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% d? UNITED STATES ENVIRONMENTAL PROTECTION AGENCY f/’ ' /
"4¢ ppte REGION 1V _ '
349 COURTLAND STREET D E R
ATLANTA, GEORGIA 303853
JUL 2 1387 JuL 61987
4APT/APB-1jf :

Mr. Thamas M. Henderson, Project Director
Broward County Resource Recovery Office

115 South Andrews Avenue, Roam 521
Fort Lauderdale, Florida 33301

Re: South Broward Rescurce Recovery Facility Permit
(PSD~FL-105)

Dear Mr. Henderson:

This is to notify you that no petitions have been filed with the Administrator
regarding the above-issued Prevention of Significant Deterioration (PSD) permit
which you received on May 20, 1987, for the above-referenced municipal solid
waste incineration facility located in Broward County, Florida. Therefore,

'in accordance with the provisions of the above permit, the effective date is
June 20, 1987. If construction does not cammence within eighteen (18) months
after this effective date, or if construction is discontinued for a period of
eighteen (18) months or more, or if construction is not completed within a
reasonable time, this permit shall expire and authorization to construct shall
became invalid. {

Please direct any questions ydu may have to Mr. Wayne Aronson, Chief, Program
Support Section, of my staff at {404) 347-2864.

Sincerely, .

Winston A. Smith, Director
Air, Pesticides, & Toxics
Management Divison

.
cc:  MeF-ClaifzFancy ~3
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MAY 15 1987 345 COURTLAND STREET

ATLANTA, GEORGIA 30365
APT-APB/eaw

CERTIFIED MAIL
RETURN RECEIPT REQUESTED

Mr. Thomas M. Henderson E?,?

Project Director Ay 1 -
Broward County Resource Recovery Office 8’987
115 South Andrews Avenue, Room 521

Ft. Lauderdale, Florida 33301 BAQM

Re: South Broward Resource Recovery Facility (PSD-FL-105)
Dear Mr. Henderson:

Review of your May 30, 1986, application to construct a three unit,
323.6 mmBTU/hr (each) heat input, mass burn, municipal solid waste
fired, energy recovery facility in Broward County, Florida, has
been completed. The construction is subject to rules for the
Prevention of Significant Deterioration (PSD) of air quality con-
tained in 40 CFR §52.21. The Florida Department of Environmental
Regulation (FDER) performed the preliminary determination concern-
ing the proposed construction and published a request for public
comment on February 12, 1987. No public comments were received
during the public comment period. On May 1, 1987, the Environmental
Protection Agency (EPA) prepared a final determination recommending
issuance of the PSD permit by EPA.

EPA has determined that the construction as described in the appli-
cation meets all the applicable requirements of 40 CFR §52.21.
Accordingly, pursuant to 40 CFR §124.15, the Regional Administrator
has made a final decision to issue the enclosed Permit to Construct:
Part I. - Specific Conditions and Part 1I. - General Conditions..
This authority to construct, granted as of the effective date of
the permit, is based solely on the requirements of 40 CFR §52.21,
air quality. It does not apply to other permits issued by this
Agency or by other agencies. Please be advised that a violation of
any permit condition, as well as any construction which proceeds in
material variance with information contained in the final determi-
nation, will be subject to enforcement action.

This final permit decision is subject to appeal under 40 CFR
§124.19 by petitioning the Administrator of the EPA within thirty
(30) days after receipt thereof. The petitioner must submit a
statement of reasons for the appeal and the Administrator must
decide on the petition within a reasonable time period. If the
petition is denied, the permit shall become effective upon notice
of such action to the parties to the appeal. If no appeal is




-2~

filed with the Administrator, the permit shall become effective
thirty (30) days after receipt of this letter. Upon the expir-
ation of the thirty (30) day period, EPA will notify you of the
status of the permit's effective date.

Receipt of this letter does not constitute authority to construct.
Approval to construct this three unit, mass burn, municipal solid
waste fired, energy recovery facility shall be granted as of the
effective date of the permit. The complete analysis which justi-
fies this approval has been fully documented for future reference,
if necessary. Any guestions concerning this approval may be
directed to Mr. Bruce Miller, Chief, Air Programs Branch at

(404) 347-2864.

Sincerely yours,

Sl KA. Lo

Winston A. Smith, Director
Air, Pesticides, and Toxics
Management Division

Enclosure

cc: Mr. Steve Smallwood, P.E., Chief
Bureau of Air Quality Management
Florida Department of Environmental
Regulation




PERMIT TO CONSTRUCT UNDER THE RULES FOR THE
PREVENTION OF SIGNIFICANT DETERIORATION OF AIR QUALITY

pursuant to and in accordance with the provisions of Part C,
subpart 1 of the Clean Air Act, as amended, 42 U.S.C. §7470
et. seg., and the regulations promulgated thereunder at 40 CFR
§52.21, as amended at 45 Fed. Reg. 52676, 52735-41 (August 7,
1980),

South Broward County Resource Recovery Facility

is, as of the effective date of this permit (PSD-FL~105)
authorized to construct a resource recovery facility consisting
of three 863 ton per day (maximum capacity) mass burn, municipal
solid waste incinerators and appurtenances at the following
location:

Oon a 248 acre tract at the southeast
intersection of State Road 84 and U.S.
Route 441 in Broward County, Florida.

Upon completion of authorized construction and commencement of
operation/production, this stationary source shall be operated
in accordance with the emission limitations, sampling require-~
ments, monitoring requirements and other conditions set forth in
the attached Part I.-Specific Conditions and Part 1I.-General
Conditions.

. This permit is hereby issued on™ " 27 1987 ana

. shall become effective thirty (30) days after
receipt hereof unless a petition for adminis—
trative review is filed with the Administrator
during that time. If a petition is filed any
applicable effective date shall be determined
in accordance with 40 CFR §124.19(f)(1).

I1f construction does not commence within 18 months after the
effective date of this permit, or if construction is discontinued
for a period of 18 months or more, Or if construction is not
completed within a reasonable time, this permit shall expire and
authorization to construct shall become invalid.

This authorization to construct shall not relieve the owner or
operator of the responsibility to comply fully with all appli-
cable provisions of Federal, State, and local law.

May 15, 1987 t%—bé [W

Date Signed Jack E. Rav,
Regional ggministrator




PART I. - Specific Conditions

1. Emission Limitations
a. Stack emissions from each unit shall not exceed the following:
Particulate: 0.0150 gr/dscf dry volume corrected to 12% COj.

Sulfur Dioxide: (1) 0.140 lb/mmBtu heat input and 60 ppm (3-hr rolling
average, dry volume, corrected to 12% COp); or

(2) 65% reduction of uncontrclled S0y emissions.*
In no case shall the SO) emissions exceed 0.310
1b/mmBtu heat input and 124 ppm (3-hr rolling
average, dry volume, corrected to 12% COy}.

The 124 ppm limit above shall be modified to
reflect a new emission limit (in ppm) fram
the control device at 65% control efficiency.
Wwithin 18 months of start-up of operation,

the County shall submit compliance tests that
will be used to determine the new SO emission
limit {in ppm). "The limit will be determined
by observed average emission rate (x) fram

the submitted compliance tests and will be
statistically analyzed using the one tailed
student T test (t g5 = (X -~ u) ~/n/s) at the
95% confidence level to derive a mean emission
rate (u), where s is the standard deviation of
observed values n. The final operating SO;
emission limit (in ppm) shall be this mean
emission rate (u). This value shall be re-
stricted to no more than 124 ppm or less than
60 ppm (3-hr rolling average, dry volume,
corrected to 12% CO3).

Nitrogen Oxides: .560 lb/mmBtu heat input and 350 ppm (3-hr
rolling average, dry volume, corrected to 12%
COp).

Carbon Monoxide: .090 lb/mmBtu heat input; 400 ppm (l1-hr rolling

average, dry volume, corrected to 12% C03); and
88 ppm (4-day rolling average, dry volume,
corrected to 12% COy).

Lead: .00150 1b/mmBtu
Fluorides: .0040 1b/mnBtu
Beryllium: 9.30 x 10~7 1b/thu
Mercury: 7.50 x 10~4 lb/mmBtu

* Uncontrolled SO; emissions will be measured at the inlet to the acid gas
control device.
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Visible Fmissions: Opacity of stack emissions shall not be greater
than 15% opacity. Excess opacity resulting from startup or shut-
down shall be permitted providing (1) best operational practices to
minimize emissions are adhered to and (2) the duration of excess
opacity shall be minimized but in no case exceed two hours in any
24-hour period unless specifically authorized by EPA for longer
duration.

Excess emissions which are caused entirely or in part by poor main-
tenance, poor operation, or any other equipment or process failure
which may reasonably be prevented during start-up or shutdown shall
be prohibited.

The units are subject to 40 CFR Part 60, Subpart E and Subpart Db, New
Source Performance Standards (NSPS), except that where requirements in
this permit are more restrictive, the requirements in this permit shall

apply.

There shall be no greater than 10% opacity for emissions fram the refuse
bunker and the ash handling and loadout. The potential for dust genera-
tion by ash handling activities will be mitigated by quenching the ash
prior to loading in ash transport trucks. Additionally, all portions of
the proposed facility, including the ash handling facility, which have
the potential for fugitive emissions will be enclosed. Also, those
areas which have to be open for operational purposes, (e.g., tipping
floor of the refuse bunker while trucks are entering and leaving) will
be under negative air pressure.

Only distillate fuel oil or natural gas shall be used in startup burners.
The annual capacity factor for use of natural gas and oil, as determined
by 40 CFR 60.43b(d), shall be less than 10%. 1If the annual capacity
factor of natural gas is greater than 10%, then the facility shall be
subiect to §60.44b.

None of the three individual municipal solid waste incinerators shall be
charged in excess of 323.6 mmBtu/hr and 863 tons per day MSW (115% rated
capacity) nor produce in excess of 192,000 lbs/hr of steam (3-hr rolling
average).

Campliance Tests

(1) a. Annual compliance tests for particulate matter, lead, S0y,
nitrogen coxides, CO, fluorides, mercury, and beryllium shall be
conducted in accordance with 40 CFR 60.8 (a), (b}, (d}, (e), and
(f).

b. Compliance with the opacity standard for the incinerator stack
emissions in condition l.a. of this part shall be determined in
accordance with 40 CFR 60.11 (b) and (e).
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Campliance with the emission limitation for 65% control of total
sulfur dioxide emissions shall be determined by using the test
methods in condition 1.d.(2) and sampling for SO; emissions before
and after the acid gas control device. Continucus emissions data
shall alsc be used to demonstrate compliance with the SOp concen-
tration limits in condition l.a. above.

The following test methods and procedures for 40 CFR Parts 60 and 61
shall be used for compliance testing:

Method 1 for selection of sample site and sample traverses.

Method 2 for determining stack gas flow rate when converting
concentrations to or from mass emission limits.

Method 3 for gas analysis for calculation of percent Oy and COj.

Method 4 for determining stack gas moisture content to convert
the flow rate from actual standard cubic feet to dry standard
cubic feet for use in converting concentrations in dry gases to
or from mass emission limits.

Method 5 for concentration of particulate matter and associated
moisture content. One sample shall constitute one test run.

Method 9 for visible determination of the opacity of emissions.

Method 6 for concentration of SO;. Two samples, taken at approxi-
mately 30 minute intervals, shall contitute one test run.

Method 7 for concentration of nitrogen oxides. Four samples,
taken at approximately 15 minute intervals, shall constitute one
test run.

Methoed 10 for determination of CO concentrations. One sample
constitutes one test run.

Method 12 for determination of lead concentration and associated
moisture content. One sample constitutes one test run.

Method 13B for determination of fluoride concentrations and
associated moisture content. One sample shall constitute one
test run.

Method 101A for determination of mercury emission rate and
associated moisture content. One sample shall constitute one
test run.

Method 104 for determination of beryllium emission rate and
associated moisture content. One sample shall constitute one
test run.
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Campl iance with emission limitations specified in 1b/mmBtu in conditions

l.a. and l.c. of this part shall be determined by calculating an "F" factor

in dscf/mmBtu corrected to 12% COz using the boilers' efficiency (as determined
by the calorimeter method contained in Attachment A during acceptance testing)
and the measured steam production. Data obtained from test methods required

in condition 1.d. of this part for compliance testing shall be used for the
calculation of the "F" factor required by this condition.

Devices shall be installed to continuously monitor and record steam production.
These devices shall be adequately maintained and operating during all periods
of steam production.

The height of each boiler exhaust stack shall not be less than 59.4 meters
above ground level at the base of the stack.

Each incinerator boiler shall have a metal name plate affixed in a conspicuous
place on the shell showing manufacturer, model number, type waste, rated
capacity, and certification number.

The permittee must submit to EPA and DER, within fifteen (15) days
after it becomes available to the County, copies of technical data
pertaining to the incinerator boiler design, acid gas control equip-
ment design, particulate control equipment design, and the fuel mix
that will be used to evaluate compliance of the facility with the
preceeding emission limitations.

Fuel

The Resource Recovery Facility shall utilize refuse such as garbage and
trash {as defined in Chapter 17-7, FAC) but not grease, scum, grit
screenings or sewage sludge.

Air Pollution Control Eguipment

The permittee shall install, continucusly operate, and maintain the following
air pollution controls to minimize emissions. Controls listed shall be fully
operational upon startup of the proposed equipment.

a. Bach boiler shall be egquipped with a particulate emission control device
for the control of particulates.

b. Each boiler shall be equipped with an acid gas control device designed
to remove at least 90% of the acid gases.

Continuous Emission Monitoring

a. Prior to the date of startup and thereafter, the County shall install,
maintain, and operate the following continuous monitoring systems
for each boiler exhaust stack:

(1} Continwus emission monitoring {CEM) systems to measure stack gas
opacity and SOz, NOy, CO, CO3, and Oy concentrations for each unit.
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Continuous monitors for SO; shall be installed after the acid gas
control device for each unit. The systems shall meet the EPA moni-
toring performance specifications of 40 CFR 60.13 and 40 CFR 60,
Appendix B, during initial campliance testing and annually thereafter.
Additionally, CEM's shall meet the quality control requirements of

40 CFR 60, Appendix F (Attachment B).

CEM data recorded during periods of startup, shutdown, and malfunction
shall be reported but excluded from campliance averaging periods for
Q0, NOy, and opacity.

a. CEM data recorded during periods ot startup and shutdown shall be
excluded fram compliance averaging periods for SO05.

b. CEM data recorded during periods of acid gas control device mal-
functions shall be excluded fram compliance averaging pericds
for SOp provided that the preceeding thirty day period which ends
on the last day of the malfunction period meets an average 502
emission limit equal to the SO, limit specified in condition
l.a. CEM data must be available for 90% of the operating time
for this exemption to apply. A malfunction as used in this
permit means any sudden and unavoidable failure of air pollution
control equipment or process equipment or of a process to operate
in a normal or usual manner. Failures that are caused entirely
or in part by poor maintenance, careless operation, or any other
preventable upset condition or preventable equipment breakdown
shall not be considered malfunctions.

An excess emissions report shall be submitted to EPA for every calendar
quarter. The report shall include the following:

(1)

(2)

(3)

(4)

The magnitude of excess emissions computed in accordance with
40 CFR 60.13(h), any conversion factors used, and the date and
time of cammencement and campletion of each period of excess
emissions (60.7(c)(1)}). -

Specific identification of each period of excess emissions that
occurs during startups, shutdowns, and malfunctions of the
turnace/boiler system. The nature and cause of any malfunction
{if known) and the corrective action taken or preventive measures
adopted shall also be reported (60.7(c)(2)).

The date and time identifying each period during which the continuous
monitoring system was inoperative except tor zero and span checks,
and the nature of the system repairs or adjustments (60.7(c)(3)).

When no excess emissions have occurred or the continuous monitoring
system has not been inoperative, repaired, or adjusted, such infor-
mation shall be stated in the report (60.7(c)(4)).
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(5) County shall maintain a file of all measurements, including continuous
monitoring systems performance evaluations; all continuous monitoring
systems or monitoring device calibrartion checks; adjustments and
maintenance performed on these systems or devices; and all other
information required by this pemmit recorded in a permanent form
suitable for inspection (60.7(d)).

(6} Excess emissions shall be defined as any applicable period during which

the average emissions of CO, NOy, and/or SOp, as measured by the
continuous monitoring system, exceeds the CO, NOy, and/or SO; maximum
emission limit (in ppm) set for each pollutant in condition l.a. above.

Excess emissions indicated by the CEM systems shall be considered vio—
lations of the applicable opacity limit or operating emission limits

{(in ppm) for the purposes of this pemmit provided the data represents
accurate emission levels and the CEM's do not exceed the calibration
drift (as specified in the respective performance specification tests) on
the day when initial and subsequent compliance is determined. The burden
of proot to demonstrate that the data does not reflect accurate emission
readings shall be the responsibility of the permittee.

Reporting

a.

A copy of the results of the campliance tests shall be submitted within
forty-five days of testing to the DER Bureau of Air Quality Management,
the DER Southeast Florida District Office, Broward County, and

EPA Region IV.

Continuous emissions monitoring data shall be reported to the DER Southeast
District Office and EPA Region IV on a quarterly basis in accerdance with
Section 17-2.710, FAC, and 40 CFR 60.7.

2ddresses for submitting reports are:
EPA Region IV

Chiet, Air Campliance Branch

U.S. Envirormental Protection Agency

345 Courtland Street, N.E.
Atlanta, Georgia 30365



_7...
Florida Department of Environmental Regulation (DER)

Deputy Chief, Camwpliance and Ambient Monitoring
Bureau of Air Quality Management
Florida Department of Envirormental
Regulation {DER)
Twin Towers Oftice Building
2600 Blair Stone Road
Tallahassee, Florida 32301

Southeast District Office of DER

District Manager

Department of Envirommental Regulation
3301 Gun Club Road

P.O. Box 3858

West Palm Beach, Florida 33402

Broward County

Broward County Envirormental Quality
Control Board

500 Southwest 14th Court

Ft. Lauderdale, Florida 33315




PART 11. - General Conditions

1.

The permittee shall camply with the notification and record-keeping require-
ments codified at 40 CFR Part 60.7. In addition, the permittee shall pro—
vide EPA with 30 days notice prior to conducting any campliance testing
required under condition 1l.a.

The permittee shall retain records of all information resulting from
monitoring activities and information indicating operation parameters
as specified in the specific conditions of this permit for a minimum
of two (2) years from the date of recording.

It, for any reason, the permittee does not comply with or will not be
able to comply with the emission limitations specified in this permit,
the permittee shall provide EPA with the tollowing information in writing
within five (5) days of such condition:

(a) description of noncamplying emission(s),

(b} cause of noncompliance,

(c) anticipated time the noncampliance is expected to continue or, if
corrected, the duration of the period of noncompliance,

(d) steps taken by the permittee to reduce and eliminate the noncomplying
emission.

Failure to provide the above information when appropriate shall constitute
a violation of the terms and conditions of this permit. Submittal of the
aforementioned information does not constitute a waiver of the emission
limitations contained within this permit.

Any proposed change in the information contained in the final determina-

tion regarding facility emissions or changes in the gquantity or quality of
materials processed that would result in new or increased emissions or ambient
air quality impact must be reported to EPA. If appropriate, modifications to
the permit may then be made by EPA to retlect any necessary changes in the
permit conditions. In no case are any new or increased emissions allowed

that will cause vicolation of the emission limitations specified herein. Any
contruction or operation of the source in material variance with the final
determination shall be considered a violation of this permit.

In the event of any change in control of ownership of the source described in
the permit, the permittee shall notify the succeeding owner of the existence
of this permit and EPA of the change in control of ownership within 30 days.

The permittee shall allow representatives of the state and local environ-
mental control agency or representatives of the EPA, upon presentation of
credentials:




(a)

(b)

(c)

(d)

(e)
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to enter upon the permittee's premises, or other premises under the
control of the permittee, where an air pollutant source is located or
in which any records are required to be kept under the terms and
conditions of this pemmit;

to have access to and copy at reascnable times any records required to
be kept under the terms and conditions of this permit, or the Clean
Air Act;

to inspect at reasonable times any monitoring equipment or monitoring
method required in this permit;

to sample at reasonable times any emissions of pollutants; and

to perform at reasonable times an operation and maintenance inspection
of the permitted source.

The conditions of this permit are severable, and if any provision of this
permit or the application of any provisions of this permit to any circum-
stances is held invalid, the application of such provision to other circum-
stances and the remainder of this permit shall not be affected.
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ATTACHMENT A

AN EXAMINATION OF PROPOSED ACCEPTANCE
- TESTING METHODS

K. E. GRIGGS
Department of the Army
U.S. Army Construction Engineering Research Laboratory
Champaign, 1llinois

ABSTRACT

This paper describes iest procedures proposed to be
used to determine the acceptance or operational per-
formance of solid waste incinerators with heat recov-
ery. The throughput capacity of the heat recovery
incinerator, volume and mass reduction, environ-
‘mental emissions, and overall thermal efficiency are
used as performance indicators. o

To develop the performance test, the manufacturers
of heat recovery incinerators (HRI's) were contacted
to obtain literature describing their products. The lit-
erature was reviewed to determine the characteristics
that manufacturers use to describe their HRI's, and to
learn general operating procedures and conditions.
The Power Test Codes of the American Society of
Mechanical Engineers (ASME) were reviewed to see
whether they could be used for testing HRI's. In ad-
dition, the proposals presented at the last three Na-
tional Waste Processing Conferences were also
reviewed. Four efficiency test procedures—the input-
output, heat-loss, modified heat-loss, and calorimeter
methods—were identified from this information, along
with an alternate concept of separate combustion ef-
ficiency and thermal energy recovery testing. Rec-
ommendations are made as to what should be
considered as the “standard” for acceptance testing,
based upon a user's perspective.
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INTRODUCTION

The Resource Conservation and Recovery Act of
1976 recommended the use of recovered-material de-
rived fuels to the maximum extent practical in Fed-
erally owned fossil fuel fired energy systems. To fulfill
the intent of this Act and to take advantage of possible
energy cost savings, the Army has undertaken the task
of installing heat recovery incinerators (HRI’s) at var-
jous installations throughout the continental United
States. To provide planning guidance for such HRI
installations, the U.S. Army Construction Engineering
Research Laboratory (USA-CERL) has developed
several publications [1-3]. Currently, HRI's are op-
erational at Fort Eustis, Virginia, Fort Leonard Wood,
Missouri, Fort Rucker, Alabama, and Redstone Ar-
senal, Alabama. By 1990, it is expected that waste may
be burned at over 15 Army installations.

Unlike other large-scale equipment, such as coal- or

oil-fired boilers, no standard performance test is cur-’

rently available to assess. field performance or to use
as an acceptance test specifically for HRI plants.
Within the Army, Directorates of Engineering and
Housing (DEH's) and District Engineers need stan-
dard performance test procedures to trouble-shoot
HRI systems and to ensure that new HRI's meet waste
throughput and efficiency specifications before the sys-
tems are accepted and turned over to the DEH for
operation.

e



Manufacturers of HRI's were contacted to obtain
hterature describing their incinerators. The literature
was reviewed to determine the characteristics that
manufacturers use to describe their products, and to
learn general operating procedures and conditions. The
American Society of Mechanical Engineers (ASME)
Power Test Codes (PTC 4.1 and PTC 33) were re-
~ viewed to see whether they could be used for testing
HRI's. The Naval Civil Engineering Laboratory pro-
cedures in HRI testing were reviewed for applicable
testing information. It was determined that the basis,
or core, of the acceptance test should be the repeated
ability to demonstrate that the unit will operate at the
‘specified thermal efficiency while simultaneously
achieving the rited throughput capacity, weight and

" volume reduction, steam (or other thermal) output,

and environmental emissions. While thermal efficiency
(the ability to release the theoretical heat energy avail-
able in a uscfu] form) can not be the sole criteria for

refuse and the variety of technologies used to bumn it,
some of which are still developing. The simplest ac-
ceptance test would be to see if the HRI could produce
the rated amount of steam when firing the rated
amount of refuse and supplementary fuel (if required).

" . Unfortunately, this does not take into consideration

acceptance, it is the best single indicator of the cor-

rectness of design and quality of manufacture.

The Army's requirement is for an acceptance test

developed for HRI's in the range of 20-100 TPD (18-
91 tpd) of solid waste. Tests for compliance with clean
air rcqu:rcmcnts are defined by Jocal, State, and Fed-
eral agencies. It is intended that new HRI's meet stip-
ulated capacity, volume and weight reduction and
efficiency guarantees while operating in compliance
with clean air requirements. Therefore, the test pro-
cedures must be conducted concurrently with envi-
ronmental testing, assuring compliance with air
emission standards during normal operation.

Unfortunately, no matter how rigorous an accept-
ance test is, the performance standards that the HRI
is required to meet must be clearly and completely
defined in the project specifications. The test itself will
not prevent or correct problems that previous HRI
projects have encountered. However, the test proce-
dures described in this paper will reveal the existence
of these problems.

-

- ELEMENTS OF A GOOD ACCEPTANCE TEST

The question of an appropriate and accurate HRI
acceptance test is a matter that has been discussed in
technical papers at the three ASME National Waste
Processing Conferences in 1980, 1982, and 1984 {4—
7). The acceptance testing of an HRI is a very complex
issue due to both the variability of the quality (heat
content versus moisture and noncombustibles) of the

possible variations in the heat content (Btu/1b) of the
‘waste which may allow a poorly operating unit to still
make its rated steam output (high Btu waste) or may
prohibit a well operating unit from making its rated
steam output (low Btu waste) at the rated mass firing
rate. There seems to be a general consensus by most

“investigators, in this area, that thermal efficiency is the

best indicator of quality of performance, since it takes
into consideration the heat content of the waste stream.
However, none of the investigators that have re-

_ported at the conferences referenced above, has directly

addressed the problem of how much the thermal ef-
ficiency of the various HRI technologies may change

due to “off design” operation as a result of burning

" 'waste of a quality other than that specified. The main

controversy seems to be the method (and the degree
of effort) that should be the standard in determining
that thermal efficiency. Much of this controversy is
prompted by the difficulty in determining the Higher
Heating Value (HHYV) of the waste. The various pro-

_ posals that were made, have had the implied aim of

minimizing the effect of this uncertainty. Very little
effort has been made to develop automated equipment
for more economic and accurate determination of the
waste HHV. The National Bureau of Standards (NBS)
has developed a calorimeter for “large”, kilogram size
RDF pellets. However, the methods for making this
determination are still very labor intensive and involve
the collection and processing of large amounts of waste

_in order to achieve a reasonable accuracy.
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In addition to the above, it must not be forgotten
that thermal efficiency can not be the sole criterion for
acceptance, although it may be the central part or core
of testing. The plant must also have the capability of
processing the design amount of waste, produce ac-
ceptable environmental emissions, discharge ash that
exhibits the desired volume and mass reductions, and
do all of this reliably. The plant must be able to do
all of these things, including demonstrating an ac-
ceptable thermal efficiency, at the same time. USA-
CERL is currently recommending that acceptance test.
ing consist of three 24 hr runs conducted within S days
in order to demonstrate reliability. With the exception
of thermal efficiency testing, all of the above criteria
have very specific and well defined methods of being
measured.




THERMAL EFFICIENCY TESTING
PROCEDURES

The efficiency testing procedures described in this
paper can serve two purposes. First, they may be used
as the basis of an acceptance test to establish whether
a speciﬁc system has complied with the capaclty, vol-
‘ume and mass reduction, and efficiency criteria in the

~ specification undeér which it was purchased. Second,

these tests can be used as a periodic performance eval-

.. uation indicating’ when abnormally high inefficiencies
_are occurring. In this instance, the test is conducted
" regularly and the information is compared with that

from previous tests. Reduced thermal efficiency may
also indirectly indicate the possibility of environmental
emission problems. This comparison may be made be-
cause of the common procedure and data base.

To accomplish these tasks, four thermal efficiency
testing procedures have been identified, along with an
alternate concept of separate combustion efficiency and
thermal energy recovery testing. The primary proce-
dures are the input—output, the heat-loss, the modified
heat-loss, and the calorimeter methods. Figure 1 pro-
vides a very simplified illustration of most of the factors

that must be considered in utilizing these methods.

They are discussed in detail in the previously refer-
enced papers [4-7] and are described by the following
equations:

Input—output method:
Thermal efficiency (%)

- Useful Heat Output
Heat Input

Heat-toss method:

‘Thennal efficiency (%)

Losses
=1~ m) X100 @
Modified heat-loss method:
“Thermal efficiency (%)

- (l _ Major Losses

Heat Input ) X 100 )

x 100 (1).
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RADIATION
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Calorimeter method:
Thermal efficiency (%)
Useful Heat Output
4
(Us.—.ful Heat Qutput + l.osscs) X 100 (H

INPUT-OUTPUT

As the name input-output implies, only the energy
inputs and the useful energy outputs are measured.
The main disadvantage with this method is the ac-
Jurate determination of the heat content of the waste.
This normally involves the collection of large amounts
of waste and making the determination based upon
many laboratory analyses, sorting the waste into its
components, or making a visual estimation. This
method of efficiency determination is essentially based
upon the very definition of thermal efficiency. How-
ever, it will only indicate that a problem exists and
does nothing to define the problem.

The main advantage of the input—output method is

* that it is the simplest of the four. Much of the required
instrumentation should already exist as a part of the
system’s normal operating controls. Moreover, there
is a requirement for less data and laboratory analysis
than with the other methods; except for the modified
heat loss method, which is also the Jeast accurate. The
“only method that has the potential for more accuracy
than the input-output method is the calorimeter
method, which is also very complex.

HEAT LOSS

The heat-loss method, which is also sometimes
(erroneously) referred to as the heat-balance method,
is less accurate than the input—output method. This

L
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_method involves the measurement of heat losses from
- the system, such as sensible and latent heat in the flue
gas, sensible heat in the ash, combustible material in
the ash, radiation and convection from the incinerator
"and boiler surfaces. latent heat from cvapcranon of
_ ash quench water, and heat contained in boiler blow-

from an HRI can have a large impact on the results,

_ as noted above in the discussion of the heat loss

method. Additionally, incomplete combustion of the
waste can result in losses as significant as the stack

~ losses as demonstrated by some of the operating in-
~ stances at Fort Knox and Fort Eustis where labels and

. down. This method varies from the calorimeter and '

mput-output methods in that the useful energy output
_ is not measured, but the total heat input is measured
_and some smaller heat Josses may be partially esti-
mated. The accuracy of this method is variable, based
upon the number of the losses estimated and the ac-
curacy of that estimation. In addition, this method is
also affected by the accuracy of the determination of
‘the heat content of the waste, as noted above; and the
sccuracy of the determination of the moisture in the
" flue gas, which will have a large impact upon the gas
Iatent heat losses. The results of a heat-loss determi-
nation will never agree (in practice) with the results
of the input-output method (based upon coal fired
‘boiler experience), although the difference may be as
little as 2%.
While the heat-loss method is more difficult and

potentially less accurate than the .input-output

method, its advantage is that it does provide more

other paper goods were readable after going through
the incinerator, This can be compensated for by mea-
suring the ash production rate and the carbon content -
of the ash. Unfortunately, that would make this
method almost as complex, but still less accurate than

" the input-output method. However, this method could

useful information. For example, if an incinerator sys-

-tem is not operating efficiently, this method should
show where the excessive losses are (¢.g., unburned
carbon in the residue, high exit gas temperature, etc.).
Hence, this méthod is most valuable in identifying
operating and maintenance problems, and preferred by
many engineers for all types of fossil fuel fired facilities.

SHORT FORM (MODIFIED) HEAT LOSS

The least accurate method is the modified or “short '

form™ of the heat-loss determination. This method was
proposed by Hecklinger and Grillo in 1982 [5] and
based upon earlier recommendations by Stabenow in
1980 [4]. Although it is the least accurate, it is also
extremely simple and quick. It is based upon the as-
sumption that the major heat loss in the system is up
the stack and normally involves taking only O, and
_ temperature measurements on the stack gases in ad-
dition to measuring the fuel firing rate. This is a good
assumption for oil/gas fired boilers and is reasonable
for most of the larger coal fired boilers where efficient
combustion of the fuel is very certain and the amount
of moisture in these gases is low and well defined. With
the thermal efficiency calculation depending so heavily
on so few measurements, the highly variable and gen-
erally larger amounts of moisture in the stack gases
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be used for day-to-day comparative indications of
changes in thermal efficiency that may require more
detailed investigation. It could also be used to monitor
the results of changes associated with the operating
crew and/or maintenance procedures.

CALORIMETER

The most rigorous method (which is used in Europe)
is to use the HRI as a continuous calorimeter. The
calorimeter method is much more complex than any

‘of the other methods. It involves doing a complete

mass and ei.ergy balance around the HRI, with the
only unknown being the heat content of the waste
stream. This involves a very large number of mea-
surements (some of which can be quite tedious, such
as heat loss to ash quench water including evaporation)
and much more instrumentation than normally found
on all but the largest HRI's. Essentially, all of the

losses associated with the heat-loss method, and the

energy output measurements associated with the in.
put—output method, must be actually made, and not
estimated. If these measurements are made carefully
with accurate instrumentation, this method would pro-
duce the most accurate results, and avoid the problem
of determining the heat content of the waste. However,
the measurement of the total moisture of the flue gas
is still 2 major problem at this time, since the traditional
EPA Method 5§ only involves grab samples. The
amount of this moisture can be quite significant if
internal sprays are used to cool the combustion zone,
the waste is very wet, and/or a quench, ash cooling
system is used that is not isolated from the combustion
zone. In addition, the potential improvement in ac-
curacy over the input~output method is not significant
(0.73% [7]) based upon the size range and lack of
sophistication of typical Army HRI plants.

Dlue to the complexity involved, the not yet totally
resolved question of measuring the moisture in the flue
gas, and a relatively small increase in accuracy, this
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.method is not considered appropriate for the size and
.type of HRI plants the Army would typically build.
Starved air technology (the most common type of
" plant), specifically, is not sufficiently developed to war-
‘rant this level of accuracy, and additional instrimen-
tation would have to be supplied (at a significant
additional cost), especially for the testing. However,

this method would be appropriate to very large (greater ]

‘than 75 TPD/unit) excess air/water wall plants that
also might include electrical cogeneration, and would
“most likely already have all of the instrumentation
_mecessary, and represent both a state of the art and a
magnitude of investment that would warrant this level

poscd test methods are based on existing ASME boiler
and incinerator test procedures. A summary compar-
ison of them may be found in Table 1. Unfortunately,
there has not yet been any field comparison of these
methods, and they have only been examined on a the-
oretical basis. It is recommended that the input-output
method be used by the Army as the basis for the
thermal efficiency portion of acceptance testing. The
heat-loss method should be used to isolate the areas
of inéfficiencies should losses be excessive. The mod-
ified heat-loss method could be used for routine mon-

- itoring of the system. It is also recommended that the
. Army encourage the use of the calorimeter method for

of accuracy and effort. This type of plant would be

' typlcal of what the Army would be involved with on
a joint basis with a local municipality.

AN ALTERNATE CONCEPT

The basis of this alternate concept is to consider that
~an HRI facility has two basic purposes: thermal re-
duction of the waste and energy recovery. These two

functions could be examined separately and tested in.

dependently of each other. This would involve testmg

commercial HRI installations of unit sizes larger than
75 TPD (gencra]ly beyond starved air size), since that
method seems most appropriate for plants of that size
and expected sophistication. The alternate concept of
separate combustion efficiency and thermal recovery
testing should be allowed as an alternative where ap-
propriate. _
The procedure recommended above has been field
tested for applicability at the Redstone Arsenal, Ala-
bama, HRI. Revisions were made to the test procedure

" details to maximize the use of field available equipment.

the boiler (separate or integral) by delivering to it the -

rated amount of hot gases at the temperature specified,
" and measuring its thermal efficiency by conventional
methods. These hot gases would be produced by con-
ventional firing of gas or oil. The efficiency of the
incinerator itself would be measured only by deter-

mining the amount of carbon in the ash as an indicator 7

of completeness of combustion at the design firing rate.
The functioning of the incinerator and the heat content
of the waste would not be directly involved in the

determination of the efficiency of producing useful -

thermal output. Unfortunately, incinerators are not
normally supplied with start-up and auxiliary (sec-
ondary zone) burners of sufficient size to produce the
boiler’s rated steam output with out burning any waste.
Howrver, some manufacturess of modular starved air
systems do offer an option of a burner installed in the
heat recovery boiler, capable of full steam production,

_as a back-up, in the event the incinerator ceases to
function and steam output must be maintained. In
those cases, this separate tesnng concept could be ap-
plicable.

CONCLUSIONS AND RECOMMENDATIONS

This paper has documented the investigation of a
standard performance test for Army HRI's. The pro-
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In addition, contractor-supplied data from perform-
ance and emissions tests at the Fort Leonard Wood,
Missouri, HRI have been reviewed to evaluate the
results of the procedure.

This paper is 2 condensation of a technical report
currently being prepared by the US Army Construction
Engineering Research Laboratory. The final report will

discuss in much greater detail, the above testing meth-

ods, data requirements, and the procedure for con-
ducting an acceptance test with consideration of field
experience. When published, this report will be avail-
able through NTIS.
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ABSTRACT

One of the questions on mass burning of municipal
waste has been how much heat can be recovered from the
waste. The answer must always be conditioned on the
heating value of the waste. The problem is to determine
that volue. Every sample of waste will have different
moisture, ash and chemical composition, which will cal-
culate to different heating values. The practice in the
US. is to use the high heat value in calculating energy
production, which further complicates the question. Our
suggestion js to use the furnace as the calorimeter to
determine the heating value of the waste.

This is accomplished by measuring all the known in-
puts: waste quantity; combustion air; feedwater and cool-
ing water; and all the known outputs: steam; blowdown;
ash; radiation and flue gas. Flue gas O;, CO,, H,0 and S
are measured and used to calculate a waste Btu content.
Efficiency is calculated by dividing the net heat in steam
by tha calaitatad heat input.

INTRODUCTION

One system of incineration has been proven by over
30 years of successful operation in Europe and, to a
_ limited extent, in the US.: mass burning of unsorted
waste on specially designed grate systems.

Specially designed waterwall boilers recover heat
energy from the hot flue gases in the form of steam f