiveness

Control Alternative (TPY) (TPY) (TPY) (Yes'No) (YesNo) (MW —hr'yr) (¥yr) (¥yr) (#ton) (¥1on)
Wet Limestone Scrubber (0.7% 5 Coal) 53.1 1,008.3 318 Yes Yes 1300 58,996,906 $4.120.531 $8.923 $129.406
Spray Dryer (0.7% S Coal) 84,9 976.5 4458 No Yes 890 34,876,375 51,421,421 34994 $3.189
Dry—Sodium Duct [njection (0.7% S Coal) 530.7 5307 530.7 No Yes 273 $3.454.954 $3.454954 $6.510 36,510
Baseline (0.7 W% 5 Coal Uincontrolled) 1.061.4 -- - - -= -— -- -— -- -—




Table C. Summary of Top—Down BACT Impact Analysis Results for SO2 and Acid Gases, Okeelanta Power (Revised 05/21/93).

(a) ()] @)+(b) Economic Impacts
502 Other Acid Combined Overall
Total Other Emissions Gas Emissions Emissions Incremental Total Incremental Combined Cost Incremental
502 Aci.d Gas Reduction Reduction Reduction Emission Annualized Annualized Effectiveness Cost
Emissions Emissions Over Baseline  Over Baseline  Over Baseline  Reduction Cost Cost Over Baseline Effectiveness
Coatrol Alternative (TPY) {TPY) (TPY) (TPY) (TPY} {TPY) (8/y1) ($/m) (3/1om) ($/ton)
Wet Limestone Scrubber (0.7% 5 Coal) 53a 17.8 1,008.3 1051 11134 29.7 $8.996.906 $4,120,531 38,080 $138,636
Spray Dryer (0.7% 8 Coal) 84,9 15.7 976.5 107.2 ) 1,083.7 44538 $4.876375 $1,421421 $4,500 $3,189
Dry—Sodium Duct Injection {0.7% S Coal) 530.7 15.7 530.7 107.2 637.9 6379 $3,454.954 $3.454954 $5.416 $5.416
Baseline (0.7 Wt% 3 Coal Uncontrolled) 1,061.4 1229 - -= - - -— -— - -
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Table D. Summary of Top—Down BACT Impact Analysis Results for SO2, Osceola Power (Revised 05/21/93).

Environmental Impacts Energy Impacts Economic lmpacts
Total Emissions Incremental Air Adverse Additiomal Energy Total Incremental Cost Incremental
S02 Reduction Emission toxics enviromental Requirements Annualized Annualized Effectiveness Cost
Emissions  Over Baseline  Reduction impact? impacts? Electricity Cost Cost Over Baseline Effectiveness

Control Alternative (TPY) (TPY) (TPY} (Yes/No) (Yes/No) (MW—hrfyr) (SAyr) ($4r1) {($/ton) ($/ton)
Wet Limestone Scrubber {0.7% 5 Coal) 14.5 274.7 8.7 Yes Yes 210 35,705,622 $2.915.416 $20,767 $336,032
Spray Dryer (0.7% S Coal) 231 266.1 1215 No Yes 140 $2.790.206 $1.042,03% $10,487 $8.579
Dry- Sodium Duct Injection {0.7% S Coal) 144.6 144.6 144.6 Neo Yes 65 $1.748.167 $1,748,167 $12.090 $12,090
Baseline (0.7 W1% S Coal Uncontrolled 289.2 - - -= -- -= -= -- -- --




Table E. Summary of Top— Down BACT Impact Analysis Results for SO2 and Acid Gases, Osceola Power (Revised 05/21/93).

(a) (b} (a)+(b) Economic Impacts
502 Acid Gas Combined Qverall
Total Total Emissions Emissions E_,missions Incremental Total Incremental Combined Cost Incremental
502 Acid Gas Reduction Reduction Reduction Emission Annualized Annualized Effectiveness Cost
Emissions Emissions Over Baseline OverBaseline Over Baseline Reduction Cost Cost Over Baseline Effectiveness
Control Alternative (TPY) (TPY) (TPY) (TPY) (TPY) (TPY) (¥y1) (¥yn) ($/ton) ($/ton)
Wet Limestone Scrubber (0.7% S Coal) 14.5 49 2747 285 303.4 31 $5.705.622 $2915.416 $13.806 $360.017
Spray Dryer (0.7% S Coal) 231 43 266.1 - 292 2953 121.5 32,790,206 $1.042,039 39,4499 £8.579
Dry—Sodium Duct Injection (0.7% S Coal) 14456 43 144.6 29.2 1738 1738 $1,748,167 51,748,167 $10,057 $10.057
Baseline (0.7 W% S Coal Uncontrolled) 289.2 33.5 - - -— - - - -- -
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Table 1. Capital Cost Estimates for Alternative SO2 Countrol Systems for Okeelanta Power Using 0.7% S Coal (Revised (5/21/93).

Cost Items Cost Faclors Spray Dryer Wet Scrubber
DIRECT CAPITAL COSTS (DCC):
(1) Purchased Equipment
(a) Basic Equipment* Vendor Quote $3.990,000 $11.400.000
(b) Auxiliary Equipment included included included
() Structure Support 0.10 x (1a) §399.000 $1,140,000
(d) Instrumentation & Controls 0.12 x (1a) $478 800 51,368,000
(e) Freightt 0.05 x (la .. 1d) $243.390 $695.400
(f) Sales Tax {Florida) 0.06 x(1a.. 1d) $292.068 $834 480
(&) Subtotal (1a .. 1) $5.403.258 $15437.880
(2) Direct Installation* 030 x (1a.. 1) $1620577 $4,631.364
(3) Upsizing ESP for Particulate Control
(a) ESP and Auxiliary Equip. Upsizing See Note 1 $210,000 -
(b) Instrumentation & Controls 0.1 x (3a) $21,000 --
(c) Preightt ) 0.05 x (3a .. 3b) $11.550 -
(d) Sates Tax (Florida) 0.06 x (3a .. 3b) $13,860 -—
(&) Direct Installation Costs? 0.67 x (3a .. 3d) $171,795 -
(4) Upsizing Ash Handling System
(a) Cost of Upsizing for 3 Boilers See Note 2 $40.000 -—
Total DOC: M+ D+ @+ (3 $7.492,440 320,069,244
INDIRECT CAPITAL COSTS (ICC):
(5) Indirect Installation '
(a) Engineering & Superviston® 0.10 x (DCC) $749 244 $2,006,924
() Construction & Field Expenses! 0.10 x (DCC) §749.244 $2.006,924
(c) Contruction Contractor Fee! 0.05 x (DCC) $374.622 $1.003,462
{d) Contigenciest 0.20 x (DCC) §1,498,488 $4,013.849
(6) Other Indirect Costs
(3) Startup & Testing 0.03 x (DCC) $224.773 $602.077
(b) Working Capital 30—-day DOC** $123.580 5180,038
Total ICC: {5) + (6} $3,719,951 §9.813.325
TOTAL CAPITAL INVESTMENTS (TCl): DCC + ICC §11.21239 §29,882.569

* For the spray dryers, the basic equipment cost for three units are the average of budgetary quotations from ABB—Flakt, Joy Environmental Systems.

and United McGill. The basic equipment cost for the limestone wet scrubbers was based on budgetary pricing from ABB Environmental Systems.

** 30 days of direct operating costs, calculated from the annuzlized cost Table 2 (i.e., total DOC/12 months).

! Based on catalytic incinerators, from QAQPS Controt Cost Manual, Fourth Edition (1990).

?  Based on Capital Cost Factors for ESP, from OAQPS Control Cost Manual, Fourth Edition (1990).

Note 1: 10 percent increase in size for the ESP at $7,000 for I percent increase, from information supplied by Research—Cottrell.

Note 2: Capital cost estimates of the ash handling system prior to the upsizing in order to handle the additional ash generated from the spray dryer
process are approximately $400.000. The upsizing of the ash handling system will add an additienal 109 cost or approximately $40.000 10

the spray dryer option. The wel FDG option does not involve any upsizing of the ESP ash handling system.
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Table 2. Annualized Cost Estimates for Alternative SO2 Control Systems for Okeelantia Power Using 0.7% S Coal (Revised 05/21/93).

Cost Items Basis Spray Dryer Wet Scrubber
DIRECT OPERATING COSTS (DOC):
(1) Labor
Operator® $22/hr: approx. 3.630 hryr for 3 boilers $79.860 -—
$22/hr; approx. 5,470 hrfyr for 3 boilers - $120,340
Supervisor! 15% of operator cost $11.979 $18.051
(2) Maintenance? 5% of direct capital cost $374.622 $1,003,462
(3) Replacement Parts 3% ol direct capital cost $224.173 $602,077
(4) Utilities
(a) Electricity $85 per MW =hr; 890 and 1,300 MW -hr $75.650 $110.500
(b) Water $0.27/ 1,000 gal: 32.3 and 38.2 mil. gal. $8.721 $10314
(5) Raw Chemicals
(a) Limestone (97% purity) $32/ ton delivered for 2,400 TPY -- $76.800
(b) Hydrated Lime {74% purity} $140/ ton delivered for 3,500 TPY $490,000 -=
(6) Differential Fuel Cost or Credit
(2)0.7% S Coal No Cost Adjustment 50 $0
{7) Solid Disposal $27/ 1on for approx. 8,050 TPY $217.3%0 -
(8) Sludge Disposal $27/1on for approx. 8,130 TPY - $219.510
Total DOC $1.482955 §2,161.055
INDIRECT OPERATING COSTS (IOC):
(7) Overhead! 60% of operating labor & maintenance $1,120.668 §778,655
(8) Property Taxes! 1% of total capital investment $112,124 $298.826
(9) Insurance? 1% of total capital investment $112.124 $298.826
(10} Administration! 2% of total capital investment $224.248 $597.651
Total 10C $1,569.164 $1,973,958
CAPITAL RECOVERY COSTS (CRC) CRF of 0.1627 times TCT $1.824.25 $4,.861.8%
ANNUALIZED COSTS (AC): DOC + IOC + CRC $4,876.375 $8.996.906

! Based on catalytic incinerators, from QAQPS Control Cost Manual, Fourth Edition.
2 Based on maximuin of 25% coal firing for the Flo—Energy cogeneration facility.
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Table 3. Cost Estimates for Sorbent Injection Systems for Okeelanta Power Using 0.7% S Coal (Revised 05/21/93).

Furnace Injection Dues Injection Duct Injection
Cost [tems Basis Lime Sorbent Lime Sorbent Sodium Sorbeat
DIRECT CAPITAL COSTS (DCC):
(1) Dry Sorbent njection System See Note | £3.880,000 $4.704,000 $4,410,000
(a) Flue Gas Humidification System Inctuded Included -
{2) Upsizing ESP for Pardeutate Control
() Percent Increase in Size Based on ESFs Vendar Estimate 55% 60% 25%
(b) Cost of Upsizing for 3 Boilers $7,000 per 1% Increase per boiler $1,155,000 $1,260,000 $525,000
{3) Upsizing Ash Handling System
(a) Cost of Upsizing for 3 Boilers 10% of current system <ost, See Note 2. 340,000 $40,000 $40,000
Subtotal of DCC (1) + (25) + (3a) $7.075,000 $6,004,000 $4.975,000
INDIRECT CAFITAL COSTS (ICCy:
(4) Indirect Installation
(a) Engineering & Supervision * .20 x (DCC) $1.415.000 $1,200.300 $993.000
(b) Construction & Field Expenses * .20 x{DCC) $1.415,000 $1,200,800 $995,000
(c) Contruction Contractor Fee ! 0.10 x (DCC) $707,500 $600,400 $497,500
(d) Contingendics 025 x(DCC) $1,768,750 $1,501,000 $1,243.750
(5) Other Indirect Costs
{a) Start—up, Per{, Test & Model Srudy ! 0.04 x (IXCC) $283,000 3240160 $199,000
() Working Capital 30~day DOC $118274 $118274 $118274
Total ICC: (4) +(5) $5.707.524 $4,851 424 $4,048.524
TOTAL CAPITAL INVESTMENTS (TCI): DCC + ICC $12,782,524 $10.865.434 $9.023,524
DIRECT OPERATING COSTS (DOC):
(6) Labor ] .
Operator? $22hr; 5,500 hrfyr total for 3 boilers $121,060 $121,000 $121,000
Supervisor ! 15% of operator cost 318,150 $18,150 $1B.150
(7) Maintenance? 0.05 x(DCC) $353.750 $300.200 $248750
(8) Replacement Parts 0.03 x (DCC) $212.250 $180,120 5149250
(9) Utilities
(a) Electricity for ESP $85 per MW —hr $17,111 $18,666 $7.778
for Auxiliary Equipment $85 per MW —hr $33.934 $37.019 $15,425
(b) Humidification Water $0.27/ 1.000 gat §$9.356 $9.35% -
(c) Steamn Lost or Reheat 36.1910° b $41.91 - -
{10) Raw Chemicals
() Hydrated Lime (74% purity) $140/ 100 delivered for approx. 4,600 TPY $495880 5495850 -
(b) Sodiumn Bicarbonate (98% purity) $200/ ton delivered for approx 4,650 TPY - -— $716100
(11) Differential Fuel Cost or Credis
{a) 0.7% § Coal None $0 §0 50
(12) Solid Disposal 327/ ton for Lime; $50 fion for NaHCO3 - npe $116424 5122661 116694
Total DOC $1,419,285 $1,303,052 $1,393,146
INDIRECT OPERATING COSTS (IOC):
{13) Overhead! 60% of operating labor & maintenance $295,740 $263,010 $232740
(14) Property Taxss! 1% of total capital investment $127.825 $108,654 $90.235
(15) Insurance! 1% of 101l capital invesment $127.825 $108,654 $90,235
(16) Administration? 29 of 101al capital investment $255.650 $217309 3180470
Total 10T $807,041 $608227 $593,681
CAPITAL RECOVERY COSTS (CRC) CRF of 0.1627 times TCI $2.079,717 $1,767.806 $1.468.127
ANNUALIZED COSTS (AC): DOC + 10C + CRC $4,306,043 $3,769.085 $3,454,954

1

Based on Capital Cost Factors for ESP. from OAQPS Control Cost Manual, Fourth Edition (199%0).

¢ Based ona maximum 86,944 TPY of coal firing for Okeelanta Power.

Naote 1: Capital cost factors are $4,000/MMBtu of heat input for Furnace Injection and $3.500/MM Btu of heat input [or Duct Injection (both usinglime) projecting
from Baboock and Wilcox's cost analysis summary for Ohio’s Edison Power Plant located at Edpewater, Ohio. The capital cost factor for the sodium sorbent
injection process is $3,000/MM Bru of heat input based on estimations from Colorado Springs Utililies Company and Publlic Service Company of Colorado.
Total Capital Investment for the dry sorbent injection processwas calculated using these cost [actors for a total of three 490—MMBtu boilers for

Note 2: Capital cost estimates of the ash handlingsystem prior o the upsizing in order to handle the additional ash generated from the [)SI process are approximately $400.000.

the proposed Okeelanta Power.
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Table 4. Capital Cost Estimates for Alternative SO2 Control Systems for Osceola Power Using 0.7% S Coal (Revised 05/21/93).

—

Cost Items Cost Factors Spray Dryer Wet Scrubber

DIRECT CAPITAL COSTS (DCCY:

(1) Purchased Equipment
(a) Basic Equipment* Vendor Quote $2.660.000 $7.600,000
(b) Auxiliary Equipment included included included
(¢) Structure Support 0.10 x (1a) $266 000 $760.000
(d) Instrumentation & Controls 0.12 x (1a) $319.200 $912.000
(e) Freight! 005 x(Ia . 1d) $162,260 $463.600
(f) Sales Tax (Florida) 0.06 x (1a .. 1d) $194,712 $556.320
(2) Subtotal {1a .. 16} $3.602,172 $10,291,920
(2) Direct Installation' 0.30x(1a.. 1f) $1.080,652 $3,087.576
(3) Upsizing ESP for Particulate Control
(a) ESP and Auxiliary Equip. Upsizing See Note 1 $140,000 -
(b) Instrumentation & Controls 0.1 x(3a) $14,000 -—
(¢) Freightt 0.05 x (3a .. 3b) $7.700 -
(d) Sales Tax {Florida) 0.06 % (3a .. 3b) $9240 -
(&) Direct Instaliation Costs? - 067 x (3a..3d) $114,530 -—
(4) Upsizing Ash Handling System
() Cost of Upsizing for 2 Boilers See Note 2 $26,000 -
Total DOC: (1) + (@) + 3+ (4) $4.994,293 $13,379.4%

INDIRECT CAPITAL COSTS (ICC):

(5) Indirect Installation
(a) Engineering & Supervision! 0.10 x (DOC) $499,429 $1.337,950
(b} Construction & Field Expenses’' 0.10 x (DCC) 3499429 $1,337.950
(¢) Contruction Contractor Fee! 0.05 x (DOC) . 8249715 $668,975
(d) Contigencies! 0.20 x (DCC) T 3998859 $2,675899

(6) Other Indirect Costs
(a) Startup & Testing! 0.03 x (DCC) $149,829 $401,385
(b) Working Capital 30~day DOC** $50,016 $99.335
Total JCC: (5) + (6) $2447277 $6.521.493
TOTAL CAPITAL INVESTMENTS (TCI): DCC + ICC $7.441,570 $19,900,989

* For the spray dryers, the basic equipment cost for three units are the average of budgetary quotations from ABB-Flakt, Joy Environmental Systems,
and United McGill. The basic equipment cost for the limestone wet scrubbers was based on budgetary pricing from ABB Environmental Systems.
** 30 days of direct operating costs, calculated from the annualized cost Table 2 (i.e., total DOCY12 months).

! Based on catalytic incinerators, from QAQPS Control Cost Manual. Fourth Edition (1990).
*  Based on Capital Cost Factors for ESP. from OAQPS Control Cost Manual, Fourth Edition (1990).

Note 1: 10 percent increase in size for the ESP at $7,000 for 1 percent increase, from information supplied by Research—Cottrell.
Note 2: Capital cost estimates of the ash handling system prior to the upsizing in order to handle the additional ash generated from the spray dryer

process are approxmately $260.000. The upsizing of the ash handling system witl add an additional 10% cost or approximately $26.000 1o
the spray dryer option. The wet FDG option does not involve any upsizing of the ESP ash handling system.
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Table 5. Annualized Cost Estimates for Alternative SO2 Control Systems lor Osceola Power Using 0.7% S Coal (Revised 05/21/93).

Cost Items Basis Spray Dryer Wet Scrubber
DIRECT QPERATING COSTS (DOC):
(1) Labor
Operator® $22/hr; approx. 870 hr/yr for 2 boilers $19.140 -—
$22/hr; approx. 1,300 hr/yr for 2 boilers - $28,600
Supervisort 15% of operator cost 52,871 $4.290
(2) Maintenance? 5% of direct capital cost $249.715 $668,975
(3) Replacement Parts 3% of direct capital cost 3149829 $401,385
(4) Utilities .
(a) Electricily $85 per MW—hr; 140 and 210 MW —hr $11.900 $17.850
(b) Water $0.27 /1,000 gak: 18.4 and 21.5 mil. gal. $1.450 51,696
{5) Raw Chemicals
(2) Limestone (97% purity) $32/ ton delivered for 560 TPY -= $17.920
(b) Hydrated Lime (74% purity) $140/ ton delivered for 820 TPY §114,800 -
(6) Differential Fuel Cost or Credit
{a)0.7% S Coal No Cost Adjustment $0 50
{7) Solid Disposal 327/ ton for approx. 1,870 TPY $50.490 -
{8) Sludge Disposal $27/ ton for apprex, 1,900 TPY -= $51,300
Total DOC $600.194 $1,192015
INDIRECT OPERATING COSTS (IOC):
(7) Overhead! 60% of operating labor & maintenance $681,605 $479.676
(8) Property Taxes' 1% of total capital investment 374416 $199,010
(9) Insurance! 1% of total capital investment $74.416 $199,010
(10) Administration 2% of total capital investment $148.831 $398,020
Total IOC - $979,268 $1275.716
CAPITAL RECOVERY COSTS (CRC) CRF of 0.1627 times TCI $1.210,744 $3,237.891
ANNUALIZED COSTS (AC): DOC + 10C + CRC $2,790.206 §5.705,622

t  Based on catalytic incinerators, from OAQPS Control Cost Manuai, Fourth Edition.
2 Based on a maximum 20,06% TPY of coal firing for Osceola Power,
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INTEROPFPFICE MEMORANDUM

Date: 12-May-1993 10:34anm
From: William Congdon TA
CONGDON_W

Dept: Office General Couns
Tel No: 904/488-9730
S8UNCOM: sc 278-95730

TO: Patricia Comer  TAL ( COMER P )

TO: Claire Lardner  TAL ( LARDNER C )

CC: Clair Fancy TAL ( FANCY C )

Ssubject: Meeting on air permit

David Dee has scheduled a meeting with Claire Fancy for

Monday the 17th @ 4 pm to discuss pending permit applications for

two co-generation plants. The plants are sugar industry related

(I think).

Claire L., please attend as we may end up in litigation over

the applications and they are in your district.

Pat, I would

like a program atty. to attend also, if Claire Fancy thinks we

need more air legal expertise than Claire L. now has. 1I’ll leave

the attendance of a 2nd atty. to you and C.F.

Slesyly
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WAIVER OF 90 DAY TIME LIMIT
UNDER SECTIONS 120.60(2) AND 403.0876, FLORIDA STATUTES

License (Permit, Certification) Application No, AC50-219795 and ACS50-219413

Applicant's Name: Osceqla Power Limited Partnership and Okeelanta Power Limited Partnership

With regard to the above referenced application, the applicant hereby with full knowledge and
understanding of applicant’s rights under Sections 120.60(2) and 403.0876, Florida Statutcs,
waives the right to have the application approved or denied by the State of Florida Department of
Environmental Regulation within the 90 day time period prescribed by law. Said waiver is made
freely and voluntarily by the applicant, with full knowledge, and without any pressure or coercion
by anyone employed by the State of Florida Department of Environmental Regulation.

This waiver shall expire on the 25 day of _May.. , 1993.

The undersigned is authorized to make this waiver on behalf of the applicant.

Dad G. B4/

Signature ¢’/;.3/ /A

David A, Buff, P.E,
Name (Please Type or Print)

Revised April, 1990



h-15-93

WAIVER OF 90 DAY TIME LIMIT
UNDER SECTIONS 120.60(2) and 403.0876, FLORIDA STATUTES

License (Permit, Certification) Application No. AC50-219795 §& AC50-219413

Applicant's Name: Osceola Power Limited Partnership and Okeelapta Pawer imired

Partnership

With regaréd to the above referenced application, the applicant
hereby with full knowledge and understanding of applicant's
rights under Sections 120.60(2) and 403. 0B76, Florida Statutes,
waives the right to have the application approved or denied by
the State of Florida Dpepartment of Environmental Regulation
within the 90 day time period prescribed by law. Said waiver is
made freely and voluntarily by the applicant, with ful]
knowledge, and without any pressure or coercion by anyone
employed by the State of Florida Department of Environmental
Regulation,

This waiver shall expire-on the- Z{ : day of JZ(;{'GL 1943 .

The undersigned 1is authorized to make this waiver on behalf of

the applicant,
7
507 ¢

SlgﬂgXure

G.R (¢ FKK’O

Name (Please Type or Print)

Revised april, 1990




May 6, 1993 ECE\\, ED

Mr. Clair Fancy, P.E., Chief

Bureau of Air Regulation b A\ (37 9

Florida Department of Environmental Regulation o of N4 ¢
2600 Blair Stone Road D‘\\l\s‘oma“@eﬁ‘e“
Tallahassee, FL 32399-2400 ReGD“‘Ces

Re: Okeelanta Power Limited Partnership and Osceola Power Limited Partnership
Dear Mr. Fancy:

As requested by Mr. Gus Cepero of Okeelanta, I am forwarding to you revised tables from the
Okeelanta and Osceola cogeneration permit applications. These tables present the revised annual heat
input rates and the revised annual emissions for the two facilities, and the revised PSD source
applicability analysis. As presented in Mr. Cepero’s letter to the Department, the maximum amount of
coal burning has been reduced at each of the facilities. At Okeelanta Power, annual coal burning would
be limited to 2.086E+ 12 Btu/yr, equivalent to a 19 percent capacity factor. At Osceola Power, annual
coal burning would be limited to 0.482E+ 12 Btu/yr, equivalent to a 7 percent capacity factor. In
addition, the fuel oil sulfur content has been reduced to 0.05 percent. Please note that with these
revisions, the two facilities are no longer subject to PSD for sulfuric acid mist emissions.

If you have any questions concerning these revise tables, please call me at 904-331-5000.

Sincerely,

/\av ﬂu//

David A. Buff, M.E., P.E.
Principal Engineer

DAB/tyf

cc:  Preston Lewis, DER
Howard Rhodes, DER
Gus Cepero, Okeelanta Corp.
David Dee, Carlton-Fields
Jewell Harper, EPA
John Bunyak, NPS
Bevin Beaudet, PBCHU
File (2)
"}» Iai "/ .«éuf 5,

N,I,{,z{'(#"y

4_. Z R -'/;’L,/

12118A1710 KBN ENGINEERING AND APPLIED SCIENCES, INC.

1034 Northwest 57th Street  Gainesville, Florida 32606 904/331-8000 FAX:904/332-4189

EQUAL EMPLOYMENT CPPORTUNITY | AN AFFIRMATIVE ACTION EMPLOYER
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Table 2-2, Maximum Fuel Usage and Heat Input Rates, Okeelanta Power Limited Partnership
Facility (Revised 05/03/93)
Heat
Transfer Fuel
Heat Efficiency Heat Firing
Fuel Input (%) QOutput Rate
Maximum Short-Term (per boiler)

(MMBtu/hr) (MMBtu/hr)
Biomass 715 68 486 168,236 Ib/hr?
No. 2 Oil 490 85 417 3,551 gal/hr
Coal 490 85 417 40,833 Ib/hr

Annual Average (total all three boilers
(Btu/yr) (Btu/yr)

NORMAL OPERATIONS
Biomass 1.150E+13 68 7.820E+ 12 1,352,941 TPY®
No. 2 Qil 0 85 0 0 gallyr
Coal 0 85 0 0 TPY
TOTAL ' 1.150E+13 7.820E+12
25% OIL FIRING
Biomass 8.118E+12 68 5.520E+12 955,059 TPY?
No. 2 Qil 2.706E+12 85 2.300E+12 19,608,696 gal/yr
Coal 0 35 0 0 TPY
TOTAL 1.082E+13 7.820E+12
19% COAL FIRING
Biomass 8.803E+12 68 6.047E+12 1,046,235 TPY?
No. 2 Oil 0 85 0 0 gal/yr
Coal 2.086E+12 85 1.773E+ 12 86,917 TPY
TOTAL 1.098E+13 7.820E+12

Note: Total heat output required = 486 MMBtu/hr each boiler, and 7.820E+ 12 Btu/yr total all
boilers. Fuels may be burned in combination, not to exceed indicated total heat outputs.

2 Based on heating value for bagasse of 4,250 Btu/lb, wet basis.
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Table 2-6. Maximum Annual Emissions for the Okeelanta Power Limited Partnership Facility (total all three boilers) (Revised 05/03/93)

Biomass No, 2 Fuel Qil Coal Total
Emission Activity Annval Emission Activity Annvual Emission Actinity Annual Annual
Regulated Factor Factor Emissions Factor Factor Emissions Factor Factor ~ Emissions Emissions
Pollutant (Ib/MMBtu) (E12 Btu/yr)  (TPY) (Ib/MMBtu) (E12 Btufyr}  (TPY) (lb/MMBtu) (E12 Btufyr) (TPY) (TPY)
Normal Operations
Particulate (I'SP) 0.03 11.500 172.50 - - - - - - 17250
Particulate (PM10} 0.03 11500 17250 - - - - - - 17250 ¢
Sulfur dioxide 0.02 11.500 115.00 - - - - - - 115.00
Nitrogen oxides 0.15 11.500 86250 - - - - - - 862.50 *
Carbon monoxide 035 11.500 2,012.50 - - - - - - 201250 *
voC 0.06 11.500 345.00 - - - - - - 34500 *
Lead 2.5E05 11,500 0.14 - - - - - - 0.14
Mercury b 11.500 b - - - - - - 0.0262
Beryilium - - - - - - - - - -
Fluorides - - - - - - - - - -
Sulfuric acid mist 0.00060 11.500 345 - - - - - - 345
Total reduced sulfur - - - - - - - - - -
Asbestos - - - - - - - - - -
Vinyl Chloride - - - - - - - - - -
25% Qil Firing
Particulate (TSP) 0.03 8.118 121.77 0.03 2.706 40.59 - - - 162.36
Particulate {PM10) 0.03 8.118 121.77 0.03 2,706 4059 - - - 162.36
Sulfur dioxide 0.02 8.118 81.18 0.05 2.706 67.65 - - - 148.83
Nitrogen oxides 0.15 8.118 608.85 0.15 2,706 202.95 - - - 811.80
Carbon monoxide 0.35 8.118 1,420.65 0.2 2706  270.60 -- - - 1,691.25
vocC 0.06 8.118 243.54 0.03 2.706 40.59 - - - 284.13
Lead 25E-05 8.118 .10 8.9E-07 2.706 0.001 - - - 0.10
Mercury b 8.118 b b 2.706 b - - - 0.0262
Beryllium - - - 3.5E-07 2706 0.0005 - - - 0.00047
Fluorides - - - 6.27E-06 2.706 0.0085 - - - 0.0085
Sulfuric acid mist 0.00060 8.118 244 0.0015 2.706 203 - - - 446
Total reduced sulfur - - - - - - - - - -
Asbestos - - - - - - - - - -
Vinyl Chloride - - - - - - - - - -
19% Coatl Firing
Particulate {ISP) 0.03 8.893 133.40 - - - 0.03 2.086 31.29 164.69
Particulate (PM10) 003 8.893 13340 - - 0.03 2.086 31.29 164.69
Sulfur dioxide 0.02 8.893 8893 - - - 12 2.086 1,251.60 1,34053 *
Nitrogen oxides 0.15 8.893 666.98 - - - 0.17 2.086 177.31 84429
Carbon monoxide 0.35 8.893 1,556.28 - - - 02 2.086 208.60 1,764.88
voC 0.06 8.893 266.79 - - - 0.03 2.086 3129 298.08
Lead 2.5E-05 8.893 0.11 - - - 64E-05 2.086 0.07 018 *
Mercury e 8.893 b - - - b 2.086 b 00262 ®
Beryllium - - - - - - 59E-06 2.086 0.0062 0.0062 *
Fluorides - - - - - - 0.024 2.086 25.03 25.03 ®
Sulfuric acid mist 0.00060 8.893 267 - - - 0.036 2.086 3755 4022 ®
Total reduced sulfur - - - - - - - - - -
Asbestos - - - - - - - - - -
Vinyl Chloride - - - - - - - - - -

B Indicates maximum annual emission rate.
B Refer to text for explanation.
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Table 3-3.  PSD Source Applicability Analysis for the Okeelanta Power Limited Partnership Facility
(revised 05/03/93)

Cogeneration Significant
Baseline Facility Net Emission PSD

Regulated Emissions  Annual Emissions Change Rate Applies

Pollutant (TPY) (TPY) (TPY) (TPY) ?
Particulate (TSP) 473.7 183.6° -290.1 25 ‘ No
Particulate (PM10) 426.3 176.4° -249.9 15 No
Suifur Dioxide 748.3 1,340.5 592.2 40 Yes
Nitrogen Oxides 888.7 862.5 -26.2 40 No
Carbon Monoxide 10,383.0 2,012.5 -8,375.5 100 No
voC 401.9 345.0 -56.9 40 No?
Lead 0.28 0.18 -0.10 0.6 No
Mercury 0.0256¢ 0.0262 0.0006 0.1 No
Beryllium 0.0004 0.0062 0.0058 0.0004 Yes
Fluorides 0.04 25.0 25.0 3 Yes
Sulfuric Acid Mist 22.4 40.2 6.4 7 No
Total Reduced Sulfur - - 0 10 No
Asbestos - -- 0 0.007 No
Vinyl Chloride - - 0 0 No

2 Nonattainment review does not apply since there is no increase in VOC emissions.

® Includes 172.5 TPY from boilers and 11.1 TPY from fugitive dust sources.

¢ Includes 172.5 TPY from boilers and 3.9 TPY from fugitive dust sources.

4 The estimated average annual emission rate for the most recent 2 years is 0.0256 TPY. The highest

annual emission rate for either of the last 2 years is 0.0262 TPY.
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Table 2-2. Maximum Fuel Usage and Heat Input Rates, Osccola Power Limited Partnership Facility

(Revised 05/03/93)
Heat
Transfer Fuel
Heat Efficiency Heat Firing
Fuel Input (%) Output Rate
Maximum Short-Term {per boiler)
(MMBtu/hr) {MMBtu/hr)
Biomass 665 68 452 156,471 Ib/hr*
No. 2 Ol 460 85 391 3,333 gal/hr
Coal 460 85 391 38,333 Ib/hr
Annual Average (total two boilers)
(Btu/yr) (Btu/yr)

NORMAL QPERATIONS
Biomass 7.000E+12 68 4.760E +12 823,529 TPY*
No. 2 ¢il 0 85 0 0 gal/yr
Coal 0 85 0 0 TPY

TOTAL 7.000E +12 4.760E+12
25 IL FIRING
Biomass 4941E+12 68 3.360E+12 581,294 TPY*
No. 2 Oil 1.647E+12 85 1400E+12 11,934,783 gal/yr
Coal 0 85 0 0 TPY

TOTAL 6.588E+12 4 760E+12
7% COAL FIRING
Biomass 6.398E+12 68 4351E+12 752,706 TPY*
No. 2 Oil 0 85 0 0 gal/yr
Coal 4.816E+11 83 4093E+11 20,065 TPY

TOTAL 6.880E+12 4760E+12

Notes: Total heat output required = 452 MMBtu/hr each boiler and 4.760E + 12 Btu/yr total both
boilers. Fucls may be burned in combination, not to exceed indicated total heat outputs.

* Based on heating value for bagasse of 4,250 Buu/Ib.




Table 2-6. Maximum Annual Emissions for Osceola Power Limited Partnership Facility (total all boilers) (Revised 05/03/93)
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Biomass No. 2 Fuel Coal Total
Emission Activity Annual Emission Activity Annual Emission Activity Annual Annual

Regulated Factor Factor Emissions Factor Factor  Emissions Factor Factor Emissions Emissions

Pollutant (lb/MMBtu) (EI12 Btu/yr) (TPY)  (Ib/MMBtu) (E12 Btu/fyr) (TPY)} (Ib/MMBtu) (E12 Btu/yr) (TPY) (TPY}
Normal Operations
Particulate (TSP) 0.03 7.000 105.00 - - - - - - 105.00 *
Particulate (PM10) 0.03 7000 10500 - - - - - - 105.00 *
Sulfur dioxide 0.02 7.000 70.00 - - - - - - 70.00
Nitrogen oxides 0.12 7.000 420.00 - - - - - - 420.00
Carbon monoxide 035 7000 1,225.00 - - - - - - 1,225.00 &
vOC 0.06 7.000 210.00 - - - - - - 210,00 *
Lead 25E-05 7.000 0.09 - - - - - - 0.09
Mercury b 7.000 b - - - - - - 0.0139
Beryllivm - - - - - - - - - 0.00 -
Fluorides - - - - - - - - - G.00
Sulfuric acid mist 0.00060 7.000 2.10 - - - - - - 2.10
Total reduced sulfur - - - - - - - - - -
Asbestos - - - - - - - - - -
Vinyl Chloride - - - - - - - - - -
25% 0Qil Firing .
Particulate (TSP} 0.03 4941 74.12 0.03 1.647 24.71 - - - 98.82
Particulate (PM10) 0.03 4941 74.12 0.03 1.647 2471 - - - 98.82
Sulfur dioxide 0.02 4.941 49.41 0.05 1.647 41.18 - - - 90.59
Nitrogen oxides 0.12 4941 296.46 0.12 1.647 98.82 - - - 395.28
Carbon monoxide 0.35 4.941 864.68 0.2 1.647 164.70 - - - 1,029.38
vOcC 0.06 4.941 148.23 0.03 1.647 247 - - - 12.%4
Lead 25E-05 4.941 0.06 8.9E07 1.647 0.001 - - - 0.06
Mercury b 4.941 e b 1.647 b - - - 0.0139
Beryllium - - - 35E-07 1.647 0.0003 - - - 0.00029
Fluorides - - - 6.27E-06 1.647 0.0052 - - - 0.005
Sulfuric acid mist 0.00060 4941 148 0.0015 1.647 124 - - - 272
Total reduced sulfur - - - - - - - - - -
Asbestos - - - - - - - - - -
Vinyl Chloride - - - - - - - - - -
7% Coal Firing
Particulate (TSP) 0.03 6.398 95.97 - - - 0.03 0.482 723 103.20
Particulate (PM10) 0.03 6.398 95.97 - - - 0.03 0482 723 103.20
Sulfur dioxde 0.02 6.398 6398 - - - 12 0.482 28920 3s3ig *
Nitrogen oxides 0.12 6.398 383.88 - - - 017 0482 40.97 42485 ®
Carbon moenoxide 035 6398 1,119.65 - - - 0.2 0482 48.20 1,167.85
vOC 0.06 6.398 191.94 - - - 0.03 0.482 7.23 199.17
Lead 25E-05 6.398 0.08 - - - 6.4E-05 ©o0482 0.02 010 *
Mercury b 6.398 b - - - b 0.482 ® 0.0139 *
Beryllium - - - - - - 5.9E-06 0.482 0.0014 0.0014 &
Fluorides - - - - - 0.024 0.482 578 5w,
Sulfuric acid mist 0.00060 6.398 - - - 0.036 0.482 8.68 10.60 *

Total reduced sulfur
Asbestos
Vinyl Chloride

® Denotes maximum annual emissions for any [uel scenario.
b Refer to text for explanation.
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Table 3-3. PSD Source Applicability Analysis for Osceola Power Limited Partnership Facility (Revised

05/03/93)
Cogeneration
Facility Significant
Baseline Annual Net Emission PSD
Regulated Emissions Emissions Change Rate Applies
Pollutant (TPY) (TPY) (TPY) (TPY) ?

Particulate (TSP) 3577 115.1* 2426 25 No
Particulate (PM10) 3219 108.6° -2133 15 No
Sulfur dioxide 178.5 353.2 1747 40 Yes
Nitrogen oxides 437.8 4249 -12.9 40 No
Carbon monoxide 5,992.3 1,225.0 -4.767.3 100 No
Volatile org. compds. 208.6 210.0 14 40 No®
Lead 0.16 0.10 -0.06 0.6 No
Mercury 0.0137 0.0139 0.0002 01 No
Beryllium 0.00002 0.00140 0.00138 0.0004 Yes
Fluorides 0.0079 5.78 58 3 Yes
Sulfuric acid mist 5.36 10.60 52 7 No
Total reduced sulfur - -- 0 10 No
Asbestos - - 0 0.007 No
Vinyl Chloride - - 0 0 No

a n (-

annual emission rate for either of the last 2 years is 0.0139 TPY.,

Includes 105.0 TPY from boilers and 10.1 TPY from fugitive dust emission sources.
Includes 105.0 TPY from boilers and 3.6 TPY from fugitive dust emission sources.
Nonattainment review does not apply since the increase in VOC emissions is less than 40 TPY.

The estimated annual average emission rate for the most recent 2 years is 0.0137 TPY. The highest



AAY

993
OKEELANTA CORPORATION WY O .
316 RovaL POINCIANA PLAZA . i \
L o\'\ en
PosT QFFicE Box 10589 DN‘S:E N\aﬂ?gam
PALM BEACH. FLORIDA 33480 Re soufca
.
TELEPHONE (407) 655-6303 C - o Fax: (407) 659-3208
REY
¢ LG \ “
W !
May 4, 1993

w\ o et
Resourcs

Mr. Clair Fancy

Bureau Chief '

Bureau of Air Regulation

Florida Department of Environmental Regulation

2600 Blair Stone Road ~——
Tallahassee, FL 32399-2400

RE: Okeelanta Power Limited Partnérship and Osceola Power Limited Partnership
Dear Mr. Fancy:

During a telephone discussion between David Buff of KBN and your staff last week
concerning the pending draft air construction permits for the Okeelanta and Osceola
cogeneration facilities, several issues were raised. The main issues appeared to be
the overall magnitude of SO, emissions from the facilities, enforcement of a long-term
average emission limit for SO,, and the tying together of the two facilities. Presented
below are suggested permit conditions which we believe would resolve the
Department’s concernsin these areas. These conditions reflect a significant reduction
in worst-case year SO, emissions as compared to the worst-case year in our
applications. In the applications, worst-year SO, emissions due to both facilities
totalled 2,772 TPY. This is the level allowed under Sub-Part DA of the Federal NSPS
for resource recovery facilities without scrubbers. Our proposal would reduce these
emissions to less than 1,700 TPY. Additionally, our proposal will eliminate long-term
averaging and the bubble concept.

verall SO, Limits

The proposed conditions would limit maximum annual SO, emissions from all sources
for the two facilities combined to 1,693.7 TPY. For a maximum heat input for the
two facilities combined of 17.860x10'? Btu/yr {10.98x10'? Btu/yr for Okeelanta and
6.880x10'? Btu/yr for Osceola) when burning coal, the equivalent overall S0,
emission rate is 0.19 Ib/MMBtu. This emission rate is very close to what has been
determined recently to be BACT for SO, for 100 percent coal-fired power plants (i.e.,
Bechtel Indiantown and OUC Stanton Unit 2). Additionally, the BACT cost




effectiveness analysis included in the application demonstrates that the cost of control
technology ranges from $3,100 to $25,000 per ton per year.

Individual, Annual Limits

in view of the Department’s concerns related to tying the two facilities together in any
manner, Okeelanta and Osceola are willing to accept limits on the individual facilities
which would total 1,693.7 TPY. However, in order to provide more flexibility in
burning supplementary fuels at Okeelanta, it is desired to permit the facilities for the
following:

1. Okeelanta Power-- 1,340.5 TPY of SO, from all sources. This is
equivalent to 0.24 Ib/MMBtu at the maximum annual heat input of 10.98x10"?
Btu/yr when burning 0.7% sulfur coal at an annual 19% capacity factor, with
the remaining heat input due to biomass. Annual coal burning would be limited
to 2.086x10'? Btu/yr, equivalent to a 19% capacity factor.

2. Osceola Power-- 353.2 TPY of SO, from all sources. This is equivalent
to 0.10 Ib/MMBtu at the maximum annual heat input of 6.88x10'? Btu/yr when
burning 0.7% sulfur coal at an annual 7% capacity factor, with the remaining
heat input due to biomass. Annual coal burning would be limited to
0.482x10'? Btu/yr, equivalent to a 7% capacity factor.

We are willing to accept these limitations as permit conditions if this would satisfy the
Department’s concerns and allow the permits to be issued.

It is noted that the 0.24 Ib/MMBtu limit at Okeelanta, although somewhat higher than
the Indiantown limit, is lower than the recently determined BACT by EPA Region {V
for the QUC Stanton Unit #2 PSD permit.

| have asked David Buff of KBN to forward directly to you the tables which illustrate
the calcuiation of maximum annual emissions and emission rates for each facility.

Fuel Oil

You also indicated the Department’s intent to permit, as BACT, fuel oil with a sulfur
content of no more than 0.05%. Although Okeelanta has concerns regarding the
availability and price of this not yet available fuel, Okeelanta is willing to accept a
permit condition which would require the use of 0.05% sulfur oil as soon as such fuel
becomes generally available in the commercial stream as a boiler fuel. Since the
facilities will not be constructed for another two years, and EPA is requiring this fuel
to be used in all on-road diesel engines starting in October 1993, this new fuel will
likely be available at a reasonable price. Any SO, emissions from the use of fuel oil
would be included in the overall limits proposed above.

If this proposal does not meet with the Department’s concurrence, we would like to

S



schedule a meeting with yourself and your staff at your earliest convenience. We can
then further discuss these issues as well as the time frame for issuing the draft
permit.

Please call me at 407-996-3072, Ext. 204 or David Buff at 904-331-2000 if you have
any questions concerning this information.

Sincerely,

CH Oy

 Gus Cepero /
Vice Prosident

xc:  Preston Lewis, FDER

Howard BRhodes, FDER
David Buff, KBN
David Dee, Carlton-Fields
Jewell Harper, EPA
John Bunyak, NPS
Bevin Beaudet, PBCHU
l*_j% ) 7:‘('/’ é/ﬁ/,
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May 4, 1993

Mr. Clair Fancy

Bureau Chief

Bureau of Air Regulation

Florida Department of Environments! Regulation
2600 Bisir Stone Road

Tallahassee, Fl. 32399-2400

RE: Okeelanta Power Limited Partnership and Osceola Power Limited Partnership

Dear Mr, Fancy:

Ouring a telephone discussion between David Buff of KBN and your staff last week
concerning the pending draft air construction permits for the Okeelanta and Osceola
cogeneration facilities, several issues were raised. The main issues appeared 10 be
the overall magnitude of SO, emissions from the facilities, enforcement of a long-term
average emission limit for SO,, and the tying together of the two facilities. Presented
below are suggested permit conditions which we beliave would resolve the
Department’s concerns in these areas, These conditions refiect a significant reduction
in worst-case year SO; emissions as compared to the worst-case year in our
applications. In the applications, worst-year SO, emissions due to both facilities
totalled 2,772 TPY. This is the leve! allowed under Sub-Part DA of the Federal NSPS
for resource recovery facilities without scrubbers. Our proposal would reduce these
emissions to less than 1,700 TPY. Additionally, our proposal will eliminate long-term
averaging and the bubble concept.

Qverall $Q, Limits

The proposed conditions would limit maximum annual SO, emissions from all sources
for the two facilities combined to 1,693.7 TPY. For a maximum heat input for the
two facilities combined of 17.860x10"? Btu/yr {10.98x10'? Btu/yr for Okeelanta and
6.880x10'? Btu/yr for Osceola) when burning coal, the equivalent overall SO,
emission rate is 0.19 Ib/MMBtu. This emission rate is very close to what has been
determined recently to be BACT for SO, for 100 percent coal-fired power plants (i.e.,
Bechtel Indiantown and QUC Stanton Unit 2). Additionally, the BACT cost
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etfectiveness analysis included in the application demonstrates that the cost of contro!
technology ranges from $3,100 to $25,000 per ton per year.

Individual, A | Limi

in view of the Department’s concerns related to tying the two facilities togetherin any
manner, Okeelanta and Osceola are willing to accept limlits on the individual facilities
. .which would total 1,693.7 TPY. However, in order to provide more flexibility in
burning supplementary fuels at Okeelanta, it is dasired to permit the facilities for the
following:

1. Okeelanta Power-- 1,340.5 TPY of SO, from all sources. This is
equivaient to 0.24 1b/MMBtu at the maximum annuel heat input of 10.98x10'?
Btu/yr when burning 0.7% sulfur coal at an annual 19% capacity factor, with
the remaining heat input due to biomass. Annual coal burning would be limited
to 2.086x10"? Btu/yr, equivalent to a 19% capacity factor,

2. Osceola Power- 353.2 TPY of SO, from all sources. This is equivalent
to 0.10 Ib/MMBtu at the maximum annual heat input of 6.88x10'? Btu/yr when

burning 0.7% sulfur coal at an annual 7% capacity factor, with the remaining .

heat input due to biomass. Annual coal burning would be limited to
0.482x10'? Btu/yr, equivalent to a 7% capacity factor.

We are willing to accept these limitations as permit conditions if this would satisfy the
Department’s concerns and allow the permits to be issued.

It is noted that the 0.24 Ib/MMBtu limit at Okeelants, although somewhat higher than
the Indiantown limit, Is lower than the recently determined BACT by EPA Region 1V
for the OUC Stanton Unit #2 PSD permit.

| have asked David Buff of KBN to forward directly to you the tables which illustrate
the calculation of maximum snnual emissions and emission rates for each facility.

Euel Qil

You also indicated the Department’s intent to permit, as BACT, fuel oil with a sulfur
content of no more than 0.05%. Although Okeelanta has concerns regarding the
availability and price of this not yet available fuel, Okeelanta is willing 10 accept a
permit condition which would require the use of 0.05% sulfur oil as soon as such fuel
becomes generally available in the commercial stream as a boiler fuel. Since the
facilities will not be constructed for another two years, and EPA is requiring this fuel
to be used in all on-road diesei engines starting in October 1393, this new fuel wiil
likely be available at a reasonable price. Any S0, emissions from the use of fuel oil
would be included in the overall limits proposed above,

if this proposal does not meet with the Department’s concurrence, we would like to

[
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schedule a meating with yourself and your staff at your earliest convenienca. We can
- then further discuss these issues as well as the time frame for issuing the draft
permit,

Please call me at 407-996-9072, Ext. 204 or David Buff at 904-331-9000 if you have
any questions concerning this information,

Sincerely,

G . ;

" Gus Cepero
Vice President

xC: Preston Lewis, FDER
Howard Rhodes, FDER
David Buff, KBN.
David Dee, Carlton-Fields
Jewell Harper, EPA
John Bunyak, NPS
Bevin Beaudet, PBCHU

]
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February 17, 1993 RECE 'VE D

Mr. Willard Hanks

Bureau of Air Regulation FEB 18 1993
Florida Department of Environmental Regulation Divisi )
2600 Blair Stone Road Reso Ivision of Ajr
Tallahassee, FL 32399-2400 urces Management

Re: Flo-Energy and Sol-Energy Cogeneration Facility
Palm Beach County
.AC50-219413, PSD-FL-196; AC50-219795, PSD-FL-197 |
ey e T T | e e S e o et P

~ P
A o
-

Dear Mr. Hanks: s aee ey L

This letter contains our response to the two letters dated December 24, 1992 and January 12, 1993, from
the Palm Beach County Health Unit of HRS. This letter also contains our answer to a question raised by
Cleve Holliday, FDER, during a telephone conversation about the ambient air quality impacts of sulfuric
acid emissions from the proposed facilities and questions raised by Willard Hanks on applicability of
nonattainment new source review and RACT requirements. Some additional information concerning
BACT for SO, also is being provided.

Please call if you have any questions concerning this information. I am forwarding copies of this letter
to EPA Region IV, Palm Beach County, and the National Park Service.

Sincerely,

Cond Q@Huff

David A. Buff, M.E., P.E.
Principal Engineer -
Florida Registration No. 19011 Seal

cc:  Gus Cepero, Okeelanta
Don Schaberg, Okeelanta
David Dee, Carlton Fields
Jewell Harper, EPA Region IV
John Bunyak, NPS
Frank Gargiulo, PBCHU
David Knowles, FDER Ft. Myers
File (2)

12118BI/RI/1 KBN ENGINEERING AND APPLIED SCIENCES, INC.
1034 Northwest 57th Street  Gainesville, Florida 32605 904/331-9000 FAX:904/332-4189

EQUAL EMPLOYMENT OPPORTUNITY / AN AFFIRMATIVE ACTION EMPLOYER
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RESPONSES TO LETTER DATED DECEMBER 24, 1992
FROM THE PALM BEACH COUNTY HRS HEALTH UNIT

BACT DETERMINATION FOR SO,

Comment: We are confused as to the type of coal that was assumed for [the BACT]
analysis of the three add-on controls:

- Furnace Injection W/Lime
- Duct Injection W/Lime
- Duct Injection W/Sodium

Was the 0.7% sulfur by weight coal used for the determination of the additional costs for
these controls, or was a higher sulfur coal used? A higher sulfur coal would seemingly be
les§ egcpensive and, with the assumed control efficiencies, could still provide less SO,
emissions.

Response: Low sulfur coal (0.7% sulfur) was used throughout the BACT analysis to
provide the greatest reduction in SO, emissions possible. A higher sulfur coal would be
more expensive, but it would create higher SO, emissions. Coal cost is dependent on a
number of factors, including length of contract, shipping distance, and type of coal. A
review of the Department of Energy fuel cost report shows that 1.5%, 2.5% and 3.5%
sulfur coal delivered to Florida are about $3/ton, $5/ton and $7/ton, respectively, less than
the cost of 0.7% sulfur coal. Flo-Energy would use a maximum of 112,750 tons per year
(TPY) of coal, thus the maximum cost savings would be between $338,000 and $790,000
per year. Sol-Energy would have a maximum coal usage of 68,625 TPY, and the
maximum annual savings would be between $206,000 and $480,000. These savings would
be offset by increased capital and operational costs due to higher reagent injection rates,
higher waste disposal amounts, increased energy and water requirements, and additional

upsizing of the ESP and ash handling system.

To specifically analyze the economic impact of using higher sulfur coal, a detailed
economic analysis was performed and is included in Attachment A. The energy and
environmental impacts were also analyzed. It is concluded from the analysis that the
economic, energy, and environmental impacts resulting from higher sulfur coal usage are
adverse, and that the economic impacts are unreasonable. Therefore, the use of
compliance coal not to exceed 25% heat input on an annual basis with SO, emissions not to
exceed 1.2 1b/MMBH, is BACT for the proposed facilities.
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EMERGENCY AMMONIA RELEASE

Comment: In 1992, an ice block plant in Pahokee, Florida had just such a release during
filling of the ammonia tank. (The facility uses anhydrous ammonia as a refrigerant.) The
pressure relief valve released a large cloud of ammonia which slowly dissipated. Several
people were exposed to relatively high levels of ammonia, with two persons being admitted
to the local hospital.

Response: This comment concerns in-plant safety, which is regulated by the Occupational
Safety and Health Administration (OSHA). As discussed in our letter dated December 4,
1992, an ammonia storage system, if used, will meet the American National Standards
Institute (ANSI) K-61.1-1989 standard safety requirements for the storage and handling of
anhydrous ammonia. The ANSI construction standards are designed to minimize the
potential for an emergency release, but ANSI also established requirements and procedures
to be used in the event of such a release. The procedures are designed to minimize the
potential effects on persons exposed to ammonia fumes. Several pertinent parts of the
ANSI standards are provided in Attachment B.

We are not familiar with the ammonia handling system and safety procedures used at the

Pahokee ice plant and, therefore, we cannot comment on the problems encountered there.

ACTIVATED CARBON INJECTION (ACI)

Comment: Most of the literature on ACI indicates significantly increased control
efficiencies when the operating temperature is kept below 300°F. Would it be possible for
the applicant to reduce the operating temperature to this level without affecting performance
or other control mechanisms?

Response: This question regarding mercury control has been addressed in David Dee’s
letter to the Department dated December 23, 1992.
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RESPONSE TO DER FAX DATED JANUARY 5, 1993

Comment: Revised Table 6-18 for the Sol-Energy project shows arsenic impacts
exceeding the no-threat level. Please discuss any measures that can be taken to mitigate
this impact.

Response: The maximum annual arsenic emissions and impacts are a result of using very

conservative assumptions to predict worst-case conditions. Among other things, we

- assumed that 3 percent of the wood waste to be received at the facility would contain

treated wood. Treated wood that contains chromium copper arsenate has an arsenic
emission factor that is higher than clean wood waste. Assuming 3 percent treated wood is
very conservative because Flo-Energy or Sol-Energy will not knowingly accept treated
wood at the facility and, under the conditions imposed by Palm Beach County, they cannot
knowingly accept such wood. Pursuant to the County’s conditions, all contracts with wood
waste suppliers must contain a provision that the wood waste must be substantially free
from treated wood. Flo-Energy and Sol-Energy will also have the ability to inspect the
suppliers’ storage yards to insure they are taking measures to remove treated wood from
the wood waste material. These measures will minimize the potential for treated wood to
be present in the wood waste and, therefore, will reduce the potential for arsenic to be

present.

Even using these worst-case assumptions, the predicted maximum annual impact of arsenic
(0.00029 pg/m3) for the Sol-Energy facility exceeds FDER's proposed no threat level
(NTL) (0.00023 pg/m3) by only a very small margin. However, this maximum impact is
approximately 10 times less than the EPA promulgated impact level of 0.0023 ug/m3,
which is based on a 1 in 100,000 risk for a permanent resident living 70 years at the point
of maximum impact. The potential impacts drop to levels below the NTL at a distance of
4 km from the proposed facility. Since there are no residences or other dwellings located
within 4 km of the sugar mill, FDER’s NTL for long-term residential exposure should not

be applied in this case.
Comment: Provide the impacts of sulfuric acid for comparison to the no-threat levels.

Response: Based on the information already provided in the application, the maximum

predicted impacts of sulfuric acid are as follows:
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Flo-Energy Sol-Energy
Maximum sulfuric acid

emissions (Ib/hr) 52.8 33.2
8-hour impact (ug/m>) 2.9 4.8
8-hour NTL (ug/m?) 10.0 10.0
24-hour impact (ug/m?) 2.2 3.2
24-hour NTL (ug/m?) 2.4 2.4
Annual impact (ug/m°) 0.16 0.2

Annual NTL (ug/m®) - -

As shown, the maximum predicted impacts of the potential sulfuric acid emissions for the
Flo-Energy or Sol-Energy projects are below the applicable FDER NTLs, except for
sulfuric acid for the 24-hour averaging time for Sol-Energy. Modeling of the Sol-Energy
facility alone demonstrates that the NTL for sulfuric acid will not be exceeded beyond 2.4
km from the facility. As discussed above for arsenic, there are no residential or other
dwellings located within this area, only sugar cane fields. This impact will be mitigated
also by the fact that the modeled sulfuric acid emissions, which are based upon 100 percent
coal firing for the entire year, will occur less than 25 percent of the time during the year,

since coal burning is limited to 25 percent firing during an annual period.
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RESPONSES TO LETTER DATED JANUARY 12, 1993

FROM PALM BEACH COUNTY HRS

Comment: See attached Palm Beach County letter dated January 12, 1993.

Response: The permit applications and BACT analysis in this case have evaluated three

scenarios that cover the potential range of operating conditions. The BACT analysis has

addressed (a) the very worst potential case for a single year, which is 1,700 TPY SO,

emitted at Flo-Energy only, with no SO, emitted at Sol-Energy; (b) a similar worst-case for

a single year, with 1,072 TPY emitted at Sol-Energy and no SO, emitted at Flo-Energy;
and (c) the worst case over the life of the projects, which is 1,000 TPY SO, for both
facilities combined. We believe the analysis for the third case with 1,000 TPY emitted
from both facilities combined, is more representative of actual operating conditions than the

other extreme cases for the following reasons:

1.

Coal is much more expensive than bagasse or other biomass fuels and,
therefore, its use will be minimized.

A major portion of the biomass needs are already being procured, even
though the facilities will not begin operating until 1996. The total biomass
needs of the two facilities from outside sources, when considering the bagasse
supplied from the sugar mills, will be between 500,000 and 600,000 TPY,
assuming 100 percent biomass fuel firing. The applicants are in the process
of negotiating contracts with Palm Beach Cdunty and Dade County to supply
biomass fuel. Dade County would supply approximately 150,000 TPY of
biomass. Palm Beach County would supply at least 85,000 TPY of biomass.
The applicant’s feasibility study conducted in 1991 concluded that large/ample
quantities of biomass are available within reasonable distances of the proposed
facilities. We have found that independent suppliers are eager to enter into
long-term biomass supply agreements with Flo-Energy and Sol-Energy. For
example, Flo-Energy is presently receiving over 60,000 TPY from these
suppliers. Flo-Energy and Sol-Energy have not negotiated additional supplies
because the fuel will not be needed until 1996, but the applicants are
confident that all of their biomass needs can be met during normal conditions.
Based on historical trends and planned changes in cane harvesting methods,

there is a strong likelihood that the supply of bagasse and cane trash will
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increase from presently assumed levels over the next several years and
certainly over the life of the project.

4.  Given these facts, we believe the amount of coal burned at the facilities will
be much less than 25 percent of the annual heat input, and the average SO,
emissions will be much less than 1,500 TPY. '

5. The BACT economic analysis should reflect long-term costs. Since the
projects will limit SO, emissions to an average of 1,000 TPY on a long-term

basis, this scenario should be given maximum consideration.

It should be noted that, even if 1,500 TPY of SO, emissions for both facilities is used for
the BACT analysis, the cost effectiveness values for the SO, controls are very high and are

economically unreasonable.
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RESPONSE TO FDER FAX DATED JANUARY 13, 1993

Comment: What will be the maximum electrical production capacity of Sol-Energy?

Response: The normal, expected net electrical output delivered to Florida Power & Light
Company (FPL) under the terms of the Power Purchase Agreement will be between 42 and
45 megawatts (MW). However, as stated in the response package for Sol-Energy dated
December 4, 1993, Sol-Energy desires the option to produce, at times, up to 60 MW of
electrical energy. This will be possible in the off-season when steam is not being sent to
the sugar mill. This can be accomplished without increasing the size of the boilers or
increasing air emissions. A relatively small increase in the size and cost of the steam
turbine would allow Sol-Energy to produce 60 MW. All of the conditions in the county’s
zoning approval would be met with the higher rate of electrical production. Consequently,
Sol-Energy wishes to obtain FDER approval for 60 MW of electrical production. If
granted, Sol-Energy will discuss this increase with the county to determine whether the
county will authorize the higher rate of energy production, subject to all of the county’s
other permit conditions.
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ADDITIONAL INFORMATION FOR FLO-ENERGY AND SOL-ENERGY PROJECTS

During a meeting with EPA Region IV on November 4, 1992, EPA asked for additional
information about two experimental SO, control techniques, which were identified by EPA Region
IV personnel as "NOXSO" and "ADVACATE". This submittal contains the information
requested about these two systems.

NOXSO Process—The NOXSO process is currently under development by NOXSO Corporation,
MK-Ferguson Company, W.R. Grace & Company, and Ohio Edison Power. The process uses a
post-combustion or add-on control device installed downstream from the particulate control unit,
(e.g., an ESP for a coal-fired boiler). The NOXSO process employs a dry and regenerative
sorbent to simultaneously remove NO, and SO, from the boiler flue gas.

The sorbent is a high surface y-alumina substrate impregnated with sodium, which combines with
moisture to form sodium hydroxide (NaOH) at the reactive sites on the substrate surface. The
flue gas must first be quenched to 120°C by spraying water into the duct work. As the flue gas
contacts the sorbent, both NO, and SO, react with these NaOH sites to form NaNO, and NaSQ,,
respectively, and are absorbed onto the surface of the sorbent. The flue gas then leaves the
NOXSO device, passes through a cyclone collector to remove spent sorbent, and continues on to
the stack.

The NaNO, and NaSO,-filled collected sorbent can then be regenerated via a two-step process for
removing the NO, and SO,. The NO, is released from the sorbent through a hot gas (660°F)
heating process, and is then recycled back to the furnace. After the NO, removal step, the
sorbent is delivered to a fluidized regenerative bed where natural gas is used to reduce the sulfur
compounds in the sorbent into SO, and H,S. This off-gas stream is then processed by a Claus-
type reactor where SO, and H,S are converted to elemental sulfur. Solid sulfur powder is the
byproduct of the NOXSQO process.

The NOXSO process has been tested only at the pilot-scale level. The effects of the NO,
recycling on the boiler combustion process is still being investigated separately by Babcock &
Wilcox at the Pittsburgh Combustion Technology Center. It has been theorized that the NO,
recycling with the NOXSO system will reach an equilibrium when the NO_ formation in the boiler
is at a steady state. Currently, the Department of Energy Clean Coal Technology Program, the
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Ohio Coal Development Office, the Electric Power Research Institute, the Gas Research Institute,
and the East Ohio Gas Company are funding a project to conduct a full-scale demonstration of the
NOXSO Process. This first full-scale demonstration will be conducted on a 115-MW boiler at
Ohio Edison’s Niles Power Plant in northeastern Ohio. Construction is scheduled to begin in
early 1993, with plant startup scheduled in May 1994.

The NOXSO flue gas treatment system is not applicable to the proposed Flo-Energy and the Sol-
Energy cogeneration projects for the following reasons:
Currently, the NOXSO technology is not commercially available.
2. The NOXSO process has been targeted for large coal-fired power plants using
" pulverized coal boiler and cyclone boiler technology. There has been no data
developed for spreader stoker boilers such as those proposed for the Flo-Energy
and Sol-Energy projects. Commercial implementation of the NOXSO process on a
spreader stoker boiler is not planned and will not be achieved in the near future.

3. The sorbent regeneration step for the NOXSO process requires a high temperature
(660°F) air stream and natural gas. Additionally, a Claus plant would have to be
installed to convert the captured SO, and H,S gasses into sulfur. Thus, more
capital will be required for the additional fuel and equipment. Natural gas is not
available at the Flo-Energy and Sol-Energy sites.

ADVACATE Process—The ADVACATE process is a technology being developed by the Air and
Energy Engineering Research Laboratory (AEERL) of EPA and Acurex Corporation. This flue
gas desulfurization process uses an ADVAnced siliCATE (ADVACATE) calcium silicate sorbent
material. Calcium silicate is the main constituent in flyash. The ADVACATE sorbent is
produced by mixing ground flyash with a hydrated lime Ca(OH), slurry at a weight ratio of 3 to
1. The sorbent is injected into the flue gas duct upstream from the particulate control device.

Between 1987 and 1989, pilot test and optimization tests of the ADVACATE process were
performed in batches. These tests were conducted on boilers equipped with fabric filters and they
resulted in up to 80 percent SO, removal. However, these pilot testing programs did not include
continuous recycle and none were performed on boilers equipped with an ESP for particulate
control (EPA/600/D-90/147, 1990). Overall, the SO, removal rate was approximately 50 percent
at normal flue gas temperature (194°F) and approximately 60 percent at saturation temperature
(20°F) (EPA/600/1-92/047, 1992). Currently, the ADVACATE process is being applied in a
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field test on a 10-MW pilot plant at TVA's Shawnee facility. A full-scale demonstration will
follow during the next 3 to 4 years prior to commercialization,

The ADVACATE process is not applicable for the proposed Flo-Energy and the Sol-Energy
Cogeneration projects for the follbwing reasons:
I. Currently, the ADVACATE technology is not commercially available.
2. The ADVACATE process has been developed for boilers equipped with fabric
filters. The system’s performance is unknown for boilers equipped with an ESP.
3. It is projected that the cost for the ADVACATE Process will be slightly higher than
the cost of a lime sorbent injection system. It was estimated that the cost
effectiveness for the lime sorbent injection system would be approximately $3,400
per ton of SO, removed for the proposed Flo-Energy and Sol-Energy projects.
Therefore, the ADVACATE process will be even more economically infeasible for
these proposed projects.

Additional literature on the NOXSO and ADVACATE processes is contained in Attachment C.

10
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RESPONSE TO FDER QUESTIONS RELATED TO NONATTAINMENT REVIEW AND

APPLICABILITY OF RACT REQUIREMENTS

Comment: On February 4, 1993, Mr. Willard Hanks of FDER requested clarification on
the applicability of nonattainment new source review for VOC emissions for the proposed
projects. The two projects are located in a designated nonattainment area for ozone. Mr.
Hanks also inquired about the applicability of the recently promulgated reasonably available
control technology (RACT) requirements for this moderate ozone nonattainment area.
Response: The applicability of PSD and nonattainment review regulations were discussed
in Sections 3.4.1 and 3.4.2 of the air permit applications filed for Flo-Energy and Sol-
Energy. As noted in the applications, nonattainment review for ozone is not required for
the proposed cogeneration projects. The proposed projects are modifications to existing
major sources of V_OC emissions. FDER 17-212.500(2)(d)4.a., F.A.C., provides that a
proposed modification to a major facility is subject to the preconstruction review
requirements in Section 17-212.500(4) if the facility to be modified would be subject to
preconstruction review pursuant to Rule 17-212.500(2)(d)2. "if it were itself a proposed
new facility and modification would result in a significant net emissions jncrease [as set
forth in Rule 17-212.500(2){(e)2., F.A.C.] of the affected pollutant.” In this case, the
modification will not result in a significant net emissions increase for the affected pollutant
(VOC) and, therefore, the requirements for new source review for nonattainment areas are
not applicable to the proposed facilities. Specifically, the Flo-Energy facility will result in
a net decrease in VOC emissions; the Sol-Energy facility will increase VOC emissions by
only 1.4 tons per year, which is far less than the significant emission rate for VOC of 40
tons per year. See Table 17-212.400-2, F.A.C. These FDER rules have been discussed
with Mr. Larry George of FDER, who confirmed that nonattainment new source review

should not be required for the proposed cogeneration projects.

According to the recently adopted RACT rules (Rule 17-296.570, F.A.C.), which apply to
Dade, Broward and Palm Beach counties, the RACT requirements will apply to the
proposed projects. The new rule requires that a RACT determination be made for all
major NO, and VOC emitting facilities which have not undergone nonattainment or
prevention of significant deterioration (PSD) new source review for these two pollutants.
Since Flo-Energy and Sol-Energy will not be subject to nonattainment or PSD new source

review for NO, or VOC, the RACT requirements will apply.

11
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However, the rules clearly indicate that the RACT requirements and determination
procedure are gperating permit requirements, and not construction permit requirements.
Therefore, it does not appear necessary to address the RACT requirements for these two
projects at this time. Nevertheless, the applicants want to address the RACT requirements
at this time so that the RACT technology and emission limits can be established prior to
construction. The proposed RACT for the two facilities is presented below.

In regard to NO, emissions, the two facilities will employ selective non-catalytic reduction
(SNCR) to reduce NO, emissions. SNCR is a technology which is being applied to wood-
waste and municipal solid waste combustors as BACT (best available control technology
under PSD new source review). Since by definition RACT is less stringent than BACT,
SNCR technology is also acceptable as RACT (RACT being less stringent than BACT).
The proposed RACT emission limits for NO, are based on SNCR and are contained in the

permit applications:

Flo-Energy- 0.15 1b/MM Btu for biomass and No. 2 fuel oil
0.17 Ib/MM Btu for coal

Sol-Energy- 0.12 1b/MM Btu for biomass and No. 2 fuel oil
0.17 1b/MM Btu for coal

In regard to VOC emissions, the only feasible method of controlling VOC emissions from
biomass and coal combustion sources is good combustion practices to minimize VOC
emissions (while also minimizing NO, emissions). Flo-Energy and Sol-Energy will
achieve this through modern boiler design, which optimizes combustion efficiency.
Therefore, the proposed RACT technology for VOC emissions is proper boiler operation to
minimize VOC emissions (while meeting the NO, emission limits). The proposed RACT
emission limits for VOC are those contained in the permit applications:

Flo-Energy- 0.06 1b/MM Btu for biomass
0.03 1b/MM Btu for coal and No. 2 fuel oil

Sol-Energy- 0.06 1b/MM Btu for biomass
0.03 Ib/MM Btu for coal and No. 2 fuel oil

12
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January 12, 1993

Mr. Willard Hanks

Florida Department of Envircnmental Regulation
Division of Air Resmources

Bureau of Air Regulation

2600 Blair Stons Road

Twin Towers Office Building

Tallahassae, Florida 32399-2400

Re: Comments on the Letter from Carlton, Fields, Ward, Pmanuel, Smith
& Cutler, P.A., the Law Firm Repraesenting the Two Cogeneration
Projects of the "Flo-Sun" Corporaticn

Daar Mr. Hanks:

Qur office raceived a copy of the above referenced letter on January 4, 1993 and
offexrs the following comments.

1. The applicant suggests that the BACT analysis should be based on the Palm
Beach County impoged long term average S0, umission limitation of 1909 TPY on
the combined projects. This seems unreasonable since this limitation is based
on the average 50, emissions over the life of the facility {(estimated at 30
years) and is largely not enforceable, The ¢ounty zoning conditions also
provide S0, limits based on the biomasss fuel that is supplied by the county,
If the county makes at least 200,008 tone of biomass per year available, the
applicant may emitt a maximum of 1502 TPY of S05, not to exceed an average of
1302 TPY for a five year period. If the county cannot make thia qQuantity of
biomass available, the applicant may emitt up to 1708 TPY of 80,5, not to
exceed 1500 TPY for a ten year period. These limitations appear to be more
snforceable, and therefore, we believe that at least 1500 TPY of 50, emimgions
should be used to determine BACT for these projects. =

2. It is mentioned in the above referenced letter that BACT regulations
indicate DER and EPA may ¢onsider actual operating conditions when determining
BACT, From the information provided in the applications, it is difficult to
determine what might conatitute "actual"” operating conditions for thess
facilities in the future. The applicant provides scenarios of only biomass
fuel firing, 25% oil firing and 25% coal firing. ‘the primary factor in
predicting coal and oil usage ia the availability of ths biomass fuel which is
entirely unknown, as recognized by the county and the applicant. If the
bjomags fuel is not available, the facilities will surely bum quantities of
cosl and/or oil neceskary to profitably run these units. Therefore, we could
realistically expect the following cases:

~ Biomass fuel is readlly availlable and 80, emissions are
actually reduced .
~ Only a portion of the required biomass fuel is available and
coal 1g used at only ona faciltty
DISTRICT IX
PALM BEACH COUNTY HEALTH UNIT ¢ P () BOX 29  WEST PALAM BEACH, FLORIDA 43402

LAWTON CHHLLS  GONEHNGTS
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- Only s portion of the required biomasg fuel is available and
coal im used at both facilities

- Blomass availability is ponr; bagasse is burned during sugar
cane mseasoh and 25% coal 18 fired In tha off-season.

It is impossible to predict which case will eventually define "actual”
operating conditions in the future.

3. Consider the following information found in the applications, which
asgumes that both sites will operate at 25% Coal Firing:

HEAT INPUT (BTU x 10%2) TPY OF FUEL
Blomags  Coal omasg
Bol-Bnergy 4.941 1.647 581,294 68,625
Flo-Enarqgy 8,118 2.706 955,959 112,75¢
Total 13.059 4.353 1,536,353 181,375

1,536,353 TPY of Biomass
~-1,130,002 TFY of Biomass from Sugar Mills

- 200,000 TPY of Bjomap from PBC County Proposal
*206,353 TPY of Additional Biomass to Operate at capacity

*(This is about 1,754,000 MMBTU/Year of heat input, or about 18t of the total
required heat input, assuming 4250 BTU/1b fuel, similar to bagasse),

In other words, if theee projects secured twice the amount of biomass that
Palm Beach County 18 proposing to supply, they would ptill have to fire 25%
coal to come close to the design capacity., This is another reason for
agsuming that the maximum firing of coal should be used for determining BACT.
Thank you for the opportupity to comment on these applications.
Sincarely,

For the Division Directer
Environmental Science and Englneering

$. Koorn

Jeffery F. Koarner, Engineer IV
Alr Pollution Contorl Section

FJG/JIFK/1h

¢cy AP-Source File
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titionert Opcasla Parm Company

Daniel D, Rons, Esq.
6556303

Talephone:

v - o Y D S N ey i T
LOCATION: The cubject property is located approximataly ona (1)
nils north of the intersection of US 98 and Hatton Highway, aight
(8) milas east of the Cilty of Pahokee, in the Agricultural
Production (AP) Zoning District.

. AnC-—= Ot 2 L === - =Y TS o

REQUEBAT:T The Ogsoacla Farms Company has applied for a spacial
axcaption to allow a public and private utility service (electrical
powsr racility) in the AP Zoning District.

Uses proposed on sita include general offices and industrial uses
required to construct and operate the proposed facility, a reverse
osmosis facility (for potable water), a wasts management system,
fuel storage, water datention, intarnsl circulation and parking.

[r—— oy SEaw - -t BN T a -

PETITION BUMMARY:

Proposed is n!dz sega watt co-generation electyical powef §%9111tg
on &4 50 acre sugar m .

existing sugar refinery includes a power facility which buras
bagagsae, A Tresafidue of tha augar grinding operatioh, and
supplemantal fuels to genarata the ulsctricity required by the
sugar mill grinding and refining process, Tha existing power
faoliity generates only ancugh electricity to operate the mill and
is oparational only during portions of the year.

The petitioner proposes to replace and upgrade tha axisting
slectric power facility and continue ¢ generate steam to run the
sugar mill. Excess alectricity will ba sold to tha Florida Power
and Light cCompany (¥FPL). The proposed facllity will be in
cperation throughout the year and will burn bagaase and biomass
waste (i.0. vegatative dabris) brought to the elts.

The petitioner has submltted a reguest to amend the application to
regquest approval of a 42 nat mega watt power faoility (Exhibit
A.1). To ensurs that the net amount i# attained the petitioner has
raquested that the application ke amended to reflect s maximum 50
mega watt facility. In addition, the laetter submltted by the
applicant provides further details of the roquest, including
acoessory uses, disposal of waste water, potable water, sewage
effluant and a definition of biomass waste,

SrEEEeaAMARE IO NS EYSTURSEAEL LT AN CIALA SRR AN RTATESEE S LA e

IS8UES SUMMARY!

1. comprehensive Plan: The Planning Division has reviewed the
atition and determined that the reguest ie oconeistent with
he Comprehenciva Plan.

2. Concurrency: The &ite has been issued a Caoncurrency
Reservation Certificate for z17,800 aquare feat (7,500 s.f.
general offlce, 210,300 s.f. genaral industrial).

3. zoning: The subject property is zoned AP (Agricultural
Productlion). The proposed use ls allowed a8 a special
axception in tha AP Zoning District, subjaect to sectlon 500.41
of the Zoning Code (Exhibit A.2).

4. Davelopmant of Regional Impact (DRI) Status: Thia petition
has bean reviewad to determine if it constitutes a DRI, Based
on the standards contained within Chapter 180.06, F.S., the
gtats of Florida Law governing such devalopmants, this
petition does naot exceed the dmfinor threshelds (Exhibit B).

\ Petition No. %2-13 E May 1992 . Page

4z
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All outdoor lighting used to illuminate the premisas and
jdentification signs shall be of low intenalty, shielded
and directed downward. (BUILDING - CODE ENF)

Vehicle parking shall be limited to the parking areas
designated on the approved site plan. No parking of
l‘ vehiclas shall be permitted in landscapaed arsas, right-

1.

of-way or intearior drives. (CODE ENF)
J. ) &ION

1. Transmisaion line easements reguired by this facllity to
be wutilized for the censtruction of above-ground
transgmission lines shall not bhe located within 1,000 feet
of any proparty designated us reaidential by the Palm
Bsach County Conmprehensive Plan. Transmisaion 1line

: aasements required by this facility to be utilized for

i the construction or inatallation of underground

: transmission lines shall not be located within 200 feet

of any property designatad as residentlial by the Palm

Beach County Comprehensive Plan. Flans for [final

I trancmission line corridors shall be gubmitted to the
goning Director prior to final adoptien. (ZONING)

2. All transmission lines required by this facility are to
be constructed in accordance with the Natlonal Electrle
| Hafety Code. (BUILDING)

3, All transmiasion lines leaving the site and required by
this facility shall not excesd 138 KV. (BUILDING)

]
ll s¢ K. USE LIMITATIONS K
; 1. Use of the site shall ke limited as follows:

l‘ Land Area 50.00 acrev
Total Floor Area 217,800 aquare feet

: aximum Floor Area 10%
: Electrica uction —‘M‘“
; uel Yar i1l acre max. net land area

2. prior to elte plan certification, the site plan shall be
amonded to indicate the location of a truck/vehicle wash
facility. This waeh rfacllity shall utiliza a 100% water
recycling system. (ZONING - BUILDING)

a. There shall bs no repair or majintanance of vehiclee on
site. (CODE ERF)

4. No outelde storaga of disassembled vehicles, or parts
thareof, shall be parmitted on site. (CODE ENF)

8, The maximum height, from grade to highest point, for all
fuel storage areas shall not excesed fifty (50} feet.

{BUILDING)

6. Oneita storage shall be contalned within the area
designated on Exhibit 48 and shall be processed and
stored in a manner which controls fugitive and dust
particulate emissions. (CODL ENF)

7. All vehicles utilizing public rights-cf-way to carry
bilomass wasta (i.e, vegetatjve mattmr) to the sitae shall
be eguipped, at a minimum, witlicoverinq or screens over

top of the open bed of tha vehigle to prevent the loss of
material during transportation to the facllity. (CODE ENT)

‘ petition No. 92-11 \ May 1992 \ Pagse

}
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REVISED BACT ANALYSIS
INCORPORATING HIGHER SULFUR FUEL OPTIONS

INTRODUCTION
The following BACT analysis study has been performed in response to the request from Palm

Beach County to investigate various alternatives of using coals with higher sulfur content than the
0.7 percent sulfur coal proposed for use at the Flo-Energy and Sol-Energy cogeneration projects.
A range of sulfur content in coal was considered, consisting of 1.5 percent, 2.5 percent and 3.5
percent sulfur by weight. These three sulfur content levels, along with 0.7 percent sulfur coal,

are typical grades of coal delivered to utilities in Fiorida.

This BACT analysis for medium and high sulfur coals evaluates technologies identified previously
(i.e., lime spray dryer, limestone wet scrubber, and dry sorbent injection) to control the emissions
of SO, and other acid gases. Dry sorbent injection (DSI) processes includes the lime furnace
injection, lime duct injection, and dry-sodium duct injection. A general description of each

control technology has been described in previous submittals.

The BACT "top-down" hierarchy for controlling SO, emissions for the Flo-Energy and Sol-
Energy facilities is presented in Table A. As shown in the table, an SO, emission level in pounds
per million Btu ({(b/MMBtu) has been calculated and assigned to all eleven options. The baseline
SO, emission level chosen is the proposed uncontrolled emissions from firing 0.7 percent sulfur
coal, which is equivalent to 1.2 1b/MMBtu.

The alternative of using the DSI process with the high sulfur coal (i.e., 2.5 percent and 3.5
percent sulfur) options has been eliminated because these options result in higher SO, emissions
than the proposed BACT of firing 0.7 percent sulfur coal. The uncontrolled SO, emissions from
0.7 percent sulfur coal are 1,623.6 TPY and 988.2 TPY for the Flo-Energy and the Sol-Energy
facilities, respectively. These uncontrolled SO, emissions are based on the proposed coal-firing
limit of a maximum 25 percent of the total heat input for the boilers at each facility. By
comparison would the DSI-controlled SO, emission level of 1.9 1b SO2/MMBtu for 2.5 percent
sulfur coal result in annual SO, emissions of approximately 2,570 TPY for Flo-Energy and 1,565
TPY for Sol-Energy. These annual emission estimates were calculated from the maximum heat
inputs due to coal-firing (i.e., 2.706 x 10° MMBtu/yr for Flo-Energy and 1.647 x 10° MMBtu/yr

A-1
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for Sol-Energy). The DSI-controlled SO, emissions from firing 3.5 percent sulfur coal would

even be greater than the 2.5 percent sulfur coal option.

BACT EVALUATION OF MEDIUM AND HIGH SULFUR COAIL OPTIONS

The following evaluation of the lime spray dryer, the limestone wet scrubber, and the DSI

processes as the SO, control technologies for various grades of coal will focus on four main

aspects of the BACT analysis: technical issues, environmental effects, energy requirements and

. impacts, and economics.

TECHNICAL ISSUES

Both the lime spray dryer and the limestone wet scrubber are well-demonstrated SO, control
technologies for medium and high sulfur coal. There are no additional technical issues other than
those presented previously concerning the application of either process to the low-sulfur coal (0.7
percent) option. Since coal will be fired only as supplemental fuel, the main technical issue with
the low-sulfur coal option was the maintenance of the auxiliary equipment (i.e., lime slaker,
slurry tanks, dewatering equipment for sludge, etc.) frequent start-ups, and frequent periods of
prolonged inactivity. For the medium to high sulfur coal, the auxiliary equipment will be even
larger than similar equipment specified for the low-sulfur coal. Thus, the maintenance problems

will be magnified to an even greater extent,

The DSI processes can be used with the 1.5 percent sulfur coal. However, the dry-sodium
injection process has only been demonstrated on low-sulfur coal in the mid-west region. There is
little historical experience with the DSI processes for the type of boiler (spreader stoker) proposed
for the project, but a higher normalized sorbent to SO, ratio is expected to be required with the
higher sulfur coal.

For all SO, control processes, larger ESP units and ash handling systems will be required for
handling the additional particulate loading. Even larger ESP units must be designed for the DSI
processes, compared to the wet scrubber or spray dryer, because of the lower operating efficiency

of the ESP at the higher temperature range.
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As in the previous BACT analysis, the limestone wet scrubber can achieve an SO, removal
efficiency of 95 percent, and the lime spray dryer can achieve an SO, removal efficiency of 92

percent. The DSI processes can achieve a maximum SO, removal efficiency of 50 percent.

ENVIRONMENTAL EFFECTS

There are several adverse environmental impacts when using medium and high sulfur coals with
flue gas controls, compared to the proposed low-sulfur (0.7 percent sulfur) coal option with no
add-on controls. These adverse impacts include higher water demand for makeup water, lower
plume rise and hence less dispersion of emissions, higher plume visibility, and higher volume of

discharged solid wastes.

The amount of fly ash and solid waste generated ﬁom controlling the SO, emissions from medium
and high sulfur coals will be at least twice as great as the fly ash produced by the combustion
process. The total solid waste produced will be increased by approximately 115 percent, 260
percent, and 400 percent for any one of the mentioned control technologies when the sulfur
content increases to 1.5 percent, 2.5 percent, and 3.5 percent, respectively. For the wet scrubber
and the spray dryer processes, SO, emission control of 0.7, 1.5, 2.5, and 3.5 percent sulfur coals
will produce approximately 11,000, 18,000, 27,000, and 36,000 tons per year, respectively, of
additional solid waste for the Flo-Energy facility. Similarly, the total amount of solid waste
produced at the Sol-Energy facility will be 6,400, 11,000, 16,500, and 22,000 tons per year,

respectively.

Compared to the air quality impacts of the uncontrolled low-sulfur coal option, the predicted
ground-level ambient impacts for all other control options will be greater for every pound of
pollutant emitted. The higher predicted ground level impact is caused by the lowered stack
exhaust temperature due to the humidification step associated with all SO, control methods with
the exception of the dry-sodium duct injection process. In general, the humidification step cools
down the gas stream and enhances the reaction between the SO, gas and the sorbent materials.
The differential temperature drops are approximately 80 degrees for the lime-based DSI processes
and for the spray dryer control, and 220 degrees for the wet scrubber process from the 350°F

stack temperature of the uncontrolled exhaust gas.
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Compared to the negligible visible emissions associated with firing low-sulfur coal, the low stack
temperature and the saturated condition of the flue gas from the wet scrubbing process has been
shown to generate a wet plume that is highly visible. The dry-sodium sorbent injection process
has been shown to generate a brownish plume due to the formation of NO, when the system
would be operated at above 30 percent SO, removal efficiency. For the proposed projects, the
system would be operated above this level. Therefore, visible emissions will be expected to

increase when either the wet scrubber or the dry-sodium injection system is used.

Water demands for humidifying the SO, emission control processes are about 16 million gallons
per year for Sol-Energy and about 40 million gallons for Flo-Energy. Those water demands are
just for the humidification system. Additional water will be required for the raw sorbent material
processing (i.e., preparing the lime or limestone). Approximately 2 to 12 million gallons of

water will be required as make-up water for the spray dryer or limestone wet scrubber.

ENERGY REQUIREMENT AND IMPACTS

The lime spray dryer, the limestone wet scrubber, and the DSI processes require additional
electricity to drive mechanical equipment, including agitators, slurry pumps, air sparge systems,
waste dewatering systems, conveyor belts, feeder systems, pulverizers, and air handlers.
Additional electricity is required for operating larger ESP units and larger ash handling
equipment.

For Flo-Energy, the estimated additional energy requirements to control SO, emissions from
firing low (0.7 percent) to high (3.5 percent) sulfur coals are as follows: 1,700 to 2,500
megawatt-hours per year (MW-hr/yr) for using the wet scrubbing process; and 1,150 to 1,700
MW-hr/yr for using the spray dryer process. Approximately 360 to 500 MW-hr/yr would be
required for using the DSI process on low and medium (1.5 percent) sulfur coals. These
estimated energy requirements are calculated by assuming the maximum proposed coal-firing for
the Flo-Energy facility, and that the SO, removal equipment or process would only be operating

during coal-firing.

For the Sol-Energy facility, the estimated additional energy requirements to control SO, emissions

from firing low to high sulfur coals are as follows: 720 to 1,000 MW-hr/yr for using the wet

A-4



12118B1/R1/APPA-5
02/16/93

scrubbing process; 480 to 660 MW-hr/yr for using the spray dryer process; and 220 to
310 MW-hr/yr for using the DSI process on low and medium sulfur coals.

ECONOMIC ANALYSIS

The cost analysis has been revised to include the medium and high sulfur coals. The detailed cost
analysis of the capital cost, operating cost and annualized cost estimates for the Flo-Energy
facility are presented in the attached Tables 1 to 10. Similarly, the detailed cost analysis of the
capital cost, operating cost and annualized cost estimates for the Sol-Energy facility are presented
in the attached Tables 11 to 20. Each set of 10 tables consists of a cost matrix that includes four
grades of sulfur coal (i.e., 0.7, 1.5, 2.5, and 3.5 percent sulfur) and five SO, control technologies
(i.e., spray dryer, wet scrubber, furnace injection, lime duct injection, and dry-sodium duct

injection).

The cost analysis follows EPA’s recommended procedure that is outlined in the OAQPS Control
Cost Manual. The basic equipment costs were obtained from various budgetary pricing quoted by
equipment vendors. Operating and material unit costs were either obtained from current trade
publications or suppliers. The cost analysis reflects the differential economic burdens to achieve
the emission reductions below the proposed SO, emission levels for both Flo-Energy and Sol-

Energy facilities.

In the revised cost analysis, the basic equipment costs for the spray dryer and the direct installed
cost for the DSI processes are the same as presented in the previous submittal. The direct capital
cost estimates for the spray dryer and the DSI processes include the costs of upsizing both the
ESP units and the ash handling systems. The indirect installation costs have been added to the
cost analysis for the DSI processes, since these were previously omitted. The direct installed cost
previously provided for the wet scrubber option was based upon general cost factors. These costs
have now been replaced with actual vendor estimates provided by ABB Environmental Systems.
This includes the sludge handling system. Other cost factors are similar to those presented in

previous submittals.

A summary of the cost analysis for the SO, emission reduction options for Flo-Energy, Sol-

Energy, and for the combined facilities is presented in the following sections.
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Cost Analysis Summary for Flo-Energy

The total capital investment (TCI) to control the SO, emissions from firing 0.7 percent sulfur coal
are estimated at $11.24 million for the spray dryer, $29.90 million for the wet scrubber, and
$9.04 million for the dry-sodium duct injection process. (The dry-sodium injection process
represents all three DSI processes in the BACT analysis because of its lowest cost effectiveness
among the group). The annualized costs (AC) are estimated at $5.19 million for the spray dryer,

$9.19 million for the wet scrubber, and $3.78 million for the dry-sodium duct injection process.

The TCI to control the SO, emissions from firing 1.5 percent sulfur coal are estimated at
$12.04 million for the spray dryer, $30.37 million for the wet scrubber, and $9.88 million for the
dry-sodium duct injection process. The AC are $6.29 million for the spray dryer, $9.49 million

for the wet scrubber, and $4.97 million for the dry-sodium duct injection process.

The TCI to control the SO, emissions from firing 2.5 percent sulfur coal are estimated at
$13.43 million for the spray dryer, and $30.86 million for the wet scrubber. The AC are
estimated at $7.91 million for the spray dryer, and $9.90 million for the wet scrubber.

The TCI to control the SO, emissions from firing 3.5 percent sulfur coal are estimated at
$14.49 million for the spray dryer, and $31.52 million for the wet scrubber. The AC are
estimated at $9.37 million for the spray dryer, $10.53 million for the wet scrubber.

It should be noted that the annualized costs for each of the control options include the annual cost
savings due to the lower cost of higher sulfur coal versus the cost of 0.7 percent sulfur coal.

However, in all cases, this savings is offset by the increased costs of controlling the dirtier fuel.

A revised summary of the BACT analysis for the proposed Flo-Energy facility is presented in
Table B, and incorporates all of the FGD technologies considered in the order of their "top-down"
ranking. Based on the EPA’s "top-down" BACT guidance document (EPA, 1990), the cost
effectiveness was calculated for each technology by dividing the total annualized cost by the
emission reduction over the baseline. As shown in Table B, the cost effectiveness values over the
baseline for the proposed Flo-Energy facility range from $3,477 to $73,498 per ton of SO,

removed for all 10 options considered.
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The incremental cost effectiveness was calculated by comparing options and eliminating the
inferior control options which provide less total SO, reduction for a higher total AC. By this
method, all of the control options involving the medium and high sulfur coals are considered as
inferior options since they cost more but result in higher SO, emissions than the low sulfur coal
case. Thus, the incremental cost effectiveness values were calculated using the remaining options
(with the low-sulfur fuel only), as presented in Table B. As shown, the incremental cost
effectiveness for the dry-sodium duct injection process with low sulfur coal is approximately
$4,661 per ton of SO, removed for the proposed Flo-Energy facility. This cost is considered
unreasonable for the Flo-Energy facility, and well above cost effectiveness values which have
been deemed reasonable (i.e., $2,000 per ton). The spray dryer and wet scrubber options with
low sulfur coal have similar high cost effectiveness values of $3,477/ton and $5,959/ton. Each of

these are likewise considered unreasonable.

The removal of other acid gases (i.e., sulfuric acid mist, hydrofluoric acid mist, and hydrochloric
acid mist) was also included in the cost analysis for the Flo-Energy facility. The results,
presented in Table C, show sightly lower cost effectiveness values. The cost effectiveness values
over baseline range from $3,147 to $25,290 per ton of SO, removed for all 10 options
considered. As discussed above, these values are well above the $2,000/ton value deemed

reasonable,

Cost Analysis Summary for Sol-Energy
The TCI to control the SO, emissions from firing 0.7 percent sulfur coal at the Sol-Energy

facility are estimated at $7.48 million for the spray dryer, $19.93 million for the wet scrubber,
and $5.70 million for the dry-sodium duct injection process (dry-sodium injection process
represents all three DSI processes in the BACT analysis because of its lowest cost effectiveness
among the group). The AC are estimated at $3.36 million for the spray dryer, $6.05 million for

the wet scrubber, and $2.37 million for the dry-sodium duct injection process,

The TCI to control the SO, emissions from firing 1.5 percent sulfur coal are estimated at
$8.01 million for the spray dryer, $20.24 million for the wet scrubber, and $6.24 million for the
dry-sodium duct injection process. The AC are $4.05 million for the spray dryer, $6.24 million

for the wet scrubber, and $3.10 million for the dry-sodium duct injection process.
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The TCI to control the SO, emissions from firing 2.5 percent sulfur coal are estimated at
$9.46 million for the spray dryer, and $20.57 million for the wet scrubber. The AC are
estimated at $5.20 million for the spray dryer, and $6.50 million for the wet scrubber.

The TCI to control the SO, emissions from firing 3.5 percent sulfur coal are estimated at
$9.64 million for the spray dryer, and $21.0 million for the wet scrubber. The AC are estimated
at $5.96 million for the spray dryer, $6.88 million for the wet scrubber.

As for the Flo-Energy analysis, the cost savings of the higher sulfur coal has been considered in
the analysis.

A revised summary of thé BACT analysis for the proposed Sol-Energy facility is presented in
Table D, and incorporates all of the FGD technologies considered in order of their "top-down"
ranking. Based on the EPA’s "top-down" BACT guidance document, the cost effectiveness was
calculated for each technology by dividing the total annualized cost by the emission reduction over
baseline. As shown in Table D, the cost effectiveness values for the proposed Sol-Energy facility
range from $3,698 to $75,305 for all 10 options considered. As in the case of Flo-Energy, these

costs are well above $2,000 per ton and are considered unreasonable.

The removal of other acid gases was also included in the cost analysis for the Sol-Energy facility,
and is presented in Table E. The cost effectiveness values over baseline range from $3,346 to
$25,865 per ton of SO, removed for all 10 options considered. Even considering the additional
acid gases removed, the cost effectiveness values remain well above the level considered

reasonable,

Cost Analysis Summary for the Combined Flo-Energy and Sol-Energy Facilities

The cost effectiveness over baseline and the incremental cost effectiveness for the combined Flo-
Energy and Sol-Energy facilities are presented in Tables B, C, D, and E. These cost
effectiveness values are based on the proposed SO, emission limit of 1,000 TPY for both
facilities, equivalent to a total annual amount of 69,444 tons of coal fired. The cost effectiveness
for both facilities range from $9,167 to $193,753 per ton of SO, removed. When the removal of

other acid gases is also included, the cost effectiveness for both facilities ranges from $8,308 to
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$66,70! per ton of acid gases removed. These cost effectiveness values are very high and support
the economic infeasibility of add-on flue gas controls when coal will only be burned for a

maximum of 25 percent on an annual basis.

BACT CONCLUSION

The limestone wet scrubber and the lime spray dryer can reduce the SO, emissions from medium
to high sulfur coals to levels that are less than the proposed uncontrolled SO, emissions from
firing low-sulfur coal. Dry-sorbent injection (representing the DSI processes), was only evaluated
for the medium-sulfur (1.5 percent sulfur) coal because higher sulfur coal with this option
produces SO, emissions greater than the proposed emissions. Thus, 10 applicable control

scenarios were included in the BACT analysis.

Concerning the technical issues, all control options present more complicated operating and
maintenance problems than the proposed low-sulfur coal case because of the expected frequent
start-up and shutdown of the control devices. The operating and maintenance problems will be
increasingly worse for options with higher sulfur coals and the associated larger auxiliary systems.
The proposed firing of low-sulfur coal can avoid this complication; therefore, it is the most

preferred option when evaluating the technical aspect of BACT.

In the areas of environmental effects and energy impacts, all 10 options with add-on SO, controls
have greater solid waste disposal amounts, increased visible emissions, less dispersion of
pollutants, and higher water and energy demands. For medium and higher sulfur coal, these
impacts are greater than the impacts projected for the options using low-sulfur coal. Some of the
concerns are listed as follows:
*  The amount of additional solid waste generated from add-on SO, controls and low-
sulfur coal will be approximately 11,000 TPY for the Flo-Energy facility and
6,400 TPY for the Sol-Energy. For the medium and high sulfur coal options with 1.5
percent, 2.5 percent, and 3.5 percent sulfur, the amount of solid waste will increase
about 115 percent, 260 percent, and 400 percent, respectively, over the amount

estimated for the low-sulfur coal option for each proposed facility.
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Brown plume visible emissions will be associated with the low and medium sulfur
coal options incorporating dry-sorbent injection. A visible steam plume will be
associated with all fuel options incorporating the wet scrubbing process.

Additional water demands will result from all control options, with the exception of
the dry-sodium injection process. Water is needed for humidifying the boiler flue gas
for better SO, removal efficiency in the lime furnace injection process, the lime duct
injection process, the lime spray dryer, and the limestone wet scrubber. Higher water
demands are associated with the lime spray dryer and the limestone wet scrubber.
About 18 million and 42 million gallons per year of water are needed for the spray
dryer for Sol-Energy and Flo-Energy, respectively. Also, about 18 million and 52
million gallons per year of water are needed for the wet scrubber for Sol-Energy and
Flo-Energy, respectively. Disposal of the wet scrubber effluent is also a concern in
the south Florida area, where all potable water requirements are met through the use
of groundwater.

Additional electrical power is needed for all control options. These additional
electrical demands are required for powering mechanical devices associated with the
auxiliary systems, for the larger ESP, and for handling the additional ash collected in
the ESP. For Flo-Energy, the estimated additional energy requirements are 1,700 to
2,500 MW-hr/yr for the wet scrubbing process; 1,150 to 1,700 MW-hr/yr for the
spray dryer process; and 360 to 500 MW-hr/yr for the DSI process on low and
medium (1.5 percent) sulfur coals. For the Sol-Energy facility, the estimated
additional energy requirements to control SO, emissions are 720 to 1,000 MW-hr/yr
for the wet scrubbing process; 480 to 660 MW-hr/yr for the spray dryer process; and
220 to 310 MW-hr/yr for the DSI process on low and medium sulfur coals.

The use of low-sulfur coal does not have any adverse environmental effects or require any
additional energy. Therefore, the proposed use of low-sulfur coal is the most preferred option

when evaluating the environmental effects and the energy aspects of BACT.

The economic analysis shows that the cost effectiveness over baseline for all 10 control options
are at least $3,400 per ton of SO, removed for the worst-case year for the Flo-Energy and Sol-

Energy facilities. The incremental cost effectiveness values for the alternative control options are
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at least $4,600 per ton of SO, removed. These cost effectiveness values have been deemed
unreasonable in previous BACT determinations for SO,. In the case of the combined Flo-Energy
and Sol-Energy facilities, which are subject to Palm Beach County’s SO, emission limit of 1,000
TPY, both the cost effectiveness over baseline and the incremental cost effectiveness are

approximately 2.5 times higher than the values for the worst-case year for each individual facility.

When the removal of additional acid gases is included in the cost analysis, the cost effectiveness
and the incremental cost effectiveness values are lowered only slightly. As shown in Tables C
and E, the lowest combined (SO, and other acid gas) cost effectiveness value is greater than
$3,100 per ton. Similarly, the incremental cost effectiveness values for the alternative control
options are at least $3,900 for the Flo-Energy and Sol-Energy facilities. These cost effectiveness

values are unreasonable, -

In summary, these high cost effectiveness values render all of the SO, control alternatives
economically infeasible. The environmental and energy impacts of these alternatives also are
significant. Therefore, the use of low-sulfur coal is BACT for the proposed Flo-Energy and Sol-

Energy cogeneration facilities.
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Table A. BACT "Top~—down" Hierarchy of SO2 Reduction Methods for Flo—Energy and Sol—Energy Cogeneration Facilities.

Range Control Apnual Annual
of level 502 Emissions Emissions
Top—down Control for BACT Emission for for i
Ranking Technology Effectiveness  Analysis Level Flo—Energy® Sol-Energy®* i
(%) (%) (It/yMMBtu) (TPY) (TPY) ’
|
1st Wet Limestone Scrubber (0.7% S Coal) 80—95 95 . 0.06 81.2 49.4 }
2nd  Spray Dryer (0.7% S Coal) 8092 ) 0.10 129.9 79.1 E
3rd Wet Limestone Scrubber (1.5% S Coal) 8095 95 0.12 155.6 94.7
4th Spray Dryer (1.5% S Coal) 80-92 92 0.18 249.0 151.5
5th Wet Limestone Scrubber (2.5% S Coal) 80~-95 95 0.1% 2571 156.5
6th Wet Limestone Scrubber (3.5% S Coal) 80-95 95 0.28 na 226.5
7th Spray Dryer (2.5% S Coal) 80-92 92 0.30 4113 250.3
&th Spray Dryer (3.5% S Coal) 80-92 92 0.44 595.3 362.3
9th Dry—Sodium Duet [gjection (0.7% S Coal) 40-50 50 0.60 811.8 494.1
10th Dry—Sodium Duct Injection (1:5% S Coal) 40-50 50 115 1,555.9 947.0
Baseline Baseline (0.7 Wt% S Coal Uncontrolled) -~ -- 1.20 1,623.6 988.2 .

* Total for the three boilers based on maximum heat input rate of 2.706 E+12 Btw/yr from coal firing only.
s+ Total for the two boilers based on maximum heat input rate of 1.647 E+12 Buwyr from coal firing only.



Table B. Surumary of Top—Down BACT Impact Analysis Results for SO2, Flo—Energy Cogeneration Facility (Revised 02/05/93).

Environmental Impacts Energy Impacts Economi¢ Impacts
Total Emissions Incremental Air Adverse Additional Energy Total Incremeantai Cost Incremental
502 Reduction Emission toxics  enviromental Requirements Annualized  Annualized Effectiveness Cost
Emissions  Over Baseline  Reduction impact? impacts? Electricity Cost Cost Over Baseline  Effectiveness
Caontrol Alternative (TPY) (TPY) (TPY) (YesNo)  (Yes/No) (MW —hriyr) (4™ (3Hm) ($/ton) (S/ton)
Flo—Energy Pacility Only— Worst Case Year
Wet Limestone Scrubber (0.7% 3 Coal) 812 15424 48.7 Yes Yes 1,700 $9,191,457 $3,997473 $5959 $82.070
Spray Dryer (0.7% S Coal) 1298 1,493.7 681.% No Yes 1,150 $5,193,984 $1,410197 $3477 52,0638
Vet Limestone Scrubber (1.5% S Coal) 155.6 1,468.0 - Yes Yes 1,950 $9,404,589 - 56,468 -—
Spray Dryet (1.5% S Coal) 249.0 13746 - No Yes T1,300 56,286,174 - 34573 --
Wet Limestone Scrubber (25% 5 Coal) 2571 1,366.5 - Yes Yes 2,250 $9.899.057 -- $7.244 --
Wet Limestcne Scrubber (3.5% S Coal) 321 125135 - Yes Yes: 2,500 $10.525,7117 -- $3.410 --
Spray Dryer (2.5% S Coal) 4113 1,2123 - No Yes 1,500 $7.912,756 -- $6,527 -
Spray Dryer (3.5% 5 Coal) 5953 1,0283 -- No Yes 1,700 $9.371,187 -— $9.113 --
Dry-Sodium Duct Injection (0.7% S Coal) 8118 8118 8118 No Yes 360 $3,783,787 $3,783.787 $4.661 34661
Dry—Sodium Duct Injection (1.5% § Coal} 15558 §2.7 - No Yes 500 $4.972120 - $73.498 --
Baseline (0.7 Wt% S Coal Uncontrolled) 1.623.6 -- -= -= -- - -- -- -= --
Flo—Fnergy and Sol—Fner acilities Combined — Avera 2 Emissions
Wet Limestene Scrubber (0.7% S Coal) 417 9583 25.0 Yes Yes 2420 £15,243,000 $6.687.000 $15,906 $267.482
Speay Dryer (0.7% S Coal) 66.7 9313 4333 No Yes 1,630 $8,556,000 $2.401.000 $9.157 $5.541 I
Wet Limestone Scrubber (1.5% § Conl) 958 5042 -- Yes Yes 2,760 $15.736,000 -- $17.404 --
Spray Dryer (1.5% § Coal) 1533 846.7 -- No Yes 1840 $10334,000 -- $12206 --
Wet Limestone Scrubber (2.5% S Coal) 1583 8417 - Yes Yes 3,150 $16,389,000 -- $19,472 -
Wet Limestane Scrubber (3.5% S Coal) 2292 770.8 - Yes Yes 3500 $17,406,000 - §22.581 --
Spray Dryer (2.5% 5 Coal) 2533 746.7 - No Yes 2,100 $13.110,000 -- $17558 -
Spray Dryer (3.5% S Coal) 366.7 6333 -— No Yes 2,360 $15,330,000 - $24.205 -
Dry-Sodium Duct Injection (0.7% S Coal) 500.0 5000 500.0 No Yes: 580 $6,155,000 $6.155,000 $12.310 $12310
Dry=Scdium Duct Injection (1.5 S Coal) 9583 41.7 - No Yes 810 $8,073,000- - $193.753 -—
Baseline (0.7 Wt% S Coal Uncontrolled) ! 1,000.0 -— - - - - - —_ - -

| The amount of coal associated with the proposed SO2 emission limit of 1,000 TPY for both Flo— Energy and Sol —Energy is calculated as follows based on 0.7% S coal:
Amount of coal fired = 1,000 TPY SO2x(1 MMBm/ 1.21b 502) x (1,000,000 1b of Coal/ 12,000 MMBm) = 69,444 TPY of coal
Therefore, the SO2 emissions for each fuel and contrdl technalogy option will be caleulated from the annual heatinput rate of 69,444 TPY of coal.
Fer example, the SO2 emissions from Gring 3.5% S coal and with wet limstone scrubber are:
SO?2 Emissions = 69,444 TPY of coal x (20001b/ ton) x (12,000 Bru/ b of coal) + 1,000,000 x (0275 1> SO2/ MMBu) + (20001b/ ton) = 2292 TPY of SOZ.



Table C. Summary of Top— Down BACT Impact Analysis Results for SO2 and Acid Gases, Flo—Energy Cogeneration Facility (Revised 02/05/93).

()] Q) (a)+(d) Ecopomic Impacts
s02 Acid Gas Combined Overall
Total Total Emissions Emissions Emissions Incremental Total Incremental Combined Cost lncremental
s02 Acid Gas Reduction Reduction Reduction Emission Annualized Annuafized Effectiveness Cost
Emissions Emissions  Over Baseline Over Baseline Over Baseline  Reduction Cost Cost Over Baseline Effectiveness
Countrol Alternative (TPY) (TPY) (TPY) (TPY)} (TPY) (TPY) (¥y1) {8y {S/ton) ($%10n) i
i
Ro-Energy Pacility Only— Worst Case Year
Wet Limestone Scrubber (0.7% S Coal) 812 36.2 1,542.4 1519 15943 _l43.8 $9,191.457 $3997.473 55425 §91,187
Spray Dryer (0.7% S Coal) 1299 313 1,493.7 156.8 15650.5 581.9 55,193,984 51,410,197 $3.147 §$2.068
Wet Limestone Scrubber (1.5% § Coal) 1556 9.6 1,463.0 118.5 1,586.5 e 59,494,589 - 55985 -—
Spray Dryer (1.5% 5 Coal) 249.0 59.1 1374.6 129.0 1,503.6 - $6,286,174 - £4,181 -—
Wet Limestone Scrubber (2.5% S Coal} 2511 1113 1366.5 768 1,443.3 - $9,899,057 - 56859 -
Wet Limestone Scrubber (3.5% § Coal) 3721 153.1 1,251.5 5.0 1,286.6 -— $10,525.7117 - §8,181 -
Spray Dryer (2.5% S Coal) 4113 93.9 1,2123 94.2 1,306.5 -— $7912.756 - $6,057 -
Spray Dryer (3.5% § Coal) 5953 128.7 1,0283 594 1,087.7 - $9,371,187 - £8,616 --
Dry—Sodium Duct Injection (0.7% S Coal) 8118 313 B11.8 1568 968.6 968.6 $3,783,787 $3.783.787 $3.907 $3907
Dry=Sodium Duct Injection (1.5% S Conl) 15559 59.1 67.7 129.0 1966 - $4,972,120 - $25.290 -—
Baseline (0.7 Wt% 5 Coal Upcontrolled) 15623.6 188.1 -— - - -— - - -— -
Ho—Energy and Sol —Energy Pacilities Combined— Average SO2 Emissions
Wet Limestone Scrubber (0.7% S Coal) 41.7 223 958.3 935 1,0518 22.0 $15,243.000 36,557,000 514,492 $303957
Spray Dryer (0.7% 3 Coal) 64.7 193 933.3 96.5 1,028 4333 $8,55,000 $2.401,000 $8.308 $5.541
Wel Limestone Scrubber (1.5% 8 Coal) 95.8 429 904.2 729 977.1 - $15,973.000 -- 516347 - |
Spray Dryer (1.5% $ Coal) 1533 36.4 846.7 9.4 926.0 - $10354.000 - $11,181 .-
Wet Limestone Scrubber (2.5% § Coal) 1583 68.6 841.7 472 888.9 - $19,227.000 - $21.630 -
Wet Limestone Scrubber (3.5% S Coal) 229.2 94.3 T08 21.5 7923 - $17,406,000 - $21.968 -=
Spray Dryer (2.5% 5 Coal) 2533 579 746.7 519 804.6 -- $14,379,000 -— $17871 --
Spray Dryer (3.5% S Coal) 366.7 793 633.3 6.8 669.8 - $15.330,000 -— $22.886 -
Dry-Sodium Duct Injection (0.7% § Coal) 500.0 193 500.0 96.5 596.5 596.5 $6,155,000 $6,155.000 $10318 $10318
Dry-Sodium Duct Injection (1.5% S Coal) 958.3 36.4 41,7 79.4 121.0 - $8,073.000 - £66,701 - - |
Baseline (0.7 W% § Coal Uncontrolled) * 1,000.0 1158 -— - - -— — - - - |
|
]

| Equivalent to firing 69,444 TPY of coal for both Flo—Energy and Sol~Energy facilities.
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Table D. Summary of Top—Down BACT Impact Analysis Results for SO2, Sol ~Energy Cogeneration Facility (Revised 02/05/93).

Envircnmental Impacts Energy Impacts Economic Impacts
Total Emissions Incremental Air Adverse Additional Energy Total Incremental Cost Incremental
302 Reduction Emission toxics  enviromental Requirements Annualized  Annualized Elfectiveness Cost
Emissions  Ower Baseline  Reduction impact? impacts? Electricity Cost Cost Over Baseline  Effectveness
Control Alternative (TPY) (TPY) (TPY} (YesNo)  (Yew/No) (MW —hr#yr) (8h1) (3A1) {$/ton) (§/1on)
Sol ~Energy Fadility Only— Worst Case Year
Wet Limestone Scrubber (0.7% § Coal) 49.4 T 9388 295 Yes Yes 720 $6,051,191 $2,688911 $6,446 $90.701
Spray Dryer (0.7% S Coal) 791 909.1 415.0 No Yes 480 $3,362,280 $990,769 $3.698 $2.387
Wet Limestone Scrubber (1.5% S Coal) 947 8935 - Yes Yes 810 $6,241,652 - $6,986 -
Spray Dryer (1.5% 5 Coal) 1515 836.7 - No Yes T 540 $4,047,867 -- $4.8338 ——
Wet Limestene Scrubber (2.5% S Coal) 1565 8317 —-— Yes Yes 900 $6.489,555 -= $7.802 -—
Wet Limestene Scrubber (3.5% S Coal) 2265 761.7 - Yes Yes 1,000 $6,880,054 -= $9.032 -=
Spray Dryer (2.5% 8 Coal) 2503 379 -— No Yes 600 $5.197.058 -- $7.043 -
Spray Dryer (3.5% 5 Coal) 3623 6259 - No Yes 660 $5.959,033 - $9.521 -=
Dry-Sodium Duct Injection {0-7% S Coal) 494.1 494.1 494.1 No Yes 220 -o$23Ms12 $2371.512 $4,800 $4.800
Dry~Sodium Duct Injection {1.5% S Coal) 947.0 41.2 — No Yes 310 © 53,100,669 -- $75305 --
Baseline (0.7 W% § Coal Uncontrolled) 983.2 - -= - -- -- -- -- - —--
Sol —Fnergy and Flo—Energy Pacilitica Combined - Average 502 Emisdons
We: Limestcne Scrubber (0.7% S Coal) 41.7 9583 25.0 Yes Yes 2,420 $15.243,000 $6.687.000 515906 $267.482
Spray Dryer (0.7% S Coal) 66.7 9333 4333 No Yes 1,630 $8.556,000 32,401,000 $9.167 §5.591
Wet Limestone Scrubber (1.5% S Coal) 958 904.2 - Yes Yes 2,760 $15,736,000 -- $17.404 -—
Spray Dryer (1.5% § Coal) 1533 846.7 -- No Yes 1,840 $10,334.000 - $12.206 --
Wet Limestone Scrubber (2.5% 5 Coal) 158.3 841.7 - Yes Yes 3,150 $16.389,000 -= 519472 -=
Wet Limestone Scrubber (3.5% S Coal) 2292 7708 - Yes Yes 3,500 517,406,000 -— $22.581 --
Spray Dryer (2.5% 5 Coal}) 2533 746.7 -= No Yes 2,100 $13,110,000 - $17.558 --
Spray Dryer (3.5% 5 Coal) 366.7 6333 - No Yes 2350 $15.330,000 -- $24.205 --
Dry~-Sodium Duct [njection (0.7% S Coal) 5000 5000 500.0 No Yes 580 $6,155,000 56,155,000 512310 $12310
Dry—Sodium Duct Injection (15% S Conl) 9583 417 - No Yes 810 $8,073.000 - 5193753 --
Basetine {0.7 Wt% § Coal Uncontrolled) ! 1,000.0 - - - - - - -— -- -

| The amount of coal associated with the proposed SO2 emistion limit of 1,000 TPY for both Flo— Energy and Sl —Energy is calculated as follows based on 0.7% S coal:
Amount of coal fired = 1,000 TPY 502 x(1 MMBt/ 1.21b §02) x (1,000,000 1b of Conl/ 12,000 MMBtu) = §9,444 TPY of coal
Therefare, the SO2 emissions far each fuel and contrel technology option will be calculated from the annuzl heatinput rate of 69,444 TPY of coal.
For example, the SO2 emissions fram fring 3.5% S coal and with wet limstone scriubber are:
SO2 Emissions = 69,444 TPY of coal x (20001b/ ton) x (12,000 Bru/1b of coal) + 1,000,000 x (0275 1b SO2/ MMBu) + (20001b/ ton) = 2292 TPY of SO2.



Table E. Summary of Top—Down BACT Impact Analysis Results for SO2 and Acid Gases, Sol~Energy Cogeneration Facility (Revised 02/05/93).

(a) » {(a)+(b) Economi Impacts
502 Acid Gas Combined Overall
Total Total Emissions Emissions Emissions Incremental Total Incremental Combined Cost Incremental
s02 Acid Gas Reduction Reduction Reduction Emission Aanualized Annualized Effectiveness Cost
Emissions Emissions OverBaseline Over Baseline Over Baseline  Reduction Cost Cost Over Baseline Effectiveness
Control Alternative (TPY) (TPY) (TPY) (TPY) (TPY) (TPY) {ym) (1) {8/1on) {Von}
b
!
Sol—Energy Pacility Onty— Worst Case Year l
Wet Limestone Scrubber (0.7% S Coal) 494 223 938.8 92.8 1,031.6 265 $6,051,191 $2588.911 55866 $100912 |
Spray Dryer (0.7% S Coal) 79.1 193 909.1 95.8 1,005.0 415.0 $3362.280 $990,769 §3346 $2387
Wet Limestone Scrubbet (1.5% S Coal) 94.7 428 893.5 723 963.8 - $6,241.652 - 56,463 --
Spray Dryer {1.5% § Coal) 1515 364 836.7 78.7 9154 - $4,047.867 - §4,422 -- |
Wet Limestone Scrubber (2.5% § Coal) 156.5 68.5 831.7 4656 878.3 -— $6.489.555 -= $7389 --
Wet Limestone Scrubber (3.5% S Coal) 226.5 94.3 761.7 208 7826 - $6850,054 - 38,791 --
Spray Dryer (2.5% S Coal) 2503 518 7379 513 795.1 - $5,197.058 - $6,536 -- l
Spray Dryer (3.5% 5 Coal) 3623 793 625.9 353 661.7 - $5959.033 -— $9.006 --
Dry—Sodium Duct Injection (0.7% S Coal) 494.1 193 494.1 958 589.9 5899 $2371.512 $2,371,512 $4.020 $4,020
Dry-Sedium Duct Injection (1.5% S Coal) 947.0 354 41.2 78.7 1199 - $3,100,669 - §25865 -=
Baseline (0.7 Wi% S Coal Uincontrolled) 988.2 115.1 - - - - - - - -
Sol—Eneryy and Flo—Energy Pacilities Combined — Average SO2 Bmissions
Wet Limestone Scrubber (0.7% S Coal) 41.7 223 9583 931.5 1,0518 22.0 $15.243,000 $6,587.000 $14,492 $303.957
Spray Dryer (0.7% S Ceal) 66.7 193 9333 96.5 1,029.8 4333 $8,556,000 $2,401.000 3308 £5.541
Wet Limestone Scrubber (1.5% S Coal) 953 429 904.2 729 971 - $15973,000 - 516347 --
Spray Dryer (1.5% S Ceal) 1533 364 846.7 9.4 926.0 -- $10354,000 -- $11.181 -
Wet Limestone Scrubber (2.5% § Coal) 1583 68.6 841.7 47.2 855.9 - $19,227.000 - $21630 -
Wet Limestone Scrubber (3.5% 8 Coal) 229.2 94.3 7708 215 7923 - $17,406,000 ’ -— §21968 -~
Spray Dryer (2.5% S Coal) 2533 519 746.7 579 804.6 -— $14,379.000 -—- $17871 -- ,
Spray Dryer (3.5% S Coal) 366.7 793 633.3 36.5 669.8 - $15,330,000 - $22386 -- !
Dry-Sodium Duct Ipjection (0.7% S Coal) 500.0 193 500.0 95.5 596.5 596.5 $6,155,000 $6,155,000 $10318 $10318 l
Dry—Sodium Duet Injection (1.5% S Coal) 0583 364 41.7 70.4 121.0 - $8,073.000 - $66.701 -—
Baseline (0.7 Wt% S Coal Uncontrolled) ! 1,000.0 11538 - -— —- - - - - -

| Equivalent to firing 69,444 TPY of coal for both Flo—-Energy and Sol—Energy facilities.

f:)c.'rL Ju.-,:'g -I"J" € LS
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Table 1. Capital Cost Bstimates for Allernative SO2 Controi Systems for Flo— Energy Using 0.7% S Coal (Revised 02/05/93).

Cost liems Cost Factors Spray Dryer Wet Scrubber
DIRECT CAPITAL COSTS (DCC):
(1) Purchased Equipment
(a) Basic Equipment* Vendor Quote $3.990,000 $11,400,000
(b) Auxiliary Equipment included included included
(€) Structure Support 0.10 x{1a) $399.000 51,140,000
(d) Instrumentation & Coatrols 0.12 x (1a) $478 500 $1.368,000
(e) Freight 0.05 x (1a . 1d) $243.390 $695,400
() Sales Tax (Flodda) 0.06 x (la.. 1d) $292,068 $834,480
{z) Subrotal (1a . 10) $5.403,258 $15,437,880
(2) Ditect Installation! 030 x(1a .. 1) $1620977 54,631,364
(3) Upsizing ESP for Particulate Control
(n) ESP and Awdliary Equip. Upsizing See Note 1 $210,000 -
(b) Instrumentation & Controls 0.1 x(3a) $21,000 -
{c) Freight 0.5 x (3a .. 3b) $11.550 -
{d) Sales Tax (Florida} 0.06 x (3a - 3b) $13,860 -
() Direct Installation Costs? - 0.67 x (32 - 3d} S171,195 -
(4) Upsizing Ash Haadling System
(2) Cost of Upsizing for 3 Boilers See Note 2 $40,000 -
Total DOC: (1) + (2) + (3) + (4) $7.492,440 $20,069.244
INDIRECT CAPITAL COSTS (ICC):
(5) Indirect Installation
(2) Engineering & Supervision® 0.10 x (DCC) $749.244 $2,006,924
(b) Construction & Field Expensest 0.10 x (DCC) $T49.244 $2,006,924
() Contruction Contractor Feet 0.05 x (DOC) 3374522 $1,003.462
(d) Coatigencies' 0.20 x (DCC) $1,498,488 $4,013,849
(6) Cther Indirect Costs
(n) Startup & Testing! 0.03 x (DCC) STUTI $602,077
(b} Working Capital 30—day DOC** $146 254 $194,016
Total I1OC: (N +6) $3,7242625 $9.827.254
TOTAL CAPITAL INVESTMENTS (TCI): DCC +1CC 511,235,065 $29596,498

* Forthe spray dryers, the basic equipment cost for three units are the average of budgetary quotations from ABB—Flake, Jay Environmental Systems,
and United McGill. The basic equipment cost for the limestone wet scrubbers was based on budgetary pricing from ABB Environmeatal Systems.
“* 30 days of direct operating costs, calculated from the annualized cost Table 2 (i.e., total DOC/12 months).

¢ Based on catalytic incinerators, from OAQPS Control Cost Manual, Fourth Edition (1990).
3 Based on Capital Cost Pactors for ESP, from OAQPS Control Cost Manual, Fourth Bdition (1990).

Note I: 10 percent increase in size for the ESP a1 $7,000 for 1 percent increase, from information supplied by Research—Cottrell.
Note 2: Capital cost estimates of the ash handling system prior to the upsizing in order to handle the additional ash generated from the spray dryer

process are approximately $400,000. The upsizing of the ash handling system will add an additional 10% caost or approximately $40,000 to
the spray dryer option. The wet FDG option does not involve any upsizing of the ESP ash handling system.
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Table 2. Annualized Cost Estimates for Altemative SO2 Control Systems for Flo—Energy Using 0.7% S Coal (Revised 02/05/93).

Cost Items Basis Spray Dryer Wet Scrubber
DIRECT OPERATING COSTS (DOC):
(1) Labor
Openator* $22/hr; approx. 4,706 hriyr for 3 boilers $103,532 -
$22/hr; approx. 7.090 hrfyr for 3 boilers -— 5155980
Supervisort 15% of operator cost $15.531 $23.386
(2) Maintenance® 5% of direct capital cost $374.622 $1,003,452
{3) Replacement Parts 3% of direct capital cost $224.773 $602,077
(4) Utilities
() Electricity $85 per MW —br; 1,150 and 1,700 MW —hr $97,750 $144,500
{b) Water $0.27/ 1,000 gal; 42.0 and 49.6 mil. gal. 511,340 $13392
(5) Raw Chemicals )
(») Limestone (97% purity) $32/ ton delivered for 3,100 TPY —- $99.200
(b) Hydrated Lime (74% purity) $140/ ton delivered for 4,600 TPY $644,000 -
(6) Differential Fuel Cost or Credit
{2)0.7% 5 Coal No Cost Adjustment $0 30
(7) Solid Disposal B $27/ ton for approx. 10,500 TPY $283,500 -
(8) Studge Disposal $27/ ton for approx. 10600 TPY e $286,200
Totat DOC $1,755,048 2,328,197
INDIRECT OPERATING COSTS (10C):
(7) Overhead! 60% of operating labor & maintenance $1,161,588 $803,240
(8) Propeny Taxes! 1% of total capital investment $112351 $298,965
(9) Insurance! 1% of total capital investment $112,351 $298,965
(10) Administration* 2% of total capital investment $224,701 $597,930
Total IOC $1,610,9% $1,999,100
CAPFPITAL RECOVERY COSTS (CRC) CRF of 0.1627 times TCI $1,827.945 $4,864,160
ANNUALIZED COSTS (AC): DOC + 10C + CRC $5.193.984 $9,191457

¢ Based on catalytic incinerators, from QAQPS Control Cost Manual, Fourth Edition.
2 Based on maximum of 25% coal firing for the Flo—~Energy cogenenration facility.
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Table 3. Capital Cost Estimates for Alternative 502 Control Systems for Flo— Energy Using 1.5% S Coal (Revised 02/05/93).

Cost Items Cost Factors Spray Diyer Wet Scrubber
DIRECT CAPITAL COSTS (DCC):
(1) Purchased Equipment
() Bastc Equipment® Vendor Quote $3.990.000 $11.580,000
(b) Auxiliary Equipment included included included
{c) Upsizing Auxiliary Equipment 0.05 x (1a) $199.500 included
(d) Structure Support 0.10 x (1a) $399,000 $1,158,000
(&) Instramentation & Controls 0.12 x(1a) $478 200 $1,389,600
({) Freight! 0.05 x{la .. id) $253 365 $706,380
{g) Sales Tax (Florida) 0.06 x (1a.. 1d) $304,038 $847,656
(h) Subtotal (la .. 1g) $5,624,703 $15.681.636
(2) Direct {nstallation® 030 x(1a . 1g) $1,687411 54,704,491
{3) Upsizing ESP for Particulate Controt
(») ESP and Auxiliary Equip. Upsizing See Note 1 $315,000 -
(b) Instrumeatation & Coatrols 0.10 x (3a) $31,500 -
(c) Freighe® 0.05 x (32 ..3b) 17325 -
(d) Sales Tax (Florida) 0.06 x {32 .. 3b) $20,790 -
() Direct Installation Costst 067 x (32 - 3d) $257 4692 -
(4) Upsizing Ash Handling Equipment
(%) Cost of Upzising for 3 Boilers Sec Note 2 $40,000 -
Total DOC: (D Q) +3)+ () $7.994,421 $20,386,127
INDIRECT CAPITAL COSTS (ICC):
(5) Indirect Installation
(2} Engineering & Supervision' 0.10 x (DCC) $799 442 $2,038,613
(b) Construction & Ficld Expenses! 0.10 x (DOC) $799,442 $2,038,613
(¢} Contruction Contractor Fee! 0.05 x (DOC) $399.121 $L019,306
(d) Contigenciest 020 x (DOC) $1,598,884 $4,077.225
(6) Other Indirect Costs
(a) Startup & Testing! 0.03 x (DOC) $239.833 3611,584
(b) Working Capital 30—day DOC** $206,014 $202,051
Total ICC: (5 + (6) $4,043,33 $9.987,392
TOTAL CAPITAL INVESTMENTS (TCI): DCC + 10C $12,037,757 $30373,519

* Por the spray dryers, the basic equipment cost for three units are the average of budgetary quotations from ABB-Fhakt, Joy Environmental Systems,
and United McGill. The basic equipment cost for the limestone wet scrubbers was based on budgetary pricing from ABB Environmertal Systerns,
** 30 days of direct operating costs, calculated from the annualized cost Table 4 (i.e., total DOCY/12 months).

! Based on catalytic incinerators, from OAQPS Control Cost Manual, Fourth Edition (1990).

*  Based on Capital Cost Factors for ESP, (rom OAQPS Control Cost Manual, Fourth Editica (1990).

Note 1: 15 percent increase in size for the ESP at $7,000 for 1 percent increase, from information supplied by Research—Cottrell.

Note 2: Capital cost estimates of the ash handling system prior to the upsizing in order to handie the additional ash generated from the spray dryer
process are approximately §400,000, The upsizing of the ash handling system will add an additional 10% cost or approximately $40,000 10
the spray dryer option. The wet scrubber option does not involve any upsizing of the ESP ash handling system.
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Table 4. Annualized Cost Estimates for Alternative SO2 Control Systems for Flo—Energy Using 1.5% S Coal {Revised 02/05/93).

Cost ftems Basis Spray Dryer Wei Scrubber
DIRECT OPERATING COSTS (DOC):
(1) Labor
Opentor? $22/hr, approx. 7,800 brfyr for 3 boilers $171.600 -—
$22/r, approx. 10,630 hefyr for 3 boilers - $233,860
Supervisor! 15% of operator cost $25,626 $35.079
(2) Maintenance? 5% of direct capital cost $399,721 $1.019.306
(3) Replacement Paris 3% of direct capital cost $239.833 $611,584
(4) Utilities
(») Electricity $85 per MW —hr; 1,300 and 1,950 MW —hr $110,500 $165,250
(b) Water $0.27/ 1,000 gal; 49.050 and 60.322 mil. gal. $13.244 $16,287
(5) Raw Chemicals
(») Limestone (97% purity) $32/ ton delivered for 6,600 TPY -— $211.200
(b) Hydrated Lime (74% purity) $140/ ton delivered for 9,800 TPY $1,372,000 -
(6) Differential Fuel Cost or Credit
(2)1.5% SCoal $3 credit per ton for 112,750 TPY —$338.250 —~$338,250
(7) Solid Disposal : $27/ ton for approx. 17,700 TPY 3477900 -
(8) STudge Disposal $27/ ton for approx. 17400 TPY - $469 800
Total DOC 32472173 $2,424 516
INDIRECT OPERATING COSTS (FOC):
{7) Overhead! 60% of operating labor & maintenance $1373,947 $913.261
(8) Property Taxes! 1% of total capital investment 3120371 $303,735
(9) Insurance! 1% of total capital investment 120378 $303,735
(10) Administrationt 2% of total capital investment $240,755 $6074%0
Total 10C $1255457 $2,128.202
CAPITAL RECOVERY COSTS (CRC) CRF of 0.1627 times TCI $1,958.540 $4941, 712
ANNUALIZED COSTS (AC): DOC + 10C + CRC $6,28614 $9,494. 589

! Based on catalytic inciperators, from OAQPS Control Cost Manual, Fourth Edition.
* Based on maximum of 25% coal firing for the Flo~Energy cogeneration facility.
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‘Table 5. Capital Cost Estimates for Alternative SOZ Control Systems for Fio— Energy Using 2.5% 8 Coal (Revised 02/05/93).

Cost Items Cost Factors Spray Dryer Wet Scrubber
DIRECT CAPITAL COSTS (DCC):
(1) Purchased Equipment
(2) Basic Equipment* Vendor Quote $3,990,000 $11,760.000
(b) Auxiliary Equipmeat inciuded included inciuded
{c) Upsizing Auxiliary Equipment 0.125 x (1a) $498,7%0 included
(d} Structure Support 0.10 x (1) $399.000 $1,176,000
(e) Instrumentation & Controls 0.12 x (1a) $478 800 51,411,200
() Freightt 0.05 x(1a .. 1d) $268 328 $717.360
(g) Sales Tax (Florida) 0.06 x(1a .. 1d) $321.993 $860,832
{h) Subtotal (1a - 1g) 55,956,871 $15925392
(2) Direct Installation' 030 x(la - 1g) $1,787.061 47774618
(3) Upsizing ESP for Particulate Control
(») ESP and Auxiliary Equip, Upsizing See Note 1 $525,000 -
(b) Instrumentation & Controls 0.10 x (3a) $52,500 -
(c) Preighe 0105 x (3a .. 3b) SWBTS --
(d) Sales Tax (Florida) . 0.06 x (3a .. 3b) $34,550 --
(<) Direct Installation Costs?’ 047 x (3a..3d) $429.487 ——
(4) Upsizing Ash Handling Equipment
{a) Cost of Upzising for 3 Boilers See Note 2 $50,000
Totat DOC: L+ @) +G)+#) $8.864,443 $20,703,010
INDIRECT CAPITAL COSTS (ICC):
(5) Indirect Installation
(») BEngineering & Supervision* 0.10 x (DCC; $836,444 $2,070,301
(b) Construction & Field Expenses! 0.10 x (DCC) 3886444 $2,070301
(c) Contruction Contractor Fee! 0.05 x (DCC) S443.222 $1,035,150
(d) Contigencies! 0.20 x (DCC) $1,772,889 $4,140,602
(6) Other Indirect Costs
{2) Startup & Testing! 0.03 x (DCC) $265.933 $621,090
{b) Working Capital 30-day DOC** $306,033 $221 599
Total ICC: (5) +(6) $4,560,956 $10,159.344
TOTAL CAPITAL INVESTMENTS (TCI): DOC + 10C $13425410 $30,862,354

* For the spray dryers, the basic equipment cost for three units are the average of budgetary quotations from ABB~Flakt, Joy Eavironmental Systems,
and United McGill. The basic equipmeat cost for the limestone wet scrubbers was based on budgetary pricing from ABB Environmental Systems.

1 Based on catalytic incinerators, from QOAQPS Control Cost Manual, Fourth Edition (1990).

~ %4 30 days of direct operating costs, calculated from the annualized cost Table 6 (i.e., total DOCY1Z months)-

2 Based on Capital Cost Pactors for ESP, (rom OAQPS Control Cost Manual, Fourth Edition (1990).

Note 1: 15 percent increase in size for the ESP at $7,000 for 1 percent increase, from informatioa supplied by Rescarch—Cottrell.

Note 2: Capital cost estimates of the ash handling system prior $o the upsizing in order to handle the additional ash gencrated from the spray dryer
process are approximately $400,000. The upsizing of the ash handling system will 2dd an additional 12.5% cost or approximately $50,000 to
the spray dryer option. The wet scrubber option does not involve any upsizing of the ESP ash handling system.
the spray dryer option. The wet scrubber option does not invelve any upsizing of the ESP ash handling system.
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Table 6. Annualized Cost Estimates for Alternative SO2 Control Systems for Flo—Energy Using 2.5% S Coal (Revised 02/05/73).

Cost Items Basis Spray Dryer Wet Scrubber
DIRLICT OPERATING COSTS (DOC):
(1) Labor
Operator? $22/hr, approx. 9,400 brAyr for 3 boilers $206,8600 -
$22/hr, approx. 12,400 he/yr for 3 boilers - $272.800
Supervisor! 15% of operator cost $31,062 $40925
(2) Mainteoance? 5% of direct capital cost 344322 $1,035,150
(3) Replacement Parts 3% of direct capital cost $265.933 $621,090
(#) Utitities
() Electricity $85 per MW —hr; 1,500 and 2,250 MW —hr $127,500 $191.250
(b) Water $0.27/ 1,000 gal; $7.% and 73.8 mil. gal. $15,633 $19.926
(5) Raw Chemicals
{1} Limestone (97% purity) $32 per ton delivered for 10.900 TPY -- $348,800
(b) Hydrated Lime (74% purity) $140 per ton delivered for 16,300 TPY $2282,000 -
(6) Differential Fuel Cost or Credit
{2)2.5% 5 Coal $5 credit per ton for 112,750 TPY —3$563,750 —$563,750
(7) Solid Disposal i $27 per ton for approx. 27,000 TPY $864,000 -
(8) Sludge Disposal $27 per ton for approx. 25800 TPY - $696,600
Total DOC - $1,672,400 32,662,792
INDIRECT OPERATING COSTS (I0C):
(7) Overhead! 60% of operating labor & maintenance $1,519,025 $980,466
(8) Property Taxes! 1% of total capital investment $134254 $308.624
. (9) Insurance! 1% of total capital investment $134254 $308,624
(10) Administration? 2% of total capital investment 3268,508 $617.247
Total [OC $2,056,042 $2.214960
CAPITAL RECOVERY QOSTS (CRC) CRF of 0.1627 times T'CI 52,184 314 $5,021,305
ANNUALILZED COSTS (AC)- DOC 4+ 10C + CRC $7912,75% $9,899,057

I Based on catalytic incinerators, from OAQPS Control Cost Manual, Fourth Edition.
1 Based on maximum of 25% coal firing for the Flo—Energy cogeneration facility.

ANN2SC, 12118



Table 8. Annualized Cost Estimates for Alternative SO2 Control Systems for Flo—Energy Using 3.5% S Coal (Revised 02/05/93).

Cost Llems Basis Spray Dryer Wet Scrubber
DIRECT OPERATING COSTS (DOC):
(1) Labor
Opernator? $22/hr, approx. 13,370 hrfyr for 3 boilers $294.140 -
$22/hr, approx. 17,720 hefyr for 3 boilers -— $389.840
Supervisor! 15% of operator cost $44.108 358,464
(2) Maintenance? 5% of direct capital cost $4765,446 $1.056.27
(3) Replacement Parts 3% of direct capital cost 5285868 $633.766
(4) Utilities
(r) Electricity $85 per MW —hr; 1,700 and 2,500 MW —hr $144,500 $212.500
(b) Water $0.27/ 1,000 gal; 66.75 and §7.24 mil. gal. $18,023 $23 555
(5) Raw Chemicals
{a) Limestone (97% purity) $32 per ton delivered for 15300 TPY - $489,600
(b) Hydrated Lime (74% purity) $140 per ton delivered for 22800 TPY $3,192,000 -
(6) Differential Fuel Cost or Credit
{2}3.5% S Coal $7 credit per ton for 112,750 TPY —$789,250 —-$789.250
(7) Solid Disposal - $27 per ton for approx. 35800 TPY $966,600 -
(8) Studge Disposal $27 per toa for approx. 34300 TPY - $926,100
Total DOC $4,632434 $3,000,851
INDIRECT OPERATING COSTS (1I0C)
(7) Overhead! 60% of operating labor & maintenance $1,801,867 $1,136,605
(8) Property Taxcs 1% of total capital investment $144 888 $315,158
(9) Insurance! 1% of total capital investment $144 883 $315,158
{10) Administration! 2% of total capital investment $289.7717 3630317
Total IOC $2,381420 $2397239
CAPITAL RECOVERY OOSTS (CRC) CRF of 0.1627 times TCI $2357333 $5,127,627
ANNUALTIZED COSTS (AC): DOC + [0C + CRC $9371,187 $10,525717

1 Based on catalytic incinerators, from OGAQPS Control Cost Manual, Fourth Edition.
! Based on maximum of 25% coal firing for the Flo—Energy Cogeneration facility.
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Table 7. Capital Cost lstimates for Alternative SG2 Coulrol Systems {or Flo— Energy Using 3.5% S Coal (Revised 02/05/93).

Cost ltems Cost Factors Spray Dryer Wet Scrubber
DIRECT CAPITAL COSTS (DOC):
(1) Purchased Equipment
(a) Basic Equipuent® Veador Quote $3.990.000 $12,000,000
(b) Auxiliary Equipment included included included
{¢) Upsizing Auxiliary Equipment 0.17 x (1a) 5678 300 included
(d) Structure Support 0.10 x (1a) $399.000 $1.200,000
(¢) Instrumentation & Controls 0.12 x (1a) $478.300 $1,440,000
(f) Freight! 0.05 x (1a .. 1) $277.305 $732,000
(g) Sales Tax (Florida) 0.06 x(1a .. 1d) $332,766 $578,400
(h) Subtotal (1a . 1g) 36,156,171 $16,250,400
(2) Direct Instaliation' 0.30 x (la .. 1g) $1.846,851 34,875,120
(3) Upsizing ESP for Particulate Coatrol
(2) ESP and Auxiliary Equip. Upsizing See Note § $714,000 -
(b) Instrumentation & Controls 0.10 x (3a) $7L400 -
(c) Freight® 005 x (32 ..3b) 339270 -
(d} Sates Tax (Florida) .. 0.06 x (3 - 3b) $47124 -
(¢) Direct Instaliation Costs? 067 x (3a - 3d) $584,102 --
(%) Upsizing Ash Handling Equipment
() Cost of Upzising for 3 Boilers See Note 2 $70,000 -
Total DCC: D+ Q+E)+ @) $9,528,918 $21,125.520
INDIRECT CAPITAL COSTS (ICC):
{5) Indirect Installation
{2) Enginecring & Supeqvision! 0.10 x (DCC) $952 892 $2,112,552
{b) Construction & Ficld Expenses' 0.10 x (DCC) 952,592 32,112,552
(c) Contruction Coatracior Fec! 0.05 x (DOC) $476,446 $1,056,276
(d) Contigencies! 0.20 x (DOC) $1.905.784 $4.225,104
{6) Other Indirect Costs
(a) Startup & Testing! 0.03 x (DCC) $285,868 $633,766
{b) Working Capital 30—-day DOC** $386,036 $250,071
Total ICC: H+(@® $4.959917 $10,390,320
TOTAL CAFITAL INVESTMENTS (TCI): DOC + ICC $14,488,835 $31,515.240

* For the spray dryers, the basic equipment cost for three units are the average of budgetaty quotations from ABB—Fhkt, Joy Environmental Systems,

and United McGill. The basic equipment cost for the limestone wet scrubbers was based on budgetary pricing {rom ABB Environmental Systems.
** 30 days of direct operating costs, calculated from the anaualized cost Table 8 (i.e-, total DOC/12 moaths).

' Based on catalyfic incinerators, from OAQPS Coatrol Cost Manual, Fourth Edition (1930).

1 Based on Capital Cost Factors for ESP, from OAQPS Control Cost Manual, Fourth Edition (1990).

Note 1: 15 percent increase in size for the ESP at $7,000 for 1 percent increase, from information supplied by Research—Cotirell.

Note 2: Capital cost estimates of the ash handling system prior to the upsizing in order to handle the additional ash generated from the spray dryer
process are approximately $400,000. The upsizing of the ash handling system will add an additional 17.5% cost or approximately $70,000 to
the spray dryer eplion, The wet scrubber option does not involve any upsizing of the ESP ash handling system.
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Table 9. Cost Estimates (or Sorbent Injection Systems for Flo— Lnergy Using 0.7% § Coal (Revised 02/05/93).

Furnace Injection

Truct Injecrion

Dwuct [njection

Cost liems Basis Lime Sorbent Lime Sorbent Sodium Sorbent
DIRECT CAPITAL COSTS { DCCY:
{1) Dry Sarbent [njecdon System Sec Note L 3,880,000 $4,704,000 $4,410,000
(#) Flue Gas Tlumidification Sysiem Induded Tndwdad _—
(2) Upsizing ESP for Particulate Control
(N} Percent Inarease in Size Based on ESTs Vendor Estimnatc 35% 50% 25%
(b} Cost of Upsizing for 3 Boilers $7,000 per 1% Inareasc per boiler $1.155,000 $1,260,000 $525,000
(3) Upsizing, Ash Handling System
(%) Cost of Upsizing lor 3 Boilers 10% of current system cost. Soc Notc 2. $40,000 $40,000 £40,000
Subtotal of DCC (1) + (2b) + (3a) $7,075,000 $6,004,000 $4.975,000
INDIRECT CAPITAL COSTS (ICC):
(4) Indirect lnstallation
(a) Engineering & Supervision ! 0.20 x(DCC) 51415000 $1,200,800 $995,000
{b) Construction & Field Expeases ! 020 x (DCC) $1,415,000 $1,200,800 $995,000
{<} Contruction Coatractar Feo 0.10 x(DCC) $707,500 $500,400 $497,500
(d) Contingendies 0.25 x(DCC) $1,763,750 $1,501,000 $1,28.750
(5) Other Indirect Coss
() Start—up, Perf, Test & Model Study® | 0.04 x (DCC) $283,000 $240,160 $199,000
{b) Working Capital ’ 30-day DOC $133634 $135,6M $13%634
Towl ICC: (4) + (5) 35,725,584 $4.882,794 $4,06,854
TOTAL CAPITAL INVESTMENTS (TCI}): DCC + ICC $12,803,854 $10,585,794 $9,044,884
DIRECT OPERATING COSTS (DOC):
(6) Labor
Operator? $22hr; 7,200 hriyr ol for 3 boilers $158,400 $155,400 $158400
Supervis ! 153% of operator cost $13,%0 $23,%60 $23,%0
(7) Mudatenance? 003 x(DCC) $353750 $300,200 $244730
(&) Replacement Parts 0.03 x{DCC) $212250 $160120 $145250
(9) Uslities
(a) Electricity for ESP $85 per MW —hr 22022 $24.242 £10,101
for Auxiliary Equipmeat $85 per MW —hr $44,070 $43.0M7 $0m2
(b) Humidifieation Water $027 /1,000 gal $12.150 $12,150 -
(<) Stcam Lost oc Rebieat $61910° b $53,806 - -
(10) Raw Chemicals
(») Hydrated Lime (74% purlty) $140/ ton delivered for spprox. 4,600 TFY $644000 $644,000 -
(b) Sodivn Bicarbonate (95% purity) $200/ won delivered foc approx. 4,650 TPY - — $930,000
(11) Diferential Puel Cost or Credit
(2)0.7% 5 Coal Noae 50 $0 30
(12) Solid Dispasal $27/von for Lime; $50 fton for NaHCOS—type $13L200 $159300 5151550
Total DOC $1,675.608 $1,550,249 $1,691.843
INDIRECT OPERATING COSTS (10C):
(13) Overhead 60% of opernting Iabor & mal $321,546 $269.416 $258.345
(14) Property Taxes' 1% of 1otal capital investment $125039 $108,858 $90,449
(13) Insurance! 1% of total capital investment 3126039 S108 868 $90,449
(16) Administration* 2% of total capitl investment $156,078 $2179.1%6 $130,598
Towl IOC $83170% $724888 $620,341
CAPITAL RECOVERY COSTS (CRC) CRF 0{0.1627 times TCI $2,083,192 $1,71,281 $1,471,603
ANNUALIZED COSTS {AC): DOC + 1OC + CRC $4,592,501 34,046,418 $3,783,787
1 Based on Capital Cost Factors foc ESP, from OAQPS Control Cost Manual, Fourth Edition {1590).
' Based on maximum of 25% ooal firing for the Flo—~Energy cogeneration fadility.
Note 1; Capital cosi factors are $4,000/MMBuu of heat input lor Furnace [njoction and §3,500/MM Bt of heat input for Duct Injection (both usinglime) projocting,
from Babcock and Wilcox's cost analysis summary foc Chio's Edison Power Plant located at Edgowater, Ohio. The capital cost factor for the sodium sorbeat
injection process is $3.000/MM Biu of heat input based oa eatimations from Colarndo Springs Utilitics Company and Publlic Servics Company of Colorado.
Total Capital [nvestment for the dry sacbent injection proocas was calaulnted using these cost factors [or & total of three 490—MM Biu boilers for
the proposed Flo—Encrpy fadlity,
Note 1: Capital cost estimaies of the ash handling system prior to the upsiting in order to handle the additonal ash penerated from the DSI process are approximately $400,000.
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Table 10. Cost Estimates [or Sorbent Injection Systecms for Flo— Energy Using 1.5% 8 Coal (Revised 02/05/93).

Furpace Injeclion Duet Injection Duct [ajection
Cost Ilems Basis Lime Sorbent Lime Sorbent Sodium Sorbent
DIRECT CAPITAL COSTS (DCCy:
(1) Dry Sorbeat Injection System Sec Nole 1 $5.680,00) $4,704,000 $4.410,000
(#) Flue Gas Humidification System Indudod Induded Induded -
(b) Upsiziag Auxliary Equipment 005 x(1} $294000 $235200 $120,500
(1) Upsizing ESP for Fariculnee Coatrol
{#) Percent Increase in Size Based on ESP's Vendor Estimate 0% 63% 35%
(b) Costof Upsizing (or 3 Boilers $7.000 per 1% Inerease per boiler $1,260,000 $1,365,000 $735000
(3) Upsizing Ash Handling System
(a) Cost of Upsizing for 3 Boilers 12% of eurrent sysicm cost. See Note 2. $48,000 $48.00 $48,000
Subtotl of DCC (1) + (2b) + (3a) $7,482.000 $6,352.200 $35,413,500
INDIRECT CAPITAL COSTS (ICC):
(4) Indirect Installation
(a) Enginecring & Supenvision * 020 x(DCC) $1,495,400 $1,270,440 $1,062,700
(b) Coastruction & Field Expenses - 020 x(DCC) $1,496,400 $1270,440 $1,082,700
(<) Contructica Contractor Fee ! 0.10 x(DCC) $748200 $635220 $341,350
(d) Coatingencies 025 x(DCC) $1,570,500 $1,388,050 $135375
(§) Other Indirect Costs
{w) Start—up, Perf Teat & Model Study* 004 x{DCC) $299,280 $254088 $216540
{b) Working Capital 30--day DOC $193,661 $193,661 $193,661
Towl [OC: )+ (5) $6,104,441 $5211,899 $4,470,326
TOTAL CAPITAL INVESTMENTS {TCI): DOC + ICC $13,556,441 $11,564,099 $9.583.526
DIRECT OFERATING COSTS (DOC):
(6) Labor
Operator® $22Ar; 8,640 hrfyr total for 3 boilers $190,080 $190,050 $190,080
Supervisar ¢ 159% of operator cost $28,512 $28.512 $18,512
(7) Maintenanco® 005 x{DCC) $374100 $317,610 $270575
(5) Replaccment Parts 003 x (DCC) $224,460 $190,566 $162,405
(9) Udlities
() Bloctricity for ESP SB35 per MW —~hr $24.042 $26,202 $14,141
for Auxiliary Equipment 383 per MW ~hr 348,077 $32.083 $28,045
by Humidificaion Water $0.27/1,000 gal $12,150 $12.1%0 -
(¢} Steam Lost or Reheat $6.1910°1b 564,567 - -
(10} Raw Chemicals
() Hydruted Lime (74% purity) $140/ ton delivered for approx. 9,800 TPY $1,372,000 $1,372,000 -
(b) Sodivn Bicarbonate ($6% purity) $200/ ton delivered for approx. 9,970 TPY - - $1,954,000
(11) Differential Puel Cost or Credit
() 1.5% S Coal $3 savings per ton for 112750 TPY —$338,250 —$338.250 —$338,250
(12) Solid Disposal $27/ toa for Lime; $50 /ton for NaHCO3 —type $324000 $340,200 $325500
Total DOC $233.908 $2.191,213 $2,675,108
INDIRECT OFERATING COSTS (IOC):
(13) Overhead* 60% of operating labor & maintenance $355615 ST $291.560
{14) Property Taves' 1% of total eapital investment $135864 §115641 §o5.m8
(15) Insarance! 19 of total capital invesmment 135854 $115641 95,508
{16) Administration' 2% of total capital investment $271,7129 $231,262 $197,677
Total IOC 3899073 784285 3688913
CAPITAL RECOVERY COSTS {CRC) CRF of 0.1627 times TCL $2,210.514 $1,881.479 $1,608,099
ANNUALIZED COSTS (AC): ‘DOC + 10C + CRC §5,433,525 $4,836.977 $4,972,120
L Based on Capital Cost Factors for ESP, from OAQPS Control Cost Manual, Fourth Edidon (1990).
! [ased on maximum of 25% ool firing for the Flo—Energy cogeneration fadlity.
Note 13 Capital cost [actors are $4,000/MMDi of heat input for Furnace Injection and $3.500/MMBtu of heat input for Duct Injection (both usinglime) projecting
from Babaods and Wiloox's cost analysis sunanary for Ohio’s Bdison Fower Flant located at Bdgewater, Ohio. The capital cost [actor For the sodium torbent
injoction process is $3,000/MM Btu of heat input based on estimations from Colarado Springs Uslitics Company and Putilic Servioe Compaay of Colorado.
Total Capital [nvestment for the dry sorbent injection process was calculated using these cost [actors for a total of three 490—MM Beu boilers for
the proposed Flo—Energy fadlity.
Mot 2; Cagiital cost estimates of the ash handling system prioc wo the updzing in order to handle the additional ash generated from the DSI process are approximately £260,0000
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Table L1. Capitat Cost Estimates for Alternative SO2 Control Systems for Sol— Energy Using 0.7% S Coal (Revised 02/05/93).

Cost [tems Cost Factors Spray Dryer Wet Scrubber

DIRECT CAVITAL COSTS (DCC):
(1) Purchascd Equipment

(a) Basic Equipment* Vendor Quote $2,660,000 $7,600,000
{b) Auxiliary Equipment included included included
() Structure Support 0.10 x (1a) $266,000 $760,000
(d) Instrumentation & Controls 0.12 x(1a) $319.200 $912,000
(e) Freight' 0.05 x (ta.. 1d) $162,260 $463 600
(f) Sales Tax (Florida) 0.06 x (1a .. 1d) $194,712 $556,320
{g) Subtotal (1a . 1f) $3.602,172 $10291,920
(2) Direct Installation! 030 x (1a .. 1f) $1.080,652 $3.0875%6
(3) Upsizing ESP for Particulate Control
(2) ESP and Auxiliary Bquip. Upsizing See Note 1 $140,000 -
(b) Instrumentation & Controls 0.1 x(3a) $14,000 -—
(c) Preight! 005 x(3a .. 3b) $7.700 -
(d) Sales Tax (Florida) 0.06 x (3a .. 3b) $9.240 -
(¢) Direct Installation Casts? < 067 x(%a . 3d) $114,530 -
(4) Upsizing Ash Handling System
() Cost of Upsizing for 2 Boilers See Note 2 $26,000 -—
Total DOC: M+ +3)+ (&) $4.994293 $13379.4%
INDIRECT CAPITAL COSTS (ICC):
(5) Indirect Installation
(a) Engincering & Supervision! 0.10 x (DCT) $499 429 $1,337,950
(b) Coastruction & Field Expenses® 0.10 x (D) 3499429 $1,337,950
(¢) Contruction Coatractor Fee! 0.05 x (DCC) $249.715 $668 975
(d) Contigencies! 020 x (DOC) $998 859 $2.675899
(6) Other Indirect Costs
{(a} Startup & Testing' 0.03 x (DCC) $149 829 $401,385
(b) Working Capital 30—day DOC** $90.394 $123.738
Total ICC: (H+®) $2,487,655 $6,5458%
TOTAL CAPITAL {INVESTMENTS (TCI): DOC +1CC $7,481949 $19,925,392

* For the spray dryers, the basic equipment cost for three units are the average of budgetary quatations from ABB—Flakt, Joy Environmental Systems,
and United McGill. The basic equipment cost for the limestone wet scrubbers was based on budgetary pricing from ABB Environmental Systcms.
** 30 days of direct operating costs, calculated from the annualized cost Tabic 2 (i.¢., total DOCY12 months).

I Based on calalytic incinerators, from OAQPS Coatrol Cest Manual, Fourth Edition (1990).
3 Based on Capital Cost Pactors for ESP, from QOAQPS Control Cost Maoual, Fourth Edition (1990).

Note 1: 10 percent increase in size. for the ESP at $7,000 for 1 percent increase, from information supplied by Research—Cottrell.
Note 2: Capital cost cstimates of the ash handling system prior to the upsizing in order to handle the additional ash generated from the spry dryer

process are approximately $260,000. The upsizing of the ash handling system will add an additional 10% cost or approximately $26,000 to
the spray dryer option. The wet FDG optioa does not involve any upsizing of the ESP ash handling system.
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Table 12. Annualized Cost Estimates for Alternative SO2 Control Systems for Sol—Energy Using 0.7% 5 Coal (Revised 02/05/93).

Cost Hems Basis Spray Dryer Wet Scrubber
DIRECT OPERATING COSTS (DOC):
(1) Labor
Operator? $22/hr; approx. 2,950 hrfyr for Z botlers $64,900 -
$22/hr; approx. 4,450 hefyr for 2 boilers - $97.900
Supervisor! 15% of operator cost $9.720 $14.636
(2) Maintenance? 5% of direct capital cost $249,715 $668,975
(3) Replacement Parts 3% of direct capital cost $149,829 $401,385
{4) Utilities g90 1o
(a) Electricity $85 per MW—hr; 860 and 1450 MW—hr 540,800 $61,200 X
(b) Water $0.27/ 1,000 gal; 18.4 and 21.5 mil. gal. 34,968 $5.805
(5) Raw Chemicals
(a) Limestone (97% parity) $32/ ton delivered for 1,900 TPY - $60,800
(b} Hydrated Lime (74% purity) $140/ton delivered for 2,800 TPY $392,000 —
(6) Differential Fuel Cost or Credit
(2}0.7% S Coal No Cost Adjustment $0 $0
(7) Solid Disposal $27/ ton for approx. 6,400 TPY $172,300 -
(8) Sludge Disposal $27 / ton for approx. 6 450 TPY - $174,150
Total DOC $1,084,732 $1,484 851
INDIRECT OPERATING COSTS (IOC):
(7) Overhead! 60% of operating labor & maintenance $760,958 $527.464
(8) Property Taxes' 1% of total capital invesiment $7T4519 $199,254
(9) Insurapce! 1% of total capital iavestment $74 519 $199,254
(10) Administration' 2% of total capita] investment $149,639 $398,508
Total IOC $1,060,236 $1,324479
CAPITAL RECOVERY COSTS (CRC) CRF of 0.1627 times TCI $1217313 $3.241,861
ANNUALIZED COSTS (AC): DOC + 10C + CRC $3362.280 $6,051,191

! Based on catalytic incinerators, from OAQPS Control Cost Manual, Fourth Edition.
! Based on maximum of 25% coal firing for the Sol - Energy cogeneration facility,
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Table 13. Capital Cost Hstimates for Alternative SO2 Control Systems for Sol—Energy Using 1.5% S Coal (Revised 02/05/93).

Cost llems Cost Factors Spray Dayer Wet Scrubber

DIRECT CAPITAL COSTS (DCC):
{1} Purchased Equipment

(a) Basic Equipment* Vendor Quote $2.660.000 $7.720,000
(b) Auxiliary Equipment included included included
(c) Upsizing Auxiliary Equipment 0.05 x (1a) §133.000 included
(d) Structure Support 0.10 x (1a) $266,000 $772,000
(e) Instrumentation & Controls 0.12 x (1a) $319,200 $926.400
(fy Freightt 0.05 x (1a . 1d) $168,910 $470,920
(&) Sates Tax (Florida) 0.06 x (1a . 1d) $202,692 $565,104
() Subtotal (1a . 1g) $3.149,802 $10,454,424
(2) Direct Installation* 030 x(1a..1g) 51124941 $3.136,327
(3) Upsizing ESP for Particulate Control
(2) ESP and Auxiliary Equip. Upsizing See Note 1 $210,000 -—
(b) Instrumentation & Controls 0.10 x (32) $21,000 -
(c) Preightt 0.05 x (3a .. 3b) $11,550 -
(d) Sales Tax (Florida) 0.06 x (3 .. 3b) 513,860 -
(¢) Direct Installation Costs? 057 x (32 .. 3d) $171,795 -
(4) Upsizing Ash Handling Equipment
(a) Cost of Upzising for 2 Botlers See Note 2 $26,000 -
Total DOC: W)+ (2 + G+ #) $5328.947 $13,590,751
INDIRECT CAPITAL COSTS (ICC):
(5) Indirect Installation
(a) Engineering & Supervision® 0.10 x (DCC) $532,895 $1.359.075
{b) Coustruction & Field Expenses! 0.10 x (DOC) $532,895 $1,359,075
(c) Contruction Contractor Fee! 0.05 x (BCC) $266 447 $679,538
(d) Contigencies! 0.20 x (DCC) 31,065,789 32,718,150
(6) Other Indirect Costs
(a) Startup & Testing! 0.03 x (DCC) 3159868 $4071, 73
(b) Working Capital 30-day DOC** 3127326 $128 441
Total IOC: (5)+ (&) $2,635220 $6,552.002
TOTAL CAPITAL INVESTMENTS (TCI): DCC 4 10C $8,014,168 $20.242,753

* Forthe spray diyers, the basic equipment cost for three units are the average of budgetary quotations from ABB—Flkt, Joy Envircnmental Systems,

and United McGill. The basic equipment cost for the limestone wet scrubbers was based oo budgetary pricing from ABB Environmental Systems.
** 30 days of direct operating costs, calculated from the annualized cost Table 4 (i.e., total DOC/12 months).

1 Based on catalytic incinerators, from OAQPS Control Cost Manual, Fourth Edition (1990).
1 Based on Capital Cost Pactors for ESP, from OAQPS Contrel Cost Manual, Fourth Editioa (1990).

Note 1: 15 percent increase in size lor the ESP at $7,000 for 1 percent increase, from information supplied by Research—Cottrell.
Note 2: Capital cost estimates of the ash handling system prior to the upsizing in order to handle the additional ash generated from the spray dryer

process are approximately $260,000. The upsizing of the ash handling system will add an additional 10% cost or approximately $26,000 to
the spray dryer option. The wet scrubber option does not involve any upsizing of the ESP ash handling system.
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Table 14. Annualized Cost Estimates for Altemative SO2 Centrol Systems for Sol—Energy Using 1.5% S Coal (Revised 02/05/93).

Cost [tems Basis Spray Dryer Wet Scrubber
DIRECT OPERATING COSTS (DOC):
(1) Labor
Operator? $22hr, approx. 4,900 hrfyr for 2 boilers $107,800 -
$22Mhr, spprox. 6,700 hrfyr for 2 boilers - $147400
Supervisort 15% of operator cost $16,038 $21,954
(2) Maintenance? 5% of direct capital cost $266,447 $679,538
(3) Replacement Parts 3% of direct capital cost $159,858 $407,723
{4) Unilities
() Electricity $85 per MW—hr; 540 and 810 MW —~hr $45,900 $68,850
(b) Water $0.27/ 1,000 gal; 22.7 and 278 mil. gal. $6,129 $7.506
(5) Raw Chemicals
(a) Limestone (37% purity) $32/ toa delivered for 4,000 TPY -- $128,000
(b) Hydrated Lime (74% purity) $140/ ton delivered for 6,000 TPY $840,000 -
(6) Differential Puel Cost or Credit
(2) 1.5% 5 Coal $3 credit per toa for 68,625 TPY —$205875 ~$205575
{7 Solid Disposal $27/ ton for approx. 10,800 TPY $291,600 -
(8) Sludge Disposal $27/ tou for approx. 10,600 TPY - $286,200
Total DOC $1,527,908 $1.541,295
INDIRECT OPERATING COSTS (I0C):
(7) Overheadt 60% of operating labor & maintenance $895488 $597,151
(8) Property Taxes! 1% of total capital investment $80,142 $202428
(9) [nsurance’ 1% of total capital investment 380,142 5202428
(10) Administration! 2% of total capital mvestment $160,283 $404.855
Total IOC $1,216,054 §1,406,861
CAFPITAL RECOVERY QOSTS (CRC) CRF of 0.1627 times TCI $1303,905 $3.293,496
ANNUALIZED COSTS (AC) DOC + 10C + CRC $4,047 867 56,241,652
1 Based on catalytic incinerators, from OAQPS Control Cost Manual, Fourth Edition.
1 Based on maximum of 25% coal firing for the Sol —Energy cogeneration facility.
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Table 15. Capital Cost BEstimates for Alternative SO2 Control Systems for Sol—Energy Using 2.5% S Coal (Revised 02/05/93).

Cost ltems Cost Factors Spray Dryer Wet Scrubber
DIRECT CAPITAL COSTS (DCC):
(1) Purchased Equipment
() Basic Equipment* Vendor Quote $2,660,000 $7,840,000
(b) Auwxiltary Equipment included included included
(c) Upsizing Auxiliary Equipment 0.125 x (la) $332,500 included
(d) Strueture Support 0.10 x {12) $266.000 $754,000
(&) Instrumentation & Controls 0.12 x (1a) $319.200 $940,300
(f) Preight 0.05 x (12 - 1d) $178.885 $478,240
(g) Sales Tax (Florida) 0.06 x (la .. 1d) $214.,662 $573,888
(h) Subtotal (1a - 1g) $3.971247 $10.616,928
(2) Direct Instaliation! 030 x(1a .. 1g) $1,191374 $3,185,078
(3) Upsizing ESP for Particulate Coairol
(») ESP and Auxliary Equip. Upsizing See Note 1 $525,000 -
(b) Instrumentation & Coatrols 0.10 x (3a) $52,500 -—
(c) Freight! 0.05 x {3a .. 3b) $28875 -
(d) Sales Tax (Florida) 0,06 x (3a . 3b) $M 650 -
(¢) Direct Installation Costs? 0.67 x(3a.3d) $429 487 -
(4) Upsizing Ash Handling Equipment
(») Cost of Upzising for 2 Boilers See Note 2 $32,500 —
Total DOC: MH+Q)+3H+H $6,265,633 $13,802,006
INDIRECT CAPITAL COSTS (1CC):
(5) Indirect nstallation
(») Engineering & Supervision? 0.10 x (DOC) $626,563 $1,380,201
{b) Construction & Field Expeasest 0.10 x (DOC) $626,563 $1,380,201
() Contruction Coatractor Fee! 045 x (DCC) $313,282 $590,100
(d) Contigenciest 0.20 x (DCC) $1,253,127 $2.760,401
(6) Other Indirect Costs
(a) Startup & Testing' 0.03 x (DCC) $187.969 $414,060
{b) Working Capital 30-day DOC** $190,046 $140,093
Total IOC: )+ (5 $3,197,550 $6,765,056
TOTAL CAPITAL INVESTMENTS (TCl): DOC + 1CC $9,463,183 $20,567,062

* Forthe spray dryers, the basic equipment cost for three units are the average of budgetary quotations from ABB—Flakt, Joy Environmental Systems,
and United McGill. The basic equipment cost for the limestone wet scrubbers was based on budgetary pricing from ABB Environmeatat Systems.

** 30 days of direct operating costs, calculated from the annualized cost Table 6 (ie. total DOC/12 months).

1 Based on catalytic incinerators, from OAQPS Control Cost Manual, Fourth Edition (1950).
*  Based on Capital Cost Pactors for ESP, from OAQPS Control Cost Manual, Fourth Edition (1990).

Note 1: 15 percentincrease in size for the ESP at $7,000 for 1 percent increase, from information supplied by Rescarch—Cottrell.

Note 2: Capital cost estimates of the ash handling system prior to the upsizingin order to handle the additional ash generated from the spray dryer
process are approximately $260,000. The upsizing of the ash handling system wilf add an additional 12.5% cost or approximately $32,500 to
the spray dryer option. The wet scrubber option does not involve any upsizing of the ESP ash handling system.
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Table 16. Annualized Cost Estimates for Ajternative SO2 Control Systems for Sol—Linergy Using 2.5% S Coal (Revised 02/05/93).

Cost ltems Basis Spray Dryer Wet Scrubber
DIRECT OPERATING COSTS (DOC):
{1y Labor
Operator? $22/r, approx. 5,900 hefyr for 2 boilers $129,800 ——
$22/hr, spprox. 7,800 hefyr for 2 boilers - $171,600
Supervisort 15% of operator cost $19,440 525613
(2) Maintenance? 5% ol direct capital cost $313,262 5690,100
(3) Replacement Parts 3% of direct capital cost $187.969 $414,060
{4) Utilities
(#) Electricity $85 per MW —hr; 600 and 900 MW —~hr $51,000 $76,500
{b) Water $0.27/1,000 gal; 28.1 and 35.8 mil. gal. $7.587 $9.666
(5) Raw Chemicals
(a) Limestone (97% purity) $32 per ton delivered for 6,650 TPY -— $212,800
(b) Hydrated Lime (74% purity) $140 per ton delivered for 9950 TPY $1,393,000 -
(6) Differential Fuel Cost or Credit
(2)2.5% 5 Coal $5 credit per toa for 68,625 TPY —3$343,125 —3$343,125
(7) Solid Disposal $27 per toa for approx. 16 300 TPY $521,600 ——
(8) Sludge Disposal $27 per ton for approx. 15,700 TPY - $423,900
Total DOC $2.230,553 $1,681,114
INDIRECT OPERATING COSTS (I0C):
(7) Overhead! 60% of operating labor & maintenance $998,318 $639,497
(8) Property Taxes 1% of total capital investment 394304 $206,131
(9) Insurance! 1% of total capital investment 394,804 $206,131
{10) Administration* 2% of total capital investment $189.608 $412261
Total IOC $1,377,534 $1,464,019
CAPITAL RECOVERY QOSTS (CRC) CRF of 0.1627 times TCI $1,542,450 $3.353,746
ANNUALIZED COSTS (AC) DOC + I0OC + CRC $5,200,546 $6,498,880

' Based on catalytic incinerators, from OAQPS Control Cost Manual, Fourth Edition,
1 Based on maximum of 25% coal firing for the Sol—Eaergy cogeneration facility.
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Table 17. Capital Cost Estimates for Alternative SO2 Control Systems for Sol- Energy Using 3.5% S Coal (Revised 02/05/43).

1
I
Cost ltems Cost Factors Spray Dryer Wet Scrubber
DIRECT CAPITAL COSTS (DCC):
(1) Purchased Equipment
(a) Basic Equipment* Vendor Quote 52,660,000 $8.000,000
{b) Auxiliary Equipment included included inctuded
{c) Upsizing Auxiliary Equipment 0.17 x (1a) $452,200 included
(d) Structure Support 0.10 x (1a) $266,000 $800,000
(e) Instrumentation & Controls 0.12 x (1a) $319 200 $960,000
(0) Freightt 0.05 x(1a .. 1d) $184,370 $488.000
(g) Sales Tax (Florida) 0.06 x (1a .. 1d) $221 844 £585,600
(h) Subtotal (la .. 1g) 54,104,114 $10,833,600
(2) Direct Installation! 030 x(1a .. 1g) $1.231.234 $3,250,080
(3) Upsizing ESP for Particulate Coatrol
(*) ESP and Anxiliary Equip. Upsizing See Note 1 $476,000 —
(b) Instrumentation & Controls 0.10 x (3a) $47.600 —
(¢) Preight! 005x(3a..3b) $26,180 -
(d) Sales Tax (Florida) 0.06 x {32 - 3b) $3L416 -
(¢} Direct Installation Costs? 0.67 x (32 - 3d) $389.401 -—
(#4) Upsizing Ash Handling Equipment
{a) Cost of Upzising for 2 Boilers See Note 2 $45,500 -
Total DOC M+ Q)+ 3+ (4 $6.351.446 $14,033,680
INDIRECT CAPITAL COSTS (ICC):
(5) Indirect Installation
{2} Engineering & Supervision' 0.10 x (DCC) $635,145 $1.408,368
(b) Construction & Field Expenses' 0.10 x (DOC) $635,145 51,408,368
(¢) Contruction Contractor Fee! 0.05 x (DOC) $311,572 $704,184
(d) Contigencies' 0.20 x (DCC) $1,270.289 $2,816,736
(6) Other Indirect Costs
(a) Startup & Testing! 0.03 x (IXCC) $190,543 $422,510
(b) Working Capital 30—day DOC** $236,658 $157,151
Total I0C: (5) +(6) $3.285351 $6,917,317
TOTAL CAPITAL INVESTMENTS (TCI): DCC + ICC $9.636,797 $21,000,997
* For the spray dryers, the basic equipment cost for three units rre the average of budgetary quotations from ABB~—Flakt, Joy Environmental Systems,
and United McGill. The basic equipmeant cost for the limestone wet scrubbers was based oo budpetary pricing from ABB Enviroamental Systems.
** 30 days of direct operating costs, calculated from the anauvalized cost Table § (i.e., total DOC/12 months).
Based on catalytic incinerators, from OAQPS Coantrol Cost Manual, Fourth Edition (1990).
*  Based on Capital Cost Factors for ESP, from OAQPS Control Cost Manual, Fourth Edition (1990).
Note 1: 15 perceat increase in size for the ESP at $7,000 for 1 percent increase, from information supplied by Research—Cottrell.
Note 22 Capital cost estimales of the ash handling system prior to the upsizing in order to handle the additional ash generated from the spray dryer
process are approximately $260,000. The upsizing of the ash handling system will add an additional 17.5% cost or approximately $45.500 to
the spray dryer option. The wet scrubber option does notinvolve any upsizing of the ESP ash handling system.
the spray dryer option. The wet scrubber option does not involve any upsizing of the ESP ash handling system.
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Table 18. Annualized Cost Estimates for Altemative SO2 Control Systems for Sol—Energy Using 3.5% S Coal (Revised (2/05/93).

Cost [lems Basis Spray Dryer Wet Scrubber
DIRECT OPERATING QOSTS (DOC):
(1) Labor
Operator? $22hr, approx. 8,400 hrfyr for 2 boilers $184.800 -
$22Ar, approx. 11,100 hrfyr for 2 boilers - $244,200
Supervisort 15% of operator cost $27405 $36,.590
(2) Maintenance? 5% of direct capital cost $IL7572 $704,184
(3) Replacement Parts 3% of direct capital cost $190,543 $422,510
(4) Utilities ‘
(a) Electricity $85 per MW —hr; 660 and 1,000 MW —hr 356,100 $85,000
{b) Water $0.27/ 1,000 gal; 33.5 and 43.7 mil. gal. $9,045 S1L,T99
(5) Raw Chemicals
(2} Limestone (97% purity) $32 per ton delivered for 9,300 TPY -~ $2975600
(b) Hydrated Lime (74% purity) $140 per ton delivered for 13,900 TPY $1,946,000 -
(6) Differcatial Puel Cost or Credit
(1) 3.5% S Coal $7 credit per ton for 68,625 TPY —$480375 —$480375
(7) Solid Disposal y $27 per ton for approx. 21,800 TPY $588,600 -
(8) Sludge Disposal ’ $27 per ton for approen., 20,900 TPY -= $564,300
Total DOC $2,839,291 $1,385,808
INDIRECT OPERATING COSTS (I0C):
(7) Ovechead! 60% of operating labor & maintenance $1,165,763 3737344
(8) Property Taxes! 1% of total capital investment $96,368 $210,010
(9) Insurance! 1% of total capital investment $96,368 $210,010
(10) Administration' 2% of total capital investment $192,736 $420,020
Total IOC $1,551,235 $1,577384
CAPITAL RECOVERY COSTS (CRC) CRF of 0.1627 times TCI 1,567907 3416862
ANNUALIZED COSTS (AC): DOC + 10C + CRC $5.95,033 $6,880,054

! Based on catalytic incinerators, from OAQPS Coatrol Cost Manual, Fourth Edition.
! Based on maximum of 25% coal firing for the Sol—Energy Cogeneration facility.
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Table 19. Cost Estimates for Sorbent lnjection Systems (or Sol—Encrgy Using 0.7% 5 Coal (Revised 02/05/93).

Furnace Injection Duct Injection Duct Injection
Cost [1ems Basis Lime Sorbent Lime Sorbent Sodium Sorbent
DIRECT CAPITAL COSTS (DCC):
(1) Dry Sorbeat [njection System See Note | $3.680,000 $2,844,000 $2,760,000
(8) Flue Gas HumidiGeation System Induded Included -
(2) Upsizing ESP for Particulale Conwol
{n) Pereent Increase in Size Based on E5 s Vendor Estimate 35% 0% 5%
(b) Cost of Upsizing, for 2 Bailers $7,000 per 1% Incrense per boiler $770,000 $540,000 $350,000
(3) Upsizing Ash Handling System
(a) Cost of Upsiring for 2 Boilers 10% of current systemn cost. See Note 2. $26,000 $26,000 $26.000
Subtotal of DCC (1) + (2b) + (38) $4,476,000 $3,510,000 £3,136,000
INDIRECT CAFITAL COSTS (ICC):
N (4} Indircet Installation
{a) Engincering & Supervision * 0,20 x({DCC) $895200 $762,000 $5127,200
(b) Construction & Fickd Expenses ! 020 x(DCC) $895,200 $762,000 $527,200
() Conwvction Contractor Fee ! 0.10 x(DCC) $447,500 $351,000 $313,600
(d) Coutingendes 425 x(DCC) $1,119,000 $932,500 $784000
{5) Other Indirect Costs
(a) Start—up, Perf. Test & Model Study! 004 x(DOC) 179,040 $132400 $125440
(b) Working Capital 30—day DOC $85,802 $86,812 86,002
Toml [CC: (4 +(5) $3,62,841 $3,096,702 $2,564,241
TOTAL CAPITAL INVESTMENTS (TCI): DCC + ICC $5,096,842 $6,506,702 $5,700,242
DIRECT OFERATING COSTS (DOC):
(6) Labor
Operator? $22hr; 4,500heiyr total for 2 boilers $105,600 $105,600 $105600
Supervisar 15% of operator cost $15.540 $15.840 15840
(7) Maintenance? 005 x (DCC) $221,500 $190,500 $1563800
(8) Replacement Pary 0.03 x(DCC) $134280 $114300 $94,080
(9) Udlities
{w) Bloctricity for ESP $85 per MW =hr $13,559 $14,225 86177
for Auxilizry Equipment $85 per MW —hr $26,909 $29,356 S1ap2
(b) Humidification Water $027/ 1,000 gal $3.063 $5,08 -
(<) Steam Lostor Reheat $6.1910° b $32,749 — -
{10) Raw Chemicals
(a) Hydrated Lime (74% purity) $140/ ton delivered for approx. LA TPY $392000 $392,000 -
() Sodium Bicarboaate (96% purity) $200{ ton delivered for approx. 2,830 TPY - - $566,000
{11) Bifferential Fued Cout or Credit
(2) 0.7% S Coal Noao $0 $0 30
(12) Sotid Disposal $27/ wa for Lime; $50 /ton for NaHCO3 —nype $9L500 $97.200 $92,400
Towl DOC $1,041,630 964,683 $1L049.129
INDIRECT OQPERATING COSTS (10C):
{13) Overhead! 60% of operating labor & maintenance $207,144 $187,164 16655944
(14) Property Taxes' 1% of total capital investment $80,958 $69.067 551,002
(15) Insurance? 19 of total capital javestment $30,008 $69,067 $57.,002
(16 Administration 29 of total capital investment $16L977 $138134 $114008
Total IOC $531,096 $463,452 $394954
CAPITAL RECOVERY COSTS (CRC) ' CRF 0f0.1627 mes TCT $1.317,682 $1,13,720 $927429
ANNUALIZED COSTS (AC): DOC + 1OC + CRC $2,890,409 $2,551,836 SIS

1 Based on Capital Cost Factort for EST, fom OAQPS Coatrol Cost Manual, Foucth Edition {(1990).
t Based on maximum of 259 coal firing for the Sol ~Energy cogeneration facitity.

Note 1: Capital oost {actors are $4,000/MMBtu of heat input for Furnace Injection and $3,500MM Bru of heat input for Duct Injection (both using lime) projcting
from Daboock nnd Wilcox's cost analysis summary for Ohio's Edison Power Plant located st Edgewater, Ohio. The capital cost factor for the sodium sorbeat
injection process ix $3,000/MM Bru of heat input based oo estimations from Colorado Springs Uilities Company and Publlic Service Company of Colorado.
Tow! Capital Investment for the dry sorbent injoction process was calculated using thess oost (actors for a total of two 460— MM Bu bailars for

the propased Sol —Energy facility.

Note 2: Capita) cost esimates of the ash handling systom prior Lo the upszing in order to handle the addidonal ash penerated from the DSI process are approximately $260.000
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Table 20. Cosl Estimates for Sarbent Iujection

Systems for Sol—linergy Using 1.5% § Coal {Revised 02/05/93).

Eurnace Injection Duct Injection Duct [ajection
Cost Items Basis Lime Sorbent Lime Sorbent Sodium Sorbent
DIRECT CAPITAL COSTS (DCC):
{1) Dry Sorbent Injection System See Note L $3,6580,000 $2.944,000 $2,760,000
(») Flue Gas Humidification System Induded Included Induded -—
(b) Updzing Auxiliary Equipment 0.05 x(1) $184,000 $147,200 $135,000
(2) Upsizing ESP for Particulate Coatrol
() Percent Increase in Size Based on ESI"s Vendor Estimalte 0% 65% 5%
(b) Costof Upsizing for 2 Boilers $7,000 per 1% Inarcase per boiler $B840,000 $910,00¢ $490,000
{3) Upsizing Ash Handling Syt1em
{n) Costof Upsizing for 2 Boilers 12% of current system cost. See Note 2. $31.200 $31.200 $31.200
Subtotal of DOC (1) + (2h) + (3a) $4,735,200 $4,052,400 $3.419,200
INDIRECT CAPITAL COSTS (ICC):
(4) Indirect Installaticn
(») Bnginearing & Supervisian ¢ 0.20 x{DCC) $947.040 $806,450 $683,840
(b) Construction & Field Expeases ! 0.20 x (DCC) $947,040 $806,4580 $683,840
(<) Contruction Contractor Foo ! 0.10 x (DCC) $473,520 $403.240 $341,920
(d) Contingendies 0.25 x (DCC) $1,183,800 $1,008,100 $354,500
(5) Other Indirect Costs
(a) Start—up, PerL Test & Model Study* 004 x(DCC) $159.408 $161,296 $135768
{b) Working Capital 30-day DOC $120359 $120359 $120359
Total ICC: (4) + (5) $3,861,167 $3.305,953 $2,521,527
TOTAL CAPITAL INVESTMENTS (TCI): DCC + ICC $8,596,567 $7.338355 $6,240,727
DIRECT OFERATING COSTS (DOCH:
{5) Labor
Operatoct $22Ar, 5,760 hriyr total for 2 boilers $1264720 $126720 $126720
Supervisar ! 15% of operator cost $19,008 $19.005 $19,008
(7) Maintenanoe? 0.05 x(DCC) $236760 $201,620 $170950
(&) Replaccment Parts 0.03 x (DOC) $142,055 $120972 $102,576
() Utilides
(#) Flectricity for ESP $85 per MW —hr $14.823 $16,060 $8,548
for Auxifiary Bquipment $33 per MW —hr $29.336 $31,502 $17,124
(b) Humidification Water $0.27/ 1,000 gal $5,083 £5,00 -
(<) Steam Lost or Reheat $61910° b $39,208 - -
(10) Raw Chemicals
(a) Hydrated Lime (74% purity) $140/ won delivered for approx 6,000 TPY $840,000 $840,000 -
{b) Sodium Bicarbonate (96% purity) $200/ ton delivered for approx 6070 TFY - - $1,214,000
(11) Differential Fucl Cost or Credit
(m)135%S Conal $3 savings per ton for 68,825 TPY —$205,875 ~$205 875 -$205,87%
(12) Solid Disposal $27/ toa for Lime;, $30 /toa for NaHCO3 —type $197,100 $201,900 $192,500
Total DOC $1,444,510 $1,3563,270 $1,645,661
INDIRECT OFERATING COSTS (IOC)
(13) Ovechend! 60% of operating tabor & maintenance $229,493 $208,409 $19G013
(14) Property Taxcs! 1% of otal capital lnvestment $85,564 $73.384 $62,407
{15} Insurance! 1% of total capital lavestment $85,964 $73,384 $62,407
(16) Administration* 2% of tota] capital Investment $17L927 $146767 $124,813
Totd 1OC $573347 $501,943 $439.642
CAPITAL RECOVERY COSTS (CRC) CRF of0.1627 imes TCI $1,398,629 $1,193,950 $1,015366
ANNUALIZED COSTS (AC): DOC + 10C ¢+ CRC 33,416,287 $3.09,163 $3,100,569
1 Based on Capltal Cost Factors for ESP, fom OAQFS Control Cost Manual, Fourth Edition {1990).
: Basod on maxdmum of 25% coal firing for the Sol~Ener gy cogeneration facility.
Note 1: Capital cost factors are $4,000/MMBtu of heat inpul for Furnace Injection and $3,500/MM Dy of heat input for Duct Injection (both using lime) projecting
froe Pabcock and Wiloox's cost analysis summary for Ohio's Edison Power Plant focated at Edgewater, Ohio. The capital cost Incior for the sodium sorbent
injection process is $3,000/MM Bru of heat input based oa estimations from Colarad o Springs Utilides Company and Publlic Service Company of Colorado.
Total Capital Investmeat for the dry sorbent injection process was calculated using these cost {actors for a total of two 460— MM Bru boilers for
the propased Sol —Energy badlity.
Nate 2: Capital cost catimates of the nsh handling system prior 10 the upsizing in order to handle the addiional ash genernted from the DSI process are appraximately $260,000.
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2.24 Pressure Relief Valve. A device designed to
open to prevent an increase in internal fluid pres-
sure in excess of a specified value due to an
emergency or abnormal condition, and to close and
prevent further flow after normal conditions have
been restored. Refer to ANSI B95.1, Terminology
for Pressure Relief Devices. [12]

2.25 Protective Gloves, Boots, and Suits. [tems
made of rubber or other material impervious to
ammonia. Gloves refer to gauntlet-style of suffi-
cient length to allow for cuffing, and which provide
thermal protection suitable for ammeonia exposure.

2.26 psig and psia. Refers to pounds per square
inch gauge and pounds per square inch absolute,
respectively.
4t

2.27 Repair. The work necessary to restore a
container or system to a safe and satisfactory
operating condition, provided that in all cases the
container or system design shall continue tocomply
with the requirements of this standard or the
standard in effect at the time of installation. In
addition, the original design of the container or
system shall not be altered by the repair. Repairs
include the addition or replacement of pressure or
nonpressure parts which do not change the design
temperature or pressure of the container or system.

2.28 Semi-trailer. Any highway motor vehicle
with or without motive power designed to be drawn
by another motor vehicle, and so constructed that
some part of its weight and that of its load rests upon
or is carried by the towing vehicle.

2.29 Shall or Must. A mandatory requirement.

230 Should. A recommendation or that which is
advised, but not required.

2.31 Short Term Exposure Limit. A 15-minute
time weighted average exposure to an air contami-
nant which should not be exceeded at any time
during a work day and which should not be repeated
more than four times aday. Exposures at the STEL
should not accur at less than 60-minute intervals.

2.32 System. Refers to an assembly of equipment
consisting essentially of the container or containers,
hoses, appurtenances, pumps, compressors, and
interconnecting piping.

2.33 Trailer. Any highway motor vehicle with or
without motive power designed to be drawn by
another motor vehicle and so constructed that no
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part of its weight except the towing device rests

“upon the towing vehicle. Normally called a “full

tratler.”

2 34 Transfer, Fill, and Charge. These terms
may be used interchangeably and mean movement
of a quantity of ammonia from one container to
another container or cylinder, as contrasted to
feeding ammonia to a use or application device.

3. SAFETY

It is important that personnel understand the
properties of ammonia and that they be thoroughly
trained in safe practices for its storage and
handling. Some of the important physical proper-
ties of ammonia are listed in Table 1.

3.1 Training

3.1.1 Any person required to handle, transfer,
transport, or otherwise work withammoniashall be
trained to understand the properties of ammonia, to
become competent in safe operating practices, and
to take appropriate actions in the event'of a leak or
an emergency.

3.2 Normal Conditions

3.2.1 Any person making, breaking, or testing
any ammonia connection, transferring ammonia, or
performing maintenance or repair on an ammonia
system under pressure, shall wear protective
gloves, and chemical splash goggles. A full face-
shield may be worn over the goggles. However, a
faceshield shall not be worn as a substitute for a
primary eye protection device (goggles).

3.3 Emergency Conditions

3.3.1 If a leak occurs in a permanent storage
installation, the personnel trained for and desig-
nated to act in such emergencies shall:

(1) See that persons not required to deal with an
emergency are evacuated from the contaminated
area and limit access to the contaminated area

(2) Put on suitable respiratory protection

(3) Wear protective gloves, suits and boots in
contaminated areas

(4) Shut off the appropriate valves

(5) Notify local, state, or federal governmental
regulatory authorities as may be appropriate and
required by law

3.4 Permanent Storage Installations

3.4.1 All permanent storage installations shall
have on hand, as a minimum, the following equip-
ment for emergency and rescue purposes:
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3.4.1.1 Two full face gas masks, each with one
spare ammonia canister in a readily accessible
location for use in ammonia concentrations less
than the IDLH. See 2.19.

NOTE: A full facepiece ammonia gas mask will provide effec-

tive respiratory protection in concentrations of ammonia in air
that are not immediately dangerous to life or health for short
periods of time. A gas mask is not recommended for respiratory
protection in concentrations exceeding the iDLH except for
escape purposes only. Facepiece fitting should be used to
determine the ability of each individual gas mask wearer to
obtain a satisfactory fit. If ammonia vapor is detected within the
gas mask facepiece, the facepiece fit is improper, the ambient
concentration is excessive, or the canister is exhausted, the
wearer should return to fresh air immediately to take appro-
priate corrective measures. The life of a canister in service is
controlled by many factors including the concentration of
ammonia vapor to which it is exposed. .

Canisters should not be opened until ready for use and should
be discarded after use. Canisters should be discarded and
replaced when the shelf life expiration date marked on the
canister is exceeded. When canisters include an end-of-service
indicator, the manufacturer's expiration instructions are to be
tollowed. In addition to this protection, an independent air-
supplied, positive-pressure, seif-contained breathing apparalus,
approved by NIOSH/MSHA, should be used for entry inlp
concentrations of ammonia vapor that are unknown or immedi-
ately dangerous to life or health. The American National
Standard Z88.2, Practices for Respiratory Protection, should be
referred to wherever respirators may be used. [13]

3.4.1.2 One pair of protective gloves imper-
vious to ammenia. '

3.4.1.3 One pair of protective boots impervious
to ammonia.

3.4.1.4 One protective slicker and/or protec-
tive pants and jacket, all impervious to ammonia.

3.4.1.5 Easily accessible emergency shower

- and a plumbed eyewash unit or in lieu of these, at

least 150 gallons (670 L} of clean water in an open
top container.

NOTE: It is recommended that the distance from the point of
greatest potential exposure to ammonia to the emergency water
supply should not exceed 10 seconds travel time or 100 feet (30 m).

3.4.1.6 Chemical splash goggles or chemical
splash goggles with full faceshield to be worn over
the device (goggles).

NOTE: A full faceshield, if used, shail only be worn assecondary
eye protection supplementing the primary eye protection
afforded by the chemical splash goggles. A faceshield is not.to be
worn as a substitute for a proper primary eye protection device

(goggles).
3.5 Cargo Tanks

3.5.1 Each cargo tank transporting ammonia,
except an implement of husbandry, shall carry:

3.5.1.1 For firstaid purposes, at least 5 gallons
(20 L) of clean water in a container designed to
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provide ready access to the water for {lushing any
area of the body contacted by ammonia. '

3.5.1.2 One pair of protective gloves imper-
vious to ammonia.

'35.1.8 A full facepiece gas mask with an
ammonia canister and at least one spare canister.

3.5.1.4 Chemical splash goggles, or chemical
splash goggles with full faceshield, to be worn over
the goggles.

NOTE: A full faceshield, if used, shall only be worn assecondary
eye protection supplementing the primary eye protection
afforded by the chemical splash goggles. A faceshield isnot tobe
worn as a substitute for a proper primary eye protection device

(goggles).

8.6 Leaks in Transportation Equipment

3.6.1 If a leak occurs in transportation equip-
ment and it is not practical to stop the leak, the
driver should make every effort possible, including
moving the vehicle to an isolated location downwind
from populated communities or heavily traveled
highways, to transfer the contents to another
approved ammonia container. Local authorities
should be notified and assistance requested as
needed. .

3.7 Cylinder and DOT Portable Tank Instal-
lations

3.7.1 At ammonia installations comprising
cylinders and DOT portable tanks, the employer
shall provide ready access to a supply of clean,
running water for emergency use, including pro-
vision for flushing of the eyes by an employee in the
event of contact with ammonia, or a self-contained
eyewash unit with clean water.

4. USE OF WATER IN EMERGENCIES
4.1 Human Exposure

4.1.1 Ifliquid ammonia contacts the skin or eyes,
the affected area should be promptly and thor-
oughly flushed with clean water for at least 15
minutes total, with the eyes receiving first atten-
tion. Eyelids must be heid open during flushing.
Skin irrigation should include the ears, chin, neck,
armpit, and groin areas as appropriate. Contami-
nated clothing should be removed only after it is
thawed. Do not use neutralizing sclutions or oint-
mentson the affected areas. Water used for flushing
should be within a temperature range and at a
controlied flow rate to avoid causing the patient
additional injury or discomfort. [10] A physician
should treat all cases of exposure toliquid ammonia.




An opthalmologist should be consulted immedi-
ately after flushing in the event of eye exposure.

4.1.2 Nose and Throat. If ammonia has entered
the nose or throat and the patient can swallow, have
him drink large quantities of water. Never give
anything by mouth to an unconscious person.

4.2 Accidental Release

4.2.1 In the event of an accidental release, the
concentration of ammonia vapor in the air can be
reduced effectively by the use of adequate volumes
of water applied through spray or fog nozzles.
Downwind control should be achieved by directing
water fog nozzles toward the point of ammonia
release from a downwind position. See 3.3.1.

4.2.2 Water should not be -used on liquid
ammonia spills. Water should only be directed in
the form of fog or spray at the cloud emanating from
the liquid pool. See 3.3.1.

4.2.3 In theeventof a large vapor release from a
container, the tank should not be sprayed with
water. Under these circumstances, water fog or
spray should be applied to the vapor following the
procedures outlined in 4.2.1,

4.3 Fire Exposure

4.3.1 If an ammonia container is exposed to fire
and cannot be moved, water fog or spray (prefer-
ably 500 gal/min[2m3/min]or more) should be used
to cool it. Use caution if flame impinges on the vapor
space of the container; violent rupture of the con-
tainer is possible. Water fog or spray should always
be applied to the tank from the sides, as the heads
usually are first to rupture. If the fire cannot be
controlled and it appears the tank may rupture, the
surrounding area should be evacuated to a mini-
mum distance of 2000 feet (600 m) in all directions,

4.4 Absorption in Water

4.4.1 If ammoniaisleaking from a container, the
safest, practical means should be taken to stop or
abate the leak. If the leak cannot be stopped, the
ammonia should be fed to the point of use or
transferred to another suitable ammonia container.
Small quantities of ammonia from a leaking con-
tainer may be discharged into a vessel containing
sufficient water to absorb it. Sufficient water may
he taken to be ten parts of water to one part of
ammonia. The ammonia should be injected into the
water as near the bottom of the vessel as practical. If
a hose is used to inject ammonia into water, the hose
must be weighted or secured so that the end of the
hose will remain near the bottom of the vessel.
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4.4.2 Runoff of ammonia contaminated water
into streams or other bodies of water should be
avoided when possible. Releases of ammonia shall
be reported to environmental protection and/or
other regulatory authorities as may be appropriate
and required by law,

5. BASIC RULES

" This Section applies to all sections of this
standard unless otherwise noted.

5.1 Equipment and Systems

5.1.1 The provisions of 5.2 shall not be construed
as prohibiting the continued use or reinstallation of
containers constructed and maintained in accord-
ance with the 1949, 1950, 19562, 1956, 1959, 1965,
1968, 1971, 1974, 1977, 1980, 1983, and 1986
editions of the ASME Code, or any revisions thereof,
in effect at the time of fabrication.

5.1.2 Systems and components which were
fabricated, installed and maintained in accordance
with the American National Standard K61.1,
Safety Requirements for the Storage and Handling of
Anhydrons Ammaonia, or the Compressed Gas Asso-
ciation Standards for the Storage and Handling of
Anhydrous Ammonia and Ammonia Solutions—
Part 1 Anhydrous Ammonia, or The Agricultural
Nitrogen Institute, Standard M-1, Standard for
Storage and Handling of Agricultural Ammeonia, in
effect at the time of installation, are acceptable for
continued use.

NOTE: The latter two standards are no longer published.

5.2 Requirements for New Construction and
Original Test of Containers (Including DOT
Portable Tanks), Other Than Refrigerated
Storage Tanks (see exception in 7.1.3).

5.2.1 Containers used with systems covered in
Sections 6, 9, 11, and 12 shall be made of steel or

_other material compatible with ammonia, and
" tested in accordance with the current ASME Code.

An exception to the ASME Code requirements is
that construction under Table UW 12 at a basic joint
efficiency of under 80% is not authorized. Con-
tainers shall not be inspected and tested under the
provisions of UG-90(c)(2) of the'ASME Code.

5.2.2 Containers designed and constructed in
accordance with the ASME Code, other than
refrigerated storage containers, shall comply with
the following additional requirements:

5.2.2.1 The entire container shall be post-weld
heat treated after completion of all welds in and/or
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to the shells and heads. The method employed shall
be as prescribed in the ASME Ceode. It is recom-
mended that post-weld heat treatment be per-
formed in a furnace of a size sufficient to
accommodate the entire container. Welded attach-
ments to pads may be made after post-weld heat
treatment. {8]

5.2.2.2 Steels used in fabricating pressure-
containing parts of a container shall have a tensile
strength no greater than a nominal 70 000 psi (480
MPa) (does not apply to Sections 8, 9, and 10).

5.2.3 All containers, except refrigerated storage
tanks with a design pressure of 15 psig (100 kPa)
and less, and cylinders and containers covered in
Section 8, shall be inspected by a person who holds a
valid National Board Commission as an Authorized
Inspector or as an QOwner-User Inspector as defined
in the National Board Inspection Code. [11]

5.2.4 Welding for the repair or alteration of
pressure-containing parts of a container shall be
performed in compliance with the applicable pro-
visions of the current edition of the National Board
Inspection Code.[11] Where specific procedures are
not given, it is intended that subject to acceptance of
the Inspector, all repair or alteration shall conform
insofar as possible to the ASME Code section and
edition to'which the container was constructed.

5.3 Location of Containers

5.3.1 Selection of a location for a storage con-
tainer shall be made considering the potential

physiological and environmental effects of ammonia
on the surroundings adjacent to the proposed site.
Containers shall be located outside of buildings
except in buildings or sections thereof especially
approved for the purpose.

5.3.2 Containers shall be located at least 50 feet
(15 m) from a dug well or other sources of potable
water supply, unless the container is a part of a
water treatment installation.

5.3.3 The minimum distance of a storage con-
tainer to dwellings or to population centers shall be
in accordance with the requirements of the local
jurisdiction having authority.

5.3.4 Container locations shall comply with
Table 3.

5.8.5 Container storage areas shall be accessible
to emergency vehicles and personnel.

5.3.6 Areas within 10 feet (3 m) of a storage
container shall be maintained clear of dry grassand
weeds and other combustible materials.

5.4 Markings of Non-Refrigerated Containers
and Systems Other than DOT Containers

5.4.1 Each system nameplate, when required,
shall be made of a noncorroding metal permanently
attached to the system by continuous welding
around its perimeter, and located so as to be readily
accessible for inspection. Nameplates shall be
maintained in legible condition and include mark-
ings as prescribed in 5.4.2.

TABLE 3

MINIMUM DISTANCES FOR LOCATION OF AMMONIA STORAGE CONTAINERS
(Customary Units and SI Units)

Minimum Distances (in feet or meters) from-Each Container to:
Line of Adjoining Property Place of
Nominal Capacity of Container which may be built upon, Public Institution
{Gallons or Cubic Meters) Highways & Mainline of Railroad Assembly Occupancy
*Qver 500 to 2000 gals 25 ft 150 ft : 250 ft
Over 2000 to 30 000 gals 50 ft 300 {t 500 ft
Over 30 000 to 100 000 gals 50 ft 450 ft : 750 ft
Over 100 000 gals 50 ft 600 ft 1000 ft
Over 2 to 8 m? 8m 45 m 75 m-
Over 8to 110 m? 15m 90 m 150 m
QOver 110 to 400 m?® 156 m 140 m 230 m
Over 400 m3 15m 180 m 300 m

*NQOTE: For 600 gallens (2m3) or less, see 5.3.1 and 5.3.3.
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. 5.4.2 Each container or system covered in See-
tions 6, 9, 10 (except “ton containers” and cylinders),
11, and 12 shall be marked as specified in the
following:

5.4.2.1 With a marking as required by para-
graph UG-116 of the ASME Code and identifying
compliance with the rules of the ASME Codeunder
which the container is constructed

5.4.2.2 With National Board of Boiler and
Pressure Vessel Inspectors stamping to indicate
registration of the container with this organization

5.4.2.3 With a notation on the container and
system nameplate to indicate whether the system is
designed for aboveground or underground instal-
lation or both

5.4.2.4 With the minimum and maximum
temperatures in degrees Fahrenheit (°F)or degrees
Celsius (°C) for which the container is designed

5.4.2.5 With the wall thicknessof the container
shell and heads in inches or millimeters (mm)

5.4.2.6 With the water capacity of the con-
tainer in poundsor kilograms (kg), or U.S. standard
gallons or cubic meters (m¥) at 60°F (15.6°C)

5.4.2.7 With the outside surface area of the
container in square feet or square meters (m?)

5.4.2.8 Marking required by paragraph UG-
116 of the ASME Code shall be arranged in
accordance with the requirements of UG-118(b).
Marking required by 5.4.2.2 through andincluding
5.4.2.7 must be stamped on the nameplate required
in 5.4.1, following the marking arrangement speci-
fied by UG-118(b) on a separate nameplate imme-
diately adjacent to the ASME Code nameplate.
Requirements of 5.4.1 shall also apply to the
separate nameplate. '

5.4.3 Each container or system covered in Sec-
tions 6, 9, 10 (except cylinders), 11, and 12 shall be
fitted with a liquid level gauge indicating the
maximum level to which the container may befilled
with liguid anhydrous ammonia at temperatures
between 20°F (-7°C) and 100°F (38°C), except on
containers provided with fixed maximum level
indicators, such as fixed length dip tubes or con-
tainers that are filled by weight, Marks shall be in
increments of not more than 20°F (10°C). (See 5.9.3
regarding requirement for thermometer well and
thermometer.)

5.4.4 All container openings except for pressure
relief valves, pressure indicating devices, ther-
mometer wells, or liquid level indicators shall be
marked, stenciled, tagged, or decaled to indicate
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whether the opening is in contact with the liquid or
vapor phase when the container is filled to the
maximum allowable filling density.

5.5 Container Appurtenances

5.5.1 All appurtenances of each system shall be
approved. See 2.3.

5.5.2 All appurtenancesshall be designed for not
less than the maximum working pressure of that
portion of the system on which they are installed.
All appurtenances shall be fabricated from
materials proved suitable for anhydrous ammonia
service. '

5.5.3 All connections to containers except those
for pressure relief devices, thermometer wells,
liquid level gauging devices, or those fitted with a
No. 54 (0.055 in or 1.40 mm) drill size orifice, or
those plugged, shall have shut-off valves located as
close to the container as practical.

5.5.4 Excess flow valvesshall close automatically
at the rated flows of vapor or liquid as specified by
the manufacturer. The connections and line, inciud-
ing valves and fittings being protected by an excess
flow valve, shall have a greater capacity than the
rated flow of the excess flow valve, :

5.5.5 Liquid level gauging devices that require
bleeding of the product to the atmosphere, and
which areso constructed that outward flow will not
exceed that passed by a No. 54 (0.055in or 1.40 mm)
drill size opening, need not be equipped with excess
flow valves.

5.5.6 An opening in a container to which a
pressure gauge connection is made need not be
equipped with an- excess flow valve, if such an
opening is not larger than No. 54 (0.055 in or
1.40 mm) drill size.

5.5.7 An excess flow or back pressure check
valve, where required by this standard, shall be
installed directly in the container opening.

5.5.8 Excess flow valves shall bedesigned witha
by-pass, not to exceed a No. 60 (0.040 in or 1.02 mm)
drill size opening, toallow equalization of pressures.

5.5.9 Shut-off valves with an integral excess flow
valve shall be designed for proper installationina
container opening so that the excess flow valve will
close in the event that the valve body, extending
above the coupling, is sheared or broken off.

5.5.10 Allexcess flow valvesshall be plainly and
permanently marked with the name or trade-mark
of the manufacturer, the catalog number, and the
rated capacity.
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5.5.11 Each liquid filling connectionshall havea
positive shut-off valve in conjunction with either an
internal back-pressure check valve or an internal
excess flow valve. Vapor connections shall have a
positive shut-off valve together with an internal
excess flow valve.

5.5.12 Quick opening (1/4 turn) valves are not
recommended for use on transfer lines.

5.6 Piping, Tubing and Fittings

5.6.1 All piping, tubing, and fittings shall be
made of steel or other material suitable for anhy-
drous ammonia service.

5.6.2 All piping, tubing, and fittings shall be
designed for a pressure not less than the maximum

‘pressure to which they may be subjected in service.

5.6.3 All piping shall be supportedin accordanée
with good piping practices and provisions shall be
made as necessary for expansion, contraction,
impact, vibration, and for settling. All non-refrig-
erated ammonia piping shall conform to ANSI/
ASME B31.3, American National Standard for
Chemical Plant and Petroleum Refinery Piping; all
refrigerated ammonia piping used with refrig-
erated systems shall conform to ANSI/ASME
B31.5, American National Standard for Refrigera-
tion Piping, sections of the American Standard
Code for Pressure Piping, as they apply to
ammonia. [14] and [15}

5.6.4 Piping used on non-refrigerated systems
shall be at least ASTM A-53 Grade B seamless or
Electric Resistance Welded Pipe. [16] Pipe joints
shall be threaded, welded or flanged. Pipe shall be
at least Schedule 40 when joints are welded, or
welded and flanged. Pipe shall be at least Schedule
80 when joints are threaded. Brass, copper, or
galvanized steel pipe or tubing shall not be used.
Threaded nipples shall be seamless. Welding shall
be done by a welder certified in accordance with the
ASME Code, Section IX, “Welding Qualifications.”
(17] Tubing joints shall be flared and made up with
flare type fittings complying with ANSI/SAE
J513f. [18] .

5.6.5 All metal flexible connections for perma-
nent installations shall have a minimum working
pressure of 250 psig (1700 kPa) (safety factor of 4).
For temporary installations, hose meeting the
requirement of 5.7 may be used.

5.6.6 Cast iron fittings shall not be used. Those
parts of valves which are subjected to gas pressure
should be made of steel, ductile {nodular) iron, or
malleable iron. Valves in this case include shut-off
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valves, excess flow valves, back check valves,
emergency shut-off valves, and remotely controlled
valves. Ductile iron shall meet the requirements of
ANSI/ ASTM A395and malleable iron the require-
ments of ANSI/ASTM A47.[19]

5.6.7 Adequate provisions shall be made to pro-
tect all exposed piping from physical damage that
might result from impact by moving machinery,
automobiles or trucks, or any other equipment at
the facility.

5.6.8 Joint compounds shall be resistant to
ammonia at the maximum pressure and tempera-
ture to which they may be subjected in service.

5.6.9 After assembly, all piping, hose, and tubing
shall be tested and proved to be free from leaksat a
pressure not less than the normal operating pres-
sure of the system.

5.7 Hose Specification

5.7.1 Hose used in ammonia service and subject
to container pressure shall conform to the Ameri-
can National Standard RMA IP-14, Specifications
for Anhydrous Ammonia Hose (see Appendix A).

5.7.2 Hose subject to container pressure shall be
designed for a minimum working pressure of 350
psig (2400 kPa) and a minimum burst pressure of
1750 psig (12 000 kPa). Hose assemblies, when
made up, shall be capable of withstanding a test
pressure of 500 psig (3400 kPa).

5.7.3 Hose and hose connections located on the
low pressure side of flow control, or pressure
reducing valves on devices discharging to atmo-
spheric pressure, shall be designed for the maxi-
mum low side working pressure. All connections
shall be designed, constructed, and installed so that
there will be no leakage when connected: Shut-off
valves on the end of liquid and vapor transfer hoses
shall be equipped with bleed valves to enable the
operator to bleed off pressure prior todisconnecting
the hoses. :

5.7.4 Whereliquid transfer hose is not drained of
liguid upon completion of transfer operations, such
hose shall be equipped with an approved shut-off
valve at the discharge end. Provision shall be made
to prevent excessive hydrostatic pressure in the
hose. See 5.8.11.

5.7.5 On all hose one-halfinch (13 mm) 0.D. and
larger, used in ammonia service and subject to
container pressure, there shall be etched, cast, or
impressed at five foot (1.5 m) intervals on the outer
hose cover the following information:
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Year of Manufacture

5.7.6 Hose in service shall be requalified
periodically in accordance with requirements
specified in CGA P-7, Standard for Requalification
of Cargo Tank Hose Used in the Transfer of Com-
pressed Gases. (20] :

5.8 Pressure Relief Devices

5.8.1 Every container used insystems covered by
Sections 6, 11, and 12 shall be provided with one or
more pressure relief valves of the spring-loaded
type conforming with the applicable requirements
of UL 132, Standard on Safely Relief Valves for
Anhydrous Ammonia and LP-Gas, or other equiva-
lent pressure relief valve standard. [21]

5.8.2 Pressure relief valves shall be in direct
communication with the vapor space of the container.

5.8.3 The discharge from pressure relief valves
shall be vented away from the container, upward
and unobstructed to the atmosphere. All pressure
relief valve discharge openings shall have suitable
rain caps that will allow free discharge of the vapor
and prevent the entrance of water. Provision shall
be made for draining condensate which may
accumulate. The rate of the discharge shall be in
accordance with the provisions of Appendix B.

5.8.4 Container pressure relief valves with rela- '

tion to the design pressure of the container shall be
set to start-to-discharge as follows:

Containers Minimum Maximum*
ASME U-68, U-69 110% 125%
ASME U-200, U-201 95% 100%

ASME 1952, 1956, 1959,

1962, 1965, 1968, 1971,

1974, 1977, 1980, 1983,

1986, and 1989. 95% 100%
API-ASME 95% 100%
U.S. Coast Guard (As required by USCG

regulations)

DOT (As required by DOT regulations)

* A relief valve manufacturer's tolerance of plus 10% is permitted.

5.8.56 Pressure relief valves used on containers
covered by Sections 6, 11, and 12 shall be constructed
to discharge at not less than the rates required in
5.8.3 before the pressure is in excess of 120% (not
including the 10% tolerance referred to in 5.8.4) of
the maximum permitted start-to-discharge pres-
sure setling of the device.
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5.8.6 Pressure relief valves shall be so arranged
that the possibility of tampering will be minimized.
If the pressure setting adjustment is external, the
relief valves shall be provided with means for
sealing the adjustment,

5.8.7 Shut-off valves shall not be installed

between the pressure relief valves and the con-
tainers or systems covered by Sections 6,11,and 12,
except that a shut-off valve may be used where the
arrangement of the shut-off valve is such as always
to afford the full capacity flow specified in 5.8.3
through a nonisolated pressure relief valve(s) which
shall remain operative.
NOTE: The above exception is made to cover such cases as a
three-way valve installed under two pressure relief valves, each
of which has the required rate of discharge and is so installed as
to allow either of the pressure relief valves to be closed off, but
does not allow both pressure relief valves to be closed off at the
same time. Another exception to this may be where two separate
pressure relief valves are installed with individual shut-off
valves. In this case, the two shut-off valve stems shall be
mechanically interconnected in a manner which will allow full
required flow of one pressure relief valve at all times. Still
another cxception is a pressure relief valve niuinifnld which
allows one valve to be closed off with the remaining unblocked
valve or valves providing not less than the rate of discharge
shown on the manifold nameplate.

5.8.8 Each pressure relief valve used with

_systems covered by Sections 6, 11, and 12 shall be

plainly and permanently marked as follows:
(1) With the letters “AA” or the symbol “NH."
(2) The pressure in pounds per square inch gauge
(psig) at which the valve is set to start-to-discharge
(3) The rate of discharge of the valve in cubic feet
per minute of air at 60°F (15.6°C) and atmospheric
pressure
(4) The manufacturer’s name and catalog number

For example, a pressure relief valve marked AA-
250-4200 (air) would mean that this valve is suitable
for use on an anhydrous ammonia container; that it
is set to start-to-discharge at 250 psig (1700 kPa);

and that its rate of discharge (see 5.8.1, 5.8.3, and

5:8.4) is 4200 cubic feet per minute (120m?/min) of
air.
5.8.9 The flow capacity of the pressure relief

valve shall not be restricted by any connection to it
on either the upstream or downstream side.

5.8.10 The manufacturer or supplier of a pres-
sure relief valve manifold shall publish complete
data showing the flow rating through the combined
assembly of the manifold with pressure relief valves
installed. The manifold flow rating shall be deter-
mined by testing the manifold with all but one valve
discharging. If one or more openings have restric-
tions not present in the remaining openings, the
restricted opening or openings, or those having the

19




AMERICAN NATIONAL STANDARD K61.1 — 1989

lowest flow, shall be used to establish the flow rate
marked on the manifold nameplate. The marking
shall be similar to that required in 5.8.8 for
individual valves.

5.8.11 A hydrostatic relief valve or equivalent
shall be installed in each section of piping (including
hose) in which liguid ammonia can be isolated
between shut-off valves to relieve the pressure
which could develop from the trapped liquid. If an
equivalent pressure relieving device is used, the
maximum accumulative pressure possible within
the system shall not exceed the limits of the system.

5.8.12 Thedischarge openihg from any pressure
relief valve shall not terminate inside any building
or below the highest roof line of any such building.

5.8.13 A pressure relief deviceshallbe subject to
a systematic, periodic visual external inspection at
least annually, to determine that it:

(1) Meets the applicable requirements specified
in 5.8

(2) Is free of evidence of tampering, damage,
corrosion, or foreign matter that might prevent
proper operation

(3) Is free of leakage when subject to pressures
below thé minimum allowable stari-to-discharge
setting

{4) Has a properly installed rain cap or other
device to avoid entry of moisture or other matter
into the relief valve outlet

(6) Has an open weep hole to permit moisture to

escape

'5.8.14 Any deficiency as may be found in 5.8.13
shall require immediate corrective action, replace-
ment, or repair of the pressure relief device as may
be appropriate.

5.8.15 No container pressure relief device shall
be used after the replacement date as specified by
the manufacturer of the device. If no date is speci-
fied, a pressure relief valve shall be replaced no
later than five years following the date of its
manufacture or last repair unless it has first been
disassembled, inspected, repaired, and tested by
the manufacturer, or by a qualified repair organiza-
tion in a manner such that the valve's condition and
performance is certified as being equivalent to the
standards for the original valve.

5.9 Filling Densities. (See 2.15) _

5.9.1 The filling densities for non-refrigerated
containers shall not exceed the following:
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Aboveground Underground
(1) Uninsulated 56%* 58%
(2} Insulated 57%
(8) DOT containers and cylinders shall be filled
in accordance with DOT regulations.

*NOTE: This corresponds to 82% by volume at -28°F (-33.3°C),
85% by volume at 5°F {-15°C}, 87.6% by volume at 30°F (-1.1°(),
and 90.6% by volume at 60°F (15.6°C).

5.9.2 The filling density for refrigerated storage
tanks shall be such that the tanks will not be liguid
full at a liquid temperature corresponding to the
vapor pressure at the start-to-discharge pressure
setting of the pressure relief valve.

5.9.3 If containers are to be filled according to
liquid level by any gauging method other than a
fixed length dip tube gauge, each container should
have a thermometer well and thermometer so that
the internal liquid temperature can be easily
determined and the amount of liquid and vapor in
the container corrected to a 60°F (15.6°C) basis.

5.10 Transfer of Liquids

5.10.1 Anhydrous ammoniashall always be at a
ternperature suitable for the material of construc-
tion and design of the receiving containers. Certain
steels are not suitable for refrigerated ammonia.
See Appendix Rof API Standard 620, Recommended
Rules for Design and Construction of Large Welded
Low-Pressure Storage Tanks, for materials for low
temperature service. [22]

5.10.2 At least one qualified operator experi-
enced in the procedures shall monitor the transfer
of ammonia from the time the connections are first
made until they are finally disconnected. Such
monitoring may be performed by a person onsite, or
from a remote location, or by electronic means.
Capability shall be provided to halt the transfer in
the event of an emergency.

5.10.3 Cargo tanks and tank cars shall not be
unloaded with gas pressure other than from an
ammonia source.

5.10.4 Containers and cylindersshall be filled or
used only upon the owner’s authorization.

5.10.5 Containers and cylinders shall be gauged
and charged only in the open atmosphere or in
buildings provided for that purpose.

5.10.6 Pumps used for transferring ammonia
shall be recommended and labeled for ammonia
service by the manufacturer.

5.10.6.1 Positive displacement pumps shall be
equipped with a pressure actuated hy-pass valve on



the discharge side of the pump. This valve shall
operate tolimit the pressure developed by the pump
to the maximum for which the pump is rated.
Piping or tubing sized to carry the full capacity of
the pump at the actuation pressure of this valve
shall connect the discharge of this valve with the
container from which ammonia is being pumped. If
this line is capable of being closed off by a valve, an
additional by-pass device shall be incorporated in
the pump to by-pass back to the suction port. The
pressure actuated by-pass valve and the return
piping or tubing shall be installed in accordance
with the pump manufacturer's recommendations.

5.10.6.2 On the discharge side of the pump,
before the by-pass valve line, install a pressure
gauge graduated from 0 to 400 psig (0-2800 kPa).

5.10.6.3 Plant piping shall contain shut-off
valves located as close as practical to pump
connections.

5.10.7 Compressors used for transferring or
refrigerating ammonia shall be recommended and
labeled for ammonia service by the manufacturer.

5.10.7.1 Compressors, except those used for
refrigeration, shall be designed for at least 250 psig
(1700 kPa) working pressure. Crank cases of com-
pressors not designed to withstand system pressure
shall be protected with a suitable pressure relief
valve. '

5.10.7.2 Plant piping shall contain shut-off

‘valves located as close as practical to compressor

connections.
5.10.7.3 A pressure relief valve large enough

-to discharge the full capacity of the compressor

shall be connected to the discharge side before any
shut-off valve. :

5.10.7.4 Compressors shall have pressure
gauges at suction and discharge graduated to at
least one and one-half times the maximum pressure
that can be developed.

5.10.7.6 Adequate means, such as a drainable
liquid trap, shall be provided on the compressor
suction to minimize the entry of liguid into the
compressor.

5.10.7.6 Where necessary to prevent contamina-
tion, an oil separator shall be provided on the
discharge side of the compressor.

5.10.8 Loading lines shall be protected by a
suitable backflow check valve, and unloading lines
shall be protected by a suitable in-line excess flow
valve. Piping shall be sized so as not to restrict flow
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rates to the extent that protective devices will not
function.

5.10.8.1 By December 31, 1990, all stationary
storage installations shall have an approved emer-
gency shut-of{ valve installed in the fixed piping of
the transfer system within 5 lineal feet (1.5 m) of
where the hose or swivel piping is attached to the
fixed piping. This requirement does not apply to a
line feeding a fixed process system. The emergency
shut-off valve shall be installed in the facility piping
sothat any break will oceur on the side of the hose or
swivel connection. '

NOTE: This may be accomplished by conerete hulkheads or
equivalent anchorage, or by the use of a weakness or shear
fitting. Such anchorage is not required for tank car unloading.

5.10.8.2 Anapproved emergency shut-off valve
shall incorporate a manually activated shut-off
from a remote location, and a manually activated
‘shut-off at the installed location.

5.10.9 Metersused for the measurement of liquid
anhydrous ammonia shall be recommended and
labeled for ammonia service by the manufacturer.

5.10.9.1 Liquid meters shall be designed for
minimum working pressure of 250 psig (1700 kPa).

5.10.9.2 The metering systemshall incorporate
devices that will prevent the inadvertent measure-
ment of vapor.

5.11 Liquid Level Gauging Devices

5.11.1 Each container except those filled by
weight shall be equipped with an approved liquid
level gauging device.

5.11.2 All gauging devices shall be arranged so
that the maximum liquid level to which the con-
tainer is filled is readily determined, See 5.4.3

5.11.8 Gauging devices that require bleeding of
the product to the atmosphere such as the rotary
tube, fixed tube, and slip tube devices, shall be
designed so that the maximum opening of the bleed
valve is not larger than No. 54 (0.055 in or 1.40 mm)
drill size unless provided with an excess flow valve.
(This requirement does not apply to farm vehicles
used for the application of ammonia as covered in
Section 12)

5.11.4 Gauging devices shall have a design
pressure equal to or greater than the design pres-
sure of the container on which they are installed.

5.11.5 Fixed maximum liquid level gaugesshall
be designed and installed to indicate a volumetric
level not to exceed 85% of the container's water
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capacity. Refer to 5.9.1 NOTE in regard to volu-
metric limits at various temperatures.

NOTE: This does not apply to refrigerated storage.

5.11.6 Gauge glasses of the columnar type shall
be restricted tostationary non-refrigerated storage
installations. They shall be equipped with shut-off
valves having metallic hand wheels, with excess-
flow valves, and with extra heavy glass adequately
protected with a metal housing applied by the
gauge manufacturer. They shall be shielded against
the direct rays of the sun.

5.12 Painting of Containers

5.12.1 Aboveground uninsulated containers
should have a reflective surface maintained in good
condition. White is recommended for painted sur-
faces, but other colors laving similar reflecting
characteristics are acceptable.

NOTE: Caution should be exercised to ensure that graphic

designs, company logos, etc. do not significantly reduce the
necessary reflective characteristics of the container surface.

5.13 Electrical Equipment and Wiring

5.13.1 Electrical equipment and wiring for use
in ammonia installatiens shall be general purpose
or weather resistant as appropriate.

5.13.2 Where concentrations of ammonia in air
in excess of 16% by volume are likely to be
encountered, electrical equipment, and wiring shall
be installed to comply with the requirements
specified for use in hazardous locations, Class [,
Group D, of NFPA 70, National Electrical Code,
Articles 500 and 501. [23] _

6. SYSTEMS UTILIZING STATIONARY,
PIER-MOUNTED OR SKID-MOUNTED
ABOVEGROUND OR UNDERGROUND,
NON-REFRIGERATED STORAGE

This section applies to stationary, pier-mounted,
skid-mounted, aboveground or underground, non-
refrigerated storage installations utilizing con-
tainers other than those constructed in accordance
with U.S. Department of Transportation Specifi-
cations. All Basic Rules of Section 5 apply to this
section unless otherwise noted.

6.1 Design Pressure and
Construction of Containers

6.1.1 The minimum design pressure for non-
refrigerated containers shall be 250 psig (1700
kPa). See 5.1.2.

NOTE: Existing U-68 and U-69 ASME Code containers with a
design pressure of 200 psig (1400 kPa) are acceptable for
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reinstallation if re-certified to 250 psig (1700 kPa) in accordance
with National Board Inspection Code procedures and if approved
by the local jurisdictional authority. [11]

6.2 Container Valves and Accessories,
and Discharge Connections

6.2.1 Allvapor and liquid connections, except for
pressure relief valves and those specifically
exempted in 5.5.5 and 5.5.6, shall be equipped with
approved excess flow valves; or in lieu thereof, may
be fitted with approved quick-closing internal
valves which, except during operating periods,
shall remain closed.

6.2.2 Each storage container shall be provided
with a pressure gauge graduated from 0 to 400 psig
(0-2800 kPa). Gauges shall be designated for use in
ammonia service.

6.2.3 All containers shall be equipped with a
suitable vapor equalizing connection.

6.2.4 All containers shall be equipped with a
fixed maximum liguid level gauge.

6.3 Pressure Relief Devices

6.3.1 Every container shall be provided with one
or more pressure relief valves of spring-loaded or
equivalent type which shall comply with the
following:

6.3.1.1 Relief valves shall be installed in a
manifold or other suitable device sothat they can be
replaced while the container remains pressurized.
See 5.8.7 NOTE. '

6.8.1.2 The discharge from pressure relief
valves shall be vented away from the container,
upward and unobstructed to the open air to an area
such that persons, property, and the environment
will not be harmed. Vent pipes shall not be restric-
tive or smaller in size than the pressure relief valve
outlet connection. All pressure relief valves shall
have suitable rain caps that will allow free dis-
charge of the vapor and prevent the entrance of
water. Suitable provision shall be made for drain-
ing condensate which may accumulate.

6.3.1.3 If desired, vent pipes from two or more
pressure relief devices located on the same unit, or
similar lines from one or more different units, may
be run into a common header, provided the cross-
sectional area of such header is at least equal to the
sum of the cross-sectional areas of the individual
vent pipes.

6.3.2 The rate of discharge of spring-loaded
pressure relief valves installed on underground’
containers may be reduced by not more than 30

T T



percent of the rate of discharge specified in Appen-
dix B. Containers so protected shall not be
uncovered after installation until the liquid
ammonia has been removed, Containers which may
contain liguid ammonia before being installed
underground, and before being completely covered
with earth, are to be considered aboveground con-
tainers when determining the rate of discharge
requirements of the pressure relief valves.

6.3.3 On underground instaliations where there
is a prabability of the manhole or housing becoming
flooded, the discharge from vent lines shall be
located above the high water level. All manholesor
housings shall be provided with ventilated louvers
or their equivalent, the area of such openings
equalling or exceeding the combined discharge
areas of the pressure relief valves and vent lines
which discharge their content into the manhole
housing.

6.4 Installation of Storage Containers

6.4.1 Containers installed aboveground shall be
provided with substantial reinforced concrete

“footings and foundations, or structural steel sup-

ports mounted on reinforced concrete foundations.
In cither case, the reinforced concrete foundations
or footings shall extend below the established frost

"line and shall be of sufficient width and thickness to

support the total weight of the containers and
contents adequately. Where required by local codes,
seismic loads shall be considered in the design of the
footings and foundations. The foundation shall
maintain the lowest point of the tank not less than 18
inches (0.5 m) above the ground. Floating type
foundations shall also be acceptable providing the
foundations are designed to adequately support the
tank, contents, and piping. See b.6.

6.4.2 Horizontal aboveground containers shall
be mounted on foundations in such a manner as'to
permit expansion and contractions. Every container
shall be supported so as to prevent the concentration
of excessive loads. The bearing afforded by the
saddles shall extend over at least one third of the
circumference of the shell. Suitable means for
preventing corrosion shall be provided on’ that
portion of the container in contact with the founda-
tions or saddles.

6.4.3 The location and installation of an under-
ground container, and the type of corrosion control
employed must have approval of the appropriate
jurisdictional authority. Containers buried under-
ground shall be placed so that the top of the
container is at least one foot {0.3 m) below the
surface. Should ground conditions make compliance
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with these requirements impractical, precautions
shall be taken to prevent physical damage to the
container. It is not necessary to cover the portion of
the container to which a manhole and other connec-
tions are affixed. When necessary to prevent
floating, containers shall be securely anchored or
weighted.

6.4.4 As a minimum, underground containers
shall be set on firm foundations (firm earth may be
used) and be surrounded by at least six inches of
noncorrosive, inert materials, such as soft earth,

-sand, or gravel well compacted into place. As a

further means of resisting corrosion, the container
and its piping, prior to placement in the ground,
shall be provided with the following:

(1) a suitable protective coating applied after
proper surface preparation in accordance with the
coating manufacturer’s recommendations

(2) cathodic protection

(3) electrical isolation of the container from
ancillary equipment

Corrosion-resistant materials of construction may
be used as an option. A container which has been
coated shall be lowered into place in a manner to
preventabrasion or damage to the coating. Selection
of the type of protection should be based upon the -
judgmentof a qualified engineer having knowledge
of the corrosion history of the area.

6.4.5 The horizontal distance between above-
ground and underground containers of over 1200
gallons (4.5 m?) capacity shall be at least 5 feet
(1.5 m).

6.4.6 Secure anchorage or adequate pier height
shall be provided against container flotation wher-
aver sufficiently high flood water might occur.

6.4.7 A groundwater monitoring program meet-
ing local, state, or federal regulatory requirements .
shall be established at the storage site by the owner
of the underground storage system.

6.5 Reinstallation of Containers

6.5.1 Containers, once installed underground,
shall not later be reinstalled aboveground or
underground, unless they successfully withstand
hydrostatic pressure retests at the pressure specified
for the original hydrostatic test as required by the
ASME Code under which the tank was constructed,
and show no evidence of serious corrosion..

6.5.2 Where containers are reinstalled under-
ground, the corrosion resistant coating, if used,
shall be put in good condition; see 6.4.4. Where
containers are reinstalled aboveground, pressure
relief devices or gauging devices shall comply
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with 5.8,
containers.

6.6 Marking Containers

6.6.1 Each container or group of containersshall
be marked on at least twosides that are visible with
the words, “ANHYDROUS AMMONIA,"or“CAU-
TION — AMMONIA,” insharply contrasting colors
with letters not less than 4 inches high (100 mm).

6.6.2 Each container or group of containersshall
be conspicuously marked with a hazard warning
label complying with 29 CFR 1910.1200. [5]

6.6.3 Each container or group of containers
which are installed underground shall have a sign
bearing marks and labeling as required in 6.6.1 and
6.6.2 located adjacent to the cover described in 6.7.2.

6.7 Protection of Container and Appurtenances

6.7.1 Containers and appurtenances shall be
located or protected by suitable barriers so as to
avoid damage by trucks or other vehicles. Main
container shut-off valves shall be kept closed and
locked when the installation is unattended. If the
facility is protected against tampering by fencing
or other suitable means, valve locks are not required.

6.7.2 All connections to underground containers
should be located within a suitable dome, housing,
or manhole fitted with a substantial removable
cover.

6.7.3 Storage containers need not be electrically
grounded.

6.8 Identification

6.8.1 A legible sign shall be displayed on the
premises at which a storage system is located, so as
to be readily visible to emergency response per-
sonnel, stating the name, address, and telephone
number of the nearest representative, agent, or
owner of the storage system.

7. REFRIGERATED STORAGE

This section applies specifically to systems utlllZ- '

ing tanks for the storage of anhydrous ammonia
under refrigerated conditions. All Basie Rules of
Section 5 apply to this section unless otherwise
stated.

7.1 Design of Tanks

7.1.1 Tanks may be designed for any storage
pressure desired as determined by economical
design of the refrigerated system.
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5.11, and 6.3 as applicable to aboveground

7.1.2 The design temperature shall be the mini-
mum temperature to which the container will be
refrigerated and shall be so designated.

7.1.3 Containers with a design pressure exceed-
ing 15 psig (100 kPa) shall be constructed in
accordance with 5.2 and the material shall be
sclected from those listed in APl Standard 620,
Recommended Rules for Design and Constraction of
Large, Welded, Low-Pressure Storage Tanks, Tables
2.02, R.2.2, R.2.3, or R.2.4, [22]

7.1.4 Tanks with adesign pressureof 15 psig (100
kPa) and less shall be eonstructed in accerdance
with the general requirements of API Standard
620, including Appendix R. [22]

7.1.5 When austenitic stainless steels or non-
ferrous metals are used, the ASME Code shall be
used as a guide in selection of materials for use at
the design temperature. [15]

7.2 Installation ofStorage Tanks (Aboveground)

7.2.1 Tanks shall be supported on suitable non-
combustible foundations designed to accommodate
the type of tank being used. ‘

7.2.2 Adequale protection against flotation or
other water damage shall be prowded wherever
high flood water might oceur.

7.2.3 Tanks storing product which is at less than
32°F (0°C) shall be supportedin such a way, or heat
shall be supplied, to prevent the effects of freezmg

and subsequent frost heaving of the soil.

7.2.4 The area surrounding a refrigerated tank
or group of such tanks shall be provided with
drainage, or shall be diked or provided with other
secondary containment systems to prevent acciden-
tal discharge of liquid from spreading to uncon-
trolled areas.

7.2.5 When drainage iz employed, a slope of not
less than one percentshall be provided. Thedrainage
system shall terminate in an impounding basin
having a capacity as large as the largest tank
served.

7.2.6 Provision shall be made for the drainage of
rain water from the dike or impounding area. Such
drainage shall be provided with a positive means to
stop the flow.

7.2.7 Where a dike is employed, the capacity of
the diked enclosure shall be 110% of the capacity of
the largesttank served. When computing the volume.
of the dike, allowance shall be made for the volume
displaced by all other containers in the diked area.
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ABSTRACT

The NOXSO process is a FGT system that employs a reusable sorbeat. A fluidized bed of sorbent
simultaneously removes SO, and NO, from flue gas. The spent sorbent is regenerated by treatment
at high temperature with a reducing gas. Adsorbed NO, is evolved on heating the sorbent to

regeneration temperature. The concentrated stream of NO, produced is returned to the boiler with the

combustion air.

NOXSO Corporation, MK-Ferguson, W.R. Grace & Co., and Ohio Edison will conduct a pilot test
of the NOXSO system at Ohio Edison’s Toronto station. The plant treats 12,000 SCFM of flue gas
containing 2300 ppm SO, and 350 ppm NO,, which is roughly 1/20 the size of a commercial module.

The paper summarizes the system design.

An additional test of the NO, recycle concept will be conducted at the Babcock & Wilcox Research
Center in Alliance, Ohio. The test apparatus is 2 6 million Btu/hr small boiler simulator. It isa
scaled-down version of B&W's single cyclone front wall fired boiler design. The proposed test plan
and the data from previously reported NO, reduction tests using a pe-fired system at the Pittsburgh

Energy Technology Ccnter{\are included.
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INTRODUCTION

The NOXSO Process simultaneously removes SO, and NO, from the {luc gas of coal-fired boilers
using a dry, regencrable sorbent. Three previous tests of the NOXSO Process have been conducted.
The first was a bench-scale program conducted at TVA’s Shawnee Steam Plant for the purposes of
establishing process chemistry and kinetics, quantifying sorbent attrition rates, and establishing the
corrosion properties of different metals for use in specific applications within the NOXSO Process.
The kinetic tests were all performed in a fixed bed reactor (1,2). Funding was provided by NOXSO
and by the U.S. Department of Energy’s (DOE) Pittsburgh Energy Technology Center (PETC). The
second and third test programs were funded and conducted by DOE at PETC with technical guidance
provided by NOXSO Corporation. The second test program was designed to test laboratory data in
a scaled-up process, 3/4 MW in size (3). The third test program was a life-cycle test to determine
sorbent physical and chemical performance over repeated cycles of adsorption and regeneration (4).
The current test program is a 5§ MW pilot plant that will provide the data necessary to scale up to a
full size (100 MW) module (5). The pilot plant is currently under construction at Ohio Edison’s
Toronto Station and is scheduled to begin operation in May 1991. NOXSO Corporation is responsible
for operation of the pilot plant while funding comes from DOE, the Ohio Coal Development Office,
NOXSO Corporation, W.R. Grace & Co., and MK-Ferguson Co. A brief comparison of these four
test programs is given in Table 1. Detailed information on test facility design, test results, and data

analysis can be obtained from the previously referenced reports.

PROCESS DESCRIPTION

The NOXSO Process is a post-combustion flue gas treatment technology that simultaneously removes
both SO, and NO, from the flue gas generated by coal-fired utility boilers. The process utilizes a high
surface area y-alumina substrate impregnated with sodium to achieve removal efficiencies of 90% for
SO, and 70%-90% for NO,. A process flow diagram is shown in Figure 1, and a description of the

process is given below.

Flue gas leaving the boiler passes through the combustion air preheater, the electrostatic precipitator,
and into the NOXSO flue gas treatment system. The flue gas is first cooled to 120°C by vaporizing
a water stream sprayed directly in the ductwork. The cooled flue gas is then passed through a

fluidized bed of sorbent where the SO, and NO, are simultaneously adsorbed. The clean flue gas



flows through a cyclone where attrited sorbent is separated and returned to the adsorber bed. Finally,

the flue gas is returned to the power plant duct and exhausted through the stack.

- After the sorbent is loaded with SO, and NQ,, it is removed from the adsorbers and pneumatically

conveyed to a sorbent heater. The sorbent heater is a three-stage fluidized bed where a hot air stream
is used to heat the sorbent to 660°C. During the heating process, NO, and loosely bound SO, are
desorbed and transported away in the heating gas stream. The hot air stream exiting the sorbent heater
is recycled back to the boiler replacing a portion of the combustion air while providing an energy
credit to the NOXSO Process. At normal boiler operating conditions, the recycled NO, will either be
reduced by hydrocarbon fuel or suppressed by the formation of additional NO, so that a steady-state

equilibrium concentration of NO, is attained.

Once the sorbent reaches a regéneration temperature of 660°C, it is transported from the sorbent
heater to a moving bed regenerator. In the regenerator, sorbent is contacted with natural gas in a
countercurrent fashion. The natural gas reduces sulfur compounds on the sorbent (mainly sodium
sulfﬁte) to primarily SO, and H,S with some COS also formed (less than 2% of total inlet sulfur).
Approximately 48% of the sodium sulfate is reduced to sodium suifide which must subsequently be
hydrolyzed in the steam treatment vessel. The moving bed steam treatment is obtained from the
reaction of steam with Na,S. The regenerator off-gasses are sent to a Claus plant where SO, and H,S

are reacted to form elemental sulfur. The sulfur is sold as a by-product of the NOXSO Process.

From the steam treatment vessel, the sorbent is fed to a sorbent cooler. The cooler is a three-stage
fluidized bed where the sorbent is cooled to 120°C using an ambient air stream. The warm air exiting
the cooler is further heated in a natural gas fired heater before being used to heat the sorbent in the

fluidized bed heater. The cooled sorbent is returned to the adsorber completing one full cycle,

PROCESS CHEMISTRY

The NOXSO sorbent is prepared by spraying Na,CO, solution on the surface of vy-alumina sphere (1.6
nominal diameter). Both sodium and alumina contribute to the NOXSO sorbent’s capacity to adsorb
S0, and NO, from flue gas. Our laboratory tests show that the presence of steam in the flue gas helps

the SO, sorption. The reaction of the sodium can be described as follows:




Na,CO, + Al,0, A 2Naalo, + co, (1
2NaAlO, + H,0 «— 2NaOH + Al,0, (2}
2NaOH + SO, + %02 — Na,$0, + H0 3)
2 @
2NaOH + 2NO + =0, « 2NaNO, + H;0
1
2NaOH + 2NO, + =0, — 2NaNO, + H,0 (5)
2

Adsorbed nitrogen oxides are decomposed and evolved on heating the spent sorbent to regeneration
temperature. The concentrated stream of NO, produced on heat-up is returned to the boiler with the
combustion air. This results in no significant increase of NO, concentration in the boiler flue gas

because of the reversibility of NO, formation in the boiler (1,2).

The spent sorbent can be regenerated at high temperature with many kinds of reducing gases, such as

H,S, CO, H,, natural gas, etc. The regeneration reaction, for example, using natural gas at 610°C

is described below:

4Na,SO, + CH, — 4Na,S0, + CO, + 2H,0 (6)
4Na,S0, + 3CH, — 4Na,S + 3C0, + 6H,0 g

Al,0, + Na,50, «— 2NaAlQ, + SO, 8
Al,0, + Na,5 + H,0 « 2NaAlo, + H,S ®

Although sulfite has not been identified in our studies, it is a likely intermediate in sulfate reduction.
A detailed discussion on the existence of sulfide during regeneration had been given by Gavalas it.al.
(6) who used CO to study the regeneration of alkali-alumina. The SO, and H,S produced from

regeneration are then converted to elemental sulfur in a Claus-type reactor.




50, + 2H,S «— xSy, * 2H,0 (10}

The sulfur produced is a marketable by-product of the process.
PROOF-OF-CONCEPT PILOT TEST

Background
On May 10, 1989, a consortium assembled by NOXSO Corporation signed a cost-shared contract with

the DOE/PETC to conduct a POC test of the NOXSO process. The consortium consists of NOXSO,
MK-Ferguson, W.R. Grace & Co., Ohio Edison and the Chio Coal Development Office. The POC
project will take approximately three years to complete, and the test will be conducted at a coal-fired

Ohio Edison plant in Toronto, Ohio.

POC Test Site

The POC unit will treat flue gas from either Boiler #10 or Boiler #11 at Ohio Edison’s Toronto
Station. Two sources of flue gas will be tapped so that the POC test can continue as long as one of
the boilers is operating. A slipstream of flue gas will be taken downstream of the Toronto plant’s
electrostatic precipitators. The Toronto boilers are pe-fired and burn Ohio coal containing 3.7%
sulfur. The flue gas typically contains 2300 ppm SO, and 350 ppm NO,.

POC Test Schedule

Detailed design engineering has been completed and the major pieces of equipment have been ordered.

Construction began in April 1990 and will be completed in May 1991. The test will run through
February 1992.

POC Process

The process flow diagram for the POC has shown in Figure 1. The system differs from a commercial
application of the NOXSO technology in two important areas. First, the POC facility does not include
a Claus plant, which in the commercial design would be used to produce a sulfur by-product from the
concentrated stream of SO, and H,S produced in the regenerator. This is because Claus technology
is commercially available and therefore does not require testing at pilot scale. Second, the POC does
not include NO, recycle to the coal combustor. In the commercial design, NO, in the air leaving the

sorbent heater is recycled to the combustor as part of the combustion air. Since NO, formation in the




coal combustor is a reversible reaction, addition of NO, to the combustion air suppresses the formation
of NO, in the combustor. However, NO, recycle is impractical in the POC test since the POC treats

less than 10% of the flue gas produced by Toronto Unit 10 or L1

POC Test Unit Design
Data from three previous tests of the NOXSO process were used to design the POC test facility. A

comparison of the three previous test programs was given in Table 1. The design specifications for

the major equipment in the POC test facility are listed in Table 2.

Materials of Construction
During development of the NOXSO process, some corrosion problems were encountered, particularly

in the regenerator. Different materials of construction were tested to withstand the high temperature
environment of SO, H,S, elemental sulfur, and sulfated sorbent. Corrosion results were documented

in an earlier report (2), the practical results of the test program are discussed here.

In tests performed at the Shawnee Steam Plant, sorbent was heated with electrical resistance heaters
made of Inconel 600, Monel 400, type 316 and type 316L stainless steel (S5). All these materials
exhibited severe corrosion in areas of sorbent contact attributed to hot sulfation of nickel. It should
be noted that the temperature of the heating elements themselves were substantially higher than the bed
temperature of 600°C. - The reactor, made out of either type 316 or type 316L S8, showed scale on
the inside surfaces after use. When the reactor was made of type 446 SS or alonized type 316L SS,

there was no scale and only a slight discoloration of the metal surfaces observed.

In the LCTU, the regenerator was made of alonized type 304 SS and showed no visible evidence of
corrosion at the end of 330 regeneration cycles. Based on these results, it was felt that either 446 SS

or alonized 304 or 316L SS would be satisfactory for the POC regenerator.

The sorbent heater also encounters hot sulfated sorbent and will therefore be made of type 304 SS.
The bottom bed of the sorbent heater where the temperature is 660°C will be alonized. All other
vessels will be made of standard A-285 or A-283 grade C carbon steel, as no corrosion problems are

anticipated.
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The other area in the NOXSO process that requires special consideration for materials is between the
flue gas cooler and the adsorber. In this area, sub-acid dewpoint corrosion can occur. All previous
NOXSO tests have cooled the flue gas indirectly while at the POC the flue gas will be cooled by a
direct water spray in the ductwork. The flue gas temperature in this portion of the system will be
112°F so that an acid-resistant epoxy coating will be used to line the ductwork from the cooler to and
including the bottom of the adsorber. This epoxy has not been tested previously by NOXSO, but there

exists ample literature that supports its use as-an acid resistant material in other similar applications.

NO, RECYCLE

NO, recycle will be implemented at the full-scale commercial demonstration plant. The concept of
NO, recycle has been tested previously using the SO0 Ib/hr coal combustor used for the 3/4 MW tests

and also using a tunnel furnace.capable of being fired with a variety of fuels including gas, fuel oil,

coal, and coal-water mixtures.

Previous N le Results
NO, recycle was tested by spiking the combustion air with varying concentrations of bottled NO, and

measuring the outlet NO, concentration from the combustor. The net NO, production rate was
determined by a material balance on the combustor as shown schematically in Figure 2. The NO, flow
rate at the exit of the combustor minus the NO, feedrate into the combustor equals the rate that NO,
is produced in the combustor, which is defined as the net NO, production rate (R). For data reduction
purposes, the NO, production rate (R) and the NO, feedrate (F) were normalized with respect to
conditions at zero NO, feed according to R*=R/R, and F*=F/R, where R, is the NO, production rate
at F = O. Results from the 500 Ib/hr combustor are compiled in Table 3. The measured data are
NO, concentration at the exit of the combustion system and the flow rate of NO, fed into the

combustor with the combustion air. Data provided in the other columns were calculated.

A plot of R* versus F* is shown in Figures 3 and 4 for both the 500 Ib/hr combustor and the tunnel
furnace, respectively. In each case, the data fall in a straight line, but with different slopes. The two
lines are described by the equation R* = 1 - aF*, The parameter “a“ is the slope of the line and also
represents the fraction of NO, fed to the combustor that is destroyed, The value of "a" is 0.65 for

the 500 1b/hr combustor and 0.75 for the tunnel furnace. The data for the tunnel furnace include both

natural gas combustion and coal-water slurry combustion.




These results demonstrate that the nature of the fuel has no affect on the effectiveness of the
combustion system to reduce NO, fed through the combustion air. Also, the NO, reduction capability
of a combustion system is independent of the amount of NO, fed with the combustion air. Finally,
the most important variables are those associated with the combustor design. NO, recycle will be

extensively studied at the Babcock & Wilcox Research Center in Alliance, Ohio.

Pilot-Scale NO, Recycle Test
The power plant selected for the NOXSO fult-scale demonstration (Ohio Edison’s Niles Station, Niles,

Ohio) uses cyclone burners. Since the destruction efficiency of NO, recycle has not previously been
tested with cyclone type bumers, a demonstration of NO, recycle with this type of coal combustor is

necessary for the proper design of the NOXSOQ fuli-scale plant.

Pilot-scale NO, recycle tests will be done using Babcock & Wilcox’s 6 million Btu/hr Small Boiler
Simulator (SBS) shown in Figure 5. The water-cooled furnace is a scaled-down version of B&W’s
single-cyclone, front-wall fired boiler design. The cyclone has been in operation since February 1985.
The SBS cyclone furnace simulates a large cyclone unit very well. A comparison between the SBS

cyclone furnace and commercial units is given in Table 4.

The NO, recycle tests will begin with three loads and three excess air levels to establish the baseline
of the NO_ emission from the SBS furnace. NO will then be injected in multiples of the baseline NO,
production levels. The NO concentration at the air inlet duct to the cyclone will be measured to
document the inlet level. Stack NO, will be measured to determine NO, destruction occurring in the
flame. The seres of tests with different NO injection rates will also be performed at three furnace
loads and three excess air levels. This test result will assist the determination of a second injection

location for the next series of tests.

In the second series of tests, NO and NO, will be injected separately for two furmace loads and two
excess air levels. Volumetric flowrate of the injected NO and NO, will be based on the proportion
of these gasses that are present in the NOXSO sorbent heater off-gas. The addition of methane to the
air stream to assist the NO, destruction (7) will also be tested. The NO, recycle test will be finalized
by burning the coal from the Niles plant in the SBS furnace. Since the coal-ash slagging
characteristics are important to the power plant operation, the use of Niles plant coal will assess the

change of the coal ash’s "flowability" in the Niles plant when the NO, recycle stream is instalied.




FUTURE WORK

On December 21, 1989, NOXSO Corporation, in association with MK-Ferguson Company, W.R,
Grace & Co., and Ohio Edison, received an award from DOE’s Clean Coal Technology Program to
conduct a $66 million, full-scale commercial demonstration of the NOXSO technology. The U.S.
DOE will provide $33 million and the remaining funds will be provided by the Ohio Coal
Development Office, the Electric Power Research Institute, the Gas Research Institute, the East Ohio
Gas Company, and the aforementioned NOXSO development team. The 115 MW demonstration plant
will be installed at Ohio Edison’s Niles Power Plant in northeastern Ohio. Construction is scheduled
to begin in early 1993 with plant startup scheduled in May 1994. This project is the final step in the

program to commercialize the NOXSO technology.
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Table 1. Comparison of NOXSO Test Programs

Test Program

Operating Parameter TVA 3/4 MW
Coal Bumed, lbs/hr NA 500
Flue Gas Volume, SCFM 0.35 1200
Adsorber Type Fixed Bed Fluid Bed
SO, Inlet Concentration, ppm 2300 1465-5000
NO, Inlet Concentration, ppm 600 470-720
SO, Removal Efficiency, % 90 90-99*
NO, Removal Efficiency, % 90 80-92*
Reducing Gas for Regeneration  H,S, H,, CO  H,, H,+CO, CH,
Operating Mode Batch Batch

Test Program
Operating_Parameter LCTU POC
Coal Burned, lbs/hr. 40 NA
Flue Gas Volume, SCFM 120 12000
Adsorber Type Fluid Bed Fluid Bed
SO, Inlet Concentration, ppm 1450-3000 2300
NQ, Inlet Concentration, ppm 240-800 350
SO, Removal Efficiency, % 60-90* ok
NO, Removal Efficiency, % 60-90* *x
Reducing Gas for Regeneration  H,, CH, Natural Gas
Operating Mode Continuous Continuous

NA = Not applicable, i.¢., small slipstream was drawn from the power plant ductwork.

* = In the 3/4 MW and LCTU tests, removal efficiencies cover a wide range since
operating conditions were intentionally varied to study their effect on process
performance.

** = Pilot plant is under construction.
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Table 2. POC Major Equipment Specifications*

Fluidized Bed Adsorber
Diameter
Temperature
Settled Bed Height
Sorbent Residence Time
Superficial Gas Velocity

Transport Disengaging Height

Material of Construction

Fluidized Bed Sorbent Heater
Number of Stages
Diameter
Settled Bed Height
Sorbent Residence Time
Superficial Gas Velocity

Transport Disengaging Height

Material of Construction

Fluidized Bed Sorbent Cooler
Number of Stages
Diameter
Settled Bed Height
Sorbent Restdence Time
Superficial Gas Velocity

Transport Disengaging Height

Material of Construction

10.5 it
120°C

2 ft

45 min

3 ft/s

7.7 ft
Carbon Steel

3

7.7 ft

09 ft

30 min

3 ftfs

2.8 ft

Type 304 SS

3

5.7 ft

1.2 ft

20 min

3 ft/s

43 ft
Carbon Steel

Moving Bed Regenerator/Steam Treater

Diameter

Bed Height

Sorbent Residence Time
Material of Construction

Air Heater
Design Flow (Air)
Temperature Rise

Type

Pneumatic Conveyor
Sorbent Circulation Rate
Lift Distance

Adsorber Cyclone
D-50
D-100
Gas Flowrate
* At base case operating conditions.

4 ft

10.3 ft/6.8 fi

30 min/20 min
Alonized Type 304H SS

14,300 1bs/hr
330°C

Natural gas fired in duct bumners

9,994 Ibs/hr
80 ft

20 pm
100 pm
16,257 ACFM @ 120°C




Table 3. NO, Reduction Data; 500 [b/hr Combustor (3)

F

Test NO, Exit NO, Exit NO, Fed R

No.# ppm Ib/hr ib/hr Ib/hr R* E*
1 550 3.59 0 +3.59 1.0 0
2 1370 3.94 14.09 -5.15 -1.43 392
3 875 5.71 8.29 -2.58 -0.72 231
4 650 4,24 0 +4.24 1.0 0
5 850 5.55 4.66 +0.89 0.21 1.10
6 330 6.07 5.49 +0.58 0.14 1.29
7 700 4.56 0 +4.56 1.0 0
8 1100 7.17 6.64 +0.53 0.12 1.46
9 1200 7.82 7.98 -0.16 -0.04 175
10 820 5.34 1.60 +3.74 0.82 0.35

Tests 1 - 3. Coal feedrate = 223 Jos/hr, Flue gas flowrate = 122.1
moles/hr (dry), and Temperature = 2500°F.

Tests 4 - 6. Coal feedrate = 352 lbs/hr, Flue gas flowrate = 160.0
moles/hr (dry), and Temperature = 2500°F.

Tests 7 - 10. Coal feedrate = 431 lbs/hr, Flue gas flowrate = 180.4
moles/hr (dry), and Temperature = 2500°F.

Table 4. Comparison of Baseline Conditions Between
the SBS Facility and Commercial Units

Typical
___SBS __ Cyclone-Fired Boilers

Cyclone Temperature >3000°F >3000°F
Residence Time at full load 1.4 sec 0.7-2.0 sec
Furnace Exit Gas Temperature 2265°F 2200°-2350°F
NOx Level 900-1200 ppm 600-1400 ppm
Ash Retention 80%-85% 60%-80%
Unburned Carbon <1% in Ash 1%-20%
Ash Particle Size (MMD; Bahco) 6-8 microns 6-11 microns

A
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The following report discusses current bench- and
pilot-plant advances in preparation of ADVAnced
#siliCATE (ADVACATE) calcium silicate sorbents for
flue gas desulfurization. It also discusses current
bench- and pilot-plant advances in sorbent
preparation. Fly ash was ground in a laboratoery
scale grinder prior to slurrving in order to decrease
the slurrying time needed for the sorbent to be
reactive with S0, Reactivity of ADVACATE sorbents
with SOz in the bench-scale reactor correlated with
their surface area.

ADVACATE sorbents produced with ground fly ash
were ecaluated in the 50 cfm 185 m*ik) pilot plant
providing * n duct residence time. ADVACATE
nerbent wan produced by slurrying ground fly ush
imedian particle size of 4.3 pmticith CatQGlly . the
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weight ratioof 3:1 at Y C (194°F} for 3 h to yield
solidy with 30 weight perevnt of initial free
moistvie. When this sorbent was injected indo the
duct with 1500 ppm SOz and at 11°C (20°F)
approach to saturation. the measured SO, removal
was approximatlely 60 percent ata Cal§
atoichiometric ratio of 2. Previously, when
ADVACATE sorbent was produced at $0°C (194°F)
and at the same fiv-ash-ta-CalOH)s weight ratio
using unground fIy ask, removal under the same
conditions in the duct was approximately 50 percent
following {2 Kk slurrving. The report precenta the
reaultn of pilot-ncale recyele tenis af the recycle ratio
aof 2. Finally, the report dixeusnes future {78,
Encironmental Protection Agency plana for
caommercialization of ADVACATE.
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Under U.S. Environmental Protection Agency {EPA) spon-
sorship, Jozewicz and Rochelle! studied the reaction of fiy
ash with calcium hydroxide [Ca{QOH)y) for the production of
reactive sorbents for use in fiue gas desulfurization (FGD)
processes. They found that solids produced by slurrying fly
ash and Ca(OH); were significantly more reactive than
Ca(OH), slone. This work demonstrated that silicu was the
most reactive compound of fly ash and that reactivity
increased with slurrying time/temperature. It also postu-
lated that the rate limiting step of the reaction of fly ash
with Ca(OH), was dissolution of silica from fly ash. Three
different approaches were tested that could increase the
dissolution rate of silica: additives (sodium hydroxide,
ammoniutn phosphate, phosphoric acid), more reactive
form of silica (diatomaceous earth, bentonitic clays), and an
increased slurrying temperature (pressure hydration).?3
The use of additives, or more reactive form of silica
significantly incressed the cost of sorbent preparation.
High capital cost of pressure hydration and decreased
conversion of Ca{QH), above 150°C likely due to formation
of ¢crystalline calcium silicates indicated that the commer-
cial competitiveness of calcium silicate sorbents could be
increased by the elimination/modification of this hydration
step. Another means to increase the rate of formation of
calcium silicates is to increase the availability of silica by fly
ash grinding. To test this approach, fly ash was ground in
an attritor prior to slerrying with Ca(OH)y throughout the
work described here.

FLUE GAS DUCT

Current bench- and pilot-plant research has been di-
rected toward optimal sotbent preparation. Fly ash grind-
ing before slurrying was investigated on the bench-scale to
decrease the slurrving time needed for the sorbent to be
reactive with sulfur dioxide 1504}, Results indicate that the
slurrying time can be decreased by a factor of 4, from 12to 3
h, and will yield the same or better reactivity resuits than
with unground fly ash. The reactivity of these sorbents with
S0, can be correlated with their surface area, which is also
a function of the particle size of the ground fly ash. High
reactivities measured can be attributed to the large surface
area of the calcium silicate as well as its water-retaining
capability. Time and temperature studies were also con-
ducted to determine the optimum temperature for slurry-
ing the ground fly ash and Ca(OH);. Results suggest that
90°C (194°F) is optimum.

Pilot-plant work investigated using ground fly ash as the
basis for calcium silicate formation. ADVAnced siliCATE
1. DVACATE:sorbents produced using ground fly ash were
evalunted in the 50 ¢fm (85 m3/h) pilot plant. Fly ash with a
median particle size of 16 um was ground to a median
particle size of 4.3 um and slurried with CaiOH); for 3 h at
a weight ratio of 3:1 and 90°C (194°F}, The resultant slurry
was dried in an oven to form free-flowing solids containing
spproximately 30 percent free moisture. This sorbent was
injected into the duct with 1500 ppm SO and at 11°C
{20°F) approach Lo adiabatic saturation temperature (AT,).
The measured SOy removal was about 60 percent at &
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stoichiometric ratio of 2.0, Previous testa® using ADVA-
CATE sorbent prepared with unground fly ash, at the same
conditions but following 12 h slurrying, yielded approxi-
mately 50 percent in-duct 504 removal. Pilot-scale recycle
tests at a recycle ratio of 2.0 were also conducted using the
60 cfm pilot plant. The results of these tests, through the
third pass of recycle, are shown below.

Future plans for developing the ADVACATE process
include a 10 MW, field demonstration at the Shawnee
facility of Tennessee Valley Authority. A complete factorial
test plan has been developed to eveluate in-duct S50,
removal elong with long-term, steady-state operation.

Experimental

Bench-Scale Facllities

Sorbent reactivity was evaluated in a bench-scale sand-
bed reactor designed to simulate baghouse conditions. The
reactor was a fixed bed normally using 1 g of sorbent
dispersed in 40 g of sand. Each sample was exposed for 1 h
to an SOycontaining nitrogen stream controlled to the
desired conditions of temperature and relative humidity.

Figure 3.  SEM photormcrograph of “as receered”
Chnch River By ash (CR) sample, %2000,

S

The experimental apparatus, shown in Figure 1, has been
discussed in more detail elsewhere.5% Experiments were
performed at a temperature of 64°C (147°F) and at AT, of
10°C (18°F) (corresponding to a relative humidity of 60
percent), Flue gas was simulated with 1000 ppm SO, in dry
nitrogen fod at 280 L/h (10 cth) at 20°C (68°F ).

SO, removal was determined by integrating the 1-h
concentration curve recorded by a Thermoelectron Pulsed
Fluorescent SO; Analyzer. Conversion has been defined as
the males of S04 removed from the flue gas divided by the
number of moles of CatOH); in the sorbent {0.0034 moles/g
at an ash-to-Ca(QOH), ratia of 3:1).

Pliot Plant

The pitot-plant fucility, shown in Figure 2, consists of
humidification to contro: the gas temperature and humid-
ity. The normal gas How for the facility is 50 acfm at 177°C
(350°F), and S0, is inyected at a rate of 0.4-1.0 b/h
{0.18-0.45 kg/h) Lo provide un 50, cuncentration of 1000-
2500 ppm. Ambient air is drawn through an air filter,
heated to 177°C (4507 F L and then humidified by evapora.
tive cooling to 54"C (130 Fi in the spray drver vessel and in
the duct. Thix corresponds toa AT of 117C L0 through
the svatem. The coold jus stream then flows through an
FO-M 124 5010 heat-traced sndnsulaed section of duct to s
pulse-jet bayhause fur collection of solds. The cleaned pas o
exhausted inte the atmosphers, The calcium mlicate sor-
besnits nre anpected by o screw {eaddeor anter the duct down:
stream of the humiditier The 5 cm o2 ino dameter, 245 m

{80 f) long duct provides for a flue gas residence time of
approximately 2 s. The collected solids are then di

from the baghouse hopper and stored for later use. A
detailed description of the pilot plant is provided else-
where. 4.

The 505 concentrations throughout the system were
monitored using a Dupont 411 Photometric Analyzer,
Sampling points are at the apray dryer outlet (system inlet),
baghouse inlet (duct), and baghouse outlet (total system).

~

Figure 4. SEM photormcrogragh of ground Chnch
Rrvay fly ash (UPCR) sample, x 5000.

The SQ; concentration was set at the system inlet and held
constant by a calibrated rotameter. To ensure no dilution or
air leakage, the concentration was checked at the baghouse
inlet and outlet before the test. Data were collected every
0.5 h during a 4-8 h test run at fairly constant conditions.

Sorbernts

Clinch River Ash. The fly ash from the Appalachian
Power Company's Clinch River Plant in Carbo, Virginia,
has been used throughout this work. The Clinch River fly
osh (CR) was produced by burning eastern bituminous coal
(fiy ash CaO content of 5.4 percent). Fly ash morphology
was characterized using a Scanning Electron Microscope
{SEM}. The view of a typical microscope field is presented in
Figure 3, where spherical particles with smooth surfaces
can be seen. Fly ash density was measured (o be 2.1 g/em?.
Mass median particle size was found to be 165 um by
sedimentation methad (Microtrak). ~ he nitrogen adsorp-
tion'desarption Brunauer, Emmett, and Teller t+BET) sur-
(ace areu was measured 1o be 1.8 m?/g, and pore volume
was 0.00366 cm? /¢

CafOH);. Reagent grade CatQl); from Fisher (Fisher
C-97) was used throughout bench-scale expe. iments. It was
determined by a thermogravimetric analyzer (TGA) tv be

93 percent CaiOH); tthe remaining 7 percent was surface ~

water, calcium carbonate, and impurities). Structursl prop-
ertier of a recypent grade CatO) )y were measured to be: 15
m2/g rurface area, 0.100 cm? g pore volume, and 56 um
mass median particle size

Commercial Mississippn Cat Ol was used throughout
the pilut-scale testa. 1t was determitied by TGA to be 94
percent CarQOl Yy and structural properties were 19 m2+p,
surface ares, 0.100 cm”s g pore volume, and 4.0 um median
particle size.

Benck Seale Samples of CH were ground in 8 Union
Process laboratory-seade 1.5 Hateh Attritor The sttritor is
a vertically aricnted mill with a stationary etinless stes]
tank Toadodd with 0 3 em 0 125000 staanless-steed halls
wintated by o relating inverial shatt with aroes turning at
U rpm Flv ashe was ground as o M weght pereent slurey
al romun tempesature tor | h, then dried betfore further use,
Fly b mrphobogy wae characterized vang SEM A tvpicad
mucroseope feld s presented an Fymure 4 Most af the



Figue 5. SEM photomicrograph of sorbent

rom grownd Cunch River Rty ash {BCR) hydrated
with Ca{OH) 7, at 2 31 wawght rabo, ko 3 h 1 50°C
(194°F), = 5000,

spherical particles (as shown in Figur 3) ure broken and of
irregular shape. Mass median particle size by Microtrak
methuod of CR fly ash ground by Union Process (UPCR) was
found to be 2.93 um. The BET surface area and porosity
have both increased to 5.4 m?/g and 0.017246 em3/g,
respectively.

Samples of CR were also ground in a laboratory ball mill
for times ranging from 8 to 56 h. The mill consists ol a 23.5
em (10 in.) dia. horizontal steel cylinder with 1.23 em
{0.5-in.) stainless-steel balls rotating at 50 rpm. CR was
loaded dry to half 1ill the cylinder. Grinding was continuous
with pauses only to take periodic grab samples. At the end
of 56 h of ball mill grinding, BET surface area of the fly ash
ground in the ball mill (BCR) had increased to 3.4 m?/g.

Sorbents were prepared from the above fly ash in a
two-step process: hydration and drying. Hydration was
petformed atmosphenically in a beaker placed in a hot water
bath controlled at 6§0°C (140°F) o boiling. Reagents were
added to hot water (1 part solid: 15 parts water) and stirred
for the entire hydration time, varied from 1 to 6 h. After
hydration, the slurry was vacuum-filtered, and the filter
cake was microwaved for 6 min to prevent any further
hydration of damp sorbents.

Typical sorbents were made with 3 parts fly ash and 1
part Ca(OH); (fly-=sh-to-Ca(QH)2 weight ratio of 3:1).
Several sorbents were characterized by SEM. A typical,
well-developed sorbent is presented in Figure 5. The pic-
tured sorbent’'s BET surface area has increased to 26.3
m?/g from an original fly ash surfacz area of 3.4 m?/g. The

surface area is very irregular with few planes visible.
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Pilot Scale. Baseline tests were performed with un-
ground CR that had becn atmospherically hydrated with
Ca(OH)z at 90°C (194°F} and at a fly-ash-to-Ca{OH)q ratio
of 3:1 for 12 h. This sorbent was termed unground CR
ADVACATE (UCA). The resultant slurry, approximately
70 percent water, was then dried in an oven at 65-393°C
{150-200"F) until the bulk residual moisture of the solids
was about 30 percent. Other tests involved using ground
CR ash that had been wet ground in a Union Process Model
15-S Attritor. The fly ash was ground in a 15-5 Attritor
from an initial mass median particle size of 16.53 pym to a
final mass median particle size of 4.3 pm. The ground ash
was also hydrated with Ca{OH), at a weight ratio of 3:1, at
90°C (194°C), but only for 3 h. This sorbent was termed
ground CR ADVACATE (GCA). The resultant slurry, for
the first pass, was aiso dried in the oven to approximately
30 percent residual moisture, All other passes of ground
material, namely recycle tests, were prepared by backmix-
ing the dry spent silicates collected in the baghouse with the

L
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Figure 7. The sflect of hydrabon temperatue and brme on
the comversion of Ca(OH) 3, (CONGMIONS i the 3anc-Ded reac-
Wr: 60 percent foiatvve hurvddy, 1000 ppm S03 concantra-
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fresh ADVACATE slurry. All solids were then passed
through a Vibro- Energy separator to break down all agglom-
erntes 1o suitable size fur feeding, The screen that the solids
passed through was 18 mesh, which resulted in moist solids
with a free-flowing consistency. The fresh ADVACATE
slurcy consisted of 2 parts recycle (spent silicates) to 1 part
fresh CatOH);, corresponding to a recycle ratio (RR) of 2.0,
It aiso contained 1.5 parts (resh ground fly ash to | part
fresh CatQOH)y, which simulated the inherent ash in the
system [rom the boiler, All recycle work was performed at a
bulk solid moisiure content of 35 percent.

Results &nd Discussion

Banch Scate

Sorbent made from unground CR hydrated at 90°C
{194°F) was used as a baseline for hench-scale sorbent
reactivity, No significant improvement in converaion was
sech by increasing hydration time frows § to 4 h; however,
an increase in conversion was obeerved from 36 percent at 4
h to 54 percent at a 6 h hydration (see Figure 6). Becaune
hydration time is directly related to hydrator size, which
affects capital cost for commercial epplication, hydration
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time must be minimized. In order o test the potential for
decreased hydration time, sorbent was made from UPCR
and Ca(QH). at the weight ratio of 3:1 by hydrating at 90°C
{194°F) for periods ranging from 1 to 6 h. All UPCR
sorhents tested had significantly higher reactivity than
similar sorbents made from CR, when expored to SOy in the
sand-bed reactor operated at a AT, of 10°C (18°F). Shorter
hydration time was needed to obtain a given conversion
with UPCR than with CR sorbents, For example, only 2 h
was needed to give about 50 percent conversion for UPCR
sorbent, whereas 6 h was needed for similar conversion
with CR sarbent. UPCR sorbent conversion incruased with
increased hydration time, Conversion increased signifi-
cantly from 1 o 3 h hydration, but little improvement
occurred from 3 to 6 h hydration. :
-Increased temperature of hydration increases the cost of
sorbent. To test the possibility of using lower temperatures,
sorbents were prepared by hydrating from 60 to 100°C (140
to Z12°F). Figure 7 shows reactivity of these sorbents
prepared from CR and UPCR. Reactivity of CR sorbents
remained at a conversion of about 033 mol S0y/mol
Ca(OH); over the hydration temperature range of 70 to
100°C for 3 h hydrations. Sorbents prepared from UPCR
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decreased in reactivity as hydration temperature decrensed
from 100 to 60°C. There se¢med to be u step change in
conversion for UPCR sorbents hydrated 3 h from sbout
0.42 mol 505/mol Ca{QOH); below 70°C to 0.80 mol SO/
mo! Ca(OH), or better abave B0"C. Reactivity for UPCR
gorbent prepared at 60°C increased with hydration time,
but not as dramatically as UPCR sorbent prepared at
higher temperatures.

As shown in Figures 6 and 7, grinding fly ash before
hydration with Ca(OH), to produce ADVACATE sorbenta
yielded substantial improvement in conversion over simi-
larly prepared sorbents using unground fly ash for condi-
tions tested. However, the amount of grinding needed will
influence mill size and power requirements. To test the
effect of the amount of fly ash gz.nding on the sorbents’
reactivity, sorbents were made with CR ground in a ball
mill (BCR) from 8 to 56 h. The ratic of BCR surface area to
CR surface arva {normalized surface area) was used to
indicate the amount of grinding performed. BCR sorbents
were produced at the BCR-1o-CatOH); weight ratio of 3:1
and at 90°C (194°C) for 3 h and were subsequently tested on
the sand-bed reactor. Figure 8 shows the effect of grinding
on sorbent reactivity. Conversion increased steadily as the

o a

1500 ppm 50
ATy = 11°C 20°A)

¥
bt 8
& “°r
g- A
a
o O UCA, 12 h hydrution
A GCA I b tydraton
o . . .
] 1 2 E 4

i &R
Figure 10, ompanson of CA ADVACATE (UCA and GCA}.

normalized surface area of BCR increased from | to 2. The
data poirt at 8 normalized surface ares of 3 reflects UPCR
sorbent.

For the same hvdration conditions, sur{ace area of sor-
bents increased as the By ash surface area increased due to
grinding. In Figure 9, sorbent surface area is correlated
with conversion for sorbents hydrated under different
conditions using CR, UPCR, BCR. Sorbents wete hydrated
from 1 to 6 h at temperatures from 60 to 90°C. Conversion
in the sand-bed resctor increased as sorbent sur{ace arra
increased.

PiloA Scale

Verificatton of Grinding Effect. Pilot-plant tests were
conducted with UCA to provide a baseline for reactivity
with 50;. These results were compared with data (rom
injection of the maoist GCA. Each rorbent was inpected at
approximately 30 s0 35 percent residual mmsture and ot
Ca'S stoichiomet e ratio s SRyvol 12 and 3 All teats were
conducted at a humidifier et tempeerature of 350°F at a
AT, of 11°C €20 Fr throughout the system The inlet

conventeution of X0, was 1500 ppm.and only the haghouse
inlet ditta were reparted th gemubute duct S0, remeval in g
treld npreration

anT
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The UCA and GCA results are shown in Figure 10.
Previous data showed that CatOH); alone jielded spproxi-
mately 28 percent in-duct SO, removal ataSRof 2.0and a
concentration of 2000 ppm. At 1500 ppm SO, and a SR of
2.0, the unground calcium silicate solids yielded approxi-
mately 56 percent in-duct removal. This denonstrates the
much higher reactivity associated with the silicate-based
solids. Even at a SR of 1.0, the UCA yielded 26 percent
removal. The effective calcium utilization in Figure 10
increases gradually with increasing stoichiometric ratio. At
a 3R of 1.9, the UCA indicated an in-duct utilization of 26
percent; whereas, at SRs of 2.0 and 3.0, utilizations of 28
and 32.2 percent, respectively, were noted. One possible
nrplanntmn for this alight increase in utilization is the
increase in h.midity of the gas stream owing to the
increased grain loadings. Normally, an incrense in humidity
would correspond o a decrease in gas temperuture but,
becau«e of the duct heat trace, no changy in temperature
was nole! As indicated above, all sorbents were (ed at 30 to
35 percent residual moisture, but analysis of the baghouse
catch indicated that all material had dried 10 approximately
5 to 10 percent. This suggests that, even at a SR of 3.0, the
sorbent was releasing all possible moisture.

Previous data reported? indicated that in-duct SO, remov-
als of 20 to 35 percent were achieved when unground

e e e
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Figure 12,

oven-dried sorbent was injected at a SK range of 1.0 10 3.0
for a AT, of about 11°C (20°F) Current data, shown in
Figure l() indicate SO, removals of 25 to 95 percent for
comparable conditions, The lower removals associated with
previous data can be mostly attributed to the initial inher-

ent solids moisture content. Sollds used in previous tests!
were oven dried to a “'crisp”’ product that could be easily
crushed inte a fine, dry powder suitable for dry injection.
These s0iids normally possessed 5 percent residual mois-
ture before injection. The UCA solids recently tested con-
tained approximately 35 percent moisture. Because the
solids were identically prepared, the large difference in S0,
removal can be attributed to the additional inherent mois-
ture contained by the UCA. This inherent maoisture pro-
vides the media for the reaction between the sorbent
particle and 50y whereas, the low-moisture sorbent must
rely on the moisture in the gus stream to provide a basis {or
reaction Lo oocur.

When comparing UCA and GCA. it is apparent that only
a marginal increase in reactivity is noted for the ground
solids. Although the increase in reactivity is very small, the
important undetlying fuctor is thut, by grinding the fly ash
prior te hydration with CatOHy, its hydratiu:. time could
be reduced from 12 h to an optimum ¢f 3 h. This confirms
the lench-scale results discussed carier (Figure 61.

Recy.i: Tests, The sorbents used in the above dry-
injection tests were prepared by oven drying the ADVA-
CATE slurry to a desired moisture content. However, on a
commercial scale, a continuous operation, such as recycle
mixing, would be a more practical and efficient way to
produce a manageable, free-flowing product for feeding into
a8 duct. Spent material from the first pass of GCA testing
was used to prepere fresh solids for subsequent recycle
tests.

One part CalOH)y, 2 parts recycle product (RR = 2,04,
and 1.5 parts ground CR were hyciated at 90°C (194°F) for
3 h. The resultant slurry was then mixed with sufficient
recycle product to abtain « moist, {ree-flowing ADVACATE
product of approximately 30 percent residual moisture. The
mixture appeared sufficently dry to b handled by »
dry-solids feeder. Injection of these sulids resulled in an
immediate lowering of the flue gas temperature. For this
reason, tests were conducted with the temperatures ini-
tially set sufficiently high to allow for the decrease in buic
gas temperature to the desired AT, of 11°C (20°F). Moist
solids were injected into the simulated flue gas at approxi-
mately 93°C 1200°F). and they consequently lowered the
duct temperature to 54°C (130°F),

Three consecutive recvele passes were tested in the pilat

CorramarCuat s hame of the ADVACATE proCess
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plant to demonstrate the eflect recycle has on overall
sorbent reactivity and utilization. The results of these three
passes, in addition to the baseline pass, are shown in Figure
11. Results indicate that the first pass of recycle (Recvcle I}
yielded 66 percent utilizativu at a SR of 1.0 which is better
than previous dats reported for unground fly ash.¢ One
possible explanation is that using ungro'ind ash as the basis
for ADVACATE sorbents provides much less overall sur-
face area per gram of sarbent for calcium silicate formation
than if ground ash is used. The recycle sclids that were used
in the current testing emanated from ground fly ash, which
provided higher initial surface area for calcium silicate
formation.

Figure 11 also shows the overall results of the second and
third passes of recycle testing (Recycle I and III, respec-
tively). These passes were tested at a SR of less than 1
owing to the increased grain loadings and the consequent
difficalty in maintsining stable conditions. This difficulty in
maintainir~ stable conditions can be attributed greatly to
small (6 cm or 2 in. LD.) duct size used with an 85 m3/h (50
ft3/min) pilot system. This thermal and mass transfer
instability region has not been encountered in larger, and
therefore more turbulent flow, systems under comparable
duct conditions, and should not prove a problem in commer-
cial applications. Several tests were conducted for each pass
Lo ensure consistent operation of the pilot plant. Recycle 11
material was injected at a moisture content of 35 percent
and yielded 80 percent utilization at a SR of 0.61. Recycle
111 material, at 38 percent moisture, was injected at 8 SR of
0.75 and yielded 85 percent utilization. When compared
with the first pass and Recycle lin Figure 11, these two data
points suggest that equilibrium, or steady-state operation,
is being approached owing to the diminishing increase in
utilization. The above results demonstrated that utilization
of CatOH)y increased using recvele solids as a hasis and
indicate that Sy remavais of up to 90 percent in-duct are
pussible at 2 SR of 1.2 and complete equilibrium.

Commercial Actlvities?

Fivure 12 yepresents the commercial scheme ol the

AIWACATE process s envisaned for the 10 MW plag ’

evaliation iy DI - T, Kev provess [eatieres Illt'lll(i‘!',
1

e In-doet sorbent drving aned S0 absorpton \

o Onestep sorbent ruang injesctios LI
= Rarbent preparation with two slurry tanks and vne nndl
vattrtart :

As envisioned, epent sorbent and boiler fly ash are
collected in the electrostatic precipitator (ESP) or bag-
house, which has been modified mechenically for higher
loadings. A portion of the waste material is fed to 8 mix tank
along with fresh CaQ, a larger portion is diverted directly to
the mixer, and the remainder discarded as waste, From the
mix tank, CaO/fly ash slurry is pumped to a constant stir
tank reactor {CSTR), where the slurry is constantly recircu.
lated through a mill. The combination of particle abrasion
and heated water promotes the lime/silica reaction to form
a calcium silicate phase on fly ash surfaces. The product
silicate slurry is then routed to the mixer and blended with
dry recycle solids to form a damp, free-flowing powder that
is then injected into the duct at least 0.75 sec upstream of
the dust collector. Duct velocities greater than 15 m/sec are
necessary Lo ensure good gas/sorbent contact and to keep
duct walls swept clean of agginmerates. Although no studies
have been made of silicate waste disposal, the waste is
physically and chemically similar Lo spray dryer FGD waste
except that it is more hygroscopis and pozzolanic. Results of
one study show capital costs of $60-85/kW and operating
costs of 6 to 7 mills,kWh, assuming 2.7 percent sulfur
Midwestarn coal and a SR o 1.2.7

Optimism thut 90 percent SOz at a SR of 1.2 or less will
be achieved on a commercial scale is based on in-house pilot
and two previous field evaluations. EPA's in-house pilot (85
m3/h} plant has consistently shown 80 percent utilization
with mill-ground sorbent (GCA} (Figure 11). The first field
evaluation on a 1700 m3/h slipstream at the University of
Tennessee pilot plant showed 80+ and 90+ percent calcium
utilization in-luct and in-duct/baghouse, respectively, us-
ing unground sorbent, when ADVACATE was integrated
with the Moist Dust Injection process (Figure 13).7 When
the Limestone Injection Multistage Burner (LIMB) process
was augmented by ADVACATE injection on a 3400 m3/h
slipstream with ESP control, up to 97 percent additional
$07 removal was realized.® Field tests on a 10 MW,
vlipstream pilot plant at TVA's Shawnee [acility are cur-
rently scheduled to begin in Jonuary 1992, From this effort,
design &nd operating data for a full-scale system should be
derived.

To support these efforts, Acurex Corporation and EPA/
AEERL will continue research in the following process
areas with federal funds and funding from appropriate
vendors:

Opumization of particle attrition

Optimization of slurry/solids mixing

Integrated small milot evaduation

ESP performance

F.valuntion of {ly ashes and alternative calcium sources
Effects of additives and impurities
Concurrent with the above efforts, Acurex and EPA will
be developing non-fiy-ush ADVACATE technology for possi-
ble use on non-coai-fired combustion sources of ocid gases,
including wuste combustora, amelters, and industrial boil-
vra.

Conclusions

1. Hvdratien time and temperature bave sigmficant ef-
feets on sorbent reactivity for rorbents prepared from
ground [y ash and lime. Sorbent reactivity increases
with incresang hydeation fume and temperature, Sor.
bents prepored [rom ground [y ash were alwavs more
reactive than orbents tmade from ungreand fivash at
the <sume hvdreatem conditions

For soabents bivdrated at W0 Col9q Fiodor 3 n reachiy
1y tends toanerease as the amount af iy ash pranding
e s * plop tor sorbaend prerration



3. Reactivity tends to increase as sorbent surface aren
increases for sorbents hydrated (rom 1 to 6 h at 60 to
100°C (140-212°F).

4. Pilot-plant results verify that initially grinding the fly
ash before hydration with Ca(OH); decreases the opti-
mal hydration time from 12to 3 h. .

5. The inhereat moisture content of the ADVACATE
sorbent greatly affects its overall reactivity toward 5Oz

6. Initially using ground rather than unground fly ash
provides for a more reactive sorbent in subsequent
passes, owing to the higher initial surface area associ-
ated with the ground ash.

7. Pilot-scale data suggest that possible equilibrium, or
steady-state operation, can be achieved by the third or
fourth pass of recycie material. Recycle 111 material
demonstrated Ca{OH), utilization of up to 86 percent.
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INTRODUCTION

Under U.S. Environmental Protection Agency (EPA} sponsorship, Jozewicz and Rochelle! sdied the
reaction of fly ash with calcium hydroxide {Ca(OH),] for the production of reactive sorbents for use in flue gas
desulfurization (FGD) processes. They found that solids produced by slurrying fly ash and Ca(OH), were
significantly more reactive than Ca(OH), alone. This work demonstrated that silica was the most reactive
compound of fly ash and that reactivity increased with slurrying time/iemperature. It also postulated that the rate
limiling step of the reaction of fly ash with Ca(OH), was dissolution of silica from fly ash. Three different
approaches were tested that could increase the dissolution rate of silica: additives (sodium hydroxide,
ammonium phosphate, phosphoric acid), more reactive form of silica (diatomaceous eanh, bentonitic clays), and
an increased slumrying temperature (pressure h},"dralicon).z'3 The use of additives, or more reactive form of silica
significantly increased the cost of sorbent preparation. High capital cost of pressure hydration and decreased
conversion of Ca(OH), above 150 °C likely due to formation of crystaliine calcium silicates indicated that the
commercial competitiveness of calcium silicate sorbents could be increased by the climination/modification of
this hydration step. Another means to increase the rate of formation of calcium silicates is to increase the
availability of silica by fly ash grinding. To test this approach, fly ash was ground in a bench-scale autritor prior
10 slwrying with Ca(OH), throughout the work described here.

Current bench- and pilot-plant research has been directed toward optimal sorbent preparation. Fly ash
grinding before slurrying was investigated on the bench scale to decrease the slurrying time needed for the
sorbent to be reactive with sulfur dioxide (SO,). Results indicate that the siwrying time can be decreased by a
factor of 4, from 12 1o 3 h, and will yield the same or betler reactivity resuits than with unground fly ash. The
reactivity of these sorbents with SO, can be correlated with their surface area, which is also a function of the
particle size of the ground fly ash. High reactivities measured can be attributed to the large surface area of the
calcium silicate as well as with its water-retaining capability. Time and temperature studies were also conducted
to detcrmine the optimum temperature for slurrying the ground fly ash and Ca(OH),. Results suggest that 90 °C
(194 °F} is optimum. .

Pilot-plant work investigated using ground fly ash as the basis for calcium silicate formation.
ADVAnced siliCATE (ADVACATE) sorbents produced using ground fly ash were evaluated in the 50 ¢fm
(85 m*fh) pilot plant. Fly ash with a median particle size of 16 ym was ground to a median particle size of 4.3
pm and slurried with Ca(OH),, for 3 h at a weight ratio of 3:1 and 90 °C (194 °F). The resuliant slurry was
dried in the oven to form free-flowing solids containing approximately 30 percent free moisture. This sorbeat
was injected into the duct-with 1500 ppm SO, and at 11 °C (20 °F) approach 1o adiabatic saturation lemperature
(AT,). The measured SO, removal was about 60 percent at a stoichiometric ratio of 2.0. Previous tests” using
ADVACATE sorbent prepared with unground fly ash, at the same conditions but following 12 h slurrying,
yielded approximately 50 percent in-duct SO, removal. Pilot-scale recycle tests at a recycle ratio of 2.0 were
also conducted using the 50 cfm pilot plant. The results of these tests, through the third pass of recycle, are
shown below. ’

Future plans for dcvclbping the ADVACATE process include a 10 MW, field demonstration at the
Shawnee facility of Tennessee Valley Authority. A compleie factorial test plan has been developed to cvaluate
in-duct SO, removal along with long-term, steady-state operation.

EXPERIMENTAL
Bench-Scale Facilities
Sorbent reactivity was evaluated in a bench-scale sand-bed reactor designed to simulate baghouse

conditions, The reactor was a fixed bed normally using 1 g of sorbent dispersed in 40 g of sand. Each sample
was exposed for 1 h 10 an SO,-containing nitrogen stream controlled to the desired conditions of emperature and
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relative humlduy The experimental apparatus, shown in Figure 1, has been discussed in more detail
clsewhere 3¢ Experiments were performed at a temperature of 64 °C (147 °F) and at AT, of 10 °C (1§ °F)
{corresponding 10 a relative humidity of 60 percent). Flue gas was simulated with 1000 ppm 30, in dry nirogen
fed at 280 L/ (10 cfh) at 20 °C (68 °F).

80, removal was determined by integrating the 1-h concentration curve recorded by a Thermoelectron
Pulsed Fluorescent SO, Analyzer. Conversion has been defined as the moles of 30, removed from the flue gas
divided by the number of moles of Ca(OH), in the sorbent (0.0034 moles/g al an ash-te-lime ratio of 3:1).

Pilot Plant

The pilot-plant facility, shown in Figure 2, consists of humidification to control the gas temperature and
humidity. The normal gas flow for the facility is 50 acfm at 177 °C (350 °F), and 50, is injected at a rate of
0.4-1.0 b/ (0.18-0.45 kg/h) 1o provide an SO, concentration of 1000-2500 ppm at 20 °C (68 °F). Ambient air
is drawn through an air filter, heated to 177 °C (350 °F), and then humidified by evaporative cooling to 54 °C
(130 °F) in the spray dryer vessel and in the duct. This corresponds to a AT, of 11 °C (20 °F) through the
system. The cooled gas stream then flows through an 80-ft (24.5-m) heat-traced and insulated section of duct to
a pulse-jet baghouse for collection of solids. The cleaned gas is exhausted into the atmosphere. The calcium
silicate sorbents are injected by a screw feeder into the duct downstream of the humidifier, The 5 cm (2 in.)
diameter, 24.5 m (80 ft) long duct provides for a flue gas residence time of approximately 2 s. The collected
solids are then discharged from the baghouse hopper and stored for later use. A detailed description of the pilot
plant is provided elsewhere?,

The SO, concentrations throughout the system were monitored using a Dupont 411 Photometric
Analyzer. Sampling points are at the spray dryer outlet (system inlet), baghouse inlet {(duct), and baghouse outlet
(total system). The SO, concentration was st at the system inlet and held constant by a calibrated rotameter.
To ensure no dilution ot air leakage, the concentration was checked at the baghouse inlet and outlet before the
test. Data were collected every 0.5 h during 2 4-8 h test run at fairly constant conditions.

Sorbents

Clinch River Ash, The fly ash from Appalachian Power Company’s Clinch River Plant in Carbo, VA, has been
used throughout this work, The Clinch River fly ash (CR) was produced by buming eastern bituminous coal
"(Ca0 content of 5.4 percent). Fly ash morphology was characterized using a Scanning Electron Microscope
(SEM). The view of a typical microscope field is presented in F’lgurc 3, where spherical panicles with smooth
surfaces can be seen. Fly ash density was measured 1o be 2.1 glcm Median particle size was found 10 be 16.0
pm by sedimentation method (Microtrak). Thc nitrogen adsorption/desorption Brunaucr Emmetut, and Teller
(BET) surface area was measured 1o be 1.8 m Ig. and pore volume was 0.00366 cm g

Ca(OH),. Reagent grade Ca(OH), from Fisher (Fisher C-97) was used throughout bench-scaie experiments. It
was determined by a thermogravimetric analyzer (TGA) 10 be 93 percent Ca(OH), (the remaining 7 percent was
surface water, calcium carbonau: and lmpunucs) Structural properties of a reagent grade Ca(OH)2 were
measured 10 be: 15 m%/g surface area, 0.100 cm’/g pore volume, and 5.6 pm median particle size.

Commercial Mississippi Ca(OH), was used lhroughout the pilot-scale tests, It was determined by TGA
to be 94 percent Ca(OH), and structural properniies were: 19 m Ig surface area, 0.100 cm Ig pore volume, and
4.0 pm median particle size.

Bench Scale, Samples of CR fly ash were ground in a Union Process laboratory-scale 1-S Baich Attritor, The
attritor is a vertically oriented mill with a stationary stainless-steel tank loaded with 0.31-cm (0.125-in.) stainless-
steel balls agitated by a rotating intemal shaft with arms turning at 300 rpm. Fly ash was ground as a 30 weight
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percent shurry at room temperature for 1 h, then dricd before further use. Fly ash morphology was characterized
using SEM. A typical microscope field is presented in Figure 4. Most of the spherical particles (as shown in
Figure 3) are broken and of irregular shape. Median particle size by Microtrak method of CR fly ash ground by
Union Processs (UPCR) was found 10 be 293 pm. The BET surface area and porosity have both increased to
54 mzlg and 0.017246 cm¥/g, respectively.

Samples of CR were also ground in a laboratory ball mill for times ranging from 8 to 56 h. The mill
consists of a 23.5 cm (10 in.) dia. horizontal steel cylinder with 1.23 cm (0.5-in.) stainless-steel balls rotating at
50 ipm. CR was loaded dry to half fill the cylinder. Grinding was continuous with pauses only to take periodic
grab samples. At the end of 56 h of ball milt grinding, BET surfacc area of the fly ash had increased to

3.4 m¥/g.

Sorbents were prepared from the above fly ash in a two-step process: hydration and drying. Hydration
was performed atmospherically in 8 beaker placed in a hot water bath controlled at 60 °C to boiling. Reagents
were added to hot water {1 part solid:15 parts water) and stirred for the entire hydrmation time, varied from 1 to
6 h. After hydration, the slurry was vacuum-filtered, and the filter cake was microwaved for 6 min 10 prevent
any further hydration of damp sorbents.

Typical sorbents were made with 3 parts fly ash and 1 part Ca(OH), (fly-ash-to-Ca(OH), weight ratio of
3:1). Several sorbents were characterized by SEM. A typical, well-developed sorbent is presented in Figure 5,
The pictured sorbent’s BET swface area has increased to 26.3 m?/g from an original fly ash surface arca of 3.4
m%/g. The surface area is very imegular with few planes visible.

Pilot Scale. Baseline tests were performed with unground CR that had been atmospherically hydrated with
Ca(OH), at 90 °C (194 °F) and at a fly-ash-10-Ca(OH), ratio of 3:1 for 12 h. This sorbent was termed unground
CR ADVACATE (UCA). The resultant slurry, approximately 70 percent water, was then dried in an oven at
65-93 °C (150-200 °F} until the bulk residual moistre of the solids was about 30 percent. Other tests involved
using ground CR ash that had been wet ground in a Union Process Model 15-S Attritor, The fly ash was ground
in a 15-S Attritor from an initial particle size of 16.0 pm to 3 final median particle size of 4.3 pm. The ground
ash was also hydrated with Ca(OH), at a weight ratio of 3:1, at 90 °C (194 °C), but only for 3 h. This sorbent
was termed ground CR ADVACATE (GCA). The resultant slurry, for the first pass, was also dried in the oven
to approximately 30 percent residual moisture,  All other passes of ground materizl, namely recycle tests, were
prepared by backmixing the dry spent silicates collected in the baghouse with the fresh ADVACATE slurry. All
solids were then passed through a Vibro-Energy separator to break down all -agglomerates o suitable size for
feeding. The screen that the solids passed through was 18 mesh, which resulied in solids with a moist, free-
flowing consistency. The fresh ADVACATE slumry consisted of 2 parts recycle (spent silicates) to 1 pan fresh
Ca(OH),, comresponding to a recycle ratio (RR} of 2.0. It also contained 1.5 parts fresh ground fly ash to 1 pan
fresh Ca(OH),, which simulated the inherent ash in the system from the boiler. All recycle work was performed
at a bulk solid moisture content of 35 percent.

RESULTS AND DISCUSSION

Bench Scale

Sorbent made from unground CR hydrated at 90 °C (194 °F) was used as a baseline for bench-scale
sorbent reactivity. No significant improvement in conversion was seen by increasing hydration ume from 1 to 4
h: however, an increase in conversion was observed from 36 percent at 4 h 10 54 percent at a 6-h hydration (see
Figure 6). Because hydration time is directly related to hydrator size, which affects capital cost for commercial
application, hydration time must be minimized. In order to test the potential for decreased hydration time,
sorbent was made from UPCR and Ca(OH), at the weight ratio of 3:1 by hydrating at 90 °C (194 °F) for periods
ranging from 1 to 6 h. All UPCR sorbents lested had significanuy higher reactivity than similar sorbents made
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from CR, when exposed to SO, in the sand-bed reactor operated at a AT, of 10 °C (18 °F). Shorter hydration
time was needed (o obtain a given conversion with UPCR than with CR sorbents. For example, only 2 h was
needed 10 give about 50 percent conversion for UPCR sorbent, whereas 6 h was needed for CR sorbent UPCR
sorbent conversion increased with increased hydration time. Conversion increased significantly from 1 03 h
hydration, but litle improvement occurred from 3 to 6 h hydration.

Increased temperature of hydration increases the cost of sorbent. To test the possibility of using lower
temperatures, sorbents were prepared by hydrating from 60 to 100 °C. Figure 7 shows reactivity of these
sorbents prepared from CR and UPCR hydrated for 3 h. Reactivity of CR sorbents remained at a conversion of
about 0.33 mol SO,/mol Ca(OH), over the hydration temperature range of 70 to 100 °C, Sorbents prepared
from UPCR decreased in reactivity as hydration temperature decreased from 100 to 60 °C, There seemed (o be
a step change in conversion for UPCR sorbents hydrated 3 h from about 0.42 mol SOy/mol Ca(OH), below
70 °C to 0.80 mol SO,/mol Ca(OH), or better above 80 °C. Figure 8 further illustrates the effect of hydration
temperature on UPCR in more detail. Reactivity for UPCR sorbent prepared at 60 °C increased with hydration
time, but not as rapidiy as UPCR sorbent prepared at 90 °C (194 °F).

As shown in Figures 6 and 7, grinding fly ash before hydration with Ca(OH), 1o produce ADVACATE
sorbents yielded substantial improvement in conversion over similarly preparcd sorbents using unground fly ash
for conditions tested. However, the amount of grinding needed will influence mill size and power requirements,
To test the effect of the amount of fly ash grinding on the sorbents’ reactivity, sorbents were made with CR
ground in a ball mill (BCR) from 8 to 56 h. The ratio of BCR surface area 10 CR surface area (normalized
surface area) was used o indicate the amount of grinding performed. BCR sorbents were produced at the BCR-
10-Ca(OH), weight ratio of 3:1 and at 90 °C (194 °C) for 3 h and were subsequently tested on the sand-bed
reactor. Figure 9 shows the cffect of grinding on sorbent reactivity. Conversion increased steadily as the

. nommalized surface area of BCR increased from 1 to 2. 'Ihcdmapoimatancxmalizcdsmfaccamoﬂrcﬂccts'

UPCR sorbent.

Figure 10 shows the relationship between ground fly ash surface area and the surface area of the
resultant sorbent at two distinct slurrying conditions. For both 3 and 6 h hydrations at 90 °C (194 °F}, sorbent
surface area increased with increasing ground fly ash surface area Although the two data points at 5.5 m/g fly
ash surface area correspond to UPCR, they are consistent with other data points, which correspond w0 BCR.
Figure 10 demonstrates the importance of ground fly ash surface arca for the development of surface arca by the
sorbent. In Figure 11, sorbent surface area is comrelated with conversion for-sorbents hydrated under different
conditions using CR, UPCR, and moist ADVACATE solids produced in the pilot plant. Sorbents were hydrated
from 1 10 6 h at temperatures from 60 to 90 °C. Conversion in the sand-bed reactor increased as sorbent surface
area increascd.

Pilot Scale

Verification of Grinding Effect.  Pilot-plant tests were conducted with UCA to provide a baseline for reactivity
with $O,. These resulls were compared with data from injection of the moist GCA. Each ‘sorbent was injected
at approximately 30 to 35 percent residual moisture and at Ca/S stoichiometric ratios (SR) of 1,2, and 3. All
tests were conducted at a humidifier inlet temperature of 350 °F at a AT, of 11 °C (20 °F} throughout the
system. The inlet concentration of SO, was 1500 ppm, and only the baghouss inlet data were reported to
simufate duct SQ, removal in a ficld operaton.

The UCA and GCA results are shown in Figure 12. Previous data showed that Ca(OH), alone yielded
approximately 28 percent in-duct SO, removal at a SR of 2.0 and a concentration of 2000 ppm. At 1500 ppm
S0, and a SR of 2.0, the unground calcium silicate solids yielded approximaicly 56 percent in-duct removal.
This demonstrates the much higher reactivity associated with the silicate-based solids. Even at a SR of 1.0, the
UCA yiclded 26 percent removal. It is apparent from Figure 12 that the effective calcium utilization increases
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gradually with increasing stoichiometric rato. At a SR of 1.0, the UCA indicated an in-duct utilization of 26
percent; whereas, at SRs of 2.0 and 3.0, utilizations of 28 and 32.2 percent, respectively, were noted. One
possible explanation for this slight increase in utilization is the increase in humidity of the gas stream owing to
the increased grain loadings. MNormaily, an increase in humidity would correspond 10 a decrease in gas
temperature but, because of the duct heat trace, no change in temperature was noted.  As indicated above, all
sorbents were fed at 30 to 35 percent residual moisware, but analysis of the baghouse catch indicated thar alt
material had dried 1o approximately 5 to 10 percent. This suggests that, even at a SR of 3.0, the sorbent was
releasing all possible moisture.

Previous data reported* indicated that in-duct SO, removals of 20 1o 35 percent were achieved when
unground oven-dried sorbent was injected at a SR range of 1.0 o 3.0 for a AT, of about 11 °C (20 °F). Current
data, shown in Figure 12, indicate SO, removals of 25 to 95 percent for comparable conditions, The lower
removals associated with previous data can be mostly attributed 10 the initial inherent solids moisture content.
Solids nsed in previous tests® were oven dried to a "crisp” product that could be easily crushed into a fine, dry
powder suitable for dry injection, These solids normally possessed 5 percent residual moisture before injection.
The UCA solids recently tested contained approximately 35 percent moisture, Because the solids were
identically prepared, the large difference in SO, removal can be attributed to the additional inherent moisture
contained by the UCA. This inherent moisture provides the media for the reaction between the sorbent particle
and SOy to take place; whereas, the low-moisture sorbent mast rely on the moisture in the gas stream to provide
a basis for any significant reaction 10 occur.

When comparing UCA and GCA, it is apparent that only a marginal increase in reactivity is noted for
the ground solids. Although the increase in reactivity is very small, the important underlying factor is that, by
grinding the fly ash prior to hydration with Ca(OH),, its hydration time could be reduced from 12 h to an
optimum of 3 h. This confirms the bench-scale results discussed earlier (Figure 6).

Recycle Tests. The sorbents used in the above dry-injection tests were prepared by oven drying the
ADVACATE slurry to a desired moisture content, However, on a commercial scale, a continuous operation,
such as recycle mixing, would be 2 more practical and efficient way 10 produce a manageable, free-flowing
product for feading into a duct, Spent material from the first pass of GCA testing was used to prepare fresh

solids for subsequent recycle tests.

One part Ca(OH),, 2 parnts recycle product (RR=2.0), and 1.5 pans ground CR were hydrated at 90 °C
(194 °F) for 3 h. The resultant slury was then mixed with sufficient recycle product to obtain a moist, free-
flowing ADVACATE product of approximately 30 percent residual moisture. The mixmure appeared sufficiently
dry to be handled by a dry-solids feeder. Injection of these solids resulted in an immediate lowering of the flue
gas temperature.  For this reason, tests were conducted with the temperawres initially set sufficiendy high o
allow for the decrease in bulk gas wmperature 10 the desired AT, of 11 *C (20 °F). Moist solids were injected
into the simulated flue gas at approximately 93 °C (200 °F), and they consequently lowered the duct temperamre

to 54 °C (130 °F).

Three consecutive recycle passes were tested in the pilot plant to demonstrate the effect recycle has on
overall sorbent reactivity and utilization. The results of these three passes, in addition to the baseline pass, are
shown in Figure 13. Results indicate that the first pass of recycle (Recycle I} yielded 66 percent SO, removal at
a SR of 1.0. Previous pilot-plant data* for unground fly ash reported that there was little enhancement, if any,
from using reeycle solids to enhance Ca(OH), reactivity during slurrying instead of using fly ash only. One
possible explanation is that using unground ash as the basis for ADVACATE sorbents provides much less overall
surface area per gram of sorbent for calcium silicate formation than if ground ash is used. The recycle solids
that were used in the current testing emanated from ground fly ash, which provided higher initial surface area for
calcium silicate formation.
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Figure 13 also shows the overall results of the second and third passcs of recycle testing (Recycle 11 and
111, respectively). These passes were tested at a SR of less than 1 owing to the increased grain loadings and the
consequent difficulty in maintaining stable conditions. This difficulty in maintaining stable conditions can be
attributed greatly o small (2 in. 1.D.) duct size used with an 85 m3/h (50 f/min) pilot system. This terminal
and mass transfer instability region has not been encountered in larger, and therefore more wrbulent flow,
systems under comparable duct conditions, and should not prove a problem in commercial applications. The
results given for any recycle pass signify the highest achievable SR for that particular pass. Several tests were
conducted for each pass to ensurc consistent operation of the pilot plant. Recycle IT material was injected at a
moisture content of 35 percent and yielded 49 percent SO, removal at a SR of 0.61. Recycle IIl material, a1 38
percent moisture, was injected at a SR of 0.75 and yiclded 64 percent SO, removal. When compared with the
first pass and Recycle I in Figure 13, thesc two data points suggest that equilibrium, or steady-state operation, is
being approached owing to the diminishing increase in SO, removal.

Figure 14 presents the calculated extemal utilization of Ca(OH), for each pass of material. It is even
further suggested that equilibrium is being approached by comparing Recycles II and IIT to the previous passes.
Utilization between Pass 1 and Recycle [ increased from 33 10 approximately 66 percent. Recycle IT and Il
passes continued the upward trend to an average of 80 to 86 percent utilization, respectively. It can be assumed
that steady-state operation has been achieved. The above results demonstrated that utilization of Ca(OH),
increased using recycle solids as a basis and indicate that $0, removals of up o 90 percent in-duct are possible
at a SR of 1.0 and complete equilibrium,

COMMERCIAL ACTIVITIES’

Figure 15 represents the commercial scheme of the ADVACATE process as eavisioned for the 10 MW,
pilot evaluation in 1991-1992. Kcey process featres include:

. In-duct sorbent drying and SO, absorption
. One-step sorbent mixing/injection
. Sorbent preparation with two slurry tanks and one tower mill (attritor)

As envisioned, spent sorbent and boiler fly ash are collected in the electrostatic precipitator (ESP) or
baghouse, which have been modified mechanically for higher loadings. A portion of the waste material is fed 0
a slurry tank along with fresh CaQ, a larger portion is diverted directly 1o the mixer, and the remainder discarded
as waste. From the first tank, CaO/fly ash slurry is pumped to a constant stir tank reactor (CSTR), where the
slurry is constantly recirculated through a tower mill.

The combination of particle abrasion and heated water promotes the lime/silica reaction to form a
calcium silicate phase on fly ash surfaces. The product silicate slurry is then routed to the mixer and blended
with dry recycle solids to form a damp, free-flowing powder that is then injected into the duct at least 0.75 sec
upstream of the dust collector. Duct velocities greater than 15 m/sec are necessary to ensure good gas/sorbent
contact and to keep duct walls swept clean of agglomerates.

Although no stidies have been made of silicate waste disposal, the waste is physically and chemically
similar (0 spray dryer FGD waste except that it is more hygroscopic and pozzolanic. We speculate that, at the
worst, the ADVACATE waste may be disposed in a similar manner as spray dryer wastes, but that by-product
use as an insulation material or as an aggregate for conswruction materials is likely.

A number of cost studies for ADVACATE have been pcrfonncd.7 Resulis of a study performed by
Radian for EPA show capital costs of $60-85/kW and operating costs of 6 w0 7 mills/kWh, Table 1 summarizes
a case involving retrofit of a 300 MW, utility boiler burning 2.7 percent sulfur Midwestem coal, whereas Table
2 estimates costs for the same plant on a new (NSPS) construction basis. EPRI is currently estimating
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ADVACATE costs on a par basis with other FGD technologies.

All the above presumes that ADVACATE will achieve 90 percent $0, removal at a SR of 1.2 or less.
Optimism that these performance goals will be achieved on a commercial scale is based on in-house pilot and
two previous field evaluations, EPA's in-house pilot (85 m>/hr) plant has consistentdy shown 50 percent
utilization of Ca(OH), in-duct with unground sorbent {(UCA) and 70 to 80 gcrcem utilization with tower mill-
ground sorbent (GCA) (Figure 16). The first field evaluation on a 1700 m”/h slipstream at the University of
Tennessec power plant showed 80+ and 90+ percent calcium utilization in-duct and in-duct/baghouse,
respectively, using unground sorbent, when ADVACATE was integrated with the Moist Dust Injection process
(Figure 16).] When the Limestone Injection Multistage Bumer (LIMB) process was augmented by ADVACATE
injection on a 3400 m¥/hr slipstream with ESP control, up to 97 percent additional SO, removal was realized

(Table 3).]

Based on these performances, EPA and the University of Texas are currently licensing the ADVACATE
technology to the Tennessee Valley Authority (TVA) for use in their system and to Asca Brown Boveri (ABB)
Environmental Systems for marketing worldwide. The initial effort to preparc ADVACATE for
commercialization is a joint venture of TVA, ABB, EPA, and EPRI at the Shawnee facility in Paducah,
Kentucky, on 2 10 MW, slipstream. The current schedule calls for installation in mid-1991 and operation by fall
1991. From this effort, design and operating data for a full-scale system should be derived. Some consideration
is being made at this time for the resulting full-scale ADVACATE demonstration to be proposed for a clean coal

demonstration.

To support these efforts, Acurex Corporation and AEERL/EPA will continue research in the following
process areas with federal funds and funding from ABB:

. Optimization of particle atmition

. Optimization of slurry/solids mixing

. Integrated small pilot evaluation

. ESP performance

. Evaluation of fly ashes and altemative calcium sources
. Effects of additives and impuritics

Concurrent with the above efforts, Acurex and EPA will be developing non-fly-ash ADVACATE
technology for possible use on non-coal-fired combustion sources of acid gases, including waste combustors,

smelters, and industrial boilers.

CONCLUSIONS

1. Hydration time and temperature have significant effects on sorbent reactivity for sorbents prepared from
ground fly ash and lime, Sorbent reactivity increases with increasing hydration time and temperature.
Sorbents prepared from ground fly ash were always more reactive than sorbents made from unground fly ash

at the same hydration conditions.

2. For sorbents hydrated at 90 °C (194 °F) for 3 h, reactivity tends 10 increase as the amount of fly ash grinding
increases prior o sorbent preparation.

3. Reactivity tends 10 increase as sorbent surface area increascs for sorbents hydrated from 1 16 6 h at 60 to
100 °C.

4, Pilot-plant results verify that initially grinding the fly ash before hydration with Ca(OH), decreases the
optimal hydration time {rom 12 to 3 h.
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5. The inherent moisture content of the ADVACATE sorbent greatly affects its overall reactivity toward SO,

6. Initially using ground rather than unground fly ash provides for a more reactive sorbent in subsequent passes,
owing to the higher initial surface area associated with the ground ash.

7. Pilot-scale data suggest that possible equilibrium, or steady-state operation, can be achieved by the third or
fourth pass of recycle material. Recycle III material demonstrated Ca(OH), utilization of up to 86 percent
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TABLE 1. ADVACATE cost estimates for retrofit 300 MW, plant

Cost

Accounting SKW
Area Description Lime

10 Reagent Feed System 18.9

20 S0, Removal System 1.1

30 Flue Gas Handling System 8.7
60 Waste Handling System 34
70 General 1.3
Installation 9.5

Engineering & Start-up® 29

Total Process Capital 458

General Facilities 4.6
Engincering and Home Office Fees® 4.6
Project Contingency . 111
Process Contingency 12.2
Total Piant Cost 78.3
Allowance for Funds During Construction 1.9
Total Plant Investment 802
Royalty Allowance B 0.2
Preproduction Costs 34
Inventory Capital 1.7
Initial Catalyst and Chemicals ' 0.0
Total Capital Requirement 85.5
Total Levelized Busbar Cost, mills/AWh ‘ 7.0

*Engineering & Start-up covers fees paid to the process vendor for hardware design and fabrication management.
YEngincering and Home Office Fees covers additional charges paid by the uility for plant enginecring and
project administration,

10
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TABLE 2. ADVACATE cost estimates for new 300 MW, plant.
Cost
Accounting ScW
Arca Descripticn Lime Baghouse*
10 Reagent Feed System 14.5 -
20 SO, Removal System 0.9 -
30 Flue Gas Handling System 4.5 -
60 Waste Handling System 26 -
70 General ‘ 1.0 -
Installation 7.3 -
Engincering & Stan-up” 22 -
Total Process Capital 330 359
General Facilities 33 36
Engineering and Home Office Fees® 33 36
Project Contingency 8.2 9.5
Process Contingency : 8.8 0.0
Total Piant Cost 56.6 52.6
Allowance for Funds During Construction 14 13
Total Plant investment 58.0 539
Royalty Allowance 0.2 0.0
Preproduction Costs ) 29 24
Inventory Capital 1.7 13
Initial Catalyst and Chemicals 0.0 0.0
Total Capital Requirement 628 57.6
Total Levelized Busbar Cost, millskWh 6.0 2.7

*Baghouse costs not included as SO, control costs.

YEngineering & Start-up covers fees paid to the process vendor for hardware design and fabrication management
“Enginecring and Home Office Fees covers additional charges paid by the utility for plant enginecering and
project administration.

11
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TABLE 3. LIMB*/ADVACATE (Edgewater) SO, removal at a SR of 2.0, 63 °C
Dry ADVACATE 50, Removal
Injection Rate Total SO, Removal ADVACATE Only
(g/dscm) (percent) ( percent)
0 65 0
10 84 54
20 93 80
30 97 91
40 99 97
*Limestone Injection Multistage Bumers
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FIGURE 1. Schematic of sand-bed reactor bench-scale facilities.
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FIGURE 2. Schematic of duct injection pilot-plant facility.

FIGURE 3. SEM photomicrograph of “as received” Clinch River fly ash (CR) sample, x2000.
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4

FIGURE 5. SEM photomicrograph of sorbent made from ground Clinch River fly ash (BCR) hydrated with
Ca(OH),, al a 3:1 weight ratio, for 3 h at 90 °C (194 °F).
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FIGURE 6. Coaversion as a function of hydration time at 90 °C (194 °F), fly ash 1o Ca(OH), weight ratio of
3:1 (conditions in the sand-bed reactor: 60 percent realtive humidity, 1000 ppm SO, concentration).
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FIGURE 7. The effect of hydration tcmperature on the conversion of Ca(OH),, 3 h hydration (conditions in the
sand-bed reactor; 60 percent relative humidity, 1000 ppm SO, concentration).
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FIGURE 8. Conversion as a function of hydration time at 60 °C (140 °F), UPCR-10-Ca(OH), weight ratio of
3:1 (conditions in the sand-bed reactor: 60 percent relative humidity, 1000 ppm SO, concentration).
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ABSTRACT
Commerdalization of the ADVACATE process for flue
gas SO2 romoval follows soveral yeare of bench-scale sorbent
davelopment, pilot plant process optimization, and field pilot
ovaluation. Results are presentad showing the importance of
silica dissolution in preparation of calcium silicates. Pilot and field
optmization and evaluation shows excellent potential for over
90 percent SO2 control at half the cost of conventional wet flue
gas dosulfurizaton (FGD) processes. Projected costs and
commetclalization plans are presented.

SORBENT DEVELOPMENT

Under U.S. Envionmental Protection Agency
sponsorship, Jozewicz and Rochelle (1] studied the reaction of
fiyash with calcium hydroxide [Ca({OH)2] for the production of
reactive sorbonts for use in FGD. They used the bench-scale
packed bed reactor shown in Figure 1 which is capable of
simulating conditions In the baghouse. They found that solids
produced by slurrying fiyash and Ca(OH)2 wete significanty more
reactive than Ca(OH)2 alone. The conversion of Ca{OH)2
[dafined as the number of mols of 502 reacted with 1 mol of
Ca(OH)p] was proportional to the weight rato ol fiyash to
Ca{OH)2. The results of experiments at 54 parcent relative
humidity are presented in Figure 2. Increasing the flyash-to-
Ca{OH)2 woight rato from 0.5 to 20 increased Ca(OH)2
convarsion from 0.17 to 0.78. For a fixed fiyash-to-CalOH)2
weight ratio, the elirying tempesature was the decisive parametor
affacting the process. There was a critical slurrying time for every
tomperature tested, for which conversion reached a maximum
value. The time needed to reach this maximum shortened with
increasing temperature, Fof example, &t a fiyash-t0-Ca(CH)2
weight ratio of 16, Ca{OH)2 conversion converged on 0.4 after

16 hr of slumrying at 25°C and on 0.8 after 5 hr at 92°C. This
was a dramatic improvement of Ca{OH)2 conversion, compared
with 0.12 for Ca{OH)2 alone at 54 percent relative humidity. The

above work concluded that slica was the most reactive
compound of flyash and that the madlivity increased with slurrying
time and temparsture. Itwas postulated that the rate limling step
of the reaction of flyash with Ca{OH)2 was the dissolution of eilica
from fiyash. .

Several approaches were taken 1o increase the
dissolution rate of silica. In one series of expariments, diffarent
chemical species were added in varying concentrations to a solid
mixture at a 3:1 fiyash-t0-Ca(OH)2 ratic. The most significant
enhancement was seen when 0.26 N NaOH was added 1o the
samplo slurriad for 8 hr at 80 *C where the conversion in the sand
bod reactor was 0.5 compared with 0.85 without NaOH additon
[2]. These test results support the hypothesis that dissolution of
silica in the fiyash is the limiting step for the reaction between
fiyash and ime during slumying. Similar gains In sotbent
reactivity were reporiad when ammonlum phosphate or
phosphoric acid were used as additives for fiyash dissclution {3].

An altemative way of -increasing the reacton of
Ca(OH)2 with silica is 1 use a more reactive form of silica.
Diatomaceous earth and bentonitic clays were selectad for the

" gcreening study [4]. Diatomacecus earth or bentonitic clay was

reacted with lime by slurrying, and tw prepared sorbonts were
tosted in the sand bed reactor. Significant enhancement of
reactivity of Ca(OH)2 weas possible by using either one of these
eificoous materials, with diatomacecus earth being the beter
siica source. Experimental data lndicated that a mixture of
diatomaceous earth (MN-53) and CaQ at a weight ratio of around
1:1 gives the opimum performanca with respect to sorbent
conversion with SO2. This ratio also translates into a molar ratio
of 8i02/Ca0 of around 1:1.

Ancther way of increasing the flyash dissolution rate is
to increase slurrying temperature. Jozewicz et al. [5] investigated
the effects of pressure hydraton on the rmeactivity of the
flyash/Ca(OH)2 solids towards SO2. Pressure-hydrated sorbents
with fiyash-t0-Ca{OH)2 weight ratios ranging from 1:2 to 511 were

. investigated. Results were observed as follows:



I . C:a(OH)2 conversion ol 0.46 percant at 150 °C,
was tha maximum observed.

l ~ Conversion of Ca{OH)2 decreased above 150 °C,
likely due to formation of cryptocrystaliine
silicatas,

« Conversion of Ca{OH)2 docreased less

l dramatically as temperatures were lowered from

150 *C to 100 *C.

Ancthar epproach to Increase the rate of formation of
l calcium silicates by reacting flyash with Ca(OH)2 Is to Increase
the avallabllity of sllica by means of fiyash grinding. A laboratory
scale grinder using stainloes stoel balls as a grinding medium was
used for grindng. The ash was ground for 1hr at room
' tomperature and atmospheric pressure. As a resull, median
particle sized decreased from 1210 5 pm.

The importance of the weight ratio of silicoous material
l to Ca{OH)2, hydration time, and hydration temperature, known to
have the most significant effects on the reactivity with SO2 of
sorbents prapared with unground flyash and Ca(OH)2, was
verified for sorbents produced with ground fiyash and Ca(OH)2.
' The timeemperature effect was tested for hydration 8me ranging
fom 1 to 6hr. Inially, 90°C hydration tempetature was
evaluated, and the results are shown in Figure 3, The conversion
' of CalOH)2 in the sand bed reactor increased with Increasing
hydration time. Conversion increased significantly for the
hydration fime extended from 1 to 3hr. However, no significant
Increasa of conversion took place far further increased hydeation
l tme from 3 to 6 hr. Reactiviies ol sorbents produced with the
unground flyash are shown for comparison in Figure 3. For the
tmenamporature conditions tested, higher conversions of
Ca(OH)2 were measured In the sand bed reactor for sotbents
l produced with ground than with unground flyash.

The attractiveness of the fumace sorbent injection
process for the removal of SO2 could be further increased if
l higher levels of overall sorbent utilization were attainable [6]. One
option is to use the unreacted sorbent leaving the boller to further
remove SO2 downstream. If this sorbent, which under nomal
I conditions is relatively unreactive, could bo reactivated to remove
802 during its residence time in the duct and particulate control
device, R would improve SO2 capture of the furnace sorbent
injection process.

l Two sorbents ame considerod as candidates for
injection Into the fumace: CaCO3 and Ca{OH)2. Injection of
either could result in a mixture of flyash/CaSO4/CaO leaving the

' toiler. The ratio of CaS04 to CaO may vary for Ca(OH)2 and
CaCO3 Injection, depending on thelr reactivity. To test the
potantial for reactivation of post-fumace injection sofids (PLIS)
resuling from the injection of CaCO3 [CaCOj-based PLIS) or

I Ca{OH)2 {Ca({OH)2-based PLIS], samples were tosted for their
raactivity with SO2 following slurrying of "as received™ as well as
ground solids. The results are presented in Figure 4 giving the

' reactivity in the form of calcium normalized SO2 capture in mmaol
SO2/g of calcium. Each set of reactivation conditions was tested
on CaCOj3- and Ca(OH)2-based PLIS. For the reactivation

conditions usod, there was no significant ditferenco in reactivity of
reactivated solids. Grinding with subsequent slurying at high
temperature almos! wipled the SOz capwre, compared 0 “as
received” solids. Grinding appears to be & nocessary slep in
order 1o resctivate PUS, Significantly loss reactivation of PLIS
could be achieved by slurrying of “as received" matsrial,

PROCESS DEVELOPMENT
Bench-scale testing had indicated that lime slumied with

silica produced a more reactive sorbent than lime alone. n
searching for a way to best utilize this superior sorbent, a saries

_ of tests was begun in tha B85 m3/h (50 cIm) pilot fadility shown in

Figure §, consisting of a Niro Atomizer spray dryer, a dry sorbent
scrow teadar, a 5.08 cm (2in.) LD. duct varying from 12 to 35 m
(40 1o 110ft) in length, a cyclone module, and a pulse-jet
baghouse having a 2.3 m2 (25 f12) collection area. Electrically
heated air augmented with SO2 {typically at 1,500-2,000 ppmv)
6eIves as a surrogale flue gas [4],

Initiad tests, in March 1986, examined the sorbant slury
prepared by mixing & parts flyash, 1 part Ca{OH)2, and 14 parts
walet in a heated tank at 90 *C for 12-16 hr, The slurry then was
injocted via a spray diyer into a gas stream. Although
40-50 percent SO removal was observed, savere wall daposits
were noled al approaches to saturation of 10-50*C.
Subsequently, tests were conducted using spray dried sorbent
prepared similarly to that above, but injected as a powder into a
prehumidified gas stream of 11-17 *C approach to saturation.
With this approach a 50 percent 502 romoval et Ca/S=1.0 and
80 percent at Ca/S=2.0 were observed across the baghousa.
Aftar this time (April 1986), all subsequent process davelopment
focused on & dry sorbent [4,7].

In September 1986, spray dred silicates prepared at
90°C for B hr were shipped to the Electric Power Rasearch
Institute’s (EPRI's) Arapaho pilot taciliies for evaluation. Despite
the fact that the "EPA hydrate® fared better than any EPRI
caklum-based material—94 percent and 55 percent SOy removal
al Ca/S = 20 and ATgg = 11°C for a fabric filter and
electrostatic pracipitator collacior, respectively—the performance
was not as good as EPRls results for sodium sorbents (B].
Examination of the sorbent shipped to Arapaho showed a
significant deterioration (via an unknown mechanism) In surface
area (from 46 to 31 m2/g) due to spray drying prior to chipment or
change during transport  Therefore, In October 1986, other
methods of converting silicate elurry to a dry sorbent were
nvestigated,

An altemative method to thermal drying was developed
wherein a slumy of Aiyash and hydrated lime was reacted al a ratio
of 3:1 for 12 hr, and fitered 10 obtain a cake ol 30-60 percent
moisture. A comeant mixer was used to bland this cake with dry
recycle solids produced trom a previous test run. The 3 parts of
dry recycle solids combined with 1 part of wel cake produced a
damp powder containing 25-33 percent moisture [7]. At this point,
a second imponant property of calcium silicates became




avidoni—that of moisture-carrying ability.  The 25-33 percent
moisture solids generated by mixing slurry o fillar cake with dry
recycle solids were generally free-flowing and diy to the touch.
Any lumps in the mixture could be easily pulverized by modest
shaking or even drying (when injected). With the development of
more reactiva calcium silicates, this moisture-camying ability has
been shown to increase In proportion to surface area; therefore,
the reactivity toward SO7 incroases with Increased moisture
contant,

< In 1987, EPA and Acurex began preparing pressure
hydrated sorbents in 50 percent solids slutries and mixing 2 parts
dry recycle solids with 1 part fresh elunty (9]. The pilot plant
results for silicates injactad Into a humidified gas stream showed
typically 50 percent SO2 removal in-duct (for 2 s residence time}
and 90 percent SO removal through the fabric filter at a Ca/S
ratio of 1.0 as shown in Figure 6.

In 1888, EPA and Acurex made en extensive set of
runs using fumace injected sorbent wasla as the starfing material
for calcium silicate. The results showed that up to 80 percent
additional capture of SOz could be achleved at a recyde ratio of
2.0 using fumace solids from a fumace injection (LIMB) process
that was 25 percent utllized In the fumace (50 percent SO2-
capture at Ca/S = 2.0)[10]. In this evaluation, the newly ovolved
process was christenad ADVACATE for advanced silicate.

In April-May 1689, EPA sponsored a field pilot
evaluation of a combined LIMB-ADVACATE process where a
105 MW LIMB demonstration {Edgewater Plant, Lorain, OH) fed
a 3400 m3/Mhr (2,000 cim) slipstream through a pilot ESP. The
rosults of this evaluation, shown In Figure 7 and Table 1, wers so
encouraging—up to 98 percent SO2 removal-that intense efiorts
regarding possible demonstrations were begun [11]. It Is worth
noting here that cument sorbents are roughly three times more
reactive than those prepared and used at Edgewatar.

Reforring to Figure §, AEERL was negotiating the first
EPA Cooperative Research Agreement under the Federal
Technology Transfer Act of 1986 with Flakt, USA, of Knoxville,
TN, during 108788 when it was leamed that Flakt was
developing fts own dry Injection tachnology, called Moist Dust
Injection or MD). Flakt's concept was to create a dense-phase
reaction in-duct using moistened recycle product with fresh lime to
simultaneously capture SO2 and humidify the gas In the duct

Following the eigning of this agreement in November
1988, sliicate sorbent was propared at a 3.1 fiyash-to-lime ratio at
about 20 percent moisture for Flakt to use in place of lime in their
MD) pilot plant at the University of Tennessee in Knoxville, In
early Docember 1688, Flakt conducted runs at 1000, 2000, and
3000 ppmv SO2 at & ATgg=11*C and reaflized SO removals ol
~80 petcant in-duct and 96 percent through the fabric filter at a

CasS=1.0 as shown in Figure 6. The reason for this improvement
in In-duct SO capture—80 porcent at Flak! versus 50 percent at
the EPA pilot plant located at Research Triangle Park (RTP),
NC—is elill uncertain. However, in recent moaths, attempts to
simulate MD( at RTP have shown up to 60 percent SO2 éapture
al CasS=10. Cumenlly the effoct of gas-phase turbulence

(Reynolds number) on SO2 capture in-ducl is being studied as a
possible oxplanation. For the time being, it is sutficient 1o know
that SOz capture using MDVADVACATE appears o improve with
incroasing duct dimensions, assuming an adequate duct velocity
for good mixing (at least 15 m/s).

As a final nole on process development, silicate

sorbents of 90 ma/g are routinely produced at RTP In 2-3 br and
show an ability 1o hold 60 percent moisture and be free-flowing.
Such a remarkable Improvement in sorbent characteristic
suggosts the need to update previous pilot plant data. A more
intriguing notion is operation of dust collectors at saturation
temporatures. If a silicate sorbent holds up 1o 60 percent
moisture and appears dry, is condensation even feasible for a
cooled gas-stream containing dry or partially dried silicates? By
the time this paper is presented in August 1990, the authors
should have more insight into operation at epparent saturaton
conditions. .
) The impact of an ADVACATE, LIMB-ADVACATE, or
ADVACATE/MD! process upon partide collection has been
ignored up to now because we have [itde experionce with
ADVACATE-ESP operation, although it s acknowledged that
ESPs do not nomally operate at high dust loadings. Conversely,
both EPA and Flakt have considerable expenence with
ADVACATE and MDI processes on fabric filters, and no
significant operational problems have occurred.

CURRENT STATUS

Figure B ropresonts the diverse process schemes for
ADVACATE. The source of calcium for sllicates may be
fumace-njected lime or limestone, lime added to the silicate
slury tanks, of, in the case of many Westem coals, calcium
occuring in coal ash.  Waste solids from a LIMB or fluid-bed
combustor (FBC) are also a potential economic source of calcium,

The way sorbent is injected depends upon vendor
preference and calcium source. in LIMB experience, limestone or
lime is pneumaticatly conveyed into the fumace while ADVACATE
sorbent has been fed via direct screw feeding, pneumatic
conveying, of the proprietary MDI process of Flakt The flue gas
may be cooledhumidified via molsture Injection, indirect gas
cooling, evaporation of molsture in damp solids injected, or a
combination of these techniques. Particle collection is either by
tabric filter or ESP, aithough the latter may require a precollector
to protact electrical integrity, as well as sagregate the coarser
(less reacted) material for recycls,

EPA's cument plans include a 10 MWg field pilot
evaluation at the Shawnee No. 9 facility of the Tennessee Valley
Authority (TVA) starting in 1991, Several sources of sorbent,
including FBG and LIMB waste, wil be evaluated on a
2.5-3.0 percant suffur Midwestem coal.

If succasstul, the Shawnee effort will be followed by
augmentaton of the LIMB demonstraion at Virginia Power's
Yorktown No. 2 (180 MW,y) unit starting in 1992. This eHort
currenty is scheduled for installation of LIMB using a hydrated



lime sorbenl, but can be converted to a furnaco-injectod
limestone-ADVACATE process wpsteam of an ESP. A
2.4 porcent sulfur Esstern bituminous coal will bo fired at
Yorkiown for this demenstration.

Another interesting process variation is the ability of
ADVACATE to use tho nature! alkalinity of Westemn coal fiyash to
remove SO In many cases, such as Powder HRiver
subbituminous coal, a variation of ADVACATE can potentially
remove all the SO2 at roughly half the cost as presentod later in
thls paper. This Is because hall the cost of ADVACATE s lor lime
or limestona receiving, slorage, and handling. The Jow-sulfur
ADVACATE process variation would also incur ne additional solid
waste {except for the weight of sulfita/sullate added due to SO2
absorption). This option is siated for study later in 1990 on a pilot
scale at RTP.

COST ESTIMATES

Based on the prefiminary design of an ADVACATE/MDI
process for the Yorktown demonstration, cost estimates have
been prepared by Radian Corporation using EPR! economic
premises, Performance predictions based on the Fiakt field
evaluation for ADVACATE and Edgewater resufts for
LIMBVADVACATE have been incorporated along with cost
estimates. In Figure 9 the total annualized cost estimates for a
300 MW, totrofit using 2.2 percent sulfur ecal and the tumace
Lmestone ADVACATE/MD! system are comparad with wet FGD.
Although the economic assumptions are too numerous to discuss
here, the basic philosophy is that all factors are comparable
except that the highest process and project contingency factors
have been assigned to ADVACATE due 1o the unproven nature of
the tachnology.

For utlity-scale applications, the estimated cost of
ADVACATE is typically 30-35 parcant capital and 40-50 percent
operating of the cosis for wet FGD, Table 2 shows a similar
analysis performed on slurry costs of wet FGD vs. lime and
Imestone ADVACATE for & 350 MWg, 2.2 percent sulfur coal
revolit ADVACATE is projected 1o cost around $60/A&W and, for
this case, §225-250h0n SO2 removed, compared with $195KW
and $520A40n SO2 removed for wet FGD. In these comparisons,
the wet FGD was assumed to have no spare modules, no reheat,
and a retrofit tactor of 1.5.

PROCESS SUMMARY

The key feature of the ADVACATE process i Its
unique calcium silicate sorbent which has the following properties:
. Typica! surface area of 70-90 m2/g.
« Reactivity toward SO 4-6 times that of lime.
« Ability to camy high (60 percent) moisture content
and be free flowing.

High calcium wtiization observed in bench, pilet, and
field pitol evaluations is likely due 1o the free calcium’s being all
surfaca calcium, Unlike convontional sofbent injection
achnology, spent ADVACATE sorbent does not hava an
unreacted core.

The procoss developed for this sorbent has tho
following teatures:

+ No absorbar vessel.

+ No requirement for separato humidification of fiue
gas.

» Dry wasts eolids.

+ Various plant waste waters, including boiler
blowdown, can be used for ADVACATE slunry.

- $02 removal comparable 1o wel FGD at less
than half the cost.

Additionally, virtually no potential for in-duct sorbent
doposits exists duo to the hygroscopic nature of ADVACATE
sorbent. Potential operation at apparent saturation temporatures
seams foasible.

At this time, the process has not operated in a
continuous recycle mode, nor has ESP peroimance with
ADVACATE injection been studied in depth. These and other
questions should be resolved at Shawnee during 1991,

REFERENCES
1. Jozewicz, W., and G.T. Rochelle, "Flyash Recycle in
Dry Scrubbing,” Environ. Progress, 5, 219, 19886,
2. Jozewicz, W., J.C.S. Chang, C.B. Sedman, and T.G.

Bma, *Charactarization of Advanced Sorbents for Dry
S02 Control," Reactivity of Solids, 6. 243, 1988,

3. Jozowicz, W., and J.CS. Chang, "Evaluation of FGD
Dry Injection Sorbents and Additves, Vol 1,
Development of High Reactivity Sorbents,”
EPA-600/7-89-006a (NTIS PB89-208920), May 1988.

4. Jozawicz, W., C.. Jorgensen, J.C.S. Chang, C.B.
Sedman, and T.G. Bma, "Developmaent and Pilot Piant
Evaluation of Silica-Enhanced Lime Sorbents for Dry
Flue Gas Desulfurization,” JAPCA, 38, 6, 796, June
1968.

5. Jozewicz, W., J.C.S. Chang, C.B. Sedman, and T.G.
Bma, *Silica-Enhanced Sorbents for Dry Injection
Removal of SO2 from Flue Gas,” JAPCA, 38, 8, 1027,
August 1968,

6. Jozewicz, W., J.C.5. Chang. T.G. Bma, and GB.
Sedman, *Reactivation of Solids from Fumace Injection
of Uimestona for SO2 Controt,” Environ. Sci. Technol.,
21, 664, 1987,

1. Chang, J.C.S., and G. Jorgensen, =Evaluation of FGD
Dry Injection Sorbents and Additives, Vol. 2, Pilot Plant
Evaluation of High  Reactivity  Sorbents’
EPA-E00/7-89-006b (NTIS PB89-214134), May 1989.




Blythe, G., V. Bland, €. Martin, M. McElroy, and R. 10. Jorgensen, C., J.C.S. Chang, C.B. Sedman, and D.C.
Rhudy., "Pilot-scale Stwudies of SO2 Removal by the Drehmot, “Pilot Plant Evaluaton ol Post-Combustion
Addition of Calcium-Based Sorbents Upstream of a LIMB SOz Capture,” In: Proceedings: First Combined
Particulate Control Device,” In: Procoedings: Jenth FGD and Dry SOz Control Symposium, Vol 2,
Symposlum on Flue Gas Desulfurization, Vol. 2, EPA-600/9-89-036b (PBBYS-172167), March 18885,
EPA-600/9-87-004b (NTIS PB87-166617), February 1. Chang, J.C.S., B.W. Hall, W. Jozewicz, G.H. Marchant
1087, Jr., C.B. Sedman, and M.A, Maxwell, *Reactivation of

9. Chang, J.C.S., and C.B. Sedman, “Scale-up Testing of Edgewater LIMB Solids by the ADVACATE Process for
the ADVACATE Damp Solids Injection Process,” In: In-Duct SO2 Removal,* Presented at 1990 SOp
Proceedings: First Combined FGD and Dry SOp Contro! Symposium, Session 4A, New Odeans, LA,
Control Symposium, Vol. 3, EPA-600/9-89-035c (NTIS May 1090,

PB89-172175), March 1689.

Table 1. Edgewatar SO2 Removal at CavS = 2.0, Hout = 63 °C

Dry ADVACATE S04 Removal
Injection Rate Total SOz Removal ADVACATE Only
{gidscm) (%) (%)

0 65 0
10 ’ 84 54
20 93 80
a0 a7 o1
40 a9 97

Table 2. ADVACATE Retrofit Economic Evaluation
{Basis: 350 MWa, 2.23% S coal, May 1988 dollars, limesiene=$9.7&/onne, lime=$67.46/onne)

Limestone! Lime/
Wel FGD ADVACATE ADVACATE
Capital cost, $4W 195 58 59
Cost, $/tonne SO 520 224 . 255
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STATE OF FLORIDA
DEPARTMENT OF HEALTH AND REHABILITATIVE SERVICES

ESE-WPB

January 12, 1993 Rth‘VED

Mr. Willard Hanks

Florida Department of Environmental Regulation JAN i 5 \993
Division of Air Resources

Bureau of Air Regqulation Division of Alr
2600 Blair Stone Road E50UICES Management

Twin Towers Office Building
Tallahassee, Florida 32399-2400

Re: Comments on the Letter from Carlton, Fields, Ward, Emanuel, Smith
& Cutler, P.A., the Law Firm Representing the Two Cogeneration
Projects of the "Flo-Sun" Corporation

Dear Mr. Hanks:

Our office received a copy of the above referenced letter on January 4, 1993 and
offers the following comments:

1. The applicant suggests that the BACT analysis should be based on the Palm
Beach County imposed long term average SO, emission limitation of 10@@ TPY on
the combined projects. This seems unreasonable since this limitation is based
on the average SO2 emissions over the life of the facility ({(estimated at 3@
years) and is largely not enforceable. The county zoning conditions also
provide 50, limits based on the biomasss fuel that is supplied by the county.
If the county makes at least 200,990 tons of biomass per year available, the
applicant may emitt a maximum of 150@ TPY of 50,, not to exceed an average of
130@ TPY for a five year period. If the county cannot make this quantity of
biomass available, the applicant may emitt up to 1708 TPY of 505, not to
exceed 1520 TPY for a ten year period. These limitations appear to be more
enforceable, and therefore, we believe that at least 15@@ TPY of 80, emissions
should be used to determine BACT for these projects.

2. It is mentioned in the above referenced letter that BACT regulations
indicate DER and EPA may consider actual operating conditions when determining
BACT. From the information provided in the applications, it is difficult to
determine what might constitute "actual" operating conditions for these
facilities in the future. The applicant provides scenarios of only biomass
fuel firing, 25% oil firing and 25% coal firing. The primary factor in
predicting coal and oil usage is the availability of the biomass fuel which is
entirely unknown, as recognized by the county and the applicant. If the
biomass fuel is not available, the facilities will surely burn quantities of
coal and/or oil necessary to profitably run these units. Therefore, we could
realistically expect the following cases:

- Biomass fuel is readily available and 50, emissions are
actually reduced

- Only a portion of the required biomass fuel is avallable and
coal is used at only one facility

DISTRICT IX
PALM BEACH COUNTY HEALTH UNIT & P.O. BOX 29 » WEST PALM BEACH, FLORIDA 33402

LAWTON CHILES, GOVERNOR
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- Only a portion of the required biomass fuel is available and
coal is used at both facilities

- Biomass availability is poor; bagasse is burned during sugar
cane season and 25% coal ig fired in the off-season.

It is impossible to predict which case will eventually define "actual”

operating conditions in the future.

3. Consider the following information found in the applications,
assumes that both sites will operate at 25% Coal Firing:
HEAT INPUT (BTU x 1@12) TPY OF FUEL
Biomass Coal Biomass Coal
Sol-Energy 4.941 1.647 581,294 68,625
Flo-Energy 8.118 2.706 955,059 112,750
Total 13.@59 4.353 1,536,353 181,375

1,536,353 TPY of Biomass
-1,130,20@ TPY of Biomass from Sugar Mills
- 200,000 TPY of Biomas from PBC County Proposal
*20@6,353 TPY of Additional Biomass to Operate at capacity

which

*{This is about 1,754,000 MMBTU/Year of heat input, or about 10% of the total

required heat input, assuming 425@ BTU/1lb fuel, similar to bagasse).

In other words, if these projects secured twice the amount of biomass that
Palm Beach County is proposing to supply, they would still have to fire 25%
coal to come close to the design capacity. This is another reason for
assuming that the maximum firing of coal should be used for determining BACT.

Thank you for the opportunity to comment on these applications.

Sincerely,

For the Division Director
Environmental Science and Engineering

Qelfoy & eeron

Jeffery F. Koerner, Engineer IV
Air Pollution Contorl Section

FJG/JFK/1h

CcC:

AP-Source File
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STATE OF FLORIDA
DEPARTMENT OF HEALTH AND REHABILITATIVE SERVICES

ESE - WPB

December 24, 1992 I{ E (: E ‘\J E [)

Mr. Willard Hanks

Air Permitting and Standards 1992
Florida Department of Environmental Regulation DEC 30
2600 Blair Stone Road .
Tallahassee, FIL 32399-2400 swnsion of Al

Resources?ﬂanagernent

Re: AC50-219413, Flo-Energyv, Inc.
AC50-219795, Sol Energyv, Inc.

Dear Mr. Hanks,

After reviewing the response by KBN Engineering to the additional
information requested for the proposed Flo-Energy and Sol-Energy
cogeneration projects, we offer the following comments:

t. BACT DETERMINATION FOR SO9

Response #7 (page RTC-53): Low sulfur coal is BACT for this
project due to unreasonable costs associated with add-on controls.

Concern: We are confused as to the type of coal that was assumed
for analysis of the three add-on controls:

- Furnace Injection W/Lime
- Duct Injection W/Lime
- Duct Injection W/Sodium

Was the 0.7% sulfur by weight coal used for the determination of
the additional costs for these controls, or was ,a higher sulfur
coal used? A higher sulfur coal would seemingly be less expensive
and, with the assumed control efficiencies, could still provide
less S02 emissions.

2. EMERGENCY AMMONIA RELEASE

Response #8 (page RTC-66): The pressure relief valve on the
ammonia storage tank will open discharge to the atmosphere when
specified levels are exceeded. The ensuing ammonia vapor cloud

would be controlled with water via a fire hose,

Concern: In 1992, an ice block plant in Pahokee, Florida had just
such a release during filling of the ammonia tank. (The facility
uses anhydrous ammonia as a refrigerant.) The pressure relief
valve released a large cloud of ammonia which slowly dissipated.
Several people were exposed to relatively high levels of ammonia,
with two persons being admitted to the local hospital.

DISTRICT IX
PALM BEACH COUNTY HEALTH UNIT » P.O. BOX 20 « WEST PALM BEACH, FLORIDA 33402
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3.

ACTIVATED CARBON INJECTION (ACT)

Response #12 (page RTC-73): The mercury control system will
operate at a flue gas temperature of about 350°F.

Concern: Most of the 1literature on ACI indicates significantly
increased control efficiencies when the operating temperature is
kept below 300°F. Would it be possible for the applicant to reduce
the operating temperature to this level without affecting
performance or other control mechanisms?

Thank you for the opportunity to comment on these applications.

Sincerely,

For the Divisional Director
Environmental Science and Engineering

Jeffery F. Koerner, Engineer IV
Air Pollution Control Section

cc:

AP-Source File

219413-2.CMT
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PLEASE REPLY TO :
VIA HAND DELIVERY Tallahassee

December 23, 1992

Mr. Willard Hanks

Florida Department of Environmental Regulation
2600 Blair Stone Road

Tallahassee, FL 32399-2400

Re: Flo-Energy and Scl-Energy Cogeneration Facilities;
AC50-219413, PSD-FL-196; AC50-218795, PSD-FL-197

Dear Mr. Hanks:

This law firm is assisting Flo-Energy, Inc., and Sol-Energy,
Inc., with their efforts to obtain the PSD permits for their
proposed cogeneration facilities in Palm Beach County, Florida. It
is our understanding that you asked four questions about the permit
applications during a recent telephone conversation with Mr. Gus
Cepero. At Mr. Ceperoc's request, other representatives of Flo-
Energy and Sol-Energy have prepared the following information for
us to submit to you and the Department of Environmental Regulation
(DER) in response to yaur questions.

1. Flue Gas Temperature.

You asked whether the electrostatic precipitators (ESP) could
be redesigned to operate at temperatures below 350° fahrenheit
because a 325°F temperature might improve the mercury capture
efficiency of the ESP: Although it is theoretically possible to
redesign the ESP, we believe it is unnecessary and inappropriate.

The boilers could be redesigned to produce a reduced exit flue
gas temperature of 325°F, however, it would require an increase in
the size of the economizers or the air heaters or both. These
changes would involve additional expense. Further, the lower flue
gas temperature will increase the potential for metal corrosion and
thereby create future maintenance problems in the entire flue gas
train. Lower flue gas temperatures also might adversely affect the
plume rise, which could reduce dispersion of the flue gases and
increase ground level concentrations.



Mr. Willard Hanks
December 23, 1992
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Reducing the flue gas temperature to 325°F is not necessary in
this case. The mercury emissions from the proposed facility will
be extremely low because the mercury content of biomass fuels is
extremely low. Moreover, the mercury control system proposed for
the cogeneration facilities can effectively c¢ontrol mercury
emissions at temperatures of 350°F.

The United States Environmental Protection Agency recently
conducted tests with a carbon injection system at a resource
recovery facility in Camden, New Jersey. The Camden facility has
a dry scrubber and ESP, but tests were conducted with only the ESP
in operation to evaluate the mercury removal capabilities of a
carbon injection system at facilities that only have an ESP. EPA's
tests demonstrated that mercury can be captured at 350°F at removal
rates up to 98%.

EPA's tests indicate that the extremely low levels of mercury
that may be emitted from the proposed facilities can be effectively
controlled with the proposed carbon injection system. Conversely,
we are not aware of any clear evidence to demonstrate that a
reduction of 25°F will have any meaningful effect on the potential
mercury emissions. Consequently, there is no reason to require the
cogeneration facilities to incur additional capital and maintenance
costs in an effort to achieve a slightly reduced flue gas
temperature.

2. Overpile and Underpile Fuel Reclaimers.

Stored wood chips and bagasse will be reclaimed from the
storage piles by means of either an overpile reclaimer or an
underpile reclaimer for each boiler feed conveyor. Either
reclaimer will be capable of reclaiming 100% of the required fuel.
Therefore, it is highly improbable that both reclaimers would be
operating at the same time.

The overpile reclaimer is normally a continuous chain
conveyor with a series of relatively small slats that skim the fuel
from the top of the storage pile and move it to the boiler feed
conveyor. The chain conveyor is usually mounted on and supported
by a structural arm cantilevered from a point adjacent to the
boiler feed conveyor. The arm operates through a defined
horizontal arc, commonly of 180° or more.

The underpile reclaimer is contained within a shallow
concrete pit and normally consists of a continuous drag chain
conveyor with a series of vertical slats that move the fuel
horizontally to the boiler feed conveyor. A large pile of fuel is
maintained over the reclaimer at all times, usually with the use of
a front end locader or dozer.
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3. Ash Handling.

Fly ash and siftings ash will be conveyed by means of an
enclosed mechanical-type conveyor to an ash conditioner where the
ash will be mixed with enough water to keep dust to a minimum at
the conditioner outlet. The wetted ash will be discharged into a
bin that will be enclosed with a roof and walls on three sides to
reduce the exposure to the wind and rain. Ash will be removed
through the open side of the bin while still in the wetted state
and loaded into trucks that will be covered while en route to the
point of proper disposal.

4, Trucks Hauling Wood Chips.

Trucks will be covered when hauling wood chips.

We hope this information satisfactorily answers the questions
you have raised. Please call us at your earliest convenience if
you need additional information.

We also ask you to distribute this information to any other
person or agency that is interested in these issues.

incerely,

L}
David S. Dee

DSD/nsh
cc: Mr. Gus Cepero

Mr. Don Schaberg
Mr. David Buff




OKEELANTA CORPORATION

6 MILES SOUTH OF SOUTH BaY
POST OFFICE BOX 86
SOUTH BAY. FLORIDA 33493

TELEPHONE. (407) 996-9072 TELEX: 803444

December 21, 1992

C. H. Fancy, P.E.

Chief, Bureau of Air Regulations

Florida Department of Environmental Regulation
Twin Towers Office Bldg.

2600 Blair Stone Road

Tallahassee, FL 32399-2400

Dear Mr. Fancy:

Enclosed is the Proof of Publication document for the Notice of
Application published for the Flo-Energy, Inc. and the Sol-Energy,
Inc. cogeneration plants in The Palm Beach Post. The notice was
published as received from your office except that two
clarifications were added concerning the generating capacities and
the burning of No. 2 fuel o0il and coal. The clarifications were
agreed upon during a telephone conversation between Mr. Willard
Hanks of your office and Mr. David Buff of KBN.

erely,

0/ Y.

Gus R. Cepero
Vice President

cc: David Buff, KBN w/ copy of Proof of Publication document.
It "ﬁbméa/
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THE PALM BEACH POST

Published Dailv and Sunday
West Palm Beach. Palm Beach Countyv, Florida

PROOF OF PUBLICATHON

STATE OF FLORIDA
COUNTY OF PALM BEACH

Betore the undersigned authority personally appeared Chris Bull

who on oath savs that she/he is _£1888. Sales Mgr. rrhe Palm Beach iost.

-a daily and Sundayv newspaper published at West Palm Beach in Palm Beach County,

Florida; that the attached copy of advertising, being a
Notice
application

in the matter of

in the - Court. was published in said newspaper in
November 25, 1992

the 1ssues of

Affiant further savs that the said The Post 18 a newspaper published at West Palm
Beach. in said Palm Beach County, Florida, and that the said newspaper has heretofore
been continuously published in said Palm Beach County. Florida. daily and Sunduv and
has heen entered as second class mail matter at the post office in West Palm Beach. in
said Palm Beach Countv. Florida. for a period of one vear next preceding the first
publication of the attached copy of advertisement; and affiant further savs that she/he
has neither paid nor promised anv person, firm or corporation any discount, rebate.

commission or refund for the purpose of securing this advertisement for publication in

it

November a1y 22

the said newspaper.

ey
P
{_ tod e,

NO. 585868
Notlce of Application

|The Department of Environ-

mental Regulation announces
receipt of two applications for
permits to construct 74.9
meagawalts or less cogsnara-
tion tacilities ln Palm Bwach
County. The faciilties will burn
bagasse, which is & sugar
cans derivative, and clean
wood waste as the primary fu-
els and Ne: 2 tusl oil and coal,
not to exceed 25 parcent on a
heat input basia, as alternative
tuais. Cne facility, Flo-Energy,
Inc., will ba located & miles |
south of South Bay off U.5.
Highway 27. Tha other facility,
Sol-Energy, Inc., will be locat-
ad near the Intersection of
U.S. Highway 98 and Hatton
Highway, Pahokee.

The applications are available
tor public inspection at the
following Departmeant olfices:
Bursau of Air Reguiation, 2600
Blair Stone Road, Tallahasses,
FL 32399-2400; South District.
2295 Victorla Avenus, Suite
364, FL Myers, FL 339071
South Distrlct, 19900 S. Con-
gress Avenue, Suite A, West
Paim Beach, FL 33406; and at
the Palm Beach County Envi-
ronmental Office located al
901 E. Evernia Street, Waosl
Paim Baach, FL 33402.
Anyone may send written
commaents of these spplica:
tlons to Mr. Preston Lewis at
the Department’s office in Tal
lahasses.

PUB: The Palm Beach Post
Novembar 25, 1992




