


FOREWORD

The U.S. Environmental Protection Agency is charged by Congress with pro-
tecting the Nation's land, air, and water resources. Under a mandate of national
environmental laws, the Agency strives to formulate and implement actions lead-
ing to a compatible balance between human activities and the ability of natural
systems to support and nurture life. To meet this mandate, EPA's research
program is providing data and technical support for solving environmental pro-
blems today and building = science knowledge base necessary to manage our eco-
logical resources wisely, understand how pollutants affect our health, and pre~
vent or reduce environmental risks in the future.

The National Risk Management Research Laboratory is the Agency's center for
investigation of technological and management approaches for reducing risks
from threzts to human health and the environment. The focus of the Laboratory's
research program is on methods for the prevention and control of pollution to air,
land, water, and subsurface resources; protection of water quality in public water
systems; remediation of contaminated sites and groundwater; and prevention and
control of indoor air pollution. The goal of this research effort is to catalyze
development and implementation of innovative, cost-effective environmental
technologies; develop scientific and engineering information needed by EPA to
support regulatory and policy decisions; and provide technical support and infor~
mation transfer to ensure effective implementation of environmental regulations
and strategies.

This publication has been produced as part of the Laboratory's strategic long-
term research plan. It is published and made available by EPA's Office of Re~
search and Development to assist the user community and to link researchers
with their clients.

E. Timothy Oppelt, Director
National Risk Management Research Laboratory

EPA REVIEW NOTICE

This report has been peer and administratively reviewed by. the U.S. Environmental
Protection Agency, and approved for publication. Mention of trade names or
commercial products does not constitute endorsement or recommendation for use.
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International Fuel Cells FCR-13524C

ABSTRACT

This report summarizes the results of a four-phase program with the U. S. Environmental Protection Agengy
under Contract 68-D1-0008, “Demonstration of Fuel Cells to Recover Energy from Landfill Gas.” Thg envi-
ronmental impact of widespread use of this concept would be a significant reduction of global warming gas
emissions (methane and carbon dioxide). This work was conducted over the period from January 1991
through June 1995.

International Fuel Cells Corporation (IFC) conducted the four-phase program to demonstrate that fuel cell
energy recovery using a commercial phosphoric acid fuel cell is both environmentally sound and commer-
cially feasible. Phase I, a conceptual design and evaluation study, addressed the technical and economic 1s-
sues associated with operation of the fuel cell energy recovery system of landfill gas. Phase II includes de-
sign, construction and testing of a landfill gas pretreatment unit (GPU) to remove critical fuel poisons such
as sulfur and halides from the landfill gas, and to design fuel cell modifications to permit operation on low
heating value landfill gas. Phase IIT was the demonstration test of the complete fuel cell energy recovery
system. Phase IV described how the commercial fuel cell power plant could be further modified to achieve
full rated power on low heating value landfill gas.

The demonstration test successfully demonstrated operation of the energy recovery system, including the
GPU and commercial phosphoric acid fuel cell modified for operation on landfill gas. Demonstration output
included operation up to 137 kW; 37.1 percent efficiency at 120 kW; exceptionally low secondary emissions
(dry gas, 15% O3) of 0.77 ppmV carbon monoxide, 0.12 ppmV nitrogen oxides, and undetectable sulfur diox-
1de; no forced outages with adjusted availability of 98.5 percent; and a total of 709 hours operation on landfill
gas. The pretreatment (GPU) operated for a total of 2,297 hours, including the 709 hours with the fuel cell,
and documented total sulfur and halide removal to much lower than specified <3 ppmV for the fuel cell. The
GPU flare safely disposed of the removed landfill gas contaminants by achieving destruction efficiencies
greater than 99 percent. An environmental and economic evaluation of a cormmercial fuel cell energy system
concluded there is a large potential market for fuel cells in this application.
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1.0

LANDFILL GAS PRETREATMENT MODULE TEST AND QUALITY ASSURANCE PLAN
OBJECTIVE

The Test Plan details the EPA Phase II Field Test of the Gas Pretreatment Unit (GPU) to conﬁrm
the functionality of the gas pretreatment module for the fuel cell power plant field demonstration.
It also describes the additional emissions testing that will be conducted to satisfy the requirements
of the South Coast Air Quality Management District (SCAQMD) permit. Included is: a) a sched-
ule and all operating conditions under which tests will be made, b) all parameters to be measured,
recorded, and observed, c) a detailed description of the sampling and testing techniques to be
used, and d) specifications for all test equipment and instrumentation required to make the neces-
sary measurements. This plan addresses the quality assurance/quality control requirements of
EPA/Air and Energy Engineering Research Laboratory’s Category IV projects. The verification
criteria will be the demonstration of the performance parameters of the Landfill Gas Pretreat-
ment System specification (FCCS5736). The key parameters of this specification are removal of
sulfur and halide contaminants to 3 ppmv each. A copy of FCCS5736 is provided in Attachment A
for reference.

IFC’s philosophy is to demonstrate a potential commercial gas pretreatment module, that is de-
signed to be factory assembled and checked out, then delivered to any landfill with confidence the
process will meet the fuel specification. The Phase II Field Test will also address the flexibility of
the gas pretreatment process to clean landfill gas as a variety of different sites. Confirmation of
this includes a challenge test of the gas pretreatment module with dichlorodifluoromethane.
Dichlorodifluoromethane was selected because it is a light halogenated hydrocarbon which is dif-
ficult to remove. This challenge will be conducted once the desired operating parameters have
been selected. Implementation of the Test Plan to validate the operation of the gas pretreatment
unit represents a major step toward completion of that demonstration.

B-4
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2.0

QUALIFICATION OF LFG PRETREATMENT UNIT PROCESS CONDITIONS

The initial test effort is to qualify the gas pretreatment unit process operating conditions. The
Landfill Gas (LFG) pretreatment unit process design and operating conditions were selected by
IFC and Bio-Gas Development Inc., using chemical industry and landfill gas purification experi-
ence and adsorbent and heat exchanger vendor recommendations. A detailed description of the
process design is provided in Attachment B. Qualifications of the process design and conditions
will be done in three steps:

1 Factory Test (Completed)

Factory Test was conducted to verify the thermal, mechanical, and electrical operability of the
LFG pretreatment unit. The test was completed in February 1993. The unit was operated for 16
hours (one complete adsorption-regeneration cycle on both sets of adsorption beds) at rated flow
conditions on N gas. The operating features of the unit, excluding the condensation and adsorp-
tion of LFG water vapor and contaminants, and excluding operation of the flare were verified.

Included in this Verification Test was the operation of the refrigeration system, the first and second
stage condenser-cooler heat exchangers, regeneration gas heater, thermal cycling of the regener-
able dehydration and activated carbon beds, automatic valve sequencing programmable control-
ler, pneumatic actuator and actuating valves, operation of all mechanical and electrical and com-
ponents, and verification of all process flows, system pressure, pressure drops, and temperatures
throughout the system consistent with the process design.

Factory Test data are provided in Attachment C.
2 Site Check-Out Test

The site check-out test will follow similar procedures used during the factory Nj test but will in-
clude rated flow operation on landfill gas, water vapor and contaminant removal by condensation
and by the regenerable adsorbent beds, and operation of the flare which destroys contaminants
regenerated from the adsorbent beds. The gas pretreatment unit will be operated for a complete
16 hour cycle. Inlet and exit gas samples will be obtained periodically during the check out test for
analysis off-site. These, along with samples of the raw LFG, will be returned to TRC Environmen-
tal Consultants Inc.! for preliminary analysis.

Condensates from the first stage and second stage condensers will be analyzed for the presence of
hydrocarbons. Specifically, we will determine if the second stage condenser removes light hydro-
carbons.

All critical temperatures, including a continuous recording of all regenerable bed thermal cycles,
will be recorded. As in the factory test, process flows, pressures, and pressure drops will also be
recorded. These data and the results of the gas analyses will be reviewed following the check-out
test to determine if adjustments to the programmable controller are required for the Field Test.

3 Phase II EPA Field Test

The Field Test will be conducted at the process conditions derived during the site check-out test.
Some tuning of the regeneration timing (shortening of the adsorption-regeneration cycle) may be
required if analyses of the product gas samples indicates any significant landfill gas contaminant
specie breakthrough near the end of the adsorption cycle. Gas pretreatment unit performance
verification, including the flare destruction efficiency will be documented according to the test
plans described in Section 3 and 4 of this report and air quality permit requirements. A copy of the
South Coast Quality Management District permit requirements are provided in Attachment D.

1. Corporate Headquarters: 5 Waterside Crossing, Windsor, Ct 06095 , (203) 289—-8631
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3.0 PHASE II EPA FIELD TEST AND QUALITY ASSURANCE PLAN

3.1

3.2

Scope

The testing chain-of-custody and schedule to performed is provided in Table 3.1. IFC \YIH
analyze the landfill gas entering the pretreatment unit, exiting the unit, condensates, ar,l,d in-
let and exit flare gases. Operation of each dual regenerable beds (designated Bed “A and
“B”) will be monitored. Additionally, Bed A will undergo a special Challenge Test, involving
“spiking” the LFG with approximately 50 ppm of dichlorodifluoromethane to e\./alqate the
performance of the unit on a more highly contaminated gas typical 'of some lanfiflll sites. To
accomplish this, the gas pretreatment unit will be analyzed as described above, in the follow-
ing modes:
— Pre-challenge — Air analyzed of Bed A characteristics before dichlorodifluorome-
thane injection.
— Challenge — Air analyzed during dichlorodifluoromethane injection and landfill gas.
— 24 hours after challenge on Penrose to judge the ability of the system to recover from
the Challenge Test.
The Phase II tests and schedule will be described in Section 3.1.2 below. Additionally, a sepa-
rate battery of tests, required by the SCAQMD air quality permit, will also be performed.
These will be discussed in Section 4.

Phase II Testing/Schedule

The Phase II testing will be performed over a three-day period. The day prior to the test,
initiation on-line measurements and instrument calibrations will be conducted. At least two
weeks prior to Field Test program, a TRC engineer will inspect the site and collect Tedlar bag
samples which will be analyzed off-site to resolve any analytical problems prior to the field
program. The program goal is to operated the LFG pretreatment unit for 500 hrs.

The following description assumes an eight-hour cycle time. If, as a result of the check-out
testing described in Section 2, it is determined that this should be adjusted, the following
would change according to the modified cycle schedule. Testing will begin on 0800 of Day one
when Bed A will be started and run for a short period of time ( = 1/2 hour) on LFG. This is the
pre-challenge test of Bed A. Inlet gases will be analyzed for the following:

— Total and individual sulfur compounds shown as Table 3.2-1.

— Volatile priority hydrocarbon and halohydrocarbon pollutants shown in Table 3.2-2.
— Phenol

— Elemental silicon for silanes and siloxanes in shown as Table 3.2-3.

Outlet gases will be monitored for total sulfur and individual halides. Condensate from Ves-
sel 1 will also be tested for total organics (as carbon).

At approximately 0830 of Day one the dichlorodifluoromethane challenge test will begin by
injecting the challenge gas to the inlet of the pretreatment unit. From 0830-0900, both the
inlet and outlet gas will be tested for dichlorodifluoromethane. After proper calibration of
the dichlorodifluoromethane additive is confirmed, testing for dichlorodifluoromethane will
be performed on the outlet gases only from 0900-1500. For the last hour of the eight hour
cycle, from 1500-1600, outlet gases will be tested for total sulfur, individual halides as well as
dichlorodifluoromethane. Additionally, the condensate from Vessel 2 will be tested for total
organics (as carbon). At approximately 1600, Bed A will be switched to the regeneration
mode and Bed B will be started for an eight hour “make” cycle.
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At 0000 hours of Day two, Bed B will be switched for an eight-hour regenerative cycle. Bed A
will be put back into the “make” mode, running on straight LFG (without dichlorodifluoro-
methane “spiking”).

At 0800 hours of Day two, normal testing of Bed B will begin. Bed B will be switched to the
make mode and run on LFG. From 0800 to 0900 inlet gases will be tested for the following:
— Total and individual sulfur (per Table 3.2-1)
- Volatile priority gases (per Table 3.2-2)
— Phenol
— Silicon (see Table 3.2-3)

The outlet gas of Bed B will be tested for total particulates. Condensate from Vessel 1 will
also be tested for total organics (as carbon).

At approximately 0900 of Day two, after calibration of the inlet gases is completed, the outlet
gases will be tested for H;S and total particulates. This will continue to approximately 1500
hours. For the final hour of the eight-hour cycle, from 1500-1600, the outlet gas will be tested
for the following:

— Total sulfur
- H)S
— Individual halides
— Total particulates
Condensate from Vessel 2 will also be analyzed.

At 1600 hours, Bed B will be regenerated for eight-hours and Bed A will be switched to the
“make” mode on LFG.

At 0000 hours of Day three, Bed B is switched to “make” and Bed A is “regenerated.” Final
day testing begins at 0800. This test will determine how Bed A responds to normal operation,
24 hours after the challenge test. For the first hour (0800-—0900) inlet gases will be tested
for:

— Total and individual sulfur (see Table 3.2-1)
— Volatile priority gases (see Table 3.2-2)
— Phenol

— Silicons (see Table 3.2-3)
Outlet gas measurements will be taken of the following:

— Total Sulfur
-~ H)S
— Individual Halides

— Total Particulates
Condensate from Vessel 2 will be tested for total organics (as carbon).

The final hour of testing (from 1500-1600) we will analyze only outlet gases. The tests will be
performed as described above.
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TABLE 3.2-1
INDIVIDUAL SULFUR COMPOUNDS
Sulfur Constituent (ppm,) Typical Value in LFG
1. H,S 1.03
2. Methyl Mercaptan 3.0
3. Ethyl Mercaptan 0.5
4, Dimethyl Sulfide 8.0
5. Dimethyl Disulfide 0.02
6. Carbonyl Sulfide <0.5
7. Carbon Disulfide <05
8. Total Sulfur, as H,S (ppm) 1145
TABLE 3.2-2
VOLATILE PRIORITY POLLUTANTS AND HYDROCARBONS
VOLATILE PRIORITY POLLUTANTS Typical Values in LFG
(PPM,)
1. Dicholroethene 0-33
2. Dichlorethane 0-0.25
3. Benzene 0.41-2.0
4. Chlorobenzene 0.1-1.0
5. Ethylbenzene 3.5-13.0
6. Methylene Chloride 0-12.0
7. Styrene 0-0.5
8. Trichloroethene 0.6-2.8
9. Trichlorofluoromethane 0-0.6
10. Toluene 4.7-35.0
11. Tetrachloroethene 1.0-6.3
12. Vinyl Chloride 0.4-1.4
13. Xylene Isomers 6.9-22.0
14. CIS-1, s-Dichloroethane 4.1-5.1
15. Total Organic Chloride as Cl (ppmy) 14.5-67.1
16. Total Volatile Priority 21.7-105.3
Pollutants (ppmy)

B-9




International Fuel Cells

TABLE 3.2-2 (Continued)

VOLATILE PRIORITY POLLUTANTS AND HYDROCARBONS

Major Hydrocarbon Species (%) Typical Values in LFG
17.  Methane 41-48
18. Ethane 0
19. Propane 0
20.  Isobutane 0-0.01 (100 ppmy)
21.  N-Butane 0
22. 150 Pentane 0-0.097 (970 ppmy)
23.  N-Pentane 0-0.018 (180 ppmy)
24, Hexanes 0.0040-0.039 (390 ppmy)
Hydrocarbons Typical Values in LFG
25. Alpha Pinene
26. d-Limonene
27. Ethyl Butyrate
28. Ethyl Acetate
29. Methyl Ethyl Ketone
30. Methyl Isobutyl Ketone
31. Acetone Unknown
32. Butanol
33. CIS 13 Dichloropropene
34. Naphthene
35. Tetrahydrofuran
36. Nitrobenzene
Halohydrocarbons Typical Values in LFG
37. Dichlorofluoromethane
38. Dichlorodifluoromethane Unknown
39. Chlorodifluoromethane
40. Bromodichloromethane
TABLE 3.2-3
SILICONES AND SILOXANES
Silanes Typical Values in LFG
1. Methoxytrimethyl Silane Unknown
Siloxanes Typical Values in LF G
Octamethyl Cyclosiloxane Unknown
Decamethyl Cycosiloxane Unknown
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33 Sampling and Analysis Methods

3.3.1

33.2

Pretreatment Unit Inlet Gas Measurements

3.3.1.1

33.1.2

33.1.3

Volatile Organic Compounds and Sulfur Compounds — TRC will collect two
30-minute integrated samples in Tedlar bags from 0800 to 0830 on each day of
the three day test. One bag sample will be analyzed by TRC on-site for total
sulfur, halohydrocarbons and the target halides, and for the individual sulfur
compounds. (Table 3.2-1)

The second bag sample will be analyzed by a TRC sub-contract laboratory for
the following compound classes (Table 3.2-2):

— Volatile priority pollutants by gas chromatography/mass spectroscopy
(GC/MS).

— Cj to Cg hydrocarbon species by gas chromatography/flame ionization de-
tection (GC/FID).

— Twelve additional volatile organic compounds and four halohydrocar-
bons compounds by GC/MS. This analysis excludes phenol.

Phenol — TRC will collect triplicate one-hour gas samples on a solid sorbent
tube during each test day. This sample will be analyzed by a TRC sub-con-
tract laboratory (Environmental Health Laboratory of Hartford, CT) for
phenol by High Pressure Liquid Chromatography (HPLC).

Silicone Compounds — TRC will collect triplicate gas samples in a liquid ab-
sorbing reagent or on a solid sorbent tube during each test day. These sam-
ples will be analyzed by a TRC sub-contract laboratory (Environmental
Health Laboratory of Hartford, CT) for elemental silicon by Atomic Absorp-
tion Spectroscopy (AAS) or by a colorimetric analytical procedure. The ele-
mental silicon data will be used as a measure of the presence of silanes and
siloxanes.

QOutlet Gas Measurements

Concurrently with the inlet gas measurements, TRC will collect and analyze samples
of the outlet gas as follows:

3.3.21

Total Sulfur — TRC will measure Total Sulfur (TS) concentration in the PTU
outlet gas stream continuously. The TS concentration will be measured in
accordance with EPA Method 6C, modified by the use of a hydrogen sulfide-
t0-SO; catalytic converter. The modified analyzer converts HjS to SO3, and
then measures the SO, with a pulsed fluorescent Thermo Environmental
Model 43 SO; analyzer. The result is a continuous measurement of total sul-
fur with a detection limit of approximately 10 ppb. Analyzer output will be
recorded on a data logger and a strip chart.

The TS sampling system will consist of a stainless steel probe, Teflon sample
line, pump, and the analyzer. The analyzer will respond to all sulfur-contain-
ing compounds, and will be calibrated with certified hydrogen sulfide (H5S)
compressed gas standards, and thus the TS data will be expressed as H,S.
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33.2.2

3323

33.24

33.25

3.3.2.6

3.3.2.7

ON-Line Halides — TRC will measure Halogenated Organic Compound
(HOC) concentrations in the outlet gas stream semi-continuously with a Gjas
Chromatograph/Electron Capture Detector (GC/ECD). The GC/ECD will
be calibrated with the halohydrocarbon isomer used as the spiking agent and
at least five additional halogens listed in Table 3.2-2. The system will be oper-
ated for eight hours each day, over the three-day program. The HOC sam-
pling system will consist of a probe, heated Teflon sample line, heated pump,
and the GC/EDC analyzer. The pump will continuously purge the analyzer
sample loop, and an automatic sampling valve will periodically be activated
to inject the sample loop contents into the analyzer.

Halides and Freon (GC/MS Method) — TRC will collect gas samples in Ted-
lar bags and analyze the samples for halohydrocarbons and the halogenated
organic compounds listed in Table 3.2-2. The purpose is to provide confirma-
tion for the analyses described in Section 3.3.2.2, to quantify the complete list
of Table 3.2-2 target halides, and to identify any significant non-target hal-
ides.

A 30-minute sample will be collected at the start of the first cycle, and a
60-minute sample will be collected for subsequent samples. The five samples
will be shipped to a off-site laboratory under and analyzed by low resolution
Gas Chromatography/Mass Spectrometry (GC/MS).

Reduced Sulfur Compounds — TRC will conduct on-line semi-continuous
gas analysis for reduced sulfur compounds according to a2 modified EPA
Method 16. The individual sulfur compound analysis will be performed with
a Gas Chromatograph/Flame Photometric Detector (GC/FPD), which will
be calibrated with compressed gas standards containing a mixture of the sul-
fur compounds. A Hewlett-Packard 5890 gas chromatograph equipped with
an air actuated automatic gas sampling valve will be used. The system wil
analyze the gas at approximately 15-minute intervals over each of the three
eight-hour test periods.

Particulate Matter Measurements — TRC will measure the Total Particulate
Matter (TPM) concentration in the PTU outlet gas stream once during each
8-hour bed cycle. The TPM concentration will be measured using a modifica-
tion of EPA Method 5. A portion of the gas stream will be drawn through a
filter (99.5% efficient at 0.3 microns) at approximately 0.75 cfm for the full
eight-hours of each bed cycle. The filters will be returned to the TRC labora-
tory, and the TMP catch on the filter will be determined gravimetrically. We
expect the TPM catch to be very low and for this reason particle sizing will not
be feasible. Three eight—hour samples will be analyzed.

Volumetric Flow Measurements — TRC will measure volumetric flow rate of
the outlet gas stream with a hot-wire anemometer, the output of which will be
recorded continuously on a strip chart.

Gas Pretreatment Unit Condensate Samples — TRC will collect two liquid
condensate samples during each test day. These samples will be analyzed by
a TRC contract laboratory for total organic content. The results will be ex-
pressed in weight percent as carbon.

B-12



International Fuel Cells

34 QA/QC PROCEDURES
3.4.1 Quality Commitment

The TRC Quality Assurance program (QA) is designed to ensure that emission mea-
surement work is performed by qualified people using proper equipment following
written procedures in order to provide accurate, defensible data. This program is

based upon the EPA Quality Assurance Handbook for Air Pollution Measurement

Systems, Volume III (EPA-600/4-77-027b).

At the beginning of each test day, a meeting will be held to orient personnel to the
activities scheduled for that day, to discuss results from the previous day, and to de-
termine if any special considerations will be appropriate for the day’s work.

342 QA/QC Procedures

3.4.2.1 Emission Measurement Methods

Sampling and measurement equipment including continuous analyzers, re-
corders, pilot tubes, dry gas meters, orifice meters, thermocouples, nozzies,
and any other pertinent apparatus are uniquely identified, undergo preven-
tive maintenance, and will be calibrated before and after the test program.
Most calibrations will be performed with standards traceable to the National
Institute of Standards and Technology (NIST) or other appropriate refer-
ences. These standards include wet test meters and NIST Standard Refer-
ence Materials. Records of all calibration data are maintained in TRC files
and will be available on site prior to the first test period.

During the field tests, sampling performance and progress will be continually
evaluated, and deviations from sampling method criteria will be reported to
the Field Team Leader who then can assess the validity of the test run. All
field data will be recorded on prepared data sheets. The Field Team Leader
will maintain a written log describing the events of each day. Field sampies
including field blanks will be transported from the field in shock-proof, se-
cure containers. Sample integrity will be controlled through the use of pre-
pared data sheets, positive sample identification, and chain-of-custody forms
as shown in Table 3.1-1. All sampling trains will be leak-checked before and
after each test.

3.4.2.1.1 Methods 1,2, 4, 26

All Method related sampling runs will be maintained at 100+10
percent isokinetic. Probe and hotbox temperatures will be main-
tained within 25°F of the temperatures specified.

Prior to the field test programs, full clean-up (background) evalua-
tions of all sampling equipment are periodically performed at the
TRC laboratories. This procedure will ensure the accuracy of the
chosen equipment and procedures.

3.4.2.1.2 Continuous Emission Monitoring System

The CEM system will be calibrated, leak, and bias checked at the
beginning and end of each emission test. In addition, manual mea-
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surements of O, and CO; concentrations will be made on a regular
basis in accordance with EPA Method 3 as a comparison to the
CEM data. All calibration gases will be Protocol I or equivalent
(+1%). Multipoint calibrations will be performed on the analyzers
prior to the field program to establish linearity.

3.4.2.1.3 Analysis

All samples preparation and sample analyses will be performed at
or under the direction of the TRC Environmental Laboratories.

Standards of QA set forth in the Quality Assurance Handbook for

1 tems, Volume 111
(EPA-600/4-7-027b) and the b for Analvtical
trol in Water and Wastewater Laboratories (EPA-600/4-79-019,

March 1979) will be strictly followed.

In the analytical laboratories, all quality control samples including
field blank samples, reagents, and filter blanks will be analyzed with
the actual test samples. Blank values will be subtracted from actual
sample values.

The TRC Laboratory maintains a continuous QC program to moni-
tor instrument response and analyst proficiency, and to ensure the
precision and accuracy of all analytical results. This program has
been developed in consultation with EPA, NIOSH, and State regu-
latory agencies.

TRC participates in the audit programs of the EPA Environmental
Monitoring Systems Laboratory (source and ambient air) and the
EPA Environmental Monitoring and Support Laboratory (water).
TRC will provide a compressed gas cylinder audit to the subcon-
tract laboratories conducting the toxic air analyses. Audit results
are reviewed by the Chemistry Laboratory Manager and the Emis-
sion Measurement Section Manager, and corrective action is initi-
ated when acceptance criteria are not met.

During the data reduction processes, all calculations will be re-
viewed initially by a person intimately associated with emission test
program, and finally by a senior scientist or engineer not associated
with the program. These QC checks will provide a means to ensure
that the calculations are performed correctly and that the data are
reasonable.

3.4.2.1.4 Laboratory Subcontractors

Subcontract laboratories have been selected by TRC to provide
analytical support not available at TRC. They offer state-of-the-art
laboratory services and professional staff experience with the rigor-
ous requirements of method development, sample analysis, and
quality control. Toxic organic samples will be analyzed by two sepa-
rate laboratories to provide additional quality assurance.
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4.0

FIELD TEST PLAN FOR SCAQMD AIR QUALITY PERMIT REQUIREMENTS

4.1

4.2

43

Background

In addition to the EPA Phase II testing described in Section 3.0 above, emission testing will
be conducted to satisfy.the requirements of the SCAQMD permit. Samples will be collected
from the gas pretreatment unit inlet and outlet as well as the flare inlet and outlet. In addi-
tion, ambient air samples will be collected to assess the background. A single 60-minute sam-
ple will be collected for each pollutant in the inlet and outlet LFG and triplicate samples will
be collected on the flare inlet and outlet. This testing will be conducted on the second test
day. One series of tests are planned to meet the permit requirements.

Test Operation/Schedule

These tests will be performed on Bed B, operating in the “make” mode. The following gases
will be analyzed:

— Gas Pretreatment Unit Inlet Gas
Outlet Gas
— Flare Inlet
— Flare Outlet
— Ambient Air
The specific schedule is shown in Section 3 (See Table 3.1-1).

Sampling and Analysis Methods
43.1 Gas pretreaztment unit Inlet and Outlet Gas Measurements

TRC will conduct the following tests on the PTU inlet and outlet to measure the
emissions of the compounds listed in Table 4.3.1-1.

Methane and Non-Methane Hydrocarbons (CARB Method 25..2) — TRC will col-
lect a pair of cold trap samples according to CARB Method 25.2 from the PTU inlet
and outlet. A single 60-minute sample pair will be collected from each location on
the second test day only. Each sample will be analyzed for methane and non-me-
thane hydrocarbons.

Reduced Sulfur Compounds (See Table 3.2-1) — Reduced sulfur compounds will be
analyzed for he AEERL demonstration and that data will be used for the SCAQMD

requirement.

Carbon Dioxide and Oxygen — will be analyzed according to EPA Method 3 using an
Orsat analyzer. A single set of 60-minute Tedlar bag samples will be collected and
analyzed on site.

Flowrate — will be measured at both locations with a Sierra hot wire anemometer.

Toxic Air Contaminants — will be measured on the AEERL program and the data
will be applied to the SCAQMD requirements. See Section 3.3 for sampling and
analysis methods.
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44

43.2

433

Flare Inlet and Exit Measurements

The flare inlet and outlet emissions will also be tested to demonstrate compliance
with the SCAQMD permit. Also analyze the filter and backshelf (liquid droplets).
Triplicate 60-minute test runs will be conducted for each compound listed in Table
4.3.1-1 for the flare inlet and Table 4.3.2-1 for the flare outlet as outlined above.
Samples will be collected from 0800 to 0900, 0900 to 1200 and 1500 to 1600 on the
second day of the Field Test Program.

In addition to the pollutants listed above, particulates, nitric oxides and carbon diox-
ide will be measured at the flare outlet only. Triplicate 60-minute samples will be
collected according to EPA Methods 5, 7E and 10 respectively during the first hour of
bed operation, the middle six hours and the final hour.

Ambient Air Measurements

Concurrently with the flare testing, TRC will sample the ambient air for the pollut-
ants listed in Table E. This will include a single 60-minute sample collected and ana-
lyzed as described above for each Table 5.2.2-2 constituent with the exception of par-
ticulates. Ambient particulates will be measured with a single high volume sample
collected over an eight hour period.

QA/QC Procedures for Special SCAQMD

TRC plans to follow and conform to a similar set of QA/QC procedures for the special
SCAQMD testing as it will follow for the EPA Phase II testing. These procedures were de-
scribed in Section 3.4.
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TABLE 4.3.1-1
SCAQMD SPECIAL TEST OF PRETREATMENT UNIT
INLET AND OUTLET GAS, FLARE INLET GAS

The performance tests will be conducted at the maximum permitted steady state flow rates
and will include a test of the inlet gas to the treatment system, the product gas, and flare inlet

gas for:
1 Methane
2 Total Non-Methane Organics
3 Hydrogen Sulfide
4 C1 through C3 Sulfur Compounds
5 Carbon Dioxide
6 Toxic Air Contaminants, including but not limited to:
TOXIC AIR CONTAMINANTS
1. Benzene
2. Chlorobenzene
3. 1, 2 Dichloroethane
4. Dichloromethane
5. Tetrachloroethylene
6. Tetrachloromethane
7. Toluene
8. 1, 1, 1 Trichloroethane
9. Trichloroethylene
10. Trichloromethane
11. Vinyl Chloride
12. Xylene
7 Oxygen
8 Nitrogen

9 Moisture Content
10 Temperature

11 Flow Rate
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TABLE 4.3.2-1
SCAQMD SPECIAL TEST OF FLARE OUTLET GAS

The performance tests will be conducted at the maximum permitted steady state flow rates
and will include a test of the flare inlet gas for:

1 Methane

Total Non-Methane Organics
Oxides of Nitrogen

Carbon Monoxide

Total Particulates

Carbon Dioxide

~N N W N

Toxic Air Contaminants, including but not limited to:

TOXIC AIR CONTAMINANTS
Benzene

Chlorobenzene
1, 2 Dichloroethane
Dichloromethane

Tetrachloroethylene

Tetrachloromethane

Toluene
1, 1, 1 Trichloroethane
Trichloroethylene

L X N | BpwlR] -

—
©

Trichloromethane
Vinyl Chloride
12. Xylene

8 Oxygen

9 Nitrogen

P
i

10 Moisture Content
11 Temperature

12 Flow Rate
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ATTACHMENT A
FCCS 5763

LANDFILL GAS PRETREATMENT SYSTEM
COMPONENT SPECIFICATION
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1.0 SCOPE AND DESCRIPTION:

This specification defines the requirements for a landfill gas pretreatment system (pretreatment
system) for an EPA landfill-gas-to-energy demonstration utilizing a commercially available 200kW fuel
cell power plant. The pretreatment system wiil remove suifur and halide contaminants, water, ;nd
particulates present in raw landfill gas. Removal of the landfill gas diluents, including carbon dioxide,

nitrogen, and oxygen, are not required.

The pretreatment system shall include means for contaminant removai, on-site destruction of
contaminants removed from the system, delivery pressure reguiation of pretreated landfill gas fuel to
the fuel cell power plant, and all controls. It is anticipated that the system will be a compiete skid-
mounted and truck-transportable unit designed for exposed weather installation and unattended
operation with safety controls to provide automatic shutdown. It is desirable to apply a process
operating at a pressure as close to atmospheric as possible.

2.0 APPLICABLE DOCUMENTS:

At the time of contract, the latest version of the applicable documents with any amendments shall
apply.

2.1 NATIONAL STANDARDS:

This system must be suitable for siting in an industrial setting in the city of Los Angeles. It therefore
must be designed and built to recognize industrial standards such as ANSI B31 Code for Pressure
Piping, ASME Boiler and Pressure Vessel Code, NFPA, FM, AGA and NEMA.

2.2 STATE AND LOCAL CODES:

City of Los Angeles Unified Building Code,

City of Los Angeles Electrical Code,

City of Los Angeles Bureau of Fire Prevention Code,
City of Los Angeles Health Department Code,
California State Industrial Code: Title 8,

South Coast Air Quality Management District, Rules & Specifications

DOCMT. NOQ.

FCCS 5736

REVISION PAGE 3

IFC FORM NO. 00548 1/86
B-22



3.2.1

3.0 REQUIREMENTS:
3.1 SUMMARY:

The gas pretreatment system wiil accept compressed raw landfiil gas available at 80 to 95 psig from
an existing site supply and will supply clean landfill gas of an appropriate temperature, pressure,
humidity, and contaminant specification limit to the fuel cell on demand at a flow rate of up to
120,000 standard cubic feet per day (5000 SCFH). The system will provide the functions of water
and particulate removal, contaminant removal, contaminant incineration, and supply pressure
reguiation on an automatic basis once operation is initiated.

3.2 INTERFACES:

Input Gas

The landfill gas feed to the pretreatment system will be available at up to 84
SCFM (5000 SCFH) and will have the following nominal properties:

Temperature 80-100°F
Pressure 80-95 PSIG
CH4 42-50%
co, 38-48%

N, 10-20%

Oxygen at less than or equal 10 1%

Water vapor: saturated at nominal delivery conditions

Heating value 425-510 BTU/SCF on a higher heating value basis
Total non-methane organic compounds (NMQOC) of 862 ppmv

For the pretreatment system design the total halides as chloride is 264 ppmv and
total sulfur of 42 ppmv. These values are based on two times the EPA average
compositional analysis for 48 quantifications at 23 different sites shown in
Appendix A. Detailed compositional analysis for these values is given in Appendix

B.

DOCMT. NQ.

FCCS 5736

REVISION PAGE" 4

|FC FORM NO. 00S48 1/86
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3.2.2

3.2.3

3.3.1

3.3.2

Output Gas Requirements to Fuel Cell Power Plant

Min Max Units
Flow 0 5000 SCFH
Pressure -4 14 Inches of Water

(Column W.C.)

Temperature 30 130 °F
Dew Point - 20 oF
Total Sulfur - 3 PPMv
Total Halides - 3 PPMvV
Particulates - Particulate removal of 100% at 1 micron or larger and

98% removal at 0.4 microns or larger

QOther Site interfaces

L Location: Los Angeles, CA
] Site Services Available
- Landfill Gas Supply
- Electricity
- Natural Gas
- Water
- Other site services to be defined by Pretreatment System Supplier

3.3 QPERATING CONDITIONS:

Start-Up

The pretreatment system design should be compatibie with eventual automatic
start-up. Manual start-up is acceptable for the demonstration program. Start-Up
Time: 1 shift.

Shutdown

Normal shutdown can be accompiished manually.

In the event of maifunction in the fuel pretreatment system, the pretreatment

system shall have provisions for automatic shutdown which protects the
pretreatment system and does not exceed any site emissions limitations.

DOCMT. NO.

FCCS 5736

REVISION PAGE 5

IFC FORM NO. 00548 1/88
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3.3.3 Normai Operation

The operation of the pretreatment system shall not be linked with the fuel cell
power plant except that it can accept a shutdown signal from the fuei celi power
plant. The pretreat system should be capable of checkout and operation without
the fuel cell. A landfill gas pipeiine operating at subatmospheric pressure (10 to
60 inches W.C. vacuum) is available to accept pretreated landfill gas during trials
without the fuel cell.

3.4 PR RE R TION:

Provide to the fuel cell power plant on demand pretreated landfill gas at up to 120,000 SCFD
(5000 SCFH) on a continuous, and uninterrupted basis at a delivery pressure of 4 to 14" of
W.C. Pretreatment system shall provide rapid flow response to changes in the fuel cell demand.
Delivery pressure shall not fall below 4" W.C. during increased demand from O to 5000 SCFH
in 15 seconds.

3.5 CONTAMINANT DISPQSAL:

The pretreatment system shall not collect and store hazardous contaminants on site for later
shipment off site. All contaminants regenerated from the pretreatment system shall be
disposed of on-site using an incinerator which shall preciude dioxin formation, and shall be
consistent with the current South Coast Air Quality Management District design specifications.

3.6 LIFE:

The pretreatment system adsorbents and absorbents shall be designed for a minimum life of 1
year. Quarterly filter replacement is allowable only if this can be accomplished without
shutdown of the unit. Active components (solenoid valves, pumps, etc.) may be serviced on

an annual basis.

3.7 PERMITTING:

The design specifications and stampings of the pretreatment system shall be consistent with
all national, state and local codes and regulations as listed in Section 2.

DOCMT. NC.
FCCS 5736

REVISION PAGE 6

FC FORM NO. 00548 1/86
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3.8 DESIGN AND NSTRUCTION:

The pretreatment system shall be modular, seif-contained, and skid mounted. Materials of
construction should be compatible with the operating environment and operating schedule to
insure a minimum of two years of uninterrupted service. The system shall be designed to
operate outdoors in the Los Angeles, California area.

3.9 DOCUMENTATION:

_— Instailation Manual and Drawings including Point of
Connection Interface Locations

-~ Operating Manual

-~ Overhaul and Maintenance Manual

— P&l Diagram

- Electrical Diagram

- Process Flow Diagram

-~ Equipment Drawings

- Vendor Supplied Literature for Purchased Equipment

- Foundation Loading Calculation Document

4.0 ALITY A RAN
4.1 ALITY NTR Y M:

The supplier shall have a Quality Control System that will ensure that parts are manufactured
to the requirements of this specification. IFC reserves the right to review the supplier's system
prior to contract award and to inspect parts and witness tests during manufacture and prior to
shipment. IFC or its representatives will act as the authorized inspector required by ANSI B31
Codes for Pressure Piping.

4.2 TESTING:

All testing required by applicable codes (e.g., ASME Code vessel pressure testing) will be
identified upon completion of the design, including a 24 hour pneumatic static test at 100% of
rated pressure.

43 R RTS:

All test and code required documentation will be provided to IFC prior to delivery of the
pretreatment system.

DOCMT. NO.

FCCS 5736

REVISION PAGE 7
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5.0 PREPARATION FOR DELIVERY:

5.1 |DENTIFICATION:

The pretreatment system shall have a metal identification plate attached with the following
information at a minimum:

- LANDFILL GAS PRETREATMENT SYSTEM

- IFC FCCS-5736

- vendor part number

- vendor serial number

- property of U.S. EPA under contract 68-01-0008

6.0 APPENDICES:

A. Landfill Gas Contaminant Composition far Pretreatment System Design
B. EPA Average Landfill Gas Contaminant Composition Analysis
|
(
|
|
" DOCMT. NO.
FCCsS 5736
REVISION PAGE 8

IFC FORM NO. 00548 1/96
A NO. 00548 1/86
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)
&

EPA AVERAGE #
(48 QUANTIFICATIONS,
23 SITES)

PRETREATHENT SYSTEM
DESIGN BASIS
(2 X EPA AVERAGE)

APPENDIX A

TOTAL NON-
METHANE SATURATED UNSATURATES,
ORGANIC ORGANIC AROMATICS, TOTAL TOTAL
COMPOUNDS COMPOUNDS  HALIDE AND SULFUR  SULFUR HALIDE
—A{NHOC) 1€;.Cy,ETC) _COHPOUNDS, ETQ, . _AS 8 AS CL
431 157 274 21 132
862 314 548 42 264
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APPENDIX B

Tines Cona. Timss Conc .

CHEMICAL NAME Quantified Pie CHEMICAL NAMK Queanti (Led rpm
ETHANE ’ 136.2¢ 1,2 - DICHLOROETHANE n 1.0
TOLUENR Y] 9.9 CI.OROETHANE 23 0.9
HYDROGEN SULFIDK 3 15.01 TR CHLOROFLUOROHE THANE 1Y ] 0.9
HETHYLENE CHLORIDR " TR 2,3 DIMETHYL FURAN ] 0.03
ETHYLOENIENE Y] . 2 - METHYL FURAN F 0.0
XYLENR ? 1.0 HMETHYL J160BUTYL KETOHK 1 o.M
1.2 - DIMETHYL BEMIENE ' 12.2 CHIOROD 171 UORGHETHANE 1 0.7¢
TOTAL XYLENE ISOMERS 0 10.12 PROPENR ) 0.13
L. IHOHENE 1 'R CTIHYL MERCAPTAN 3 0.3

~PINCNE 1 2 1.1,1 - TRICHLOFOETHANE 3 0.12
DICHLOROD IFLUOROHETHANT 23 0.36 D1CHLOROPLUOROHL THANE 2 6.10
ETHYLESTER BUTANGIC ACID ' 020 TETRANYDROFURAN : 6.43
PROPANE 1 v.20 ETHYLESTER PROPANOIC ACID ] 0.34
TETRACHLOROETHENE " .08 BROHOD I 1L OROME THANE ? 6.4
VINYL ClnoRiDg 'Y 6.9 ) - HETHYLHEXANE 1 0.42
HETHYLESTER BUTANOIC ACID ) 6.9 ETMYL ACETATE 1 0.42
ETHYLESTER ACETIC ACID ) 3.8 CIDLORODENIENE ’ 6.10
PROPYLESTER BUTANOIC ACID : (W) C10HI 6 UNSATURATED HYOROCARSON ' .3
1,2 - DICHLOROETHENE » 3.0) METHYLPROPANE ! 0.23
METHYL ETHYL KETONE 2 3.0t 2 - CHLOROETHYLVINYL ETHER 2 0.24
THIOB I6METHANE ' (98]} 1,1.2,2 - TETRACHLOROETHANK (] 0.10
HETHLYCYCLOHE XANE 2 Y} ACRYLONITAILE 2 o
TRICHLOROETHENE . . n 1.1 - DICHLOROETHENE 20 0.13
NORANE ) 3.40 HETHYLETHYLPROPANGATE ] 0.13
BENIENE o 3.4 HETHYL MERCAPTAM ) 0.12
ACETONE 19 .38 1,2 - DICHLOROPROPANE 10 0.07
ETIANOL ) ».r L - PROPYL HERCAPTAN 2 0.08
2 - suTANOL ) 3.0 CIN.OROTORM ® 0.08
OCTANK ) IRL t - BUTYL HERCAPTAN 2 6.0}
PENTANT 1 3.00 DICHLOROTETRAFLUGROETHANE ' 0.02
1 - HETIOXY - 2 - METHYL PROPANE 1 1.9 DIMETHYL DISULFIOE 2 0.02
HETHMYLESTER ACETIC ACID ) 1.8 DIMETHYL SULFIDE 2 0.02
2 - BUTANONE ) 2.4 CARDONYL SULFIDE H 0.02
HEX X8 1 1.40 1,1.2-TRICHLORO 1,2,2-TRIFLUCROETHANE ) 0.01
BUTANE 1) 2.3 HETINL ETHYL SULFIDE 1 0.0}
1.1 - DICHLOROETHANK Y] 1.3 AROMOHE THANE 1 8.01
1 - BUTANOL 1 2.08 1,1,2 - TRICHLOROETHANR ) 0.00
4 - HETHYL - 2 - PENTANONE ) 1.83 1,3 - BROMOCILOROPROPANE 1 0.00
CHLOROMETHANE 2) 1.8 1,2 - DIBROMOETHANE 1 0.00
2 -~ METHYL PROPANE ] 1.3 ACROLEIN ? 6.00
} - HETHYLETHYLESTER BUTANOIC ACID 1 L D et e DL T ORI
2 -~ HETINL, METHYLESTER PROPANOIC ACID 1 LT
CARBON TETRACHLORIDE ’n 1.4
1.1,) TRIMETHYL CYCLOMEXANE ) 1.1

V.06

2 ~ HMETIYL - } - PROPANOL ]
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DESCRIPTION OF PROCESS

Process Chemistry

The process chemistry of the Landfill Gas Pretreatment
System gas cleaning process is dictated by the composition of
the incoming landfill gas and its complex mixture of trace
contaminants. The fuel cell gas quality must be free of
water and all contaminants so as to consist of a mixture of

methane, nitrogen, oxygen and carbon dioxide. Raw landfill

gas trace contaminants and their concentration levels used as
a basis for the Landfill Gas Pretreatment System Process
design are shown in Table 1. The raw landfill gas consists
of a mixture of hydrocarbons, aromatics, halogenated
hydrocarbons, and sulfide gases at very low concentrations.
Two-stage, low temperature condensation followed by
activated carbon absorption are the process steps used to
clean the landfill gas. Overall, all contaminants except
butane and pentane are removed from the raw landfill gas at a
total 100% cleaning effectiveness. The process-specific
removal efficiencies shown in Table 2 are based on
experimental data from a comparative facility on the East
coast and related laboratory and bench-scale tests. As noted
in the process flow sheet, the first and second stage
condensation processes are designed to operate at +33°F and
-250F respectively. Hexane and octane, aromatics,
trichloroethylene, and tetrachlcroethylene, and dimethyl

disulfide are condensed out at 99.5% and above. Part of the

B-31



initial testing of the pretreatment system will be to
determine the effectiveness of the second stage condenser in
removing contaminants by condensation. The remaining
contaminants, mainly sulfides, and chlorinated hydrocarbons

(including any heavy hydrocarbons or contaminants not removed

by condensation) are removed by activated carbon adsorption

at 99.9% removal and above.
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TABLE 1 .

Raw Landfill Gas Contaminants and
Concentrations for Penrose Test Site

Design Raw Gas
Concentration Level

Landfill Gas Trace
(ppm_- by volume)

Contaminants

Hydrocarbons

Isobutane 95
Isopentane 963
n-Pentane 198
Hexane 297
Octane 81
Aromatics

Benzene 2
Ethylbenzene 13
Chlorobenzene 1
Toluene 35
Xylenes 22
Styrene 0.5
Halogenated Hvdrocarbons

Dichloroethene 3
Dichloroethane 3
Methylene Chloride 12
Cis-1, 2-Dichloroethene 5
Trichlorofluroethane 0.6
Trichlorocethylene 70
Tetrachlorethylene 6
Vinyl Chloride 1.4
Sulfides

Hydrogen Sulfide 103
Methyl Mercaptan S
Ethyl Mercaptan 5
Dimethyl Sulfide 8
Dimethyl Disulfide 0.02
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TABLE 2

Trace Contaminant Removal Efficiencies
for Gas Cleaning Process Steps

REMOVAL EFFICIENCIES OF PROCESS STEPS

o — - ——_— T — —— —— T —— — ) S

Activated
Alumina/ .

1st Stage Molecular 2nd Stage Activated

Condenser Sieve Condenser Carbon Beds TOTAL
Hydrocarbons
(HC’s)
Methane 0 ] 0 o 0
Isobutane 0 o 15.4 80.0 83.1
Isopentane 0 0 44.8 90.9% 95.0
n—-Pentane 0 0] 60.0 891.9 96.8
Hexane 0 o] 99.0 100.0 100.0
Octane 96.0 (0] 99.3 100.0 100.0
Aromatics
Benzene 0.05 o 99.99 100.0 100.0
Ethylbenzene 97.4 0 100.0 - 100.0
Chlorobenzene 96.0 0 100.0 - 100.0
Toluene: 87.8 o] 99.99 100.0 100.0
Xylenes 92.0 0 100.0 - 100.0
Styrene 94.4 0] 100.0 - 100.0
Halogenated Hydrocarbons
Dichloroethene 30.4 o 85.0 100.0 100.0
Dichloroethene 29.8 4.0 90.0 100.0 100.0
Methylene Chloride 0 0.2 83.0 99.9 100.0
Cis-1,2-Dichlorocethene 0 0.2 85.0 100.0 100.0
Trichlorofluoroethane 2.0 o] 85.0 100.0 100.0
Trichloroethylene 0 (o] 99.5 100.0 100.0
Tetrachlorcethylene 50.0 (o] 99.99 100.0 100.0
Vinyl Chloride o 0 80.1 99.6 89.9
Sulfides
Hydrogen Sulfide 0 o] 0 100.0 100.0
Methyl Mercaptan 30.0 0 80.0 100.0 100.0
E?hyl Mercaptan 60.7 0 $0.0 100.0 100.0
Dimethyl Sulfide 60.3 o] 91.3 100.0 100.0
Dimethyl Disulfide 99.0 o 100.0 - 100.0
Inorganics & Other
Nitrogen 0 o 0 0 Y
Oxygen 0 0 o] 0 0
Carbon Dioxide 0 0 0 0 0
Water 61.5 100.0 - - 100.0
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In summary, the process chemistry of the Landfill Cas
Pretreatment System gas cleaning process relies on the
contaminants' physical phase separation (eg. condensation)
and on chemisorption or physical adsorption characteristic's

to produce an ultra clean product gas.

Process Operation

The Landfill Gas Pretreatment System is comprised of the

following three processes:

o Clean Gas Production Process
© Regeneration Process
© Refrigeration Process

Clean Gas Production Process. The Landfill Gas Pretreatment
System clean gas production process is represented in a block
flow diagram as shown in Figure 1. This process incorporates
refrigerated condensation and activated carbon process units
to remove trace organic contaminants from the landfill gas.

The first and second stage refrigeration condensers
operate at +33°F and -259F, respectively.

The first stage refrigerated condenser removes water,
aromatics, and sulfides which are discharged as condensate
to the Penrose plant's existing gas condensate pre-treatment
system. All remaining water in the landfill gas is removed
in the next process unit which consists of two activated
alumina and molecular sieve modules which have a high

capacity for adsorbing the remaining water vapor in the
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FIGURE 1
CLEAN GAS PRODUCTION PROCESS
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landfill gas. The two activated alumina and molecular sieve
modules operate in parallel so that one is always operational
when the second is being regenerated. The dry landfill gas
is then fed to the second stage refrigeration condenser.

This condenser can be operated as low as -25°F and
potentially condense out a mixture of hydrocarbons,
aromatics, halogenated hydrocarbons, and sulfides. Any
condensate is collected and flashed to a vapor state (by
dropping pressure and by indirect heating by ambient air) and
transferred to the enclosed flare for thermal destruction.

In the event that the second stage condenser is ineffective
in removing hydrocarbon contaminants, the downstream carbon
adsorption unit whose temperature is controlled by the second
stage condenser has been conservatively sized to remove all
heavy hydrocarbon, sulfur and halogen contaminant species.
The partially clean landfill gas then passes through the
activated carbon adsorption unit. Two beds operate in
parallel so one is always operational when the other bed is

being regenerated. The gas then passes through a particulate

filter and warmed indirectly by an ambient air finned tube
heat exchanger before being fed to the fuel cell unit. The
process operating pressure is designed to remain steady at 20

psig with the only nominal pressure loss across the

equipment. Thus the process can be controlled easily without

any critical pressure control problems.
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Regeneration Process. The regeneration process 1s

represented in a block diagram shown in Figure 2. This process
heats clean product landfill gas from the production process

and regenerates the activated alumina/molecular sieve and
activated carbon adsorption beds in the reverse flow

direction during their regeneration cycle and destructs the

spent regenerant gas in an enclosed flare. Two parallel bed

design provides operating flexibility for reliable operation
of the activated alumina/modecular sieve and activated carbon

units during regeneration and/or maintenance. An electric

gas heater is used to heat the recycled clean landfill gas to
550°F This heated, regenerant gas is used first to
regenerate the activated carbon bed. Second, the activated
alumina/molecular sieve bed is regenerated. Third, the
regeneration gas heater is bypassed and the activated
alumina/molecular sieve bed is cooled down with cold
regeneration gas. Lastly, the activated carbon bed is cooled
down. During transition from adsorption to regeneration
modes the regeneration gas is bypassed around the beds. At
all times the regeneration gas flows to the enclosed flare
ensuring continuous operation of the flare and continuous
thermal destruction of the contaminants and regeneration gas

prior to atmospheric dispersion.

Refrigeration Process. The refrigeration process shown in

Figure 3 uses R-22 refrigerant in the cycle which provides

refrigerated Limonene coolant at a nominal 33°F to the first
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FIGURE 2
REGENERATION PROCESS
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and an adjustable -25°F to +35°F to the second stage

refrigeration condensers. The refrigeration process

incorporates a double-stage hermetically-sealed compressor

and plate-type evaporator. The refrigeration cycle operates

to maintain the Limonene coolant temperature setting at its
discharge from the evaporator. The compressor is driven by a
10 HP motor drive and operates continuously to recirculate
R-22 refrigerant in the refrigeration process. The process
operates with greater than 99% reliability baseq on past
operating experience. Both refrigerant R-22 and Limonene

coolant are completely recycled and are not purged or vented

from the process.
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FIGURE 3
REFRIGERATION PROCESS UNIT
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PROCESS WEIGHT

The total weight of each material ?n the 90.0 scfm of
raw landfill gas charged into the Landfill Gas Pretreatment
System facility and which has been used as the design basis
for the Landfill Gas Pretreatment System research operaticn,

is specified below:

Material

Hydrocarbons

Methane
Isobutane
Isopentane
n-Pentane
n-Hexane
Octane

Aromatics

Benzene
Ethylbenzene
Chlorobenzene
Toluene
Xylenes
Styrene

Halogenated Hydrocarbons

Dichloroethene
Dichloroethaene
Methylene Chloride

CIS-1,2-Dichloroethene

Trichlorofluoroethane
Trichloroethylene

Tetrachloroethylene

Vinyl Chloride
Sulfides

Hydrogen Sulfide
Methyl Mercaptan
Ethyl Mercaptan
Dimethyl Sulfide
Dimethyl Disulfide

Inorganics & Other

Nitrogen
Oxygen

Carbon Dioxide
Water

Pounds /hour

104.999325

0.082714
0.995952
0.184816
0.367876
0.146294

0.008247
0.019849
0.001619
0.046381
0.033585
0.0001459

0.004600
0.000356
0.008711
0.006772
0.001180
0.005292
0.015003
0.001258

0.050492
0.002074
0.000442
0.007149
0.000027

55.784094
1.530065

247.386467

2.454545
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H,S Polishing

Due to possible high levels of Hydrogen Sulfide (H,S) in landfill gas that could potentially slip through
the pretreatment system, zinc oxide beds have been placed downstream to effect removal of HpS from
both landfill gas feeding the fuel cell and the landfill gas being returned to the pretreatment system
for regeneration of the absorption beds. This added feature is shown in Figure 4.
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FIGURE 4

LFG PRETREATMENT SYSTEM
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International Fuel Cells

ATTACHMENT C - GAS PRETREATMENT UNIT
FACTORY TEST DATA

The LFG pretreatment unit bed temperature strip chart record for the N5 factory test is shown in
Figure 1. This record shows the heating and cooling of the dehydration and activated carbon beds
during regeneration. While the dehydration bed (DAB 105) and carbon bed (CAB 107) are being re-
generated, dehydration bed 104 sand carbon bed 106 are in the adsorption mode and vice versa. Other
sample temperatures are shown to the left of the regeneration plots. For example, the first and second
stage condenser gas exit were operated at 35°F and -19°F, respectively. This test demonstrated that
the pretreatment unit can be operated and controlled at its design temperature. The pretreatment
unit controls allow flexibility in adjusting those conditions as needed.

Figure 2 contains a record of critical pressures and flows during the N; factory test. (Note that the
flow meters FE103, 135, and 134 are calibrated for fuel gas and therefore only show approximate val-
ues on N5 gas which was also supplied to the pretreatment unit at significantly lower temperatures
than the landfill gas would be supplied. Also, refer to the P&ID for the locations of the appropriate
pressure gages and gas flow meter). The factory test verified the volumetric flow capability of the
pretreatment unit at design flow is approximately 6 psid with N, gas. This favorably compares with
the design value of 5 psid with landfill gas.

B-46



International Fuel Cells

Mt -3 g0 e
12222 228 i e
bl bt < TITinis
L LY L Ry
. NRANA oRea )
—% ST — pesB - - - ¥
= ° T T EENuSeeE - T et ol E S oy
—| Pl Bl UL R e L = o
——r . — == . : . .
T — t — e ; W,-.JI!I, :
g \ ol hilind - f——— -— \ | H . | !
IIII_ — - - H | H = H {
| [ e = o i ; - _ _ ¥
i I p_— T =oT : B
- _ o T T i B | _ |
— q o= - - - s -_‘.. _ _ i
—r ! 3| . = :
—i == : H I _
- RS 2 = H L . HI
= T = ] - - Fﬂu"..m.l_.uﬂ |d”||..|h|.|l ....... ¢
g B i = e fr—— S - —_
- - - pup— | | o . —
== =N S S
== = R xR o= 19 «
e Si== T e = ﬁ A 3
e = Fat a— . - m._...m -l -
nl”_ | e s ol R - =10 w
— - T = = - - k.-
= °d 23 .
—— V5.0 .
- _ Ae; Y
“E..nl.‘i Ca. <
= o s
- hd
—2-c -
—— —5 -
= Y 2
P A\ L
. <.q
— <&

i
i

- __"Jpn*nﬂ___r,__
1

PEUYDRANW BED RELEN,

PAY io s

1IN
.H?
“1 ; '

/
N
l;'- A

N

1
U
h

i<
\

:
ppp

oo ff!
HE
f'lL-

' [
P ! ! I.l|

rai b

1| Pk L

hbbb
%0000 ¢ RO GEa oot aosoI i b
eereAPdS RYAacAn@esr=noNpr -
Seonr vV LEL AR AR RICER AR LT LT ]
Y . v - ' "
+ O
LK
[

(1]
ANPIPANCOROPE=PNIUTANGNORBrTN
N -«adeeYVCNPRSTAARAONNAR==00080
Sheccacaccsnateeamcaauanane= 3
LEBEUNNNNBUNYUNSVENNNRNYNENOY T T T N L T R T A L T Y T ]
Sl rrrr i, rrrrrrrre PP, a L L g -

| SAMPL E

[ 1]
( N e L \

4

v“

x

-~ u.‘u

€ L -
pi¥: -3§W3
¢D(m m...u
oy %e m,ubm
s3I LJ§%
<+ o wmw S ua

B-47



8y-d

g I SN s Kl e oyl R Pl el e T e ) g e e il v
w3 |THE Imiey Ry |enr lsmans (1 [er |0 boass [ (ear Jene [ (G [ [mir [, o | 1€ e
St flesis | svlso | 7 | Vlanglmgslyl s Lig lie g lag [ma]e3 nsdablise | = |so
S:5lov26) €4 (30779 | e |10.¥gY e | |2 1162 |29 2323 ¢l2nellf4 |—|%E
06"/0 %cf{wsﬁi,é, Tewh s Rvasd <4 wg[W o 3 | Bt
Sclovs |9 |20 (29 | vl ¥lieslie i@ |2 |/e2|zq2alim4] 3.9 [13.7]206]08.6] — |9€
$-Sloyvol8d |20 |79 | gl shisc il g {2 Jic.z lzadlmy ] z5li3.7]20i5.4] — |39
048/ fparvyren | iveer | PREs e | s - T e =
S5 lletrs |z 130 129 | & |an8 |8 iz3)lé |5 |A.f Ve /|22y Y.S|3,9[13.6|7s|5.6] — |95
= |loyge oy 32 129 | & P8 leg.8li9210¢ ¢ B plec 2% ey 2l ebnelsig]| = | $s5s—
S-f logvsls@ |32 |2g | v’ Awi |,y [rg 3 lre. RaRlrvsly 3. cp el > vy
)%’5_ S— %ct /e A\ E Pl R Y Ty _\;0' q{f.ps L — ’-
oo [¥2130 75 | nalpglivalz /8 129 i 129 Yyl i3 glrie lisé] ~ 132
S5 1015 1 87 130 |29 | v 21.2109.91/8012.0 L17.7]3.0 159129 (144 {50 |13.4]20.6]15¢4] — | 7Y
/620 RVd s<F WKl Tl er Prags. |“»| ¥9. PIT -
o5 /o350 |38 (36 |78 | —|21.8]M0.7 ig 2.2 12.%3.2 |/S-5129.1 M |€£2 (13 (2161764] — | PC
/035 ReFeX | €= \o\| <ol 200 GsT _
S6 loys| 57 [30 |22 | v 22 [20e|rgt|3.0]|15.0]2.1 |16.0 (292 |7#.58[4.2 [13.9 (200 /5| - |25
S-6 1o 5% {30 [7% | < [22.0|200]/g.3]3-0 [/wol2.l |IEO[292 MY |47 135 |21L)5.6] ~ |5
s<s(;/75189 (32 (72 | & |a.0[20.9/53[3.9 [/9.0[2.1 |£.0l292 1454, 7 13,424 6[/5.6] — [#3
S-clln3elsa (30 28] 1— [z2210]9.92 15.2|3.012.012.] |/£.9|292114.5]|1.9 |I.5|2Le|/5¢]~ |33
—~N//35T = [ Rdsed Wi\l Xla\ex Pats el . @15.1P58] — —~—1_
s-C75(90 |16 |78 | v 220 |200|rv2]3.1 [122 (2.2 |/59|29.2 |/ 5|49 |13.£[206 |/5.6] ~ |25
S-6 [l)12e0 |90 |30 |28 | + |22.||20.0 |1FY]| 3.4 |(5.0]|2.3|/6.6|29.2|14.5|5.2 [13-C (£ |/5.6| — |35
S-6l225 |90 (30 | 79| » |22.2]|200|/¢.6|3.T[152]2,5]1L.1 [0 |I4.5|5.8 130 |2V6|/5.¢] - | 9%
S-6llrzze |97 |20 | 78]  [22.2|20.0|19.3[4.1 |18.0]|2.-|(€.0|X9.0]/H5 [6.0 12.5]2.6]/5.6| — |95
57127 |59 20 |28 | v 222|200 [1#.5|4.0 (154 [ 2.0 [16.9]29.2]4.5 |40 [th.o e 150 | - |5
250 | —| Rl s&< | WWin\| bt | Wedns Uven | 2720 | B | — ] ———
s llz3eel @9 04 78 | |222120 |18:513:3 183 |2.7T CH |29 Ml1{:514-0 ¥¥4-0 [21-L]15.0| — |85

Flkvre 2 loe 3

(19D [N [RUONEBUISIUY



(r

6v-d

A= P 173y eanve | pr-tos|Aemt Jerso [mo-ns (ornz (1422 |or-i28 | oo [pr-i2 | pr 138 1136 [p1-120 [Py Lorreizqlpr-ree
s R:f, o[ fed el [T [aee (ass oo oo nigy epnese |\ SeR LY (S0 |murzalon

N ek |ET [sTAns |raeEd "}.':;,f ’}t{{‘( 1oy | o5 {ioe | 107 |EXT, (EMT |Fim (BT wv:u. " %e:s.wmr

/3:15] 88 [30+]78 | v~ 122.[1200/18H |4-0 |18312.7 (164 -5 114-5(4.2. 3.9 12/.b1/56] — |8Y
1330 88 [30+| 28| v~ 122.1[200/8H[ 4.0 |18-0]2.% |1L.2]29.211%-5]Y-2. |13.8 [2/- A‘;:-%~ 85"
1345] 89130t 28| v |22./1200[/8.4]|4-0 | R.O12.9 162|298 2l14.514.2 [13 &|22.6 15T — |85
(400} 89 304 IB| v 122.1) 2pol/84 4.0 |18.012.01162]292l1¥-5|Y-2. 113 Bler-¢ 154 — | 85
(4151 8711304 28 [22.1{200liay|d-olig.ole 06 2l2s2 s i-21i39127¢ 115t ~145
/430 87130#] 9Q| o |22.11200/8.53.81/802.6|/6H|292144.2.9]1x.0l21-L[151] —]|8F
(445 88| 30H Rl (222|204 188 3-31/82 23|16 H| 27214 -3 .5]i¥-0le1-0]/5-6] — | 85

145 ADYS74D VPALL PRESSURE. | To | 851 PSSV —] ————~

8| (600l 87 |30¢) 28|\ 122.21200]18-6| 20| /84| 2.5 |16 -5|29.0l#.512.3 \ix-2|e/-¢l /5] — [ BS
S-¥ll/5/5187 13| 28| v a2.2]200|/2.412-0]18312.9 | 164250117513V #.0l218l754] — |»E
5- g /o4%¢ kzj 1] 78 /4 922 x| 1% 5] 2.¢ 1183129 [14.45129.0]14,5] 3. ( !({.' ateljs o] — 2
ST lljece (2 |20+ | 28]V 13alas U5 ¢] ¢ [ 1832611251990l 3. M el |15 | — |8¢
“EW et {26 120411 274 7 132H3e 118 ¢ {20 [ 18,3125 116410%0 /1513 L i 205l — |82
Stlicy |2 1304 2T /19220900 liz. e (.o |z 324 [ e (doltgst3o [iy3| el 5] — 15T
ylj2celz s Lo o8] 7 [0 hge] /62 o L) Lolddo lids |\ [ 14elne /5.6l - lg3

' 0800 —H~— ~B. 14777 /? ?3 ~t -~ N}~
0315184 1236 L 8ol v 133 120-0)/8.51180] O |lb-2]].0129.04-312-1 1391214 |154] —e|85
0830l84 130 | 80| v |21.2(20.0l/8 41/80] O 641/ 01220044\ 3.\ olr4 V54| ~0185
8451 BLl30]8n] v 129 200l 8yl 8.0] LS 1/6-[12.5]123.0l/4.8|4:3|13.2|22.0l1S 4| -0 | 85
0500| 3 21 19|\ |203 ]300 /B83] [R-O [ |/6:0]3 (1290145160135 12201154 —0 | 85
09161 8913501 19 v [22-0[200[183] 18.0[[-5{[( 0.3 -012%-014-6].5.2 13.5] 2.0l /5% =0 | B5
0320l 88120l 79 v (22072001183 1803 T/l 3 -202%.0¢4.515.5113:5122.1 |16 | -0 | 8F
05951 88| 30| 29| v 12 AT (B 180120 1/-D1.3.5 2Y-t1H:51 59 [ 135221454 ] - o | 85
1000l 88| 20| 79| v |220]200|/8.3]/80|2.( |16.1|3.7129.0|11.5]16.1 |13.5]22.1|/5Y | -0 | 85
/0751 8G 150 193] v [22:070.011851/8-012 3116 OL 01 29.20 1.5t ] (3.5[22.1] /54|~ o] 85
1030|8730 | 99| v 221 |200|18.518.0(2.6 |16.0l2.0 |79.2{/15|Y 9|132]|22.1|/154]~0[85
A5 a0 1Y v 122.L120-00/8: Ll a3 - F HGCAO-S& |29-5 1453 [ #2122 /54 -0]8S

Flour€ 2 (corT.) 20¢3

STIeD [ong [euonewIdIUY



PE-

f:rsm 103 | 135 | 134 [FANVC m—ms ‘F;‘m flfnno I;I;//l p;-g/zz ggu ;;/;220 m;:soc :2;22; :I-I!B :I;:u :’n':zro fg"b %’F,[Z"”Hm;g .
e - VALVE (et |meenL cm'c: L f RECIA. 5% er Tacr | oL
TS ITME ey |necr | enir s ik (TS S0 fonn: (o oas- fena - (S0 ot | 1Y \BRCIEH e | BieE K
Sugll/r00| 88 130 |98 | ‘= [22:1]20.0]184|/80{3.0 }1(.0|2..] ,9? 14.515.013012B)/5-4 - 0] 85
S-(al 15188 (301 0% i (222{200](24[/8.012. VW IGAL2.1 129214 5.¢ 13- A22.{ |/54|~0 |85
9-15]13 087 | 30| 2Q1 v [22.1]20.0/8.3[18.0 13- Ol/b-0] 2.3 29 2 ¥ 5| 52N 3 5122/ 154] -0 [&S
S5 90 130 | 9%l v |22 (2001783180 3.1 {/f.ol2.Y [29.0]14-5] s [135[22.4|5-7| —0 |85
S-7501200 | 9/ {306 | 729 1220120 1183 |00 |34 |/L.0]2.6 |29.0 1455|135 2204|159 -2 |59
/1202 Relgax W\ | Prepanve o 95 {Hexo - : — I ol
S5 205 |92 {30 [ 7% | v 220 29p (/2 |02y |Y.0 |55 |38 [29.01)4-5]6.5 |13y 224 |15y |~0O |95/430
Sif 1230 @ | — e 2o weolre [03d 3 |14 |28 6| ¢ OO |t |15u{~2 no/O
/335 Re B I \otos Nt AT M-V own A~ ~
s-16011315| 89 [2R198 | v k2.1 {20.01/8.51/8.313-0116H12.3 | 290114 813 TNiyHip2 4 /54| -0 |85euv
$-10]| 1330 6881272178 | v 1t2.1 200l (851180 3-H |16+ 2.5 290451 ¥ -01 +4-022. )11 54| -D |&50ve:
2 S/u1s375] 891231281 v |20 [20-01/8 417801 3-9114:112.91 2904.514.31/3-)122-]]15 4] - © 1850se;
S/l1vool 891231 9B v 221 170.0]18 4] 180] .3 B|162] 2.0 29.0114.514.5113.9122.1|/54 |- |85twec
S-rel /45189 1231 IR 22 [1200118H] 18.003-91/62]2-012.9.0(4. 5] ¥ 51(3- 2| 221 1541 ° 85 #2:
s-/Ll /4301 9012A 98] v 121-1]20:0] [RY| (8-01.3-9 /e 1 2:912.9-d14.514. 5113 -8p2.14] 154 - o |R5(42!
s-ixys] B912a | 781 o2 t1z0.0018.5] 124 3-8116.2] 2.8[28.-0l/4.5H. 51 140|221 /f// -0 |B5(4e:
s dl/sanl 89 231281 v 122.119001 /8.5 /81| 3.5 1oL} 251220451 - £ 140 22154 - © |8S(yec
Al 15150 881231981 v |21-[17200|/8-5148-2) 3 -0\ /L. Y 2. A 29-01/4.51. 3 -LIH-1121. [ (54| - O |85(ye2
syl | sy (23 1 2l 1o alao l1sy s 1 /& a2y 129 VS92 /9 |d-H/89 = O lsstysu
S ey 55133 199 V1231 3001590y 1109 [fead 39 129 lraslvalry (oa Irsvl-o lsrom
Staleys 1 57123 | 241 « 12200l s 911Y LA 162 A5129 147131y 102 |/50Y]=06 Ke-va
Sl VsGlan |35 ] — laaalanalisslig [0y Sl d )9 V412,040 da 7851~ D My
S /SSEC, /e H ¢y
S-19 B pan i gy
/737 ShoT DUres
Fll.vre 2 /_r_m«l‘r’) 3,¢3

ST19D) 904 [eUONBWIAIU]



International Fuel Ceils FCR-12706A

ATTACHMENT D

SCAQMD PERMIT REQUIREMENT
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SENT BY:Commerce 5 S=17-G2 B:32aM 2 203 727 2319:8 2

South Coast
AIR QUALITY MANAGEMENT DISTRICT

21888 E. Copiey Drive, Diamond Bar, CA §1785-4182 (714) 396-2000

December 7, 1992
A/N 271654
mEutW Energy
Commerce, California 90040
Attention: Mr. Andrew Washington
Gentlemen:

PERMIT TO CONSTRUCT AND OPERATE
EXPERIMENTAL RESEARCH OPERATIONS

'I‘heeqlﬁg;umd,ascnbedbelowis aPem:ittoComtmczand?’;])mte( lication
Number 271694) as allowed by and under ths conditions set forth by Rule 441 of the Rules

and Regulations of the District and is subject to the special conditions listed.
LANDFTLL GAS.TREATING SYSTEM CONSISTING OF:

1. FIRST STAGE REFRIGERATION CONDENSER, 10" DIA. X 5'=-0" H.

2. LIQUID COALESCING SEPARATOR, 6 S5/8" DIA X 1'-4" L.

3. CONDENSATE COLLECTION TANK, 4 1/2" DIA. X 2'=-6" L

4. TWO MOLEBCULAR SIEVE ADSORPTION BEDS, EACH 1'~6" DIA. X 2'=-6"
. H. ) BN .

5. SECOND- STAGE REFRIGERATION CONDENSER, 10" DIA. X 5'-0" EH.
6. LIQUID COALESCING CONDENSER, 6 5/8 "™ DIA. X 1'=4" L.

7. TWO HC/H28 CARBON ADSORPTION BEDS, EACH 1'-6" DIA X 2!'-6" H,
8. PARTICULATE FILTER, LANDFILL GAS

9. PROCESS GAS HEATER

10. REGENERATION GAS HEATER, ELECTRIC

1l. CONDENSATE TRAP, 3 1/2" DIA. X 2'=0" L

12. FLARE, 2'=0" DIA. X 15'-0" H., WITH AN AUTOMATIC COMBUSTION

AIR CONTROL AND AN AUTOMATIC SHUT-OFY AND RESTART SYSTEM

13. COMPRESSOR, REFRIGERATION UNIT, 10 H.P.

14. AIR COOLED CONDENSER, REFRIGERANT

15. LIQUID RECEIVER, REFRIGERANT

16. FILTER DRIER, REFRIGERANT

17. EVAPORATOR, REFRIGERANT, ALFA-LAVAL, PLATE TYPE, 0'=4" W X

0'=- S" L X 1'-0" H.

18. D~LIMONENE SURGE TANK

19. TWO SULFUR REMOVAL BEDS

20. FIRST STAGE COOLANT PUMP

21. SECOND STAGE COOLANT PUMP

Located at 8301 Tujunga Avenue, Sun Valley, California.
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EPA

a0,

2 December 7, 1992

PERMIT CONDITIONS

CONSTRUCTION AND OPERATION OF THIS EQUIPMENT SHALL BE
CONDUCTED IN COMPLIANCE WITH ALL DATA AND SPECIFICATIONS
SUBMITTED WITH THE APPLICATION UNDER WHICH THIS PERMIT TO
CONSTRUCT IS ISSUED UNLESS OTHERWISE NOTED BZXIOW.

THIS EQUIPMENT SHALL BE PROPERLY MAINTAINED AND KEPT IN GOOD
OPERATING CONDITION AT ALL TIMES.

THIS EQUIPMENT SHALL BE OPERATED AND MAINTAINED BY PERSONNEL
PROPERLY TRAINED IN ITS8 OPERATION.

OPERATION OF THIS EQUIFPMENT SHALL NOT RESULT IN THE EMISSION
OF RAW LANDFILL GAS TO THE ATMOSPHERE.

RECORDS SHOWING TOTAL DAILY VOLUME OF LANDFILL GAS
PROCESSED, LANDFILL GAS FLARED AND PRODUCT GAS SHALL BE
MAINTAINED A3 APPROVED BY THE DISTRICT AND SHALL BE MADE
AVAILABLE TO DISTRICT PERSONNEL UPON REQUEST.

THE TOTAL VOLUME OF PROCESSED GAS BURNED IN THE FLARE SHALL
NOT BXCEED 60 CUBIC FEET PER MINUTE.

ALL RECORDS MUST BE KEPT FOR TWO YEARS AND MADE AVAILABLE TO
THE EXECUTIVE OFFICER UPON REQUEST.

A SET OF TWO SANPLING PORTS SHALL BE INSTALLED IN THE FLARE
SHROUD AND LOCATED AT LEAST TWO FEET ABOVE THE FLAME Z20NE
AND AT LEAST THRRE FEET BELOW THE TOP OF THE FLARE SEROUD.
EACH PORT SHALL BE INSTALLED AT 90 DEGREES APART, AND SHALL
CONSIST OF FOUR INCH COUPLINGS WITH PLUGS. ADEQUATE AND
SAFE ACCESS TO ALL TEST PORTS SHALL BE PROVIDED.

A SAMPLING PORT, OR OTHER METHOD APPROVED BY THE DISTRICT,
SHALL BE INSTALLED AT THE INLET GAS LINE TO THE FLARE, THE
INLET GAS LINE TO THE TREATMENT SYSTEM AND AT THE OUTLET GAS
LINE OF THE TREATMENT SYSTEM

THE FLARE SHALL BE EQUIPPED WITH A TEMPERATURE INDICATOR AND
RECORDER WHICH MEASURES AND RECORDS THE GAS TEMPERATURE IN
THE FLARE STACK. THE TEMPERATURE INDICATOR AND RECORDER
SHALL OPERATE WHENEVER THE FLARE IS8 IN OPERATION.
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EPA 3 December 7, 1992

1l. WHBENEVER THE FLARE IS IN OPERATION, A TEMPERATURE OF NOT
LESS THAT 1400 DEGREES F AS MEASURED BY THE TEMPERATURE
INDICATOR SHALL BE MAINTAINED IN THE PLARE STACK. THE
THERMOCOUPLE USED TO MEASURE THE TEMPERATURE SHALL BE ABOVE
THE FLAME ZONE AND AT LEAST 3 FEET BELOW THE TOP OF THE
FLARE SHROUD AND AT LEAST 0.6 SECONDS DOWNSTREAM OF THE

BURNER.

12. A PLARE FAILURE ALARM WITH AUTOMATIC BLOWER AND LANDFILL GAS
" SUPPLY VALVE SHUT-OFF SYSTEN APPROVED BY THE EXECUTIVE
OFFICER SHALL BE INSTALLED.

13. PRIOR TO OPERATING THIS8 EQUIPMENT, SIGHT GLASS WINDOWS SHALL
BE INSTALLED IN TEE FLARE TO ALILOW VISUAL INSPECTION OF THE
FLAME WITHIN THE PLARE AT ALL TIMES. PERMANENT AND SAFE
ACCESS SHALL BE PROVIDED FOR ALL SIGHT GLASS WINDOWS.

l4. THE SKIN TENPERATURE OF THE FLARE SHROUD WITHIN FOUR FEET OF
ALL THE SOURCE TEST PORTS SHALL NOT EXCEED 250 DEGREES r.
IF A HEAT SHIELD IS REQUIRED TO MEET THIS REQUIREMENT, ITS
DESIGN’ SHALL - BE APPROVED BY THE DISTRICT PRIOR TO
CONSTRUCTION. THE HEAT SHIELD, IF REQUIRED TO MEET THE
TEMPERATURE REQUIREMENT, SHALL BE IN PLACE WHENEVER A SOURCE
TEST I8 CONDUCTED BY THE DISTRICT.

15. ANY BREAKDOWN OR MALFUNCTION OF THE LANDIFILL GAS FLARE
RESULTING IN THE EMISSION OF RAW LANDFILL GAS SHALL BE
REPORTED TO THE SCAQMD MANAGER OF THE PUBLIC FACILITIES
BRANCH WITHIN ONE HOUR AFTER OCCURRENCE, AND IMMEDIATE
RENEDIAL MEASURES SHALL BE UNDERTAKEN TO CORRECT THE PROBLEM
AND PREVENT FURTHER EMISSIONS INTO THE ATMOSPHERE.
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EPA 4 December 7, 1992

16. WITHIN SIXTY (60) DAYS OF INITIAL OPERATION, THE APPLICANT
SHALL CONDUCT PERFORMANCE TESTS IN ACCORDANCE WITH SCAQMD
TRST PROCEDURES AND FURNISHE THE SCAQMD A WRITTEN RESULT OF
SUCH PERFORNANCE TESTS WITHIN THIRTY (30) DAYS APTER THE
TESTS ARE CONDUCTED. WRITTEN NOTICE OF THE PERFCRMANCE
TESTS SHALL BE PROVIDED TO THE SCAQMD SEVEN (7) DAYS FRIOR
TO THE TESTS SO THAT AN OBSERVER MAY BE PRESENT. ALL SOURCE
TESTING AND.ANALYTICAL METHODS SHALL BE SUBMITTED TO THE
DISTRICT- FOR APPROVAL AT LEAST SIXTY (60) DAYS PRIOR TO THE
START OF THR TESTS.

THE PERPFORNANCE TESTS SHALL BE CONDUCTED AT THE STEADY STATE
FLOW RATE AND SHALL INCLUDE, BUT MAY NOT BZ LIMITED TO, A
TEST OF THE INLXT LANDFILL GAS FLARE, THE FLARE EXHAUST, THE
INLET GAS TO THE TREATMENT SYSTEM AND THE PRODUCT GAS POR:

A.. METHANE
B. TOTAL NON-METHANE ORGANICS
C. OXIDES OF NITROGEN (FLARE EXHAUST ONLY)
D. CARBON MONOXIDE (FLARE EXHAUST ONLY)
E. TOTAL PARTICULATES (FLARE EXHAUST ONLY)
F. HYDROGEN SULFIDE (EXCEPT FLARE EXHAUST)
G. Cl THROUGH.C3 SULFUR COMPOUNDS (EXCEPT FLARE EXHAUST)
H. CARBON DIOXIDE
I. TOXIC AIR CONTAMINANTS, INCLUDING BUT NOT LIMITED TO:
BENZENE
CHLOROBENZENE
1,2 DICHLOROETHANE
DICHLORCMETHANE
TETRACHLOROETYLENE
TETRACHLOROMETHANE
TOLUENE
1,1,1 TRICHLOROETHANE
TRICHLOROETHYLENE
TRICHLOROMETHANE
VINYL CHLORIDE
XYLENE
J. OXYGEN
K. NITROGEN
L. MOISTURE CONTENT
M. TEMPERATURE
N. FLOW RATE

17. THE DATE OF INITIAL OPERATION SHALL BE SUBMITTED TO THE
DISTRICT IN WRITING WITHIN THREE DAYS AFTER INITIAL
OPERATION.

18. THIS PERMIT SHALL EXPIRE JANUARY 1, 1994. AN EXTENSION OF
TIME MAY BE REQUESTED IN WRITING. SUCH A REQUEST SHALL
INCLUDE THE REASON FOR THE EXTENSION, THE LENGTH OF THE
EXTENSION AND THE STATUS OF THE RESEARCH OPERATION.
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SENT BY:Commerce 3 9=17-92 8:3saM 9 203 727 2319:8 6

EPA s December 7, 1992

It is your respongibility to comply-with all laws, ordinances and regulations of other
govemmenetﬁoagenda which are applicable to this equipment.

ES PERMIT TO CONSTRUCT AND OPERATE WILL EXPIRE ON JANUARY 1,

gfggo%gg_vgmyquuﬁwmwdinngm,pmem.Tedquat (714)

Very truly yours,

LB:W

J WXE Tramma
AQAC Supervisor
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International Fuel Cells FCR-13524

APPENDIX C

H,S REMOVAL OVER WESTATES CARBON UOC-HKP.
TESTS PERFORMED AT IFC AND WESTATES CARBON
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IFC laboratory test data for the removal of H,S using potassium hydroxide in pregnated activated car-
bon.

H2S HISTORY OF TWO INCH LOCATION IN KOH CARBON BED
DATE RUNTIME H2SINLET  H2SEXIT PRESS SAT TEMP REACTOR

{hours) CONC (ppm) CONC. (ppm) (psig) (FY TEMP (F)

7-16-93 0.9 99 0 20 69 70
26 Q9 0 20 69 71

4.2 89 0.6 20 69 70

5 99 1 20 69 71

6 99 0 20 69 71

7-19-93 10.3 98 20 50 68 70
11.4 98 23 50 68 71

13.5 g8 29 50 69 71

7-20-93 17 o8 38 20 65 67
214 97 38 20 67 71

7-21-93 26 98 49 20 67 69
295 98 49 50 68 70

319 98 49 50 68 72

7-22-93 349 94 52 50 65 66
375 94 52 50 66 67

421 92 58 50 67 70

7-23-93 579 97 70 50 63 65
63.5 96 68 50 66 70

7-26-93 72.4 95 72 50 66 67
7-28-93 777 95 66 50 68 72
7-29-93 82.1 96 66 50 69 70
7-30-93 94 84 55 50 88 75

H2S HISTORY OF 4.76 INCH LOCATION IN KOH CARBON BED
DATE RUNTIME H2SINLET H2SEXIT PRESS SAT. TEMP REACTOR

(hours) CONC (ppm) CONC. (ppm) (psig) (F) TEMP (F)

7-16-93 46 99 0 20 69 71
7-19-93 10.7 99 0 50 68 70
7-20-93 227 97 13 20 67 71
7-21-93 26.1 98 2.7 20 67 70
30.2 o8 52 80 68 71

7-22-93 35.5 94 9 50 65 67
42.9 92 12.5 50 67 70

7-23-93 58.8 a7 23 50 64 66
64.4 96 24 50 67 70

7-26-93 729 g5 26 50 66 67
7-28-93 78.6 90 32 50 69 73
7-29-93 829 95 38 50 69 70
7-30-93 93.3 84 19 50 87 74

H2S HISTORY OF 10.6 INCH LOCATION IN KOH CARBON BED
DATE RUNTIME H2SINLET H2SEXIT PRESS SAT TEMP REACTOR

{hours) CONC (ppm) CONC. (ppm) {psig) (F) TEMP (F)
7-16-93 46 <1
7-19-93 12.1 <1
7-21-93 275 <1
7-22-93 36.4 <1
7-23-93 59.6 <1
7-26-93 736 <1
7-28-93 79.1 <1
7-29-93 835 <1
7-30-93 924 <1
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W—b‘; ryYews  TELEPHONE 213) 722-7500 © TWX 810-321:2355 ® FAX (213) 7228207

)
\' & carbon A Wheelabrator Technologies Company

July 26, 1993

Mr. Roger Lesieur

International Fuel Cells

195 Governors Highway

P.O. Box 739

South Windsor, Connecticut 06074

RE: H2S Breakthrough Test Results
Dear Roger:

We have completed work on the H2S breakthrough testing of UOCH-KP
using as close as possible the conditions described in your FAX
dated July 12, 1993. Two breakthrough tests were carried out. The
breakthrough tests were carried using the gas compositions listed
below and the breakthrough apparatus and adsorption tube shown in
the attached drawings.

—TJTest1 = __Test 2

H2S 1.0 vol.% 0.2 vol.%

02 1.0 vol.% 1.0 vol.%
coz2 39.3 vol.$ 47.5 vol.%
CH4 39.3 vol.% 47.5 vol.%
Balance N2 19.4 vol.% 3.8 vol.%
Rel. Humidity 40 - 45 ¢ 45 ~ 48 %
Total Gas Flow 1,450 cc/min 1,450 cc/min
Time to

Breakthrough 48 minutes 7,446 minutes

H2S Breakthrough . 0.28 ai2
Capacit 0.009 gHZS/cc . S/cceC
paciey s/ i T~ 31% 6,

Using the first set of test conditions, very rapid H2S breakthrough
was observed. The observed results indicate no catalytic oxidation
of H2s to elemental sulfur was occurring under these high H2S and
low oxygen concentration conditions. The test was then repeated
using a lower H2S concentration and an excellent H2S breakthrough
capacity was measured. These results indicate the UOCH-KP will
operate very well using the proposed conditions and should give a

4515 (+155
ﬁs cc
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H2S breakthrough capacity that exceeds the specifications for UOCH-
KP. The presence of C02 and methane and the lower than normal
relative humidity do not seem to adversely affect the performance
of the UOCH-KP.

Following is a brief description of how the tests were carried out:

The H2S breakthrough apparatus consists of four rotameters and flow
control vales for metering the C02, Methane, H2S and oxygen into
the apparatus. The methane was passed through a constant
temperature bubbler to produce a saturated stream ' which upon
blending with the other gases yield the desired relative humidity
of approximately 40 & that was required for the tests.

'The UOCH-KP was contained in a reactor tube (see attached figure)
that held a bed of carbon that was 9" in length and 1" in diameter.
The outlet from the reactor tube was connected to an H2S monitor
which detected the breakthrough of H2S. A H2S breakthrough to the
level of 50 ppmv was used to determine completion of the test. The
H2S monitor made use of a high level alarm which shut off a timer
when 50 ppmv H2S was reached giving the exact time to reaching
breakthrough.

The UOCH-KP was pre-conditioned for 24 hours prior to the starting
of the test by running the humidified methane, CO2 and oxygen
through the system and the sample held in the reactor. After the
pre~-conditioning was complete, the proper H2S flow was established
to begin the test run. The H2S breakthrough of the UOCH~KP sanple
was calculated as follows:

(1.53X107?) (C)(F)(t,.)
)

Where: C = Concentration of H2S in test stream, vol. $
F = Total system flow rate, cc/min
t_=Time to 50 ppmv breakthrough, minutes
V = Volume of UOCH=KP used

H2S capacity (gH2S/ccC) =

Please give me a call at (213) 724~8565 if you have any questions
concerning the interpretation of results from this study or how the
testing was conducted. It has been our pleasure being of service
to International Fuel Cells.

Sincerely,
WESTATES CARBON, Inc.

James R. Graham, Ph.D.
Technical Director

Iintlrfuel .Adoc
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MODIFIED H2S BREAKTHROUGH APPARATUS
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International Fuel Cells FCR-13524

APPENDIX D

EXECUTIVE SUMMARY OF LANDFILL GAS PRETREATMENT UNIT
PERFORMANCE TEST REPORT,
BY
JIM CANORA, TRC ENVIRONMENTAL CORPORATION,
TRC PROJECT NO. 20300, MAY 1994



Landfill Gas Pretreatment
Unit Performance Test
Report

International Fuel Cells, Inc.
South Windsor, Connecticut

TRC

TRC Environmental Corporation
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Landfill Gas Pretreatment
Unit Performance Test Report

Penrose Landfill — Sun Valley, California

International Fuel Cells, Inc.
South Windsor. Connecticut

Prepared by:
TRC ENVIRONMENTAL CORPORATION

James E. Canora
Project manager

TRC Project No. 20300

TRC o

TRC Environmental Corporation

5 Waterside Crossing
Windsor, CT 06095
& (203) 289-8631 Fax (203} 296-6299

A TRC Zcmpany
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1.0 INTROD ON

TRC Environmental Corporation (TRC) was retained by International Fuel Cells, Inc.
(IFC) to conduct emission tests associated with the U.S. Environmental Protection Agency
(EPA) Phase II Field Performance Test program at the Penrose Landfill in Sun Valley,
California. The test was designed to demonstrate the performance of a landfill gas purification
systeni for application to fuel cell power plants.

The gas purification system, identified as the Gas Pretreatment Unit (GPU), was tested
over three complete cycles during a three-day period from October 20 to October 22, 1993.
Additional emission tests were also conducted to satisfy the requirements of a South Coast Air
Quality Management District (SCAQMD) permit. The test program was conducted under the
direction of Mr. Jim Canora of TRC and Mr. Dick Sederquist of IFC. No personnel from EPA
or SCAQMD were present to observe the tests.

1.1  Program Qbjectives
The program objectives included a demonstration of GPU performance and flare
performance. The specific objectives are outlined below:

¢ Demonstrate that total sulfur emission concentration at the GPU outlet was below
3 parts per million volume (ppmv).

® Demonstrate that total halide emission concentration at the GPU outlet was below
3 ppmv.

® Demonstrate compliance with the 3 ppmv total halide limit when the GPU is
challenged with dichlorodifluoromethane at the GPU inlet.

® Demonstrate the performance of the GPU and the flare as required in the SCAQMD
permit.

1.2 Scope of Work

GPU emission tests were conducted at the beginning, middle, and end of the regenerative
bed cycles to evaluate performance over normal eight-hour cycles on each of the two
regénerative beds in the GPU. Gaseous emission measurements for sulfur compounds, halides,
and other target compounds were conducted at the GPU inlet and outlet simultaneously, at
specific times in the bed cycles. In addition, samples of liquid condensate from the first GPU
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condenser were also collected and analyzed for sulfur and halides. Gas samples were collected
from sampling manifolds located at the GPU inlet, the exit of the first condenser, the GPU
outlet, and the flare inlet. See Figure 1-1 for sampling locations. Three eight-hour cycles were
tested. |

Emission tests for key parameters were conducted on-site to provide real-time data for
an immediate assessment of GPU performance. The program strategy was to use on-site
continuous and semicontinuous methods as process monitoring data, and off-site laboratory
analysis of integrated samples for a formal demonstration of performance according to EPA test
methods. The on-site measurements included gas chromatography/flame photometric detection
(GC/FPD) for sulfur compounds, a continuous gas analyzer for total sulfur, and gas
chromatography/electron capture detection (GC/ECD) for target halides. The quantification
accuracy of the on-site GC/ECD analysis was suspect because of the landfill gas matrix, and,
as a result, those results are not reported. The off-site methods, used to formally demonstrate
performance, included gas chromatography/mass spectrometry (GC/MS) analysis for target
volatile organic compounds (VOCs) and GC/FPD analysis for target sulfur compounds.

During the first test cycle, Bed A was challenged by injecting pure
dichlorodifluoromethane prior to the GPU regenerative beds while the dichlorodifluoromethane
concentration was measured in the GPU outlet gas stream by both on-line GC/ECD and off-site
GC/MS. The dichlorodifluoromethane test was designed to demonstrate the flexibility of the
GPU for any landfill gas application by challenging the unit with high concentrations of a light,
difficult to remove, halogenated hydrocarbon. The second and third test cycles did not include
dichlorodifluoromethane spiking.

The test matrix and target compound list is included in Appendix A. Test parameters and
methods used for VOCs and sulfur compounds during the GPU demonstration test are outlined
below. Additional test parameters were also measured to provide a more complete
characterization of the GPU inlet and outlet gas streams, and those methods are also listed
below.

GPU Outlet Measurements

® Sglfur Compounds (on-site)—On-line GC/FPD according to EPA Methods 15 and

16.

® Total Sulfur (on-site)—Continuous monitoring of total sulfur using a chemical cell-
type analyzer and a digital data logger.
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 Condenser 1 Inlet Condenser 1 Qutlet
Carbon Bed Inlet  Dichlorodifluoromethane Dichlorodifluoromethane GPU Outlet Sample
Sample Location Addition Location Monitoring Location Location
' Dryer Bed A: Low ; Clean
H,S ry
=>» LFG Adsorber | 2.® C o?‘?;::; er => @] Water Vapor [ = | Temperature CBaerch\ Pag;ﬁg'rate >LFGto
Adsorption Cooler Fuel Cell
Condenser | l
Condensate I\
Drain
Regeneration Gas [\y
Flare Inlet Flare Inlet (25 SCFM)
Sample Location Sample Location
.
Dryer Carbon Regen
ToFlare € L) Beag [ € 1 ToFle € o BedB € Gas Heater
450°F Water and 400°F H/C
H/C Desorption Desorption
OFF-LINE BED REGENERATION

Clean Gas Production Process - This process incorporates H,S removal by the Claus
reaction, refrigerated cooling and condensation, drying, cooling and hydrocarbon adsorption

process units to remove contaminants from the landfill gas.

The H,S removal bed reacts H,S with O, found in the landfill gas to produce elemental sulfur.

This bed is non-regenerable and is replaced periodically. The first and second stage
refrigeration coolers operate at approximately +35°F and -20°F, respectively.

5 Waterside Crossing

, R C Windsor, CT 06095

TRC Environmental Corporation (203) 289-8631

INTERNATIONAL FUEL CELLS INC.
EPA/AEERL PHASE Hl FUEL CELL/LANDFILL GAS ENERGY
RECOVERY PROGRAM

FIGURE 1-1.

PHASE Il FIELD TEST SAMPLE LOCATIONS
AND TEST RESULTS
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Halogenated Volatile Organic Compounds (on-site}—On-line GC/ECD according
to EPA Method 18.

Sulfur Compounds (off-site}—GC/FPD analysis of Tedlar bag samples according to
EPA Methods 15, 16, and 18.

Target Volatile Organic Compounds (off-site}—GC/MS analysis of Tedlar bag
samples according to EPA Method TO-14 using the test protocol target compound list.

Particulate Matter—EPA Method S.
Total Nonmethane Hydrocarbons/Methane—A Tedlar bag sample was analyzed by
total combustion analysis and flame ionization detector analysis according to

California Air Resources Board (CARB) Method 25.2.

Gas Volumetric Flowrate—A calibrated process monitor was used.

GPU Inlet Measurements

Halogenated Volatile Organic Compounds (on-site}—GC/ECD analysis of Tedlar
bag samples according to EPA Method 18.

Sulfur Compounds (off-site}—GC/FPD analysis of Tedlar bag samples according to
EPA Methods 15, 16, and 18.

Target Volatile Organic Compounds (off-site}—GC/MS analysis of Tedlar bag
samples according to EPA Method TO-14 using the test protocol target compound list.

Phenol—Samples collected on solid sorbent tubes, solvent extraction and analysis by
GC/MS.

Silanes and Siloxanes—Collection in absorbing solution and total silicon
measurement by elemental analysis.

Total Nonmethane Hydrocarbons/Methane—A Tedlar bag sample was analyzed by
total combustion analysis and flame ionization detector analysis according to CARB
Method 25.2.

GPU Liquid Condensate Measurements

Sulfur Compounds (off-site}—GC/FPD analysis of water samples was conducted for
target sulfur compounds using a purge and trap system.

Target Volatile Organic Compounds (off-site}—Purge and trap, and GC/MS

analysis of water samples were conducted according to EPA Method 8260 using the
test protocol target compound list.
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During the second bed cycle test series, emission tests were also performed at the flare
inlet and outlet, to provide data for the SCAQMD permit. The flare is used to control emissions
from the GPU during bed regeneration. Triplicate flare tests were conducted with sampling times

correlating to specific events in the bed regeneration cycles. Flare inlet and outlet samples were

collected during the carbon bed hot regeneration, the dehydration bed hot regeneration, and the

dehydration bed cold regeneration. The scope of work for the flare test is outlined below.

Flare Inlet Measurement

Target Volatﬁe Organic Compounds (off-site}—GC/MS analysis of triplicate one-
hour Tedlar bag samples were conducted according to EPA Method TO-14 using the

test protocol target compound list.

Sulfur Compounds (off-site}—Triplicate one-hour Tedlar bag samples were analyzed
by GC/FPD according to EPA Methods 15, 16, and 18.

TotalNonmethane Hydrocarbons/Methane—Triplicate one-hour Tedlar bag samples
were analyzed by total combustion analysis and flame ionization detector analysis
according to CARB Method 25.2.

Gas Volumetric Flowrate—Process monitor data was used.

Flare Qutlet Measurements

Target Volatile Organic Compounds (off-site}—GC/MS analysis of triplicate one-
hour Tedlar bag samples were conducted according to EPA Method TO-14 using the
test protocol target compound list.

Sulfur Compounds (off-site}—Triplicate one-hour Tedlar bag samples were analyzed
by GC/FPD according to EPA Methods 15, 16, and 18 using the test protocol target
compound list.

Total Nonmethane Hydrocarbons/Methane—Triplicate one-hour Tedlar bag samples
were analyzed by total combustion analysis and flame ionization detector analysis
according to CARB Method 25.2.

Particulate Matter—Triplicate tests were conducted according to EPA Methods 5 and
202.

Nitric Oxides, Carbon Monoxide, and Diluents—Triplicate one-hour tests were
conducted according to EPA Methods 7E, 10, and 3A.

Gas Volumetric Flowrate—The gas flowrate was calculated on the basis of
stoichiometric combustion and measured excess air.
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13 Report Organization

Section 2.0 presents an executive summary, which includes a discussion applying the
results to demonstrate compliance with the GPU performance specifications. The test results are
presented in tables and discussions in Section 3.0 of this report. The test procedures are outlined
in Section 4.0, and Section 5.0 presents an overview of quality assurance. Included in Section 5.3
is a discussion of the quality control results and how those results effect the data uncertainty. The
report appendices contain copies of sampling and analytical data and descriptions of the GPU and

associated equipment.
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2.0 EXECUTIVE SUMMARY

Measured GPU outlet emission concentrations of halides and sulfur compounds were
below or only marginally above the method detection limits. The method detection limits
demonstrated that the GPU fnet the total halides and total sulfur performance standards during
all times of the nmormal eight-hour cycles on each of the two regenerative beds. The
dichlorodifluoromethane challenge test demonstrated that dichlorodifluoromethane was effectively
removed; dichlorodifluoromethane was nondetected at the GPU outlet, with greater than 7 ppmv
in the inlet.

GPU outlet sulfur measurements were performed with two types of on-site, on-line
measurements and off-site analyses of integrated samples. All three measurements demonstrated
compliance with the performance standard of 3 ppmv total sulfur.

The GPU outlet halide measurements were performed with both on-line GC/ECD
measurements and off-site GC/MS analyses of integrated samples. The on-line halide
measurements were conducted as a process monitoring tool and were not designed to
demonstrate compliance with the performance limit. The on-line method measured selected
halide compounds as a general indicator of GPU performance. The off-site GC/MS halide
method was used to demonstrate compliance with the GPU performance specification. Methylene
chloride was the only halogenated compound detected in the GPU outlet at a maximum
concentration of 0.032 ppmv, and the GC/MS method detection limit for all other halogenated
compounds was 0.002 ppmv. This data clearly demonstrated compliance with the 3 ppmyv total
halide limit.

There was a discrepancy between on-line GC/ECD and off-site GC/MS measurements
which raised an uncertainty on the halide removal performance demonstration. As a result, an
audit was conducted using cylinder gases prepared in a landfill gas matrix. The results of that
audit indicated that the GC/ECD data may have been biased high due to the effect of the landfill
gas matrix. The GC/MS method measured two audit gases within 2% of the certified value. The
audit results minimized the GC/MS uncertainty and supported the use of the GC/MS method to
demonstrate compliance with the halide performance specification

Pollutant measurements conducted on the flare for the SCAQMD permit requirement
demonstrated that the flame destruction efficiency was 99.2% for nonmethane organics and

greater than 99.2% for sulfur compounds. Nitrogen oxides (NO,) emission concentration
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averaged 10.4 ppmv and carbon monoxide (CO) emission concentration averaged 3 ppmv. Total
particulate matter, including back-half organic and inorganic fractions, averaged 0.015 grains
per dry standard cubic foot (grains/dscf).

2.1 Recommendations for Phase IIT Program Emission Measurements
Increased quality control measurements should be conducted for the Phase III program

to minimize the potential for problems such as the disparity between the GC/ECD and GC/MS
measurements that occurred in Phase II. The disparity between the two measurements occurred
on each of the GPU inlet samples; dichlorodifluoromethane, trichloroethene, and
tetrachloroethene concentrations were consistently higher according to the GC/ECD
measurements. An audit was conducted to resolve the differences, and the results indicated that
the GC/ECD data may have been biased high. A detailed discussion of the disparity between
GC/ECD and GC/MS methods and the audit results is presented in Section 5.3.

Phase IIT testing will also include GC/MS measurements for halogenated compounds at
the GPU outlet. This method can be used effectively to demonstrate compliance with the 3 ppmv
performance standard as demonstrated during Phase II. The GC/MS method detection limits are
sufficient to demonstrate that the GPU is greater than 100 times more efficient than required by
the performance specification. However, additional audits should be conducted, using cylinder
gas audits prepared in a landfill gas matrix, to minimize the uncertainty associated with the

measurements.
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3.0 SUMMARY AND DISCUSSION QF RESULTS

Emission tests were conducted in accordance with the test protocol during three complete
GPU cycles, with the SCAQMD permit tests conducted during the second cycle. Results are
summarized in the following discussions and tables; all sampling and analytical data are included
in the appendices.

3.1 GPU Dichlorodifluoromethane Challenge Test

The dichlorodifluoromethane challenge test was conducted on Bed A on October 20 from
0840 to 1640. The test consisted of metering a known quantity of pure gas into the inlet of the
first condenser with a calibrated rotometer. The spiking began after the first 30 minutes of
operation on Bed A and continued throughout the entire eight-hour cycle. Samples of the spiked
gas stream were collected in Tedlar bags prior to spiking at 0855, during the first 30 minutes
at 0930, again at 1255, and during the last hour of Bed A operation at 1530. GPU outlet bag
samples were also collected concurrently with the exception of the 0930 sample. The GPU outlet
gas stream was also analyzed by on-line GC/ECD at approximately one-hour intervals. The test
results are summarized in Table 3-1.

Dichlorodifluoromethane was injected at a rate designed to provide 50 ppmv in the
landfill gas stream entering the first condenser. Injection at the first condenser inlet was used
because the pressure at the true GPU inlet (Westates carbon bed inlet) is high enough to
potentially condense dichlorodifluoromethane vapors. The entire active system was challenged
with this method.

The inlet dichlorodifluoromethane concentration was measured on-site by analyzing the
landfill gas downstream of the injection point with GC/ECD to verify the spike rate; however,
off-site GC/MS analysis of the same sample indicated that dichlorodifluoromethane concentration
was much lower. An audit was conducted several months after the completion of the field
program to resolve the difference between the two methods. The audit demonstrated that the on-
sitt GC/ECD may have been biased by the landfill gas matrix and that the GC/MS data was
more accurate. As a result, the actual dichlorodifluoromethane spike concentration averaged 8.0
ppmv. This rate was below the 50 ppmv specified in the protocol, but is representative of

halogenated organic compound concentrations found in landfill gas.
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TABLE 3-1
GPU INLET/OUTLET EMISSION TEST SUMMARY:
TEST NO. 1 - DICHLORODIFLUOROMETHANE SPIKING

International Fuel Cells
Penrose Landfill
October 20, 1993

Pretreatment Bed A
lnletF\owlate 81 scfm

DichiorodmuommetMns Splke Stattn (onlotf)

Sampling Locatior. .
Total Sulfur-Continuous Analyzer (ppmv)
Reduced Sulfur-GC/FPD (ppm vA)
Sample Type bag bag on-line bag bag bag! ondine
hydrogen sulfide 0.329 <0.01 <0.08| <0.004 0.47] <0.01
carbonyl suifide 0.079 <0.01 <0.08| <0.004 <0.08] <0.01
methyl mercaptan <0.04 <0.01 «<0.08| <0.004 <0.08| <0.01
ethyt mercaptan <0.04 <0.01 <0.08{ <0.004 <0.08| <0.01
dimethyt suifide 6.2 <0.01 5.76( <0.004 57| <0.01
carbon disulfide 0.05 <0.01 0.082| 0.004 0.065{ <0.01
dimethyt disulfide 0.11 <0.01 0.14| 0.004 0.11| <0.01
Total Reduced Sulfur - see note 7.71 <0.01 6.76! 0.008 7| <0.01
Volatile Organic Halogens-
GC/MS Analysis (ppm viv)
Sampie Type bag bag bag
dichiorodifluoromethane 7.4] <0.002
viryl chioride 0.09( <0.002
chloride 4| <0.002
cis~1,2-dichloroethene 48| <0.002
1, 1-dichloroethane 19| <0.002
trichloroethene 1.7| <0.002
tetrachloroethene 44| <0.002
chiorobenzene 12| <0.002
Total Halogens (as halide) - see note 75.1] <0.002
Volatile Organic Compounds -
GC/MS Analysis (ppm viv)
berzene 13| <0.002 11
toluene 46| 0.0025 38
xylenes 17| <0.002 173
ethyt berzene 11| <0.002 10
styrene 0.97( <0.002 0.6
acetone 11| 0.042 14
2-butanone 7.7| <0.004 6.3
ethyl acetate 8.1 <0.002 8.1
ethyl butyrate 8.4| <0.002 6.3
alpha-pinene 18( <0.002 162
d-limonene 54| <0.002 9
tetrahydrofuran 1.6| <0.002 13 -
Phenol-GCMS (ppm viv) <0.06
Silanes/Siloxanes (mg/dscm) < 0.28
Particulate Matter (grains/dscf) | €0.0008 | AE pele

NOTES:
1. Total reduced sulfur is calculated as the sum of target compound concentrations as sulfur, plus the sum of
any unknown sulfur compounds quantified as hydrogen sulfide.

2. Total halogen is calculated as follows: multiply each compound concentration by the number of halide atoms and total.
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The GPU outlet dichlorodifluoromethane concentration, measured by both on-line
GC/ECD and off-site GC/MS, was below detection lin.lits throughout each eight-hour cycle. The
detection limit for the on-line GC/ECD was 0.4 ppmv and the GC/MS detection limit was 0.002
ppmv. The GC/MS method was 200 times more sensitive than the GC/ECD method for
dichlorodifluoromethane and demonstrated that the GPU removal efficiency was greater than
99.97%. The dichlorodifluoromethane spike test, using the GC/MS detection limit, also
demonstrated that total halide emissions from the GPU were less than 0.008 ppmv or less than
0.3% of the 3 ppmv performance specification.

3.2 GPU Removal of Volatile Qrganic Compounds

Volatile organic compound (VOC) removal was measured over three bed cycles using
on-sitt GC/ECD analyses and off-sitt GC/MS analyses. Six target halides were analyzed by
GC/ECD and the VOC target compounds listed in the protocol (Table 3.2-2) were analyzed by
GC/MS. The results from the three cycles (identified as Tests 1-3) are summarized in Tables
3-1, 3-2, 3-3, and 34.

The GPU outlet concentration of the target compounds was below or only marginally
above method detection limits as measured with both the GC/ECD and GC/MS methods. The
GC/MS method was more sensitive than the GC/ECD and showed that halide target compounds
were below 0.002 ppmv with the exception of methylene chloride, which was measured at trace
levels (below 0.02 ppmv) in two samples. Both measurement methods demonstrated that the
GPU met the performance specification of 3 ppmv over the entire eight-hour cycle of both beds.

The inlet concentrations of target VOCs measured by GC/MS were typical of landfill gas.
Halide concentrations over 1 ppmv in the inlet gas stream included vinyl chloride, methylene
chlonde, cis-1,2-dichloroethene, 1,1-dichloroethane, trichloroethene, tetrachloroethene, and
chlorobenzene. Additional VOCs measured in the inlet gas stream included toluene averaging
37.6 ppmv, xylenes at 17.3, a-pinene at 15.0, acetone at 14.8, ethyl acetate at 9.0, ethyl
benzene at 8.8, and ethyl butyrate at 7.0.

In summary, the off-sitt GC/MS measurements at the GPU inlet and outlet indicated that
the GPU efficiently removed halogenated and other VOCs to comply with the performance
specification. Only trace levels (less than 0.02 ppmv) of methylene chloride were detected in the
GPU outlet by GC/MS.
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TABLE 3-2
GPU INLET/OUTLET EMISSION TEST SUMMARY:
TESTNO. 2

International Fuel Cells
Penrose Landfill
October 21, 1993

Methane (ppm viv)
Total Non-Methane Organics (ppm viv as carbon)
Total Sulfur-Continuous Analyzer (ppmv) <02} - - <0.2 <0.2
Reduced Sulfur-GC/FPD (ppm viv)
Sample Type bag bag on-line on-line
Compound ] -
hydrogen sulfide 108 <0.004| , <0.01 <0.01
carbonyl sulfide 0.16 0.017 o <0.01 0.047
methyl mercaptan 2.79 «<0.004 S <0.01 <0.01
ethyl mercaptan 0.44 <0.004| . . <0.01 <0.01
dimethyl sulfide 6.57 <0.004|: - - <0.01 <0.01
carbon disulfide <004 «<0.002} .. ‘- <0.01 <0.01
dimethy! disulfide <0.04 <0002 <0.01 <0.01
Total Reduced Sutfur - see note 117 0.017¢ - <0.01 0.047
Volatile Organic Halogens
GC/MS Analysis (ppm viv)
Sampie Type bag
Compound
dichiorodifiuoromethane 0.26
vinyl chioride 14
methylene chioride 4.1
cis-1,2-dichioroethene 58
1, 1-dichioroethane 28
trichloroethene 2.4
tetrachioroethene 4.8 .
chiorobenzene 14 <0.002|.. .. -
Tots! Halogens (as halide) - see note §70 <0.002[ ~ -
Volatile Organic Compounds - SO P O EEr
GC/MS Analysis SR R S
benzene 1.7 <0.002 | : I R
toluene 47| <0.002 : -
xylenes 28.2 <0.002
ethyl benzene 12 <0.002
styrene 11 <0.002
acetone 15 <0.005
2-butanone 37 <0.004
ethy! acetate 108 <0.002
ethyl butyrate
alpha-pinene -
dimonene
tetrahydrofuran
Phenol-GCMS(ppmv) [er <0.03
Silanes/Siloxanes (mg/dscm) <0.14
Particulate Matter (grains/dsef) |7 <0.0004
NOTES:

1. Total reduced sulfur is calculated as the sum of target compound concentrations as sulfur, pius the sum of
any unknown sulfur compounds quantified as hydrogen sulfide.

2. Total halogen is caiculated as follows: muttiply each compound concentration by the number of halide atoms and total.
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TABLE 3-3
GPU INLET/OUTLET EMISSION TEST SUMMARY
TESTNO. 3

International Fuel Cells
Penrose Landfill
October 21-22, 1983

Pretreatment Bed A

Inlet Flowrate: 80 scfm
Regeneration Flowrate: 25 scfm
Output Flowrate: 55 scfm
Flare Temperature: 1600 oF

Total Sulfur-Continuous Analyzer (ppmv) <0.2 <02
Reduced Sulfur Compounds (ppm Viv) ]
Sample Type bag bag bag ondine on-ine
hydrogen sulfide 927 <0.004 107 <0.01 <0.01
carbonyl sulfide 0.197 0.017 0.164 0.035 0.026
methyl mercaptan 291 <0.004 296 <0.01 <0.01
ethyl mercaptan 048 <0.004 0.47 <0.01 <0.01
dimethyl sulfide 6.51 <0.004 6.52 <0.01 <0.01
carbon disulfide <0.07| <0.002 <0.07 <0.01 <0.01
dimethyl disulfide <0.07] <0.002 <0.07 <0.01 <0.01
Total Reduced Sulfur - see note 104 0.017 118 0.035 0.026
Volatile Organic Halogens-
GCI/MS Analysis (ppm viv)
Sample Type bag bag bag bag bag
Compound
dichiorodifluoromethane 0.83 <0.002 0.95 <0.002 <0.002
vinyl chioride 11 <0.002 12 <0.002 <0.002
methyiene chioride 6.6 0.016 1 <0.002 <0.002
cis-1,2-dichioroethene 43 <0.002 59 <0.002 <0.002
1,1<dichloroethane 19 <0.002 27 <0.002 <0.002
trichloroethene 13 <0.002 18 <0.002 <0.002
tetrachloroethene 27 <0.002 36 <0.002 <0.002
chiorobenzene 0.91 <0.002 1.4 <0.002 <0.002
Total Halogens (as halide) - see note 46.7 0.032 66.6 <0.002 < 0.002
Volatile Organic Compounds -
GCIMS Analysls (ppm viv)
benzene 1.4 <0.002 <0.002
toluene 36 <0.002 <0.002
xylenes 21.2 <0.002 <0.002
ethyl benzene 9 <0.002 <0.002
styrene 0.81 <0.002 <0.002
acetone 18 <0.005 <0.005
2-butanone 6.6 <0.004 <0.004
ethy! acetate 108 <0.002 <0.002
ethyl butyrate 8.4 <0.002 <0.002
alpha-pinene 18 <0.002 <0.002
d-imonene 36 <0.002 <0.002
tetrahydrofuran 1.6 <0.002 <0.002
Phenol-GC/MS (ppm viv) <0.06
Silanes/Siloxanes (mg/dscm) <0.08
Particulate Matter (grains/dscf) oy <0.0002}.

NOTES:
1. Total reduced sulfur is calculated as the sum of target compound concentrations as sulfur, plus the sum of
any unknown sulfur compounds quantified as hydrogen sulfide.

2. Total halogen is calculated as follows: multiply each compound concentration by the number of halide atoms and total.
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TABLE 3-4

C1 - C6 HYDROCARBONS EMISSIONS DATA

International Fuel Cells, Inc
Penrose Landfill
October 20-21, 1993

Loacation -

- Emission Concentrations Measured By GC/FID (pp

[SIY

ane | n-propane| jsobutana ] n-butans|i
Condenser No. 1 Inlet| 10-20 |0840-0910 <0.5 27 18 11 12 13 6.1
Condenser No. 1 Inletf 10-20 [{1255-1330 <0.5 25 16 9.7 11 18 6
Condenser No. 1 Inletf 10-20 ([1540-1640 <0.5 26 16 9.7 11 16 5.1
GPU Outlet 10-20 |0840-0910 <0.5 <0.4 <0.3 <0.3 <0.3 <0.3 <0.2
GPU Outlet 10-20 {1255-1330 <0.5 <0.4 <0.3 <0.3 <0.3 <0.3 <0.2




3.3 GPU Removal of Reduced Sulfur Compounds
Reduced sulfur compounds were measured at the inlet and outlet of the GPU

simultaneously using on-line GC/FPD at the outlet and Tedlar bag samples with off-site GC/FPD
analyses at the inlet. Total reduced sulfur was also continuously monitored with a continuous
analyzer (Interscan wet chemical type) and data logger at the GPU outlet. Additional Tedlar bag
samples were collected from the outlet gas stream and analyzed off-site for confirmation of the
on-line measurements. The data is summarized in Tables 3-1, 3-2, and 3-3, The total reduced
sulfur in the GPU outlet was below the detection limit of the continuous analyzer (< 0.2 ppmv)
at all times. All measurements indicated that the GPU was efficiently removing reduced sulfur
compounds and complying with the performance standard of 3 ppmv during the entire eight-hour
cycle on both beds.

The inlet concentrations of total reduced sulfur averaged 113 ppmv during Test 2 and
Test 3. During the dichlorodifluoromethane challenge test (Test 1), the inlet sample was
collected downstream of the carbon bed where the pressure was lower and, as a result, hydrogen
sulfide (H,S) was removed prior to sampling. The GPU inlet sulfur data from Test 1 is not
representative of the actual input to the GPU and is not included in the following averages: H,S
was the primary sulfur compound in the GPU inlet gas stream averaging 102 ppmv, followed
by dimethyl suiﬁde averaging 6.5 ppmv and methyl mercaptan averaging 2.9 ppmv.

Only trace levels of sulfides were detected in the GPU outlet gas stream with both on-line
GC/FPD and Tedlar bag sampling. Carbonyl sulfide was detected at levels ranging from below
the detection limit of 0.01 ppmv to 0.047 ppmv with the on-line GC/FPD. Carbon disulfide and
dimethyl disulfide were detected in one GPU outlet Tedlar bag sample at 0.004 ppmv each.

In summary, the data demonstrated that the reduced sulfur compound concentrations
entering the GPU were typical of landfill gas and that the GPU removed these contaminants
effectively. The GPU outlet concentrations were either below detection limits (detection limits
were 0.01 ppmv for the on-line method and 0.004 for the off-site analyses) or in the part per
billion concentration range which demonstrated that the unit was performing approximately 100
times better than the performance specification.
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34 PU Removal of Nonmet rgani

During the second test cycle, methane and nonmethane organic compounds were measured
according to CARB Method 25.2 in the GPU inlet and outlet gas streams. Single simultaneous
samples were collected and tﬁc results are reported in Table 3-2. The results indicated that the
inlet concentration of nonmethane organic compounds was 5700 ppmv as carbon and the outlet
concentration was 13.8 ppmv. These data indicate a removal efficiency of 99.8% based on an
inlet gas flowrate of 80 standard cubic feet per minute (scfm) and an outlet gas flowrate of 55
scfm.

35 GPU Outlet Particulate Matter Concentration

Particulate matter was measured during each of the three test cycles with single eight-hour
samples collected during each cycle. The concentration measured at the GPU outlet was below
0.0008 grains/dscf on Test 1, below 0.0004 grains/dscf on Test 2, and below 0.0002 grains/dscf
on Test 3. These low concentrations represented the sum of the material weights collected on the
filters and back-half organic and inorganic fractions. Each filter had less than 1.0 milligram (mg)
of particulate matter which was the analytical detection limit. Some trace levels were detected
in the back-half fractions. Since no particulate matter was detected on the filters, the results are
reported as “less than” values.

In summary, the particulate emissions at the GPU outlet were extremely low, as would
be expected in a landfill gas stream. The measured concentrations were trace level and were

below the Method 5 detection limit.

3.6 GPU Inlet Phenol Concentration

Three phenol samples were collected from the GPU inlet gas stream during the middle
of each of the three test cycles. The samples were collected on XAD-2 solid sorbent tubes and
analyzed by GC/MS off-site. Phenol was below the detection limit in each sample. The detection
limit was 0.06 ppmv on Tests 1 and 3 and 0.03 ppmv on Test 2.
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3.7 il ilox — GPU Inlet Con tion

Silanes and siloxanes concentrations were measured in triplicate at the GPU inlet during
each test cycle with an experimental test method. Samples were collected in potassium hydroxide
absorbing solution and analyzed for silicon by elemental analysis.

The results reported in Tables 3-1, 3-2, and 3-3 are averages of the three test runs. The
silicon concentrations were less than 0.278 mg/dry standard cubic meter (dscm), 0.145 mg/dscm,
and 0.072 mg/dscm on the respective test cycles.

3.8  Flare Efficiency Test

The flare was tested during the regeneration of Bed A. Samples were collected during
three phases of regeneration including the carbon bed hot regeneration, the dehydration bed hot
regeneration, and the dehydration bed cold regeneration. The highest concentrations of VOCs and
sulfur compounds were measured during the hot regeneration of the dryer bed. The data
demonstrated that the flare effectively destroyed VOCs and sulfur compounds during all phases
of regeneration including the worst-case hot dehydration bed regeneration.

The flare destruction efficiency was determined for key parameters using a calculated
volumetric gas flowrate at the flare exhaust. The gas flow was below the detection limit of EPA
Method 2; as a result, the calculation was required to determine destruction efficiency. The gas
flowrate was calculated based on the sum of the methane and nonmethane gas entering the flare,
the stoichiometric combustion air to oxidize the methane entering the flare, and a measured
excess air factor of 2.3 based on the O, content of the flare exhaust. The calculated flare exhaust
flowrate was 368 scfm based on 25 scfm total gas flow entering the flare at 44.8% methane
concentration, the stoichiometric air, and the excess air. The airflow calculation is outlined in
Appendix H. Based on these calculations, there was 14.7 times more gas flow at the outlet
sampling location than there was at the inlet sampling location; a factor of 14.7 was used to
calculate the destruction efficiency.

The flare test data is summarized in Table 3-5, and discussions of the data are included

in the following subsections.
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TABLE 3-5
FLARE INLET/OUTLET EMISSION TEST SUMMARY

Intemational Fuel Cells, Inc.
Penrose Landfill
October 21, 1993

GPU Inlet Flowrate: 81 scfm
Regeneration Flowrate: 25 scfm
GPU Output Flowrate: 56 scfm
Flare Temperature: 1600 of

B
Flare Sampling
Methane (ppm viv)
Total Non-Methane Organics {ppm viv as carbo
Oxides of Nitrogen (ppm viv)
Carbon Monoxide (ppm viv)
Total Particulates (gridscf)
Front half
Back half (organic)
Back half (inorganic)
Oxygen (%)
Moisture (%)
Temperature (oF)
Flowrate {scfm)
Reduced Sulfur Compounds (ppm viv)
Sample Type bag bag bag bag bag bag
hydrogen sulfide <0.004 <0.004 <0.016 0327 <0.004 <0.004
carbonyl sulfide 0.061 <0.004 <0.016 <0.04 0.014 0.06
methyl mercaptan <0.004, <0.004 0.087 <0.04 <0.004 <0.004
ethyl mercaptan <0.004 <0.004 0.016 <0.04 <0.004 <0.004
dimethyl sulfide 0.042 <0.004 739 <0.04 0.031 <0.004
carbon disulfide 0.146 <0.002 <0.008 <0.02 <0.002 <0.002
dimethyl disulfide <0.002 <0.002 0.908 <0.02 0.005 <0.002
Total Reduced Sulfur - see note 0.254 <0.004 80.4 0.327 0.05 0.06
Volatile Organic Compounds-
GC/MS Analysis (ppm viv)
cS::mmpie Type bag bag bag bag bag bag
dichlorodifluoromethane 36 <0.002 <20 <0.002 <0.03 <0.002
vinyl chioride 15 <0.002 <39 <0.002 <0.05 <0.002
methylene chioride 028 <0.002 110 <0.002 0.07 <0.002
cis-1,2-dichioroethene <0.02 <0.002 62 <0.002 <0.04 <0.002
1,1-dichloroethane <0.02 <0.002 32 <0.002 <0.04 <0.002
trichloroethene 0.02 <0.002 17 <0.002 <0.03 <0.002
tetrachioroethene 0.17 <0.002 19 <0.002 0.1 <0.002
chiorobenzene <0.02 <0.002 38 <0.002 0.07 <0.002
benzene 0.03 <0.002 16 <0.002 <0.04 <0.002
toluene 12 0.007 230 0.004 0.83 0.0025
xylenes 0.04 <0.002 438 <0.002 18 <0.002
ethy! benzene 0.04 <0.002 ) <0.002 0.76 <0.002
styrene <0.02 <0.002 <24 <0.002 <0.03 <0.002
acetone <0.07] <0.005 150 0.065 <0.12 0.02
2-butanone <0.04 <0.004 28 <0.004 <0.99 <0.004
ethyl acetate <0.04 <0.002 54 <0.002 <0.04 <0.002
ethyl butyrate <0.04 <0.002 21 <0.002 <0.04 <0.002
alpha-pinene 0.05 <0.002 36 <0.002 1.8 <0.002
dimonene 0.07 <0.002 14 <0.002 36 <0.002
tetrahydrofuran <0.04 <0.002 0.99 <0.002 <0.04 <0.002
NOTES:

1. Total reduced sulfur is calculated as the sum of target compound concentrations as sulfur, pius the sum of
any unknown sulfur compounds quantified as hydrogen sulfide.
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3.8.1 Flare Destruction of V:

As previously stated, the highest VOC concentration entering the flare occurred during
the dryer bed hot regeneration. One-hour Tedlar bag samples were collected simultaneously at
the inlet and outlet during each phase of regeneration. The samples were analyzed for target VOC
compounds by GC/MS according to EPA Method TO-14.

Toluene and acetone were the highest concentration VOCs entering the flare, at 230 ppmv
and 150 ppmv. Inlet halide concentrations were also significant with methylene chloride at
110 ppmv; cis-1,2-dichloroethene at 62 ppmv; 1,1-dichloroethane at 32 ppmv; trichloroethene at
17 ppmv; tetrachloroethene at 19 ppmv, and chlorobenzene at 3.8 ppmv. Flare outlet
concentrations of these compounds were below the GC/MS detection limit of 0.002 ppmv,
indicating that the flare was completely oxidizing these compounds.

The destruction efficiency of the flare was calculated using the calculated flare ‘exhaust
gas flowrate (airflow in the flare exhaust was below the detection limit of EPA Method 2 and
could not be measured). The destruction efficiency of methylene chloride was greater than
99.97% based on 368 scfm at the flare exhaust and 25 scfm at the flare inlet. The destruction

efficiency of tetrachloroethene, which is difficult to oxidize, was greater than 99.85%.

3.8.2 Flare Destruction of Sulfur Compounds

As with VOCs, the highest concentrations of sulfur compounds entering the flare occurred
during hot regeneration of the dehydration bed. Dimethyl sulfide was the highest concentration
compound at 73.9 ppmv. The outlet concentration of dimethyl sulfide was below the detection

limit of 0.04 ppmv. The destruction efficiency of dimethyl sulfide was greater than 99.2%.

3.8.3 Flare Destruction of Total Nonmethane Organics

The highest concentration of nonmethane organics was also measured during the hot
regeneration of the dehydration bed. The inlet concentration was 21,100 ppmv as carbon and the
outlet concentration was 11.5 ppmv. Based on a 14.7-fold increase in air flow at the outlet, the

destruction efficiency was 99.2%.
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3.84 Flare Outlet Concentration of NO,, CO, and Particulate Matter

The nitrogen oxides (NO,) and carbon monoxide (CO) concentrations at the flare outlet
averaged 10.4 ppmv and 3.0 ppmv, respectively, over the three test periods. Particulate matter,
based on the front-half catch, averaged 0.009 grains/dscf over the three test runs. Particulate
matter, based on front-half and back-half catches, averaged 0.013 grains/dscf.

3.9  Ambient Concentrations of NQ,, CO, and Particulate Matter

The ambient concentrations of NO, and CO were below the detection limits of the
analyzers. The detection limits were 1.0 ppmv for each compound. Particulate matter was
measured with one eight-hour sample collected within 20 feet of the flare on the day of the flare

emission testing. The particulate matter concentration was 267 micrograms per cubic meter

(ng/m’).

3.10 Condensate Analyses

One condensate sample was collected from the first cooler condenser during the first hour
of each cycle for a total of three samples. There was no condensate in the second condenser; as
a result, no sample could be collected. Each sample was analyzed for the target sulfur compounds
by GC/FPD and the target VOCs by GC/MS. The results are reported in Table 3-6.

The highest concentration VOCs were acetone and 2-butanone, which were detected in
cach sample. The average concentrations were 16,700 micrograms/liter (ug/¢) of acetone and
12,700 pg/t of 2-butanone. The highest concentration of a target sulfur compound was
1,720 pg/t of dimethyl sulfide. However, an unknown sulfur compound was also detected in each
sample which increased the average total sulfur concentration to 33,000 pg/t.
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TABLE 3-6
CONDENSATE ANALYSES

International Fuel Cells, Inc.
Penrose Landfill
October 20-21, 1993

Reduced Sulfur Compounds (ug/liter)
hydrogen sulfide <56 <56 <56
carbony] sulfide <98 <98 <98
methyl mercaptan <79 <79 <79
ethyl mercaptan 123 <100 <100
dimethyl sulfide 1760 1720 1720
carbonyl sulfide 97.2 <62 <62
dimethyl disulfide 99.9 135 132
Total Reduced Sulfur - see note 1 22700 35000 37300

Volatile Organic Compounds -

GC/MS Analysis (ug/liter) - see note 2
acetone 160000 150000 150000
2-butanone 100000 140000 140000
methylene chloride 1600 2100 2100
4-methyl-2-pentanone 15000 20000 17000
toluene 3200 6100 5700
2-hexanone 1000 1900 3100
Xylenes 2620 3800 4000
cthyl benzene 990 1800 1400

NOTES:

1. Total reduced sulfur is calculated as the sum of target compound concentrations as sulfur, plus the sum of any unknown
sulfur compounds quantified as hydrogen sulfide. Each condensate sample contained a large unknown peak.

2. Additional target volatile organic compounds were below the 2500 ug/L detection limit.
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4.0 SAMPLING AND ANALYTICAL METHQDS

The following discussions outline the test methods used for both the EPA demonstméion
and the SCAQMD permit compliance test.

4.1 GPU Iniet Measurements

4.1.1 GPU Inlet Volatile Qrganic Compounds
GPU inlet samples were collected in Tedlar bags and analyzed on-site for six target

compounds by GC/ECD and off-site by GC/MS. The strategy of the on-site and off-site
measurements was to have an immediate indicator of performance on-site for key target
compounds such as dichlorodifluoromethane and to use the off-site GC/MS analyses to provide
a complete characterization of the full target compound list.

The sampling location was prior to the first condenser (downstream of the Westates
carbon bed) on the first test cycle and at the inlet to the Westates carbon bed for the second and
third test cycles. The bags were filled through a needle valve with the positive pressure in the
gas stream. During the dichlorodifluoromethane challenge test, one sample was collected and
analyzed prior to initiation of the spike and three samples were collected during the spiking. One
sample was collected during the first hour of the second test. Two samples were collected during
the third test cycle. Each sample was collected over approximately 30 minutes.

The samples were -analyzed on-sitt for six target halides including
dichlorodifluoromethane by GC/ECD according to EPA Method 18. A Hewlett-Packard 5890
with a Model 3396A integrator was used for the analysis. The GC was equipped with a 75 meter
(m) by 0.45 millimeter (mm) DBVRX column purchased from J&W Scientific, Inc. Sample gas
was injected through a 0.5 milliliter (m¢) loop with a gas sampling valve. The GC/ECD was
calibrated with gas standards prepared from liquid stock solutions purchased from a chemical
standards supply company. The gas standards were prepared according to EPA Method 18 using
the device depicted in Figure 4-1. Each of these standards contained the six target halides, and
the external multipoint calibration was programmed into the integrator. During the challenge test
(Test No. 1), dichlorodifluoromethane was quantified with a second calibration conducted by
analyzing three standards prepared by dilution of pure dichlorodifluoromethane gas.
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The _Teason for the additional dichlorodifluoromethane calibration was that the
dichlorodifluoromethane concentration during the challenge test exceeded the original calibration.
In addition, the reliability of standards prepared from a liquid (the dichlorodifluoromethane stock
solution was in methanol) was considered less reliable due to the gaseous state of this compound
at ambient temperatures.

The on-site GC/ECD method was also audited with two gases containing 10.0 ppmv and
1.0 ppmv dichlorodifluoromethane, respectively, prepared by a specialty gas manufacturer. The
analysis of the higher gas was 12.5 ppmv and the lower gas was 1.7 ppmv.

The off-site GC/MS analyses was conducted on the same day as sampling by
Performance Analytical, Inc., of Canoga Park, California. The samples were analyzed by gas
injections on a GC/MS according to EPA Method TO-14. The samples were concentrated with
a cryogenic trap prior to analysis. The target compound list is presented in the protocol in
Appendix A (Table 3.3-2 excluding the C1-C6 hydrocarbons). Twenty of these compounds were
quantitated by external calibration curves prepared from gas standards. The remaining 10
compounds were identified by ion matching and quantified by internal standard. The internal
standard method is less accurate and is usually referred to as a semi-quantitative method. The
10 compounds measured by internal standard are listed below:

chlorodifluoromethane ethyl butyrate tetrahydrofuran
dichlorofluoromethane a-pinene 1-butanol

ethyl acetate d-limonene naphthalene
nitrobenzene

In addition, the GPU inlet bag samples were analyzed for C1-C6 hydrocarbons by
GC/flame ionization detector (GC/FID). These analyses were also conducted off-site by
Performance Analytical, Inc.

4.1.2 GPU Inlet Reduced Sulfur Compounds
The same GPU inlet bag samples collected for VOC were also analyzed by GC/FPD for

seven target compounds. Samples were analyzed by gas injection on a Hewlett-Packard 5890
GC/FPD equipped with a 60 m by 0.53 mm ID capillary column (crossbonded 100% dimethyl
polysiloxane). These analyses were conducted off-site by Performance Analytical, Inc.

A multilevel calibration was performed for each compound.
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4.1.3 GPU Inlet Phenol
Triplicate phenol samples were collected during each of the three test cycles and analyzed

off-site by GC/MS. The samples were collected on ORBO®-47 solid adsorbent tubes using an
EPA Method 6 sampling system and analyzed according to Occupational Safety & Health
Administration (OSHA) Method 32. The samples were analyzed by Mayfly Environmental. Each
tube was desorbed in 0.5 m¢ of methanol and 1.0 microliter (u€) was injected into the GC/MS.
A 50-nanogram spiked ORBO-47 tube was also analyzed, with 95% recovery.

4.1.4 GPU Inlet Silicon Compounds

The silicon target compounds including silanes and siloxanes were measured using an
OSHA experimental method. The samples were collected using an EPA Method 6 sampling
system with mini-impingers containing 20 m¢ of 0.01 N potassium hydroxide. Triplicate samples
were collected during each of the three test cycles. The samples were extracted in nitric acid and

analyzed by inductively coupled argon plasmography (ICAP).

4.1.5 GPU Inlet Total Nonmethane Hydrocarbons

Total nonmethane hydrocarbons and methane concentrations were measured with a single
Tedlar bag sample, collected during the second test cycle, according to CARB Method 25.2.
Analysis was conducted by ATMAA, Inc., of Chatsworth, California, using total combustion
analysis/flame ionization detector (TCA/FID) analysis.

4.2 PU Qutlet Gas Measuremen
4.2.1 GPU OQutlet On-line Halides

The concentrations of six target halides were monitored according to EPA Method 18
with a GC/ECD. Samples were analyzed at approximately one-hour intervals throughout each
cycle. The target compounds included:

dichlorodifluoromethane 1,1,1-trichloroethane
trichlorofluoromethane trichloroethene
vinyl chloride tetrachloroethene
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A Hewlett-Packard 5890 with a Model 3396A integrator was used for the analysis. The
GC was equipped with a 75 m by 0.45 mm DBVRX column purchased from J&W Scientific,
Inc. Sample gas was injected through a 0.5 m# loop with a gas sampling valve. Teflon tube was
used to transport the sample gas from the GPU to the analyzer. The samples gas was under
pressure; as a result, no sample pump was required.

The GC/ECD was calibrated with gas standards prepared from liquid stock solutions
purchased from a chemical standards supply company. The gas standards were prepared
according to EPA Method 18 using the device depicted in Figure 4-1. Each of these standards
contained the six target halides, and the external multipoint calibration was programmed into the
integrator.

The on-site GC/ECD method was also audited with two gases containing 10.0 ppmv and
1.0 ppmv dichlorodifluoromethane, respectively, prepared by a specialty gas manufacturer. The
analysis of the higher gas was 12.5 ppmv and the lower gas was 1.7 ppmv.

4.2.2 GPU Outlet Off-site Halides and Dichlorodifluoromethane Analysis
(GC/MS Method)
The off-site GC/MS analyses were conducted on the same day as sampling by

Performance Analytical, Inc., of Canoga Park, California. The samples were analyzed by gas
injections on a GC/MS according to EPA Method TO-14. A one-liter sample was concentrated
with a cryogenic trap prior to analysis. The target compound list is presented in the protocol in
Appendix A (Table 3.3-2 excluding the C1-C6 hydrocarbons). Twenty of these compounds were
quantitated by external calibration curves prepared from gas standards. The remaining 10
compounds were identified by ion matching and quantified by internal standard. The internal
standard method is less accurate and is usually referred to as a semi-quantitative method. The

10 compounds measured by internal standard are listed below:

chlorodifluoromethane ethyl butyrate

dichlorofluoromethane a-pinene
ethyl acetate d-limonene
tetrahydrofuran naphthalene
1-butanol nitrobenzene
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423 GPU Outlet Continuous Total Reduced Sulfyr

Total reduced sulfur was monitored continuously with an Interscan hydrogen sulfide (H,S)
analyzer calibrated on the 0—1 ppmv scale with EPA Protocol I gas. Sample gas was transported
from the GPU outlet with Teﬁon tubing, with the system positive pressure, to a manifold. The
analyzer drew sample gas from the manifold at ambient pressure. Data was recorded with a
Yokogawa digital data logger programmed for five-minute and one-hour averages.

The Interscan analyzer measures sulfur compounds with a wet chemical cell designed for
H,S. The analyzer also detects other reduced sulfur compounds; however, the calibration was
based on H,S. A multipoint calibration was conducted with a 22.5-ppm EPA Protocol I gas and

a dilution calibrator.

424 GPU Qutlet On-line Sulfur Compounds (GC/FPD Method)

The concentrations of six reduced sulfur compounds were measured semi-continuously
with a GC/FPD according to EPA Methods 15, 16, and 18. Sample gas was transported from the
GPU outlet through Teflon tubing with the system positive pressure to a manifold, and
continuously pumped through an automatic gas sampling loop on a Hewlett-Packard GC/FPD.
Samples were analyzed automatically at approximately one-hour intervals throughout each test
cycle.

The GC/FPD was multilevel calibrated using certified calibration gases purchased from
Scott Specialty Gases, Inc., and a Monitor Labs dilution calibrator. The GC/FPD was equipped
with a Supelco, Inc., Teflon packed column (BHT 100). The calibration gases contained the

following compounds:

hydrogen sulfide dimethyl sulfide
carbonyl sulfide carbon disulfide
methyl mercaptan dimethyl disulfide

425 GPU Qutlet Reduce 1 om ds (Off-sit /FPD Method

The same GPU outlet bag samples collected for VOC were also analyzed by GC/FPD for
seven target compounds. Samples were analyzed by gas injection on a Hewlett-Packard 5890
GC/FPD with a 60 m by 0.53 mm ID capillary column (crossbonded 100% dimethyl
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polysiloxane). These analyses were conducted off-site by Performance Analytical, Inc. A

multileve] calibration was performed for each compound.

42.6 GPU OQutlet Volumetric Flowrate

The volumetric flowrate was continuously measured with a calibrated in-line electronic
flowmeter. The flowmeter was a permanently installed device used as a GPU operational

parameter.

42.7 GPU Outlet Total Nonmethane Hydrocarbons

Total nonmethane hydrocarbons and methane concentrations were measured with a single
Tedlar bag sample, collected during the second test cycle, according to CARB Method 25.2.
Analysis was conducted by ATMAA, Inc of Chatsworth, California, using TCA/FID analysis.

43 Flare Emission Tests

43.1 Flare Inlet tlet V ission tion

Off-site GC/MS analyses were conducted on the same day as sampling by Performance
Analytical, Inc., of Canoga Park, California. Triplicate one-hour samples were collected
simultaneously at the inlet and outlet in Tedlar bags using the evacuated canister technique
according to EPA Method 18. The samples were analyzed by gas injections on a GC/MS
according to EPA Method TO-14. The samples were concentrated with a cryogenic trap prior to
analysis. The target compound list is presented in the protocol in Appendix A (Table 4.3-1).
These compounds were quantitated by external calibration curves prepared from gas standards.

43.2 Flare Inlet tlet R. ] m ncentration

The same flare inlet and outlet bag samples collected for VOCs were also analyzed by
GC/FPD for seven target compounds. Samples were analyzed by gas injection on a Hewlett-
Packard 5890 GC/FPD with a 60 m by 0.53 mm ID capillary column (crossbonded 100%
dimethyl polysiloxane). These analyses were conducted off-site by Performance Analytical, Inc.

A multilevel calibration was performed for each compound.
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433 Flare Qutlet Particulate Emissions

Particulate emissions were measured according to EPA Methods 5 and 202 at the flare
outlet. Triplicate one-hour tests were conducted using non-isokinetic sampling. Samples were
collected non-isokinetically because the gas velocity in the stack was below the detection limit
of the pitot tube/manometer and hot wire anemometer methods.

Total particulate matter was determined as “front half” which included material collected
in the probe wash and filter, and “back half” which included both inorganic and organic material

collected in the impingers.

4.3.4 Flare Outlet NO,, CO, and O, Emission Concentrations

Triplicate one-hour tests were conducted according to EPA Methods 7E, 10, and 3A. The
reference method analyzers were housed in a mobile CEM laboratory parked at the base of the
stack. Sample gas was transported to the system through 50 feet of heated Teflon sample line to
a VIA, Inc., sample gas conditioner in the laboratory.

NO, concentration was monitored with a Thermo Environmental Instruments, Inc., Model
10 analyzer. CO concentration was monitored with a Fugi, Inc., infrared-type analyzer, and O,
was monitored with a Teledyne chemical cell-type analyzer. Data was recorded with a Campbell

Scientific, Inc., data system. Calibrations were conducted with EPA Protocol I gases.

43.5 Flare Qutlet Volumetric Flowrate

Flowrate was calculated as the sum of the stoichiometric air required to burn 11.2 scfm
of methane and 13.8 scfm of carbon dioxide, with an excess air factor of 2.3 times the

stoichiometric air. The flare outlet air flowrate calculation is presented in Appendix H.

44  Ambient Monitoring for Particulate, NO , and CO

An eight-hour sample was collected on a high-volume sampler within 20 feet of the base
of the flare stack according to 40 CFR 50, Appendix B. The sampler was calibrated with a
certified calibrator prior to the field test.

NO, and CO concentration were also monitored for approximately 10 minutes with the

EPA Method 7E and 10 analyzers prior to conducting the emission tests.
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5.0  QUALITY ASSURANCE
The TRC quality assurance (QA) program is designed to ensure that emission

measurement work is performed by qualified people using proper equipment following written
procedures in order to provide accurate, defensible data. This program is based upon the EPA
Quality Assurance Handbook for Air Pollution Measurement Systems, Volume III (EPA-600/4-77-
027b).

5.1 Emission Mea t Meth

Sampling and measurement equipment including continuous analyzers, recorders, pitot
tubes, dry gas meters, orifice meters, thermocouples, nozzles, and any other pertinent apparatus
are uniquely identified, undergo preventive maintenance, and were calibrated before and after the
test program. Most calibrations were performed with standards traceable to the National Institute
of Standards and Technology (NIST) or other appropriate references. These standards include wet
test meters and NIST Standard Reference Materials. Records of all calibration data are maintained
in TRC files.

During the field tests, sampling performance, and progress were continually evaluated, and
deviations from sampling method criteria were reported to the Field Team Leader who then
assessed the validity of the test run. All field data were recorded on prepared data sheets or
laboratory notebooks. The Field Team Leader maintained a written log describing the events of
each day. Field samples including field blanks were transported from the field in shock-proof,
secure containers. Sample integrity was controlled through the use of prepared data sheets,
positive sample identification, and chain-of-custody forms. All sampling trains were leak-checked

before and after each test.

Methods 1, 2. 4, 5

All Method 5 related sampling runs were operated nonisokinetically. Probe and hotbox
temperatures were maintained within 25°F of the temperatures specified.

Prior to the field test programs, full clean-up (background) evaluations of all sampling
equipment are periodically performed at the TRC laboratories. This procedure ensured the

accuracy of the chosen equipment and procedures.
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Continuous Emission Monitoring System
The CEM system was calibrated, leak, and bias checked at the beginning and end of each

emission test. All calibration gases were Protocol I or equivalent (+ 1%). Multipoint calibrations

were performed on the analyzers prior to the field program to establish linearity.

52  Analysis
All sample preparation and sample analyses were performed at or under the direction of

the TRC Environmental Corporation. Standards of QA set forth in the Quality Assurance
Handbook for Air Pollution Measurement Systems, Volume III (EPA-600/4-77-027b) and the
Handbook for Analytical Quality Control in Water and Wastewater Laboratories (EPA-600/4-79-
019, March 1979) were strictly followed.

In the analytical laboratories, all quality control samples including field blank samples,
reagents, and filter blanks were analyzed with the actual test samples.

The TRC Laboratory maintains a continuous quality control (QC) program to monitor
instrument response and analyst proficiency, and to ensure the precision and accuracy of all
analytical results. This program has been developed in consultation with EPA, NIOSH, and State
regulatory agencies.

TRC participates in the audit programs of the EPA Environmental Monitoring Systems
Laboratory (source and ambient air) and the EPA Environmental Monitoring and Support
Laboratory (water). TRC will provide a compressed gas cylinder audit to the subcontract
laboratories conducting the toxic air analyzes. Audit results are reviewed by the Chemistry
Laboratory Manager and the Emission Measurement Section Manager, and corrective action is
initiated when acceptance criteria are not met.

During the data reduction process, all calculations were reviewed initially by a person
intimately associated with the emission test program, and finally by a senior scientist or engineer
not associated with the program. These QC checks provide a means to ensure that the calculations

are performed correctly and that the data are reasonable.
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Laboratory Subcontractors
Subcontract laboratories were selected by TRC to provide analytical support using state-

of-the-art laboratory equipment and professional staff.

5.3 Program-Specific Quality Control Discussion

In addition to standard emission measurements QC, this program used several redundant
measurements to maximize the confidence level. The parameters of key importance were halides
and sulfur compounds entering and exiting the GPU. Measurements were conducted with both
on-site and off-site methods by independent parties for both key parameters.

Sulfur compounds at the GPU exhaust were determined with three independent test
methods including on-line GC/FPD analysis, continuous on-line total reduced sulfur monitoring,
and off-site GC/FPD analysis of Tedlar bag samples. The three methods were in agreement; all
three methods demonstrated that the emission concentration of total reduced sulfur compounds
was below 0.2 ppmv.

Halides were analyzed at the GPU inlet and outlet by both on-site GC/ECD and off-site
GC/MS analysis. The on-site GC/ECD method also included analysis of dichlorodifluoromethane
audit samples prepared in nitrogen. The high-level audit was analyzed at 12.5 ppmv versus an
actual concentration of 10.0 ppmv. The outlet concentration measurements conducted by
GC/ECD and GC/MS concurred; both methods showed that emission concentrations were below
the detection limits. However, the inlet measurements showed some disparity between the two
methods with respect to quantification of three compounds including dichlorodifluoromethane,
trichloroethene, and tetrachloroethene. The GC/MS measurements were consistently lower than
the on-site GC/ECD measurements. The cause of this disparity created uncertainty which
required resolution, so an audit was conducted in April-May 1994 using cylinder gases.

The audit was designed to test three possible causes of bias including the effect of a
landfill gas matrix, the Tedlar bag holding time effect, and the effect of moisture. The results
are summarized in Table 5-1. The audit indicated that the GC/ECD error for
dichlorodifluoromethane was 108 % at the high level (50 ppmv) and 345 % at the low level. The
cause of error may been the effect of methane on the ECD which has a known “quenching”
effect. The GC/MS audit results were within 2% for both levels. The complete audit results are

contained in Appendix L.
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TABLE 5-1

Summary of Results - Audit to Resolve Discrepancy
Between GC/ECD and GC/MS Analyses of Landfill Gas Samples

Phase II Landfill Gas Program - GPU Demonstration Project

International Fuel Cells, Inc.
May 1994

CONCENTRATION (ppmv)

Performance Analytical (GC/MS)

Cylinder No./ Vendor Independent  TRC 1st 8-hour
Compound Certification Laboratory (GC/ECD) Analysis Hold
Cylinder FF37098
dichlorodifluoro-
methane 2.0 1.4 8.9 2.0
trichloroethene 1.0 11* 9.4 12.0
tetrachloroethene 1.0 11* 9.8 12.0
Cylinder FF37105
dichlorodifluoro-
methane 50.0 49.7 104 51.0 54
trichloroethene 4.8 4.8* 4.3 5.4
tetrachloroethene 4.8 4.8* 4.3 5.3
Notes:
1. Methylene chloride was not included in the audit study because GC/ECD does not have

the required sensitivity.

2. * = estimated concentration based on internal standard.
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The effect of humidity was also evaluated by comparing the detector response of a dry
and a saturated sample. The saturated sample was 9.9% lower than the dry sample. Humidity
results are summarized in Table 5-2.

TABLE 5-2

Effect of Humidity on GC/MS Analyses - Audit to Resolve Discrepancy
Between GC/ECD and GC/MS Analyses of Landfill Gas Samples

Phase II Landfill Gas Program - GPU Demonstration Project
International Fuel Cells, Inc.

May 1994
Response (area)
Response Saturated
Compound (area) With Water %_Diff
dichlorodifluoromethane 70677 63950 9.9
methylene chloride 7768 7446 4.2
trichloroethene 11315 10808 4.6
tetrachloroethene 10294 9037 13.0
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APPENDIX F

Laboratory Tests Showing Reaction Of H,S + CO; To COS + H;0 Over Alumina



Alumina

Two tests were run with Alcoa F200 adsorbent. In the most recent test carbonyl sulfide was produced
duplicating the field experience at Penrose in May 1993 during which carbonyl sulfide was formed in
the pretreatment system. In the laboratory test an on line flame photometric chromatograph capable
of detecting hydrogen sulfide and carbonyl sulfide was used. The tabulated data is shown in Table 5.
As shown in the table, the disappearance of hydrogen sulfide corresponds to formation of carbonyl
sulfide. It is somewhat surprising that this reaction can occur at ambient temperatures of 60°F.

Since the presence of the water vapor in the reactant stream inhibits the formation of carbonyl sulfide
based on chemical equilibrium, some discussion of the subject is in order. Some equilibrium composi-
tions are shown in Figure 11. The data in the figure show that the gas must be dry or almost completely
dry to attain quantitative conversion of the hydrogen sulfide to carbonyl sulfide. Even the water
formed in the reaction is sufficient to limit conversions. As the first step in the laboratory test, the
alumina was regenerated with nitrogen at 450°F to simulate the regeneration that alumina undergoes
in the pretreatment system. When the reactants are subsequently passed over this very dry alumina,
the water vapor is removed in inlet section of alumina bed and the dry gases are free to react in the
downstream sections of the alumina bed. Furthermore, the very dry alumina apparently removes the
water of reaction allowing almost complete conversions.

Previous tests with alumina had been run to check for elemental sulfur formation by the reaction of
hydrogen sulfide with oxygen. Only rudimentary Kitagawa tubes capable of measuring only hydrogen
sulfide were used. No flame photometric chromatograph was available at that time. No regeneration
program to dry the alumina was run before the adsorption test. The data show hydrogen sulfide being
removed for less than one hour at ambient temperatures. Reactor temperatures were increased and
some hydrogen sulfide disappearance was recorded at 155°F. No means was available to determine
the sulfur product. The fact that no ambient temperature reaction was found in this experiment is
attributed to the fact that the alumina was not pre-dried with a regeneration cycle. Hence, the “wet”
alumina did not dry the gas stream sufficiently to allow carbonyl sulfide formation.



FRACTION OF H2S CONVERTED TO COS
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TR LABORATORY TEST DATA FOR THE REMOVAL OF H2S USING ACTIVATED ALUMINA

CONDITIONS:
POINT DATE VHSV  TEMPERATURES (deg F) OXYGEN  SULFUR CONC.
(hr-1) 1 2 3 4 [ 8 AVE (oono %) H28iIn H28 out
1 6/18/93 1820 53 57 57 654 54 58 55 0.0 100 6
2 6/18/193 1920 56 58 58 55 S8 58 57 00 100 <1
3 6/18/93 18620 57 60 60 57 54 54 57 00 100 <1

TURNED ON OXYGEN TO 1%.

4 06/18/93 1920 58 60 59 57 S5 53 57 1.0 100 1
5 6/18/93 1920 s9 60 60 57 56 58 58 1.0 100 4
6 6/18/93 1920 60 61 682 57 58 58 59 1.0 100 S
TURNED ON THE SATURATOR (DEW POINT APPROX 36 F).
7 6/18/93 1820 682 65 64 59 60 60 62 1.0 100 7
8 6/18/93 1920 62 67 65 60 61 61 63 1.0 100 9
8 6/18/93 1820 62 68 86 60 62 62 63 1.0 100 "
10 6/18/93 1920 83 69 67 61 83 64 65 1.0 100 11
11 6/18/93 1820 64 72 69 62 64 64 66 10 100 13
12 6/18/93 1920 68 &0 77 67 67 68 71 10 100 19

Left over the weekend with N2 floming. Condensate which had accumutated' in the
cooling coils was carried into and absorbed on the alumlina.

100 97

13 6/21/93 1820 51 54 52 S50 48 48 H1 1.0
1.0 100 100

14 6/21/93 1820 52 57 56 52 51 50 83
Regenerated with dry N2 for six hours at 400 - 450F

15 6/22/93 1820 52 S8 53 51 48 48 61

1.0 100 <2
16 6/22/93 1920 53 €60 57 53 S50 50 54 10

100 <2

80% CH4¢
§0% CO2
20 PSIG

DRY QAS

(Ppm)
COS8 out

83

85
100

66
94

84

g6
100

08

100

<2
<2

a3
(.1:)

Note thal the VHSV = 1920 hr-1 s the design condition of thé alumina In the clean up train,

COMMENTS

Sterling test dry snd with no 02.
Afer one hour on stream.
Complsle conversion of H28 to COS.

Afer 26 minutes with 02 turned on.
Afer ane hour and 20 minutes on 1% oxygen.

Aler tvo hours on 1% 02, the H2S seems 1o be cimbing (as ls the temp.).

H2$ continuing te cimb.
H28 continuing to cmb.
H2§ continulng (o cimb.
H2S continulng to chmb.

Al lovs lempa, very btk renclion of 02 with H2S.
Shut dovn after 6 hours of running.

No COS formation.
Shut dovn sRer 2 hours. No COS observed since restarting the test.

Aler running for 50 min. sfer regensration, COS Increasing.
Shut dovn sler 1.5 hours demonsirating repeatabilty of 8/18/83 data.
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1.0 PROGRAM DESCRIPTION

This quality assurarice project plan (QAPP) is for the final demonstration phase of the
U.S. Environmental Protection Agency (EPA) landfill gas/fuel cell energy recovery program.
The overall program objective is to demonstrate the feasibility of energy recovery from landfill
gas using a commercial phosphoric acid fuel cell. The plan has been prepared for EPA’s Air and
Energy Engineering Research Laboratory (AEERL). This plan is designed to meet the
requirements of an EPA Category II quality assurance plan and a site-specific test plan.

The Phase III program has three objectives:

1) Demonstrate the performance of a landfill gas pretreatment system for up to one
year.

2) Demonstrate the performance of a 200-kilowatt (kW) fuel cell, including fuel cell
efficiency, operated with treated landfill gas for up to one year.

3) Measure air pollutant emissions per quantity of energy produced. Emissions from the
landfill gas cleanup system and the fuel cell power plant will be measured over a 30-

day period.
1.1  Background

The EPA has proposed standards for the control of air emissions from municipal solid
waste landfills. These actions have provided an opportunity for energy recovery from the waste
methane. International Fuel Cells Corporation (IFC) was awarded a contract by the EPA to
demonstrate energy recovery from landfill gas using a commercial phosphoric acid fuel cell. The
IFC contract includes a three-phase program to show that fuel cell energy recovery is
economically and environmentally feasible in commercial operation.

Phase I of the program was a conceptual design and cost analysis evaluation. Phase II
included construction and testing of a landfill gas pretreatment unit (GPU). The objective of
Phase II was to demonstrate the GPU effectiveness in removing fuel cell catalyst poisons such
as sulfur and halide compounds. The Phase II demonstration test was conducted in October 1993
at the Penrose Station in Sun Valley, California, owned by Pacific Energy. The Penrose Station
is an 8.9-megawatt (MW) internal combustion engine facility supplied with landfill gas from four
landfills. The Phase II data indicated that the GPU performance was acceptable.

Phase III of the program will be a complete demonstration of the fuel cell energy

recovery concept at the Penrose Station. The GPU and fuel cell generating system will be
operated and tested to evaluate the economic and environmental features of the concept.
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1.2 iption of Phase TIT Activiti

The test plan defined in this document pertains to Work Plan Subtask 3.3. Prior to the
onset of this task, per Subtask 3.2, a PC25™ power plant will be installed at the site and its
performance will be checked using natural gas. This will verify normal power plant operation
prior to preparing the power plant for the landfill gas demonstration. The system will then be
modified to run on landfill gas. It will be connected to the GPU outlet and checked out on
landfill gas to verify proper operation prior to the Phase III demonstration test.

The demonstration system at Penrose Station consists of the existing gas collection
system, the GPU, plus a commercial fuel cell power plant. The GPU removes contaminants
from raw landfill gas and destroys the contaminants in an enclosed flare. The treated gas is
converted to electrical energy with the PC25 power plant, which is a 200 kW unit (140 k€W on
landfill gas). A schematic of the demonstration system is presented in Figure 1-1. The landfill
gas at the Penrose facility has an average heat content of 430 BTU/scf. The variation in fuel heat
content is expected to be low as shown by the weekly methane concentration data included in
Attachment A and the hourly heat content included in Attachment B; this data was collected from
the on-line raw landfill heat content analyzer at Penrose Landfill.

The system will be operated for up to one year. System performance measurements will
be conducted periodically over the entire demonstration, and air pollutant emission measurements
will be conducted during a 30-day period during the second month of the demonstration. The
test parameters are outlined below.

System Performance Measurements

®  GPU Output Gas Purity - analysis for sulfur and target-list volatile organic
compounds (VOCs including halides)

o  Fuel Cell Efficiency, determined from the following measurements:
- GPU Output Gas Heat Content (on-line and manual methods)
-~ GPU Output Gas Flowrate
- Fuel Cell Electrical Output

®  Availability, Maintenance, and Operator Requirements
Emission Measurements (Fuel Cell Exhaust and Flare Exhaust)

o Sulfur Dioxide (SO,

® Nitric Oxides (NO,)

® Carbon Monoxide (CO)
® Carbon Dioxide (CO,)
® Oxygen (O

® Flowrate

® Moisture
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1.3 Process Description

The demonstrator consists of the landfill gas wells and collection system, a modular gas
pretreatment system, and a PC25 natural gas fuel cell power plant modified for landfill gas
operation. Landfill gas collected at the site is processed to remove contaminants in the
pretreatment system. This clean, medium-BTU landfill gas fuels the fuel cell power plant to
produce AC power for sale to the electric utility and cogeneration heat which, for the
demonstration, will be rejected by an air cooling module. All pretreatment and fuel cell process
functions are described in this section.

1.3.1 GPU Description

The demonstration site has a landfill gas collection system in place. The Penrose site will
provide compressed 85 psig gas to the gas pretreatment system. Since collection and
compression result in some condensed water, hydrocarbon, and other contaminants, the existing
site also has a condensate collection and treatment system.

A slipstream of landfill gas from the site will be supplied to the GPU at a pressure of 85
psig and regulated down to 20 psig. (A schematic of the GPU is presented in Figure 1-2.) The
first active bed of the GPU is a carbon adsorber designed to remove hydrogen sulfide. A first-
stage refrigeration condenser (~ 33°F) then removes most of the water contained in the
saturated landfill gas and some of the heavier hydrocarbon and contaminant species in the gas.
The first-stage refrigeration condenser acts as a bulk remover of water and nonmethane organic
compound (NMOC) species. This increases the flexibility of the pretreatment system to handle
very high levels of landfill gas contaminants without need for modification or increasing the size
of the regenerable adsorption beds, thus making the system an all-purpose landfill gas
contaminant removal system.

In the commercial application, the condensate from the first-stage condenser is vaporized
and incinerated to avoid all site liquid effluents. However, to avoid the extra cost and complexity
for the demonstration, this condensate is returned to the existing site condensate treatment
system.

Landfill gas exiting the first-stage refrigeration condenser is then sent to a dryer bed
where the water content of the landfill gas is reduced to a -50°F dew point. This bed is
periodically regenerated every eight hours with heated clean landfill gas (heated by an electric
heater). During regeneration, a second fully regenerated bed takes over the function. The
regeneration gas is subsequently incinerated in a low NO, flare. Following the dryer step, the
landfill gas proceeds to a second-stage low-temperature cooler (-20°F) to enhance the
performance of the downstream activated carbon bed
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Next, the landfill gas proceeds to the activated carbon bed which adsorbs the remaining
NMOC:s including organic sulfur and halogen compounds. This bed is periodically regenerated
every eight hours, with the regeneration gas being burned in a low NO, flare. The flare (an
enclosed type) achieves greater than 98% destruction of all NMOCs by maintaining the
combusted regeneration gas at a temperature of at least 1600°F for a residence time of at least
one second.

In order to avoid the carryover of attrition products (dust) from the regenerable beds, the
output gas is filtered through a submicron filter.

A clean, dry, particulate-free medium-BTU landfill gas exits the filter for consumption
in the fuel cell. A portion of this gas is extracted to provide regeneration gas. A backup natural
gas supply is used to initially qualify the fuel cell power plant before operation on landfill gas.

1.3.2 Fue] Cell Power Plant Description

Clean landfill gas is converted in the fuel cell power plant to AC power and heat. The
general fuel cell system consists of three major subsystems—fuel processing, DC power
generation in the fuel cell stack, and DC-to-AC power conditioning by the inverter.

The fuel cell converts hydrogen and oxygen in air electrochemically to produce AC
power and heat. The waste heat will be rejected by an air cooling module. The AC power will
be delivered to the utility grid.

1.4 Scope of Work
1.4.1 Performance Demonstration

The performance demonstration test of the landfill gas-to-energy demonstrator system will
be conducted for up to one year. The demonstrator system includes the GPU and the fuel cell
power plant. Measurement specifications and sampling frequency are outlined below.

® GPU Performance—GPU outlet gas constituent concentration measurements will be
conducted twice per week for the first month of the demonstration and biweekly
during the remainder of the demonstration. Integrated samples will be collected and
analyzed off-site by gas chromatography/mass spectrometry (GC/MS) and gas
chromatography/flame photometric detector (GC/FPD). The target compound list is
contained in Table 1-1.
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Typical Concentrations and Detection Limits
of Targeted Compounds in the
Raw Landfill Gas at the Penrose Landfill

1. -Detection.Limit

Sulfur Compounds (ppmv): _Objective:

1. HS 102.0 0.04
2. Methyl mercaptan 3.0 0.04
3. Ethyl mercaptan 0.5 0.04
4. Dimethyl sulfide 6.5 0.04
3. Dimethyl disulfide < 0.07 0.02
6. Carbonyl sulfide 0.2 0.04
7. Carbon disulfide < 0.07 0.02
8. Total sulfur as H,S (ppmv) 109.0 0.28
Volatile Orgamc Compounds (ppmv)

1. Dichlorodifluoromethane 0.3-0.9 0.009
2. 1,1-dichloroethane 1.2-2.9 0.002
3. Benzene 1.1-1.7 0.002
4. Chlorobenzene 0.6-1.4 0.002
5. Ethylbenzene 4.5-12.0 0.002
6. Methylene chloride 4.0-11.0 0.003
7. Styrene 0.5-1.1 0.003
8. Trichloroethene 1.3-2.4 0.001
9. Trichlorofluoromethane 0-0.6 0.004
10. Toluene 28.0-47.0 0.002
11. Tetrachloroethene 2.4-4.8 0.002
12. Vinyl chloride 0.1-1.4 0.005
13. Xylene isomers 5.0-28.0 0.005
14. cis-1,2-dichloroethene 3.9-5.9 0.003
15. Total halides as Cl ‘ 47.0-67.0 0.086

w%}
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Since the GPU is primarily a carbon bed system, breakthrough of organic compounds
is most likely to occur at the end of an on-line cycle, so sampling must be conducted
at the end of the cycle to assess performance. Samples will be collected during the
last hour of an eight-hour GPU bed “make” cycle (after seven hours of on-line
operation; before regeneration commences at eight hours).

The target list for GPU performance samples was developed from GC/MS and
GC/FPD measurements conducted during the Phase I GPU performance test. Each
target compound will be included in a multipoint calibration, and additional unknown
compounds detected by GC/MS will be identified by ion matching and quantified by
internal standard. The 10 next largest GC/MS peaks will be included in the nontarget
compounds category. No significant concentrations of nontarget compounds are
expected; however, the ion matching/internal standard method will prevent the
potential of missing the quantification of other halide compounds if the landfill gas
composition unexpectedly changes. If other halide compounds are identified, a
separate qualitative total halide result will be reported.

® Fuel Cell Power Plant Performance—Power plant efficiency, availability, and
maintenance and operator requirements will be demonstrated. The heating value and
flowrate of the fuel and the power plant output (kilowatt-hours) will be measured to
determine efficiency. The efficiency measurements are summarized below.

a) Power output will be measured continuously with a calibrated utility-grade digital
electric meter.

b) Fuel flowrate will be measured continuously with a calibrated process monitor.

c) Heat content of the clean fuel (GPU output) will be determined with ASTM
D3588-91 measurements conducted twice per week during the first month of the
test and biweekly for the remainder of the program. In addition, Pacific Energy
operates a continuous fuel heat content analyzer (gas chromatograph) on the raw
landfill gas which analyzes a sample every four minutes. The project plan is to
use the continuous analyzer weekly averages for efficiency calculations, after a
correction factor is developed from the ratio of the clean fuel ASTM D3588-91
measurements to the raw gas on-line measurements. Development of a correction
factor will allow the on-line measurements to be used for fuel cell efficiency
calculation over the duration of the performance demonstration.

1.4.2 Emission Measurements

During the second month of the performance demonstration test, a 30-day emissions test
program will be conducted. Emissions will be measured from both the fuel cell power plant
exhaust and the GPU flare, five days per week over the 30-day period. The emission parameters
are outlined below.
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® Power Plant Emissions—S0O,, NO,, CO, CO,, O,, and exhaust flowrate will be
continuously monitored for 10 hours per day for the 30-day period. Pollutant
measurements will be conducted according to EPA Methods 6C, 7E, 10, and 3A.
Moisture will also be measured daily according to EPA Methods.

® GPU Flare Emissions—SQ,, NO,, CO, CO,, and O, will be continuously monitored
for 10 hours per day for the 30-day period. Measurements will be conducted
according to EPA Methods 6C, 7E, 10, and 3A. Exhaust gas flowrate will be
determined with a process monitor flowmeter measurement on the flare inlet gas line
and an excess air correction factor.

1.4.3 Measurement Data Summary

A measurement data summary is provided in Table 1-2. Expected numbers of data points
have been calculated for 5, 13, and 26 weeks. This table assumes that the emission program will
begin during the second month of the performance demonstration. (The number of samples listed
in the table does not include quality assurance samples.)

System performance measurements may be taken for up to 12 months. Nine GPU output
system performance sampling events will have been conducted by the fifth week, 13 sampling
eveats in the first three months, and 19 within the first six months. Continuous emission
monitors will record levels of SO;, NO,, CO, CO,, and O,. These data will be presented as 60-
minute average values in tabular format. Moisture and fuel cell flow rates will be measured once
daily by manual methods. Weekly summaries of information on system availability, maintenance
requirements, and operator requirements will be prepared by Pacific Energy.

1.5  Schedule

The performancc demonstration test is scheduled to begin on December 1, 1994. The
emissions testmg is scheduled to begm on January 2, 1995. A detailed schedule for performance
and emissions testing is presented in Attachment C.

1.6  Operation of the Fue] Cell

The fuel cell power plant will be started up using the normal automatic control
sequencing. The power level will be set at the design power output associated with landfill gas
(expected to be 140 kW AC net). The design power output is to be maintained for the duration
of the test. Operating parameters are listed on the schematic presented in Figure 1-3.
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Measurement Data Summary

SYSTEM PERFORMANCE ‘

requirements, and operator
requirements

=

Sulfur compounds and Weekly for 4 9 - 13 19 2 samples per week for 4 wecks, then
volatile organic compounds weeks, then 1 sample every 2 weeks. Samples to
biweekly be taken during the last hour of the
make cycle.
GPU input gas heat Weekly average 5 13 26 (Pacific Energy) *
content (on-line)
GPU output gas heat Weekly for 4 9 13 19 2 samples per week for 4 weeks, then
content (manual) weeks, then 1 sample every 2 wecks.
monthly
GPU output gas flow Weekly total 5 13 26 (Pacific Bnergy) *
Fuel cell electrical output Weekly total 5 13 26 (Pacific Energy) *
Availability, maintenance Weekly 5 13 26 (Pacific Energy) *

EMISSION MEASUREMENTS

—

S0,, NO,, CO, CO,, 0, Continuous; ©10: | o .| 22 days of data for each parameter
exhaust flowrate (fuel cell) presented as - hours: } -+ .| over a 30-day test period; 10 hours
each measured at the flare hourly averages - /day per sampling point per day, 5 days
and fuel cell; a total of 10 o per week. CEM monitors will be in
measuring-point/parameter 22 use on 2 sampling points per day for a
combinations - 'days total of 20 hours plus setup,
calibration, and maintenance.
Flare exhaust flowrate Continuous 10 Determined by flare inlet fuel gas
_ hours flowrate plus excess air factor from
) flare exit percent O, (based upon
complete combustion)
Fuel cell exhaust moisture Once daily Web bulb/dry bulb temperature

* Pacific Energy will provide data.
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The plant will be operated in a grid connected configuration. All phases of the plant
operation are controlled by.a microprocessor control system (MCS). There are eight operating
modes, which are described below.

De-¢energized/Off Mode—The MCS is off and the power plant can be shipped or
stored. If freezing weather exists, the plant water systems must be drained or

auxiliary power must be supplied.

Energized/Off Mode—The MCS is on and the thermal management and water
treatment systems are active to prevent electrolyte and water freezing.

Start Mode—The thermal management and fuel processing systems are heated, the
fuel processing system starts generating hydrogen, the power section starts generating
DC power, and the power conditioning system starts delivering AC power for
auxiliary power loads. The continuous controls are automatically activated during this
mode. .

Idle Mode—The power plant is running but the power output is zero. All systems and
subsystems are operating and power for the power plant auxiliary loads is supplied
by the fuel cell. During power plant start-up, this mode is automatically entered from
the start mode when the start-up sequence has been completed.

Load Mode—Customer loads are powered. Operation can be conducted in either of
four configurations: (1) grid connected, (2) grid independent, (3) grid independent
multi-unit load sharing, and (4) grid independent-synchronized with grid. If grid
connect is selected, the output is connected to the utility grid and power is supplied
at a dispatched level. The demonstrator power plant will operate only in the grid
connected mode.

Hot-Hold Mode—The plant is shut down without cooling the cell stack. This mode
is entered following certain automatic shutdowns and it allows the power plant to be
restarted quickly with a minimum of power and fuel consumption after the cause of
the shutdown has been identified and corrected.

Cool-Down Mode—The cell stack is actively cooled by the thermal management

system as part of the normal shutdown procedure before the Energized/Off Mode is
reentered.
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2.0 RGANIZATION AND NSIB

2.1  Qvenill Organization

IFC will provide project management of the demonstration team consisting of Pacific
Energy, Southern California Gas, the Los Angeles Department of Water and Power (LADWP),
and TRC Environmental Corporation (TRC)..

IFC will be ultimately responsible for operating the plant and conducting the
demonstration in accordance with the approved QAPP.

Pacific Energy will provide the landfill gas site, facilities, and landfill gas supply from
their existing operation. Pacific Energy will operate the GPU, and monitor and document the
gas quality and quantity from this system during the demonstration. They will also document the
operating costs associated with the GPU and the utility connection from the fuel cell to the
electric utility grid. Pacific Energy will also operate the fuel cell on landfill gas and monitor the
fuel cell; they will document performance and cost, including kilowatt-hour (kWh) output,
availability, efficiency, and O&M costs.

TRC will conduct emission tests, collect and analyze GPU gas samples to determine
performance, and prepare the emission test report.

The project organization management team is outlined in Figure 2-1. The EPA Project
Officer will be Dr. Ron Spiegel, and the Program Manager will be Mr. John Trocciola of IFC.
Mr. Larry Preston of IFC will be the Project Manager, and the subcontractors including the
TRC technical staff will report to him. The quality assurance officers of both TRC and IFC will
report directly to the Program Manager, allowing them to bypass the technical staff for any
quality-related issues.

2.2 reanization R nsibilitie

IFC will be responsible for the overall program management as well as providing the
GPU and power plant equipment. IFC will also provide a quality assurance officer who will be
responsible for evaluating measurement data independent of the Pr