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1.0 INTRODUCTION

11 BACKGROUND

The U.S. Environmental Protection Agency’s Office of Research and Development (EPA-ORD) operates
the Environmental Technology Verification (ETV) program to facilitate the deployment of innovative
technologies through performance verification and information dissemination. The goal of ETV is to
further environmenta protection by substantially accelerating the acceptance and use of improved and
innovative environmental technologies. Congress funds ETV in response to the belief that there are many
viable environmental technologies that are not being used for the lack of credible third-party performance
data. With performance data developed under this program, technology buyers, financiers, and permitters
in the United States and abroad will be better equipped to make informed decisions regarding
environmental technology purchase and use.

The Greenhouse Gas Technology Center (GHG Center) is one of six verification organizations operating
under the ETV program. The GHG Center is managed by EPA’s partner verification organization,
Southern Research Ingtitute (SRI) , which conducts verification testing of promising GHG mitigation and
monitoring technologies. The GHG Center’s verification process consists of developing verification
protocols, conducting field tests, collecting and interpreting field and other data, obtaining independent
peer-review input, and reporting findings. Performance evaluations are conducted according to externally
reviewed verification Test and Quality Assurance Plans (Test Plan) and established protocols for quality
assurance.

The GHG Center is guided by volunteer groups of stakeholders. These stakeholders offer advice on
specific technologies most appropriate for testing, help disseminate results, and review Test Plans and
Technology Verification Reports (Report). The GHG Center’s Executive Stakeholder Group consists of
national and international experts in the areas of climate science and environmenta policy, technology,
and regulation. It aso includes industry trade organizations, environmental technology finance groups,
governmenta organizations, and other interested groups. The GHG Center’s activities are aso guided by
industry specific stakeholders who provide guidance on the verification testing strategy related to their
area of expertise and peer-review key documents prepared by the GHG Center.

One technology of interest to some GHG Center’ s stakeholders is the use of microturbines as a distributed
energy source. Distributed generation (DG) refers to power generation equipment, typically ranging from
5 to 1,000 kilowatts (kW) that provide electric power at a Site closer to customers than central station
generation. A distributed power unit can be connected directly to the customer or to a utility’s
transmission and distribution system. Examples of technologies available for DG include gas turbine
generators, internal combustion (IC) engine generators (e.g., gas, diesel), photovoltaics, wind turbines,
fud cdls, and microturbines. DG technologies provide customers one or more of the following main
services. stand-by generation (i.e., emergency backup power), peak shaving capability (generation during
high demand periods), baseload generation (constant generation), or cogeneration [combined heat and
power (CHP) generation).

The GHG Center and the New York State Energy Research and Development Authority (NY SERDA)
have agreed to collaborate and share the cost of verifying severa new DG technologies throughout the
state of New York. This verification will evaluate the performance of the IR PowerWorks™ 70 kW
microturbine system offered by Ingersoll-Rand Energy Systems (IR PowerWorks). The cost to conduct
this verification is being funded jointly by EPA’s ETV program and NYSERDA. The test unit is
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currently in use at the Crouse Community Center in Morrisville, New York. The IR PowerWorks system
uses a natural-gas-fired 70 kW microturbine for electricity generation and a heat recovery unit to provide
hot water throughout the complex. Facility electrica and thermal demand exceeds the IR PowerWorks
capacity, so the facility can operate the system continuoudly at full load. The system is interconnected to
the electric utility grid, but the facility does not anticipate exporting power for sale. The overall energy
conversion efficiency is estimated to range from 50 to 70 percent, which is high enough to significantly
reduce greenhouse gas emissions and provide end users with high-quality energy services at competitive
prices.

Fied tests will be performed over a five-day verification period to independently verify the electricity
generation and use rate, thermal energy recovery and use rate, electrical power quality, energy efficiency,
emissions, and GHG emission reductions for the Crouse Community Center facility.

This document is the Test Plan for performance verification of the IR PowerWorks system at the Crouse
Community Center facility. It contains the rationae for the selection of verification parameters, the
verification approach, data quality objectives (DQOs), and Quality Assurance/Quality Control (QA/QC).
This Test Plan has been reviewed by NY SERDA and its appropriate partners, Crouse Community Center
representatives, selected members of the GHG Center’'s DG Stakeholder Panel (Appendix D), and the
U.S. EPA QA team. Once approved, as evidenced by the signature sheet at the front of this document, it
will meet the requirements of the GHG Center’s Quality Management Plan (QMP) and thereby satisfy the
ETV QMP requirements and conform with U.S. EPA’s standard for environmental testing. This Test
Plan has been prepared to guide implementation of the test and to document planned test operations.
Once testing is completed, the GHG Center will prepare a Technology Verification Report (Report) and
Verification Statement, which will first be reviewed by NYSERDA. Once al comments are addressed,
the Report will be peer-reviewed by the stakeholders, the host facility, and the U.S. EPA QA team. Once
completed, the GHG Center Director and the U.S. EPA Laboratory Director will sign the Verification
Statement, and the final Report will be posted on the Web sites maintained by the GHG Center (www.sri-
rtp.com) and ETV program (www.epa.gov/etv).

The remaining discussion in this section provides a description of the IR PowerWorks technology and the
Crouse Community Center facility. Thisisfollowed by alist of performance verification parameters that
will be quantified through independent testing at the site. A discussion of key organizations participating
in this verification, their roles, and the verification test schedule is provided at the end of this section.
Section 2.0 describes the technical approach for verifying each parameter, including the sampling
procedures, anaytical procedures, and QA/QC procedures that will be followed to assess data quality.
Section 3.0 identifies the DQOs for critical measurements, and states the accuracy, precision, and
completeness goals for each measurement. Section 4.0 discusses data acquisition, validation, reporting,
and auditing procedures.

1.2 IR POWERWORKS TECHNOLOGY DESCRIPTION

Large- and medium-scale gas-fired turbines have been used to generate eectricity since the 1950s.
Recently they have become more widely used to provide additional generation capacity because of their
ability to be quickly deployed and provide electricity at the point of use. Technica and manufacturing
developments during the last decade have enabled the introduction of microturbines, with generation
capacity ranging from 30 to 200 kW. The IR PowerWorks is one of the first cogeneration installations
that integrate the microturbine technology to produce eectric power, heat, and hot water (Figure 1-1).
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Figure 1-1. IR PowerWorks CHP System

Figure 1-2 illustrates a simplified process flow diagram of the IR PowerWorks system, and a discussion
of key componentsis provided below.

Figure 1-2. IR PowerWorks Process Diagram

Natural Gas Fuel
832,223 Btu/hr

IR Integral Heat Exchanger

Turbine Heat Recovery System

Exhaust Gas Exhaust Gas to Atmosphere

IR PowerWorks CHP

System
Model 70 LM
480 VAC
3Ph,110 A
Supply to Facilty — Return from
Facility
~20%
Propylene
Glycol
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Electric power is generated with an integrated Ingersoll-Rand microturbine with a nominal power output
of 70 kW (59 °F, sea level). Table 1-1 summarizes the physical and electrica specifications reported by
IR. The system incorporates an air compressor, recuperator, combustor, power turbine, and permanent
magnet generator. In the compressor section compressed air is mixed with fuel, and this compressed
fuel/air mixture is burned in the combustor under constant pressure conditions. The resulting hot gas is
alowed to expand through the turbine section to perform work, rotating the turbine blades to turn a
generator that produces electricity. The rotating components are of a two-shaft design with the power
turbine connected to a gear box, and supported by oil lubricated bearings. The generator is cooled by air
flow into the gas turbine. The exhaust gas exits the turbine and enters the recuperator, which captures
some of the energy and uses it to pre-heat the air entering the combustor, improving the efficiency of the
system. The exhaust gas then exits the recuperator through a muffler and into the integrated IR heat
recovery unit.

The IR PowerWorks is connected to a synchronous generator produces high frequency aternating current
(AC) at 480 volts. The unit supplies an electrical frequency of 60 hertz (Hz), and is supplied with a
control system which alows for automatic and unattended operation. An active filter in the turbine is
reported by the turbine manufacturer to provide clean power, free of spikes and unwanted harmonics.
The unit operates at 44,000 revolutions per minute (rpm) regardiess of load. All operations, including
start-up, setting of programmable interlocks, grid synchronization, power command, dispatch, and
shutdown, can be performed manually or remotely using an internal power controller system. The Crouse
Community Center IR PowerWorks system runs parald with the local power utility. If the power
demand exceeds the available capacity of the turbine, additional power is drawn from the grid. In the
event of a power grid failure, the system is designed to automatically shut down, to isolate system from
grid faults. When grid power is restored, the IR PowerWorks system can be restarted manually.

Table1-1. IR PowerWorks Physical, Electrical, and Thermal Specifications
(Source: Ingersoll-Rand Energy Systems)

Electrical Efficiency Lower heating value (LHV) basis 28 % (£ 2 %)
. Power (start-up) Utility grid or black start battery
Electrical Inputs Communications Ethernet IP or modem
. o o 70 kW, 480 VAC,
Electrical Outputs Power at 1SO Conditions (59 “F @ sea level) 60 Hz, 3-phase
Emissions Nitrogen oxide_s(NOx) <9ppmv @ 15 % O,
(full load) Carbon monoxide (CO) <9ppmv @ 15 % O,
Total hydrocarbon (THC) <9ppmv @ 15 % O,
Fuel Consumption Rate | Natural gas 832,230 Btu/hr
Maximum 5psig
Fuel Supply Pressure Minimum 0.29 psig
Heat Output Total 51,100 Btu/hr
Noise Level Crouse Community Center IR Powerworks 73dbA a 1 m
Length 69in.
Size Width 42in.
Weight 4100 Ibs

The turbine at the Crouse Community Center facility uses natural gas supplied at about 2 pounds per
sguare inch gauge (psig). The IR PowerWorks system includes a booster compressor which increases
fuel pressure to 50 psig prior to the combustor.

1-4
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The integral heat recovery system consists of a fin-and-tube heat exchanger, which circulates a mixture of
approximately 16 percent propylene glycol (PG) in water through the heat exchanger at approximately 20
gdlons per minute (gpm). The heating loop is driven by an interna circulation pump, and no additiona
pumping is required. The recovered hest is circulated through the facility's mechanical room to offset or
supplement heat generated by two gas-fired boilers. The resultant, cooler PG mixture is circulated back
to the heat exchanger, energy is exchanged between the PG mixture and the hot turbine exhaust gas, and
the entire circulation loop is repeated. |f overheating of the glycol loop should occur due to the Crouse
Community Center heat |oad being significantly lower than the heat transferred with the IR PowerWorks
system, the system will automatically shut off.

The thermal control system is programmable for individua site requirements. Minimum settings may
vary, but the maximum fluid temperature entering the PowerWorks may never exceed 200°F. Section 1.3
below contains further discussion regarding the use of recovered heat.

13 TEST FACILITY DESCRIPTION

The Crouse Community Center is located in Morrisville, New York. The facility is a 60,000 square foot
skilled nursing facility providing care for approximately 120 residents. Similar to a hospital, the facility
includes private residential rooms, social and recreational areas, industrial-scale laundry facilities, and
cafeterias. The IR PowerWorks system was installed to provide electricity and domestic hot water
(DHW) to the facility, and to supplement the facility's production of hot water for space hesting.

During normal occupancy and facility operations, electrica demand exceeds the IR PowerWorks
generating capacity, and additional power is purchased from the grid. On rare occasions, when facility
electrica demand is below 70 kW (demand can drop as low as 50 kW in some instances), the excess
power is exported to the grid.

Prior to installation of the IR PowerWorks, the facility used two gas-fired boilers to generate hot water for
space heating and DHW throughout the complex. The two boilers are Weil-McLain Model Number BG-
688 units, ingtaled in 1996. Each boiler has a rated heat input of 1,700 million British thermal units per
hour (MM Btu/hr), gross output capacity of 1,358 MMBtuw/hr, and a net hot water production rate of 1,181
MMBtuhr. The IR PowerWorks is configured in line with the boiler supply and return PG lines (Figure
1-3).
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Figure 1-3. Crouse Community Center Space Heating and Hot Water System
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During norma facility occupancy and operation, the IR PowerWorks system provides enough heat to
provide all of the facility’s DHW needs throughout the year. Space heating demand at the facility varies
grestly by season. During warm seasons, the IR PowerWorks system usually provides all of the heat for
space heating as well as DHW. The boilers remain idle unless DHW demand is very high, a which time
one boiler may operate for short periods of time. During colder periods, the boilers are used as needed to
provide additional space heating requirements. At times when the space heating and DHW demand is
low, the return PG fluid temperature becomes elevated. Should this temperature reach 200°F, the
PowerWorks automatically shuts down.

1.4 PERFORMANCE VERIFICATION PARAMETERS

The verification test is scheduled to take place during the summer of 2002. It is expected that the facility
will be a or near capacity occupancy at the time of testing. The IR PowerWorks system will be set to
operate 24 hours per day a maximum electrica power output (70 kW). The space heating and DHW
demands will be dependent on ambient temperatures, and may be less than the maximum heat recoverable
with the IR PowerWorks system. However, the facility will be able to dump heat in the form of hot water
during the test periods to ensure that all of the energy generated by IR PowerWorks will be consumed
during testing at full load. All of the heat recovered by the IR PowerWorks system will offset heat
normally supplied by the two gas-fired boilers.

The verification parameters selected for testing are intended to evaluate the performance of the CHP
system only, and not the overal facility integration or specific management strategy. The parameters are
listed below, and detailed descriptions of the testing and analysis methods to be used are presented in
Section 2.0.
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Verification Parameters

Power and Heat Production Performance
Electrical Power Quality Performance
GHG and Conventiona Air Pollutant Emission Performance

The verification test will include periods of load testing, in which the GHG Center will intentionaly
modulate the unit to operate at four electrical loads: 50, 75, 90, and 100 percent of the maximum 70 kW
capacity. A unit ramping test will also be conducted to profile system emissions throughout the entire
turbine operating range. During load tests, simultaneous monitoring for power output, heat recovery rate,
fuel consumption, ambient meteorological conditions, and exhaust emissions will be performed. Average
electrical power output, heat recovery rate, energy conversion efficiency (electrical, thermal, and net), and
exhaust stack emission rates will be reported for each load factor. The testing period for each load is
expected to be approximately two hours in duration, and the entire load testing period, plus the ramping
test period, will take about two days to complete. The turbine will be allowed to stabilize at each load for
15 to 30 minutes before starting the test periods.

Throughout the five-day test period, the IR PowerWorks will be operated at full load (or the highest
achievable load) during al times other than the reduced-load controlled test periods and the ramping test.
GHG Center personnel will continuously monitor and record electric power generated, heat recovered,
fuel consumed, ambient meteorological conditions, and power quality during this time (approximately
120 hours). The continuous test results will be used to report total electrical energy generated, total
thermal energy recovered, GHG and NOy emission reduction estimates, and power qudity. GHG and
NOyx emission reduction estimates for the Crouse Community Center will be based on measured IR
PowerWorks emission rates, electrical and thermal energy produced at full load (generation off-sets), and
baseline GHG and NO, emissions for the nationwide, Mid-Atlantic census division, and New York state
electrica grids. Further discussion of the verification strategy is provided in Section 2.0.

15 ORGANIZATION

Figure 1-4 presents the project organization chart. The following section discusses functions,
responsibilities, and lines of communications for the verification test participants.
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Figure 1-4. Project Organization
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SRI's GHG Center has overal responsibility for planning and ensuring the successful implementation of
this verification test. The GHG Center will ensure that effective coordination occurs, schedules are
developed and adhered to, effective planning occurs, and high-quality independent testing and reporting
occur.

The GHG Center’s Ms. Sushma Masemore will have the overall responsibility as Project Manager, under
supervision of Mr. Stephen Piccot, the GHG Center Director. Ms. Masemore will be responsible for
overseeing fiedld data collection activities of the GHG Center's Field Team Leader, including
determination of data quality indicators (DQIs) prior to completion of testing. Ms. Masemore will follow
the procedures outlined in Sections 2.0 and 3.0 to make this determination, and she will have the authority
to repeat tests as determined necessary to ensure that DQOs are met.  Should a Situation arise during
testing that could affect the health or safety of any personnel, Ms. Masemore will have full authority to
suspend testing.  She will also have the authority to suspend testing if quality problems occur. In both
cases, she may resume testing when problems are resolved. Ms. Masemore will be responsible for
maintaining communication with NY SERDA, Crouse Community Center, EPA, and stakeholders.

Mr. Bill Chatterton will serve as Field Team Leader, and will support Ms. Masemore's data quality

determination activities. Mr. Chatterton will provide field support for activities related to al
measurements and data collected. He will install and operate the measurement instruments, supervise and

1-8
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document activities conducted by the emissions testing contractor (described in Section 3.4), collect gas
samples and coordinate sample analysis with the laboratory, and ensure that the QA/QC procedures
outlined in Section 2.0 are followed. He will submit al results to the Project Manager, such that it can be
determined whether the DQIs are met. He will be responsible for ensuring that performance data
collected by continuously monitored instruments and manual sampling techniques are based on the
procedures described in Section 4.0.

SRI's Quality Assurance Manager, Mr. Ashley Williamson, will review this Test Plan. He will aso
review the results from the verification test, conduct an Audit of Data Quality (ADQ), and possibly a
Technical Systems Audit (TSA) as described in Section 4.4.3. Mr. Williamson will report the results of
the internal audits and corrective actions to the GHG Center Director. These results will be used to
prepare the final Report.

Mr. Joseph Sayer, Senior Project Manager, will serve as the primary contact person for NY SERDA. Mr.
Sayer will provide technical assistance and coordinate operation of the IR PowerWorks at the test Site,
and will be present during the verification testing. Mr. Sayer will coordinate with the facility operations
engineer to ensure the unit and host site are available and accessible to the GHG Center for the duration
of the test. NYSERDA's Manager of Power Systems Research, Mr. Richard Drake, will direct his
activities.

Crouse Community Center will provide access to the test site during verification testing and ensure safe
operation of the unit. They will aso review the Test Plan and Report and provide written comments.

EPA-ORD’s Air Pollution Prevention and Control Divison (APPCD) will provide oversight and QA
support for this verification. The APPCD Project Officer, Dr. David Kirchgessner, is responsible for
obtaining final approva of the Test Plan and Report. The APPCD QA Manager reviews and approves the
Test Plan and fina Report to ensure they meet the GHG Center QMP requirements and represent sound
scientific practices.

1.6 SCHEDULE
The tentative schedule of activities for testing the IR PowerWorks is as follows:

Verification Test Plan Development

GHG Center Interna Draft Development May 1 - June 13
NY SERDA, Vendor and Host Site Review/Revision June 17 — June 28
EPA and Industry Peer-Review/Revision June 17 — July 25
Fina Test Plan Posted July 26
Verification Testing and Analysis
Measurement Instrument | nstallation/Shakedown July 29 — August 2
Field Testing August 7 — August 16
Data Validation and Analysis August 7 —August 23
Verification Report Development
GHG Center Interna Draft Development August 19 — September 20
Vendor and Host Site Review/Revision September 23 — October 4
EPA and Industry Peer-Review/Revision October 7 — October 18
Final Report Posted October 31
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2.0 VERIFICATION APPROACH

21 OVERVIEW

Microturbine CHP systems are a relatively new technology, and the availability of performance data is
limited and in great demand. The GHG Center’'s Stakeholder groups and other organizations concerned
with DG have a specific interest in obtaining verified field data on the emissions, and technical and
operationa performance of microturbine systems. Performance parameters of greatest interest include
electrical power output and quality, thermal-to-electrical energy conversion efficiency, thermal energy
recovery efficiency, exhaust emissions of conventional pollutants and GHGs, GHG emission reductions,
operational availability, maintenance requirements, and economic performance. The test approach
described here focuses on assessing those performance parameters of significant interest to potential
future customers of IR PowerWorks systems. Long-term evaluations cannot be performed with available
resources so economic performance and maintenance requirements will not be evaluated.

In developing the verification strategy, the GHG Center has applied existing standards for large gas-fired
turbines, engineering judgement, and technical input from the verification team. Electrical power output
and efficiency determination guidelines in the American Society of Mechanica Engineers Performance
Test Code for Gas Turbines, PTC-22-1997 (ASME 1997) have been adopted to evauate electric power
production and energy conversion efficiency performance. Some variations in the PTC-22 requirements
were made to reflect the small scale of the microturbine. The strategy for determining thermal energy
recovery was adopted from guidelines described in American National Standards Institute/American
Society of Hesating, Refrigeration and Air-Conditioning Engineers Method of Testing Thermal Energy
Meters for Liquid Sreams in HVAC Systems (ANSI/ASHRAE, 1992). Exhaust stack emissions testing
procedures, described in U.S. EPA’s New Source Performance Standards (NSPS), Sandards of
Performance for Sationary Gas Turbines, 40CFR60, Subpart GG (EPA 1999) have been adopted for
GHG and criteria pollutant emissions testing. Power quality standards used in this verification are based
on the Institute of Electrical and Electronics Engineers Recommended Practices and Requirements for
Harmonic Control in Electrical Power Systems (IEEE, 1993).

Tests at four operating loads (50, 75, 90, and 100 percent) and continuous monitoring during the five-day
test period will be performed to address the following verification factors:

Power and Therma Energy Production Performance
Electrical Power Quality Performance
GHG and Conventiona Air Pollutant Emission Performance

Figure 2-1 illustrates the measurement system to be employed. Following is a brief discussion of each
verification factor and their method of determination. Detailed descriptions of testing and analytical
methods are provided sequentialy in Sections 2.2 through 2.5.
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Figure 2-1 Schematic of M easurement System
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Power and Heat Production Performance

Power production performance represents a class of microturbine/CHP system operating characteristics
that are of great interest to purchasers, operators, and users of these systems. Key parameters that will be
characterized on the test unit include:

Electrical power output at selected loads (kW)
Electrica efficiency at selected loads (%)

Heat recovery rate at selected loads (MM Btu/hr)
Thermal energy efficiency at selected |oads (%)
CHP production efficiency (%)

The GHG Center will install a watt meter to measure the electrical power generated by the turbine. Fuel
input will be determined using a mass flow meter which will monitor the natural gas flow rate. Fuel gas
sampling and energy content analysis (via gas chromatography) will be conducted to determine the LHV
of the fuel.

The thermal energy recovery rate of the IR PowerWorks is defined as the amount of heat recovered from
the turbine exhaust, and the facility will have or create sufficient demand to use all of the heat recovered.
Thermal energy recovery rates will be verified by metering the flow, differential temperatures, and
physical properties of the heat transfer fluid. The heat transfer fluid is a mixture of PG and water. The
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PG mixture flow rate and temperatures will be measured with an energy meter provided by the GHG
Center (Figure 2-1). Manual samples of the PG mixture will be collected and analyzed to determine PG
concentration. These results will be used to assign fluid density and specific heats, such that hest
recovery and use rate can be calculated at actua conditions. The heat recovery rate measured at full load
will represent maximum heat recovery potentia of the IR PowerWorks system. This rate will be used to
compute GHG and NOy emission reductions for sites that are able to fully utilize al energy recoverable
with the IR PowerWorks system (Section 2.5).

Fuel energy-to-electricity conversion efficiency will be determined by dividing the average electrica
power output by the heat input. Similarly, therma energy conversion efficiency will be determined by
dividing the average heat recovered by the heat input. CHP production efficiency or net system
efficiency will be reported as the sum of electrical and therma efficiencies a each operating load.
Ambient temperature, relative humidity, and pressure will be measured throughout the verification period
to support determination of electrical conversion efficiency as required in PTC-22.

A detailed discussion of sampling procedures, analytica procedures, and QA/QC procedures related to
heat and power production performance parametersis provided in Section 2.2.

Power Quality Performance

The monitoring and determination of power quality performance is required to ensure compatibility with
the electrical grid, and to demonstrate that the electricity will not interfere with, or harm microelectronics
and other sensitive eectronic equipment within the facility. Power quality data is used to report
exceptions, which describe the number and magnitude of incidents that fail to meet or exceed a power
quality standard chosen. The |IEEE Recommended Practices and Requirements for Harmonic Control in
Electrical Power Systems (IEEE, 1993) contains standards for power quality measurements that will be
followed here. Power quality parameters will be determined over the five-day test period using the
electric power meter installed by the GHG Center. The approach for verifying these parameters is
described in Section 2.3. Power quality variables to be examined include:

Electrical frequency (Hz)
Power factor (%)
Voltage and current total harmonic distortion (THD) (%)

Emissions Perfor mance

The measurement of the emissions performance of the microturbine system is critical to the determination
of the environmental impact of the technology. Emission rate measurements for CO, carbon dioxide
(CO,), methane (CH,4), NOy, and THCs will be conducted in the IR PowerWorks exhaust stack during
controlled test periods at various operating loads. Exhaust stack emission testing procedures, described in
U.S. EPA’s NSPS for dationary gas turbines (EPA 1999), will be adapted to verify the following
verification parameters at the selected loads:
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CO Concentration (ppmv) and Emission Rates (Ib/hr, |b/Btu, 1b/kWh)

CO; and CH, Emisson Rates (Ib/hr, [b/Btu, [b/kWh)

NOy Concentration (ppmv) and Emission Rates (Ib/hr, [b/Btu, 1b/kWh)

THCs Concentration (ppmv) and Emission Rates (Ib/hr, Ib/Btu, 1b/kWh)
Estimated NOy emission reductions for Crouse Community Center (Ib NO,/yr)
Estimated GHG emission reductions for Crouse Community Center (Ib CO./yr)

For the conventiona pollutants listed above, emission rates (e.g., masshour, mass/heat input, mass/power
output) will be measured and reported. CO, and CH,; emission rates will also be measured. CO,
emissions from the system will be calculated for the verification period using measured GHG emission
rates, operating hours, and thermal/electrical generation and use data.

The verification will report GHG and NOy emission reduction estimates based on actual emissions and
reductions for Crouse Community Center. The IR PowerWorks emissions will be compared to emissions
from a baseline system. The baseline system is that which would have been installed to meet the site's
energy needs in the absence of the IR PowerWorks system. For this application, the baseline system
defined for Crouse Community Center consists of electricity supplied by the New York state utility grid
and therma energy supplied by the facility’s natural-gas boilers.  Subtraction of the annud IR
PowerWorks emissions from the baseline emissions yield an estimate of the emission reduction for the
facility.

The procedures for estimating emission reduction from utility grid electricity production are provided in
Section 2.5.2. GHG emissions for the standard gas-fired boiler will be determined by estimating fuel
needed to generate equivalent amounts of heat with the baseline boilers. The baseline gas-fired boilers
are reasonably new and were installed in 1996. Detailed procedures for estimating annual emission
reduction from thermal energy production is provided in Section 2.5.3.

2.2 POWER AND HEAT PRODUCTION PERFORMANCE

The IR PowerWorks system will be evauated for the performance factors listed above at the four
specified operating loads. The loads selected bound the range expected to occur at Crouse Community
Center. A step-by-step procedure for conducting the test is provided in Appendix A-1, and a log form
associated with this activity is provided in Appendix A-2. The test period a each load is expected to be
30 minutes in duration, and will be repeated three times. The triplicate measurement design is based on
U.S. EPA NSPS guidelines for measuring emissions from stationary gas turbines (EPA, 1999). The
following sections discuss the measurements, calculations, and associated determinations in detail.

221 Electrical Power Output and Efficiency Determinations

Simultaneous measurements of electric power output, heat recovery rate, heat use rate, fuel consumption,
ambient meteorological conditions, and exhaust emissions will be performed during testing at each load.
The time-synchronized measurements data will be used to compute electrical efficiency as specified in
PTC-22. PTC-22 mandates using electric power data collected over time intervas of not less than 4
minutes and not greater than 30 minutes (PTC-22, Section 3.4.3 and 4.12.3) to compute electrical
efficiency. This restriction minimizes electrical efficiency determination uncertainty due to changes in
operating conditions (e.g., turbine speed, ambient conditions). Within this time period, PTC-22 specifies
the maximum permissible limits in power output, power factor, fuel input, and atmospheric conditions to
be less than the values shown in Table 2-1. The GHG Center will use only those time periods that meet



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

these requirements to compute performance parameters. Should the variation in power output, power
factor, fud flow, or ambient conditions exceed the levels, the load test will be considered invalid and the
test will be repeated.

Table2-1. Permissible Variationsin Power, Fuel, and Atmospheric Conditions
M easur ed Parameter Maximum Permissible Variation
Ambient air temperature +4°F
Barometric pressure +05%
Fuel flow +2%
Power factor +2%
Power output +2%

Electrical efficiency at the selected loads will be computed as shown in Equation 1 (per ASME PTC-22,
Section 5.3).

HI
where:
h = efficiency (%)
kW = averageeectrica power output (kW), Equation 2
HI = average heat input usng LHV (Btu/hr), Equation 3

Average dectricad power output will be computed as the mathematica average of the 1-minute
instantaneous readings over the sampling period (4 to 30 minutes), as shown in Equation 2.

i=nr

a
KW = i=1 (Eqn 2)
nr
where
kW = average electrical power output (kW)
kW; = instantaneous reading of the kW sensor at each minute (kW)

number of 1-minute readings logged by the KW sensor
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The average heat input will be determined using data collected with a mass flow meter and a gas
chromatograph. The flow meter will be installed in the fuel supply line of the IR PowerWorks, and will
be programmed to continuously monitor and record 1-minute flow readings. Fuel gas samples will be
collected by the GHG Center at a frequency of one extraction per load condition. Based on the GHG
Center's experience during similar verifications, the heating value of the natural gas is not expected to
vary greatly at the site and therefore, this sampling frequency is considered to be adequate for
determining efficiency. The GHG Center will obtain multiple gas samples prior to testing to determine
the variability in heating values over 30 minute sampling intervals. If the variability is greater than 1
percent as specified in PTC-22, the sample frequency during controlled testing will be increased, and the
average heating value during a test period will be used to determine efficiency. The gas samples will be
shipped to a certified laboratory for compositional analysis in accordance with ASTM Specification
D1945, and LHV determination using ASTM Specification D3588. Using the fuel flow rate data and the
LHV results, average heat input will be computed as shown in Equation 3.

HI =60 Fm LHV (Egn. 3)
where:
HI average heat input using LHV (Btuw/hr)

Fin
LHV

average mass flow rate of natural gasto turbine (scfh)
average LHV of natura gas (Btu/scf)

Power Output Corrections for Standard Conditions

The above caculations reflect power output and efficiency results at actual site conditions (i.e.,
temperature, pressure, and relative humidity observed during testing). For assessing the performance of
this technology in different geographic regions, it is useful to correct the actua test data to standard
conditions. A standard temperature of 60 °F, barometric pressure of 14.7 pounds per square inch absolute
(psi@), and a relative humidity of 60 percent, as defined by the International Standards Organization (1SO
2314: 1989), is often used to correct for standard conditions.

Because it is unlikely I1SO conditions will be encountered during the verification, directly verified
performance results will not be obtainable at standard conditions. For readers interested in such data, the
GHG Center will obtain from IR derated performance curves which allow conversion of the verified data
to standard conditions. This data will be presented in a separate section of the final Report, and because
the charts were not developed by the GHG Center readers of this section will be informed that the results
have not been verified by the GHG Center.

2211 7600 ION Electrical Meter

The electric power output to the system will be measured by a digital power meter, manufactured by
Power Measurements Ltd. (Model 7600 ION). The 7600 ION will continuously monitor the kilowatts of
real power at arate of one reading per second, averaged at 1-minute intervals. It will be installed after the
480 volt transformer (Figure 2-1), such that the electricity measured is the electricity that is ultimately
used by the site or supplied to the utility grid. The power output measured with the 7600 ION will be
dightly less than actual power generated by the turbine, and will account for losses in the transformer.
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The GHG Center’s data acquisition system (DAS) will download and store the 7600 ION data.  Further
discussion of the communication and data acquisition is provided in Section 4.0. After installation the
meter will continuously operate unattended, and will not require further adjustments. QA/QC procedures
associated with instrument setup, calibration, and sensor function checks are discussed below. The meter
will be factory caibrated to IEC687 SO.2 and ANSI C12.20 CAO.2 standards for accuracy. Details
regarding this caibration and additional QA/QC checks on this instrument are provided in Section 3.2.

2212 Rosemount 3095 Mass Flow Meter

The mass flow rate of the fuel supplied to the turbine will be determined using an integral orifice meter
(Rosemount Model 3095). The meter will contain an orifice plate which will enable flow measurements
to be conducted at the ranges expected during testing (8 to 17 scfm natura gas). The meter will be
temperature- and pressure-compensated, providing mass flow output at standard conditions (60 °F, 14.7
psia). The meter will continuously monitor flows at a rate of one instantaneous reading per minute, and
will be capable of providing an accuracy of £ 1 percent of reading. The meter will be fitted with a
transmitter providing a4 to 20 mA output over the meter’s range. The GHG Center’s DAS will convert
the analog signals to digital format and then store the data as 1-minute averages. The meter will be
factory calibrated to IEC687 SO.2 and ANSI C12.20 CAO.2 standards for accuracy. Details regarding
this calibration and additional QA/QC checks on this instrument are provided in Section 3.3.1.1.

2213  Fud Heating Vaue Measurements

Fuel heating value measurements will be conducted to determine the actual LHV of natural gas, such that
electrical and therma efficiency calculations can be performed. Samples will be collected at an access
port in the fuel line located prior to the flow meter (Figure 2-1). The port is downstream of a ball valve
and consists of 0.25-inch NPT union. Gas samples will be manually collected in stainless steel canisters
provided by the andytical laboratory. The canisters are 600-ml vessels with valves on the inlet and outlet
sSides. Prior to sample collection, canister pressure will be checked using a vacuum gauge to document
that the canisters are leak free. Canisters that are not fully evacuated upon receipt from the laboratory
will not be used for testing. During testing, the connections between the canisters and the fuel sampling
port will be screened with a hand-held hydrocarbon analyzer to check for leaks in the system. In addition,
the canisters will be purged with fuel for approximately five seconds to ensure that a pure fuel sampleis
collected. Appendix A-3 contains detailed procedures that will be followed, and Appendices A-4 and A-5
contains sampling log and chain-of-custody forms.

Two preliminary gas samples will be collected prior to the test period to characterize gas composition.
The average value of these analyses will be used to program the mass flow meter during instrument
installation. (Section 3.3.1.1) During verification testing, a minimum of one gas sample will be collected
during each of the 50, 75, 90, and 100 percent load tests. This sampling frequency is expected to be
sufficient because during previous verifications conducted by the GHG Center, daily variation in pipeline
quality gas composition has been less than one percent. The collected samples will be returned to the
laboratory for compositional analysis in accordance with ASTM Specification D1945 for quantification of
methane (C1) to hexanes plus (C6+), nitrogen (N>), oxygen (O,), and CO..

During anaysis, sample gas will be injected into a Hewlett Packard 589011 gas chromatograph (GC)
equipped with a silicon and molecular sieve column.  Components will be physically separated on the
columns and their concentrations measured with a flame ionization detector (FID). The resultant areas
under each peak will be compared to the corresponding calibration data. Data will be acquired and
recorded by a Hewlett Packard 339611 integrator. The useful range of the detectable concentrations
(mole percent) is specified in Table 1 of the method (D1945). Appendix C-1 presents an example
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analytical report for gas composition. The GC is calibrated weekly as a continuing calibration
verification check using a certified natural gas standard. Details regarding this calibration and additional
QA/QC checks on gas sampling and analysis are provided in Section 3.3.1.2.

2214 Ambient Conditions M easurements

Meteorological data will be collected to determine if the maximum permissible limits for determination of
electrical efficiency are satisfied (Table 2-1). The ambient meteorological conditions (temperature,
relative humidity, and barometric pressure) will be monitored using a Setra pressure sensor and a Vaisaa
Model HMD 60Y O integrated temperature/humidity unit located in close proximity to the air intake of
the turbine. The integrated temperature/humidity unit uses a platinum 100 Ohm, 1/3 DIN resistance
temperature detector (RTD) for temperature measurement. As the temperature changes, the resistance of
the RTD changes. This change in resistance is detected and converted by associated electronic circuitry
that provides alinear DC (4 to 20mA) output signal.

The integrated unit uses a thin film capacitive sensor for humidity measurement. The dielectric polymer
capacitive element varies in capacitance as the relative humidity varies, and this change in capacitance is
detected and converted by internal electronic circuitry that provides a linear DC (4 to 20mA) output
signa. This sensor features electronic compensation to maintain accuracy over a broad range of
temperature conditions.

The barometric pressure is measured by a variable capacitance sensor. As pressure increases, the
capacitance decreases. This change in capacitance is detected and converted by interna electronic
circuitry that provides alinear DC (4 to 20 mA) output signal. The range and accuracy of each sensor are
given in Table 3-2. The response time of the temperature and humidity sensors is 0.25 seconds and the
response time of the pressure sensor is under two seconds. The GHG Center’s DAS will convert the
analog signalsto digital format and then store the data as 1-minute averages.

Electrica efficiency determinations require variability in ambient temperature and barometric pressure to
be less than + 4 °F and + 0.5 percent, respectively. The instruments selected for the verification are
capable of providing + 0.2 °F for temperature and + 0.06 percent for barometric pressure, which exceed
the PTC-22 requirements for meteorological data. The temperature and humidity measurement
equipment will be factory calibrated to National Ingtitute for Standards and Technology (NIST)-traceable
standards for accuracy. Details regarding this calibration and additional QA/QC checks on these
instruments are provided in Table 3-3 in Section 3.2.

2.2.2 Heat Recovery Rate and Thermal Efficiency Measurements

An energy meter will be used to monitor and record the thermal energy generated by the IR PowerWorks
system. The GHG Center will use a portable Controlotron Model 1010EP1 to measure the volume of
working fluid circulated through the heat exchanger and its supply and return temperatures. As shown in
Figure 2-1, the temperature readings at T1 and T2 will be used to compute heat recovered by the IR
PowerWorks system. System heat recovery rates are computed according to ANSI/ASHRAE Standard
125 (ASHRAE, 1992), asfollows:

Qavg (Btu/min) = Vr Cp (T1-T2) (Egn. 4)
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where;

Q.g = average heat recovered (Btu/min)

V = total volume of working fluid passing through the system during a minute (ft%)
r = density of working fluid (Ib/ft), evaluated at the avg. fluid temp. (T2+T1)/2
Cp = specific heat of liquid (Btwlb °F), evaluated at the avg. fluid temp. (T2+T1)/2
T1 = temperature of heated fluid exiting heat exchanger, (°F)

T2 = temperature of cooled fluid entering heat exchanger (°F), Figure 2-1

The heat recovery performance of the IR PowerWorks system will be a function of the return working
fluid temperature and the overall heat demand associated with the system. The maximum average heat
recovery rate measured during full load testing will be used to represent maximum heat recovery potential
of the IR PowerWorks for this application.

The heat recovery rate determination requires physical properties of the heat transfer fluid at actua
operating temperatures to be defined. To specify these properties, it is necessary to accurately characterize
the composition of the working fluid, and select published density and specific heat data from reliable
sources (ASHRAE publications). The fluid used in the heat recovery unit is a mixture of PG in water.
Samples of this fluid will be collected during the verification and analyzed for PG (or other) content.
Appendices A-9 and A-10 provide an example of mixture density and specific heat data as a function of
temperature for systems that use a mixture of PG and water. The GHG Center will use ASHRAE
published data to interpolate working fluid properties at the conditions encountered during testing, and to
compute heat recovery rates.

The time intervals for reporting average heat recovered and therma efficiency at the selected loads will
correspond to those used in computing electrical efficiency. The following equation will be used to
compute thermal efficiency:

hy =60* Qag/ HI (Egn. 5)
where:
ht thermal efficiency (%)

average heat recovered (Btu/min)
average hesat input using LHV (Btwhr), Equation 3

Qavg
HI

2221  Controlotron Energy Meter

The Controlotron (Model 1010EP1) energy meter is a digitally integrated system that includes a portable
computer, ultrasonic fluid flow transmitters, and 1,000 ohm platinum RTDs. The system has an overall
rated accuracy of + 1 to 2 percent of reading depending on the application characteristics described
below. The system can be used on pipe sizes ranging from 0.25 to 360 inches in diameter with fluid flow
rates ranging from O to 60 feet per second (fps) (bi-directional).

The flow transducers are surface mounted units that operate on an ultrasonic trangit-time principle. They
have arated sensitivity of 0.001 fps and repeatability of 0.25 percent. Transit-time signals are reported to
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the flow computer at intervals in the millisecond range and converted in the computer to fluid velocity.
The RTDs have a rated accuracy of 0.02 °F. These sensors provide continuous supply and return line
temperature signals to the computer to record DT (at + 0.04 °F). Depending on pipe size and
configuration, the RTDs can be surface mounted or inserted into thermowells. For this verification the
insulated clamp-on RTDs will be used on the 1.25-inch diameter copper tubing used to route the supply
and return fluid.

To operate the energy metering system, several critical parameters must be programmed into the
computer including:

pipe diameter

pipe wall material and thickness
distances between ultrasonic transducers
working fluid density and specific heat

The accuracy of these parameters will directly impact the overal accuracy of the meter. Pipe materia
and exact pipe diameter and wall thickness will be obtained from manufacturer specifications. The
transducer mounting system is designed to provide precise measurement of the distance between
transducers.

The energy meter software contains lookup tables that provide the ASHRAE working fluid density and
specific heat values corrected to the average fluid temperature measured by the RTDs. In order for these
values to be correct, the fluid composition must be known or determined, and programmed into the
computer. Fluid composition testing will be conducted by the GHG Center before and during testing as
described below to ensure proper system programming.

The ultrasonic transducers are mounted on the pipe at a location with at least ten diameters of undisturbed
flow upstream and five diameters of undisturbed flow downstream. The RTDs are mounted as close to
the heat recovery unit as configuration alows. During use the heat recovery rate is continuoudly
caculated using the fluid flow and temperature inputs, and the system parameters programmed into the
computer. Data are logged and stored by the energy meter in units of Btu/min. The meter can also tota
the energy recovered. Using an RS-232 serial port connection to the GHG Center’s DAS, the following
measurements will be logged as 1-minute averages throughout all test periods.

M easur ement Units
Fluid flow rate gal/min
Heat recovery Btu/min
Return temperature °F
Supply temperature °F

Several QA/QC procedures will be conducted prior to and during the verification testing to evauate the
accuracy of the meter. These procedures, which include factory calibration of sensors and performance
checks conducted in the field, are detailed in Section 3.3.2.

2222 PG Solution Sampling and Analysis

Samples will be collected from a fluid discharge spout located on the hot side of the heat recovery unit
using pre-cleaned glass vias of 100 to 500 ml capacity. One sample will be collected during each day of
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the verification period. Preliminary samples will also be collected prior to testing for use in programming
the Controlotron energy meter. Each sample collection event will be recorded on field logs (Appendix A-
7) and shipped to an analytica laboratory aong with completed chain-of-custody forms (Appendix A-8).

Samples will be andyzed for PG concentration (percent) at the laboratory usng a gas
chromatography/flame ionization detector (GC/FID). The GC/FID is calibrated with standards ranging
from 10 to 1,000 ppm PG to establish instrument linearity and a cadibration curve. Because the
instrument is calibrated to 1,000 ppm and sample concentrations of PG are expected to be around 23
percent (230,000 ppm), appropriate sample dilution will be performed prior to direct injection into the
instrument. PG reactions in the GC column typicaly exhibit significant variability, and therefore the
accuracy of the glycol content analyses is limited to approximately £ 10 percent (or £ 2.3 percent for a
mixture of approximately 23 percent glycol).

As a QA check on the glycol fluid sampling and analyses, a blind audit sample will be submitted to the
laboratory along with the samples. The GHG Center will procure pure ACS reagent grade PG from a
qualified reagent manufacturer (J.T. Baker or equivalent). ACS reagent grade PG is minimum 99.5
percent pure, with actual purity reported per lot manufactured. A mixture of glycol in distilled water (in
the range of 20 to 25 percent) will be prepared by GHG Center personnel, recorded at the GHG Center’s
laboratory, and submitted to the andytical laboratory for anadysis. The analytica laboratory will be
requested to conduct duplicate analyses on the audit sample, and the reported vaues will be compared to
the mixture recorded by the GHG Center to evaluate analytical accuracy.

2.3 POWER QUALITY PERFORMANCE

There are a number of issues of concern when an electrical generator is connected in parallel and operated
simultaneoudy with the utility grid. The voltage and frequency generated by the power system must be
aligned the same as the power grid. Whilein grid parallel mode, the turbine detects the utility voltage and
frequency to ensure proper synchronization before actua grid connection occurs. The turbine power
electronics contain circuitry to detect and react to abnormal conditions that, if exceeded, cause the unit to
automatically disconnect from the grid. These out-of-tolerance operating conditions include
overvoltages, undervoltages, and over/under frequency. For the test Situation, out-of-tolerance conditions
are defined as grid voltage outside the range of 480 volts + 10 percent and electrical frequency of 60 Hz +
0.01 percent.

The power factor delivered by the turbine must be of sufficient quality to alow successful operation of
sengitive office equipment. Harmonic distortions in voltage and current must aso be minimized to reduce
damage or disruption to electrical equipment (e.g., lights, motors, office equipment). Industry standards
for harmonic distortion have been established within which power generation equipment, such as the
turbine, must operate.

Power quality parameters such as electrical frequency, power factor, and THD cannot be isolated from the
grid. The quality of power delivered by the turbine actualy represents an aggregate of disturbances
aready present in the utility grid, and is a measure of how the turbine works to reduce the disturbances by
compensating for extreme variations in power quality. In the case of the power factor, the turbine
eectronics follow the demand load (i.e., if there is an inductive demand, the turbine will provide a lower
power factor).

The power qudity evaluation approach has been developed to account for these issues, and will report
electrica frequency output, voltage output, power factor, and THD. Each parameter provides an
understanding of the qudity of eectricad power produced by the turbine, and its ability to maintain
synchronization with the power grid. To report power quality performance relative to the grid power
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quality, baseline measurement data will be collected by shutting the turbine off each day for one hour, and
taking direct measurement of the grid power quality. The turbine will then be turned on, and additiona
data will be collected to determine improvements in the quality of power generated by the turbine. The
difference between before and after readings will represent the actual power quality delivered by the
turbine. The same electrica meter (7600 1ON) used for electrica power output measurements will be
used to make these measurements. The methods for determining and reporting power quality parameters
are discussed below.

231 Electrical Output Frequency

Electricity supplied in the U.S. and Canada is typically 60 Hz AC. Electrica frequency measurements
will be monitored continuoudly, and average 1-minute readings will be recorded. The data collected by
the electrical meter will be analyzed to determine maximum, minimum, average, variance, and standard
deviation of the frequency during each test period. The GHG Center will aso record and report these
values for those periods that the microturbine is shut off (i.e., for basdline data collection).

Equation 6 will be used to compute the average frequency.

i=nr

[¢]
akf
F=Il (Egn. 6)
nr
where;
F = average frequency for baseline and turbine operating periods (Hz)
F = instantaneous frequency reading of the electric meter (Hz)
nr = number of 1-minute readings logged by the electric meter

The variance and standard deviation are related measures of how widely values are dispersed from the
average value (the mean). The following equations will be used to compute the variance and standard
deviation:

i=nr

[} 2

a (F-F)
Fvar = ':1—1 Fstd =+/F var (Egns. 7, 8)

nr-

where:
Foar = variation in frequency for baseline and turbine operating periods (Hz)
Feta = sample standard deviation in frequency for baseline and turbine operating periods
F = average frequency (Hz)
F = instantaneous frequency reading of the electric meter (Hz)
nr = number of 1-minute readings logged by the electric meter

The performance of electrica frequency output will be reported as the percent difference between
basdline averages and averages during turbine operation.

2-12
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2.3.2 Voltage Output

The IR PowerWorks generator An interna transformer provides 480-volt output. The electric power
industry accepts that voltage output can vary within + 10 percent of the standard voltage (480 volts)
without causing significant disturbances to the operation of most end-use equipment. Deviations from this
range are often used to quantify voltage sags and surges.

Voltage output will be continuously monitored and recorded throughout testing using the 7600 ION
meter. The 7600 ION meter will be capable of measuring 0 to 600 volts (AC) at arate of one reading per
minute, and detecting surges up to 8 kV at a rate of one reading per 60 microseconds. All voltage
readings will be reported as root mean square (rms) voltage, which is the most common approach for
measuring AC voltage. The data listed below will be reported on a daily basis, as well as the cumulative
results for the entire testing period:

Total number of voltage disturbances exceeding + 10 percent

Maximum, minimum, average, and standard deviation of voltage exceeding + 10
percent

Maximum and minimum duration of incidents exceeding + 10 percent

The following equations will be used to compute the average, variance, and standard deviation of the
voltage output.

ianr isnr 2
av a (v-v)
v =i Vvar == — vatd =V var (Egns. 9, 10, 11)
nr nr -
where:
\% = average voltage output (volts)
V, = instantaneous voltage reading from the electric meter (volts)
nr = number of readings logged by the electric meter
V.o« = Vvaiation in voltage output (volts)
Vg = sample standard deviation in voltage output
2.3.3 Voltage and Current Total Harmonic Distortion

Harmonic distortion of the voltage and current results from the operation of non-linear loads and devices
on the power system. Harmonic distortion can damage or disrupt the proper operation of many kinds of
industrial and commercia equipment. Voltage distortion is any deviation from the nomina AC line
voltage sine waveform. A similar definition applies for current distortion; however, voltage distortion
and current distortion are not the same. Each affects loads and power systems differently, and thus are
considered separately.

In quantifying harmonic distortion, several parameters related to distortion are addressed, specifically the
definition of a harmonic and how it is quantified. Fourier analysis breaks down a distorted waveform into
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a set of sine waves with two specific characteristics. The first characteristic deals with frequency of the
waveform. The distorted waveform repeats itself with some basic frequency. The sine wave associated
with this frequency, which is usually 60 Hz, is called the fundamental. The frequency of each harmonicis
an integer multiple of the fundamental. So, the 2" harmonic has a frequency of 120 Hz, the 3¢ is a 180
Hz, the 4™ is at 240 Hz, and so on.

The second characteristic is the magnitude of the distortion, aso called the harmonic distortion factor.
Each of these sine waves may have a different magnitude from each other, depending on the actual
distorted signal. The magnitude is determined by a harmonic analyzer. Typicaly, the magnitude of each
harmonic is represented as a percentage of the RM S voltage of the fundamental, not the RM S voltage of
the distorted waveform. The aggregate effect of all harmonicsis THD. THD equals the RMS voltage of
al harmonics divided by the RMS voltage of the fundamental, converted to a percentage.

Based on IEEE 519 Standard, the turbine's specified values for total harmonic voltage and current
distortion, are as follows:

Maximum Voltage THD: 5 percent
Maximum Current THD: 5 percent

For the verification, harmonic distortion (up to the 63 harmonic) will be recorded for al voltage and
current inputs using the 7600 ION. The meter will report 1-minute average THD for voltage and current,
and are computed internally as shown below. The results will be andyzed to compute the average,
maximum, and minimum THD for the baseline period and during turbine operation. The current and
voltage harmonics present in the grid (i.e,, during the baseline period) will be subtracted from the
harmonics present during turbine operation to determine true contributions from the turbine.

éi:63rdcl>-|armonicl]
@ a Voltid
j=nrg -
o ? i=1st Harmonic U
e— ... u
e Volti g
é a

Voltage THD = & 8
nr (Egns. 12, 13)
éi:63rd (I)—iam‘onic l:I
j=n€ a Currentiu
é ? i=1st Harmonic l;J
=8 Current1 a
& g
Current THD = e g

nr
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where;

Voltage THD = average voltage THD for basaline and turbine and operating periods (%)
Current THD = average current THD for baseline and turbine and operating periods (%)
Voalt; = RMS voltage reading for each harmonic in a minute (volts)
Current; = current reading for each harmonic in a minute (amps)
Volt; = RMS voltage reading for first harmonic in a minute (volts)
Current, = current reading for first harmonic in a minute (amps)
nr = number of 1-minute readings logged by an eectric meter
234 Power Factor

Power factor is the phase relationship of

current and voltage in AC dectrica Figure 2-2. Determination of Power Factor
distribution  systems. Under ided
conditions, current and voltage are in
phase, which results in a power factor
equa to 1.0. |If reactive loads (eg.,
motors) are present, power factors are
less than this optimum value. Although it
is desirable to maintain the power factor
a 1.0, the actua power factor of the
eectricity supplied by the utility may be
much lower because of load demands of
the different end users. Typica vaues
ranging between 0.8 and 0.9 are common.
Low power factor causes higher current
to flow in power distribution lines in Power Factor :Cosineq
order to ddiver a given number of

kilowatts to an electrical load.

%
&/

(KVAr)

. (kv

(kW) (kw)

Mathematically, electricity consists of three components which form a power triangle (Figure 2-2): Redl
power (kW), reactive power (kVAr), and apparent power (kVA). Red power (kW) is the part of the
triangle which results in actual work being performed, in the form of heat and energy. This is the power
that is verified in Section 2.2. Reactive power, which accounts for electromagnetic fields produced by
equipment, always acts at right angle or 90° to real power. Reactive power does not contribute to the
work for which electricity was supplied, and the amount of current used to accomplish this work is
increased, causing increased energy losses. The greater the reactive power, the worse the losses. Redl
power and reactive powers create a right triangle where the hypotenuse is the apparent power, measured
in kilovolt-amperes (kVA). The phase angle between real power and apparent power in the power
triangle determines the size of the reactive power leg of the triangle. The cosine of the phase angle is
caled power factor, which is inversely proportional to the amount of reactive power that is being
generated. In summary, the larger the amount of reactive power, the lower the power factor will be.

The turbine is specified by the manufacturer to operate at a power factor setting of 1.0. One-minute
average power factor measurements (before and after turning the turbine on) will be andyzed to
determine if the unit maintained this setting. Maximum, minimum, average, standard deviation, and
variance in the power factor will be reported for the test period.
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24 EMISSIONS PERFORMANCE

24.1 Stack Emission Rate Determination

Exhaust stack emissions testing will be conducted to determine emission rates for criteria pollutants (CO,
NOx, and THCs) and greenhouse gases (CH, and CO,). Stack emission measurements will be conducted
at the same time as electrica power output measurements in the controlled test periods.

Following NSPS guidelines for evaluation of emissions from stationary gas turbines, IR PowerWorks
system exhaust stack emissions testing will be conducted at four loads within the normal operating range
of the turbine, including the minimum load in the range and the peak load. As discussed earlier, the loads
selected are 50, 75, 90, and 100 percent of the norma full load capacity (70 kW). The turbine will be
allowed to stabilize at each load for 15 to 30 minutes before starting the tests. To verify testing precision,
three replicate test runs, each approximately 30 minutes long, will be conducted for each parameter at
each load selected. The average results of three valid replicates will be reported.

In addition to the load tests, an additional test will be conducted to document emissions throughout the
entire range of operation to further understand the IR PowerWorks system performance. The additiona
test run will be conducted at loads ranging between 40 and 100 percent of rated capacity. The test will be
conducted by collecting approximately 10 minutes of data at power commands starting at full power and
incrementally decreasing by 3 kW to alow of 30 kW. The only deviations from the standard test methods
during this test are that three replicates will not be conducted, and the duration of sampling at each power
command will be shorter. Power command changes between successive load changes will occur
relatively rapidly, and the system will be allowed to stabilize for approximately 5 minutes at each point
before data recording begins.

Because this test does not adhere to all of the reference method requirements, precautions will be taken to
document the data quality of this test run. The sampling procedures and anaytica instruments used
during this test will be the same as those used during the officia verification tests. The same anayzers,
sampling system, calibration gases, and calibration procedures will be followed to ensure that accurate
emissions concentrations are recorded (results will be presented only as concentrations for this test).
Since the test may be of considerable duration (nearly 3 hours), the test will be interrupted at least once to
test for analyzer drift.

The average emission rate measured during each load test run will be reported in units of parts per million
volume dry (ppmvd) for CH,, CO, NOy, and THCs, percent for CO, and O, pounds per hour (Ib/hr), and
pounds per kilowatt hour energy produced (Ib/kWh). Using an appropriate DAS, analyzer outputs will be
compiled as 1-minute averages throughout each test and averaged over the entire test period.
Concentrations of NOy, CO, and THCs will then be reported as ppmvd corrected to 15 percent O, (ppmvd
@ 15 % O,) using Equation 14.

ppmvd @ 15 % O, = ppnvd * [(20.9 — 15.0) / (20.9 — exhaust gas O,)] (Egn. 14
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where;

ppmvd
exhaust gas O,

average of 1-minute measurements for each pollutant
average of 1-minute O, concentrations

Appendix C-3 illustrates an example of the emissions test results. As with the power production and
efficiency performance testing, IR PowerWorks operators will maintain steady unit operation and load for
the duration of each emissions test. Variability in unit operation is not specified in the testing methods,
but the variability criteria presented in Table 2-1 will be used as a guideline to verify that the tests were
conducted during steady operation. Variability in fuel flow to the turbine (limited to one percent
variability for the efficiency measurements) may exceed the limits specified in Table 2-1 dightly over the
30 minute test period, but small exceptions up to two percent are not expected to affect the emission rate
measurements. An organization speciaizing in air emissions testing will be contracted to perform all
stack testing. The testing contractor will provide al equipment, sampling media, and labor needed to
complete the testing and will operate under the supervision of a GHG Center representative.

All of the emission test procedures to be utilized in this verification are U.S. EPA Federa Reference
Methods. The Reference Methods are well documented in the Code of Federa Regulations, most often
applied to determine pollutant levels, and include procedures for selecting measurement system
performance specifications and test procedures, quality control procedures, and emission calculations
(40CFR60, Appendix A). Table 2-2 summarizes the standard Test Methods that will be followed.

Each of the selected methods utilizing an instrumental measurement technique includes performance-
based specifications for the gas analyzer used. These performance criteria cover span, calibration error,
sampling system bias, zero drift, response time, interference response, and calibration drift requirements.
Each test method is discussed in more detail in the following sections. The entire Reference Method will
not be repeated here, but will be available to site personnel during testing.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Table2-2. Summary of Emission Testing Methods
Al U.S. EPA Proposed Loads Tested
Ir L . f (% nominal No. of Test
Reference Analytical .
Pollutant o Principle of Detection Rarilglea Accuracy C?gf\f\};y Replicates
CH,4 18 GC/FID 0- 25 ppm +5%
co 10 NDIR-Gas Filter 0- 25 ppm £5%
Correlation 3 per load
CO, 3A NDIR 0-20% +5% 50, 75, 90, (30 minutes)
NO, 20° Chemiluminescence 0- 25 ppm +2 % and 100
O 3A Paramagnetic 0-25% +5%
THCS 25A Flame ionization 0- 25 ppm +5%
Moisture 4 Gravimetric 0-25% +5% 1 per load
& Actual ranges will be determined prior to testing, and may change with changes in operating loads.
b Dueto the small stack diameter (10-in.), Method 20 will be modified to incorporate single point sampling.
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24.1.1  Gaseous Sample Conditioning and Handling

A schematic of the sampling system to be used to measure concentrations of CO,, CO, NO,, O,, and
THCs is presented in Figure 2-3. In order for the CO,, CO, NOy, and O,, instruments used to operate
properly and reliably, the flue gas must be conditioned prior to introduction into the analyzer. The gas
conditioning system is designed to remove water vapor from the sample. All interior surfaces of the gas
conditioning system are made of stainless steel, Teflon™, or glass to avoid or minimize any reactions
with the sample gas components. Gas is extracted from the turbine exhaust through a stainless steel probe
and Teflon sample line. The gas is then transported using a sample pump to a gas conditioning system
that removes moisture. After moisture removal, the dry sample gas is transported to a flow distribution
manifold where sample flow to each analyzer is controlled. A separate Teflon line routes calibration
gases through this manifold to the sample probe. This alows calibration and bias checks to include all
components of the sampling system. The distribution manifold also routes calibration gases directly to
the analyzers, when linearity checks are made on each anayzer.

The THC analyzer is equipped with a FID as the method of detection. This detector analyzes gases on a
wet, unconditioned basis. Therefore, a second heated sample line is used to deliver unconditioned
exhaust gases from the probe to the THC anayzer.

Figure 2-3. Gas Sampling and Analysis System
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24.1.2  Gaseous Pollutant Sampling Procedures

For CO and CO, determinations, a continuous sample will be extracted from the emission source and
passed through a nondispersive infrared (NDIR) analyzer (California Anaytical Mode CA-300P or
equivalent). For each pollutant, the NDIR analyzer compares the amount of infrared light that passes
through the sample gas to that which passes through the gas reference cells. Because CO and CO, absorb
light in the infrared region, light attenuation is proportional to the CO/CO, concentrations in the sample.
The CO/CO, analyzer ranges will be set at or near 0 to 20 percent for CO, and 0 to 25 ppm for CO at full
load (O to 50 ppm at reduced loads).

O, content will also be analyzed using a paramagnetic reaction cell analyzer. Thistype of analyzer uses a
measuring cell that conssts of a mass of diamagnetic material (dumbbell), which is temperature
controlled electronically at 50 °C. The higher the sample O, concentration, the greater the dumbbell is
deflected from its rest position. This deflection is detected by an optical system connected to an
amplifier. Surrounding the dumbbell is a coil of wire; a current passes through the wire to return the
dumbbell to its origina position. The current applied is linearly proportiona to the O, concentration in
the sample. The O, anayzer range will be set a or near 0 to 25 percent.

NOy will be determined on a continuous basis using a chemilumenescence analyzer (Monitor Labs Model
8840 or equivalent). This anadyzer catalytically reduces NOy in the sample gas to NO. The gasiis then
converted to excited NO, molecules by oxidation with O; (normally generated by ultraviolet light). The
resulting NO, luminesces in the infrared region. The emitted light is measured by an infrared detector
and reported as NOy. The intensity of the emitted energy from the excited NO, is proportional to the
concentration of NO, in the sample. The efficiency of the catalytic converter in making the changes in
chemical state for the various NOy is checked as an element of instrument set up and checkout (Section
2.4.1.3). The NOy analyzer range will be operated on arange of 0 to 25 ppm at full load and 0 to 50 ppm
at reduced loads, if necessary.

Total hydrocarbons in the exhaust gas will be measured using a FID which passes the sample through a
hydrogen flame (California Analytical Model 300 AD or equivalent). The intensity of the resulting
ionization is amplified, measured, and then converted to a signal proportional to the concentration of
hydrocarbons in the sample. Unlike the other methods, this sample stream which could be scavenged by
moisture removal does not pass through the condenser system; it is kept heated until analyzed. Thisis
necessary to avoid loss of the less volatile hydrocarbons in the gas sample. Because many types of
hydrocarbons are being analyzed, THC results will be normalized and reported as CH, equivalent. The
caibration gas for THC will be propane. Concentrations of CH, will be determined by collecting
integrated gas samplesin Tedlar bags and shipping samples to a quaified laboratory for analysis. In the
laboratory, samples will be directed to a Hewlett Packard 5890 GC/FID. Similar to the fuel sampling, the
GCI/FID will be calibrated with appropriate certified caibration gases. Sample collection bags will be
leak checked prior to testing. In addition, one replicate sample will be collected and one duplicate
analysis will be conducted for each turbine load tested.

2413 Determination of Emission Rates

The instrumental testing for CH,, CO, CO,, NOx, O,, and THCs provides results of exhaust gas
concentrations in units of percent for CO, and O, and ppmvd corrected to 15 percent O, for CH,, CO,
NOy, and THCs. The THC and CH, results are as ppmv on a wet basis, but will be corrected to ppmvd
based on measured exhaust gas moisture measurements made in conjunction with the testing. No less
than once at each load tested, an EPA Reference Method 4 test will be conducted to determine the
moisture content of the exhaust gases.
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Since turbine exhausts tend to be turbulent, EPA Method 19 will be used for caculating emission rates
instead of measuring the gas flow rate usng EPA Method 2 procedures. Method 19 employs fuel factors
(i.e., F-factors) and the turbine heat input rate (MMBtu/hr) to convert the pollutant ppmvd concentrations
to emission rates in pounds per hour (Ib/hr).

F-factors are the ratio of combustion gas volume to the heat content of the fuel, and are calculated as a
volume/HI value, (e.g., standard cubic feet per million Btu). This method applies only to combustion
sources for which the heating value for the fuel can be determined. The F-factor can be calculated from
CO; or O, values, on a wet or dry bass, as dictated by the measurement conditions for the gas
concentration determinations. Method 19 includes al calculations required to compute the F-factors and
guidelines on their use. The F-factor for natural gas can be calculated from the fuel compositional
analyses, or Method 19 allows the use of the published F-factor for natural gas [8,710 dry standard cubic
feet per million British therma units (dscf/MMBtu)]. This verification will calculate the F-factor based
on the average composition of gas samples collected during the test periods.

Measured pollutant concentrations (ppmvd) will first be converted to pounds per dry standard cubic foot
(Ib/dscf) using the following unit conversion factors:

CH;: 1 ppmvd = 4.15E-08 Ib/dscf

CO: 1 ppmvd = 7.264E-08 |b/dscf

CO,: 1 ppmvd = 1.142E-07 Ib/dscf

NOy: 1 ppmvd = 1.194E-07 |b/dscf

THC: 1 ppmvd = 4.15E-08 Ib/dscf (THC emissions are quantified as CH,)

Emission rates for each pollutant can then be calculated using Equation 15.

Emission rate (Ib/kwWh) = [Ci * HI * F-factor * (20.9/(20.9-0,))] / KW (Egn. 15)
where:

G = pollutant concentration (Ib/dscf)

HI = average engine heat input during test (MM Btu/hr)

F-factor = caculated fuel F-factor (dscf/MMBtu), gpprox. 8,710 dscf/MMBtu

O, = average measured exhaust gas O, concentration (%)

kw = average microturbine power output during test (kW)

2.5 ELECTRICITY OFFSETS AND ESTIMATION OF EMISSION REDUCTIONS

This section presents the approach for estimating emission reductions from the IR PowerWorks
installation. The GHG Center will first determine emission rates from the CHP system through direct
measurements as described in Section 2.4. Those actual emissions, compared with baseline emissions
that would occur if the CHP system were not in place, form the basis of the emission reduction
estimation.

The CHP system supplies two types of energy: electrica power and thermal energy (domestic hot water
and/or comfort heating). If the CHP system were absent or offline, the host facility would purchase
electricity from the utility grid and operate two 1.7 MMBtuwhr Weil-McLain gas-fired boilers as
replacement energy sources. These, then, are the baseline energy sources. Subtraction of the basdline

2-20



emissions for both energy types from the CHP emissions will yield the net emission reduction estimate
according to Equation 16.

Re duction = Em&n p,p - (EM8N oo + EMEN oy er) (Eagn. 16)
where:

Reduction = potential annual emission reductions (1b/yr)

Emsncyp = potential annual CHP emissions (Ib/yr), Section 2.5.1
Emsngrip = potentia annual grid emissions offset (Ib/yr), Section 2.5.2
Emsngoier = potential annua boiler emissions offset (Ib/yr), Section 2.5.3

CO, and NOx will be considered here because CO, is the primary greenhouse gas emitted from
combustion processes and NOy is a primary pollutant of regulatory interest. Reliable emission factors for
eectric utility grid and boilers are available for both gases. Figure 2-4 is a schematic of the emission
reduction estimation methodology.

Figure 2-4. IR PowerWorks CHP Emission Reduction Estimation M ethodology
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The following subsections describe the approach for estimating annual emissions for the CHP system,
potential utility grid emission reductions, and the natural gas boiler emission reductions.
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251 Estimation of Annual IR PowerWorks CHP CO, and NOyx Emissions

The first step in calculating emission reductions is to estimate the emissions associated with generating
electricity on site over a given period of time (e.g., 1-year). Section 2.4 provided procedures for verifying
the IR PowerWorks emission rates at four operating loads. This unit is projected to operate only at full
load, so the full load emission rate, along with projected annual operating hours (provided by the host
facility), alows the calculation of annual emissions pounds per year (Ib/yr), as shown in Equation 17.

EmanHP = ECHP,lOO% * kVVhCHP (Ean. 17)
where:
Emsncype = total microturbine CO, or NOy emissions (Ib/yr)
Echp.100% = microturbine CO, or NOx emission rate at full load (Ib/kWh)
KWhcyp = projected (or proven) power generated (KWh/yr)

252 Estimation of Electric Grid Emissions

The dectric energy generated by the IR PowerWorks will offset eectricity supplied by the grid.
Consequently, the reduction in eectricity demand from the grid caused by this offset will result in
changesin GHG (primarily CO, and NOy) emissions associated with producing an equivalent amount of
electricity at a central power plant. If the emissions per kWh associated with the IR PowerWorks system
are less than the emissions per kWh produced from an eectric utility, it can be implied that a net
reduction in emissions will occur at the site. Total emission reductions could be even greater because the
boiler emissions offset by the thermal energy produced will be added to the grid emission offsets as
described in Section 2.5.3 below. This combination of grid emission and boiler emission reductions is the
primary environmental benefit of the IR PowerWorks system.

If the emissions from the IR PowerWorks are greater than the emissions from the grid, possibly due to the
use of higher efficiency power generation equipment or zero emissions generating technologies (nuclear
and hydroelectric) a the power plants, a net increase in emissions may occur when considering CHP
electricity generation alone. Thiswould be mitigated by the boiler emission reductions.

Utility power systems and regional grids consist of aggregated power typicaly provided by awide variety
of generating unit (GU) types. Each type of GU emits differing amounts of GHG (and other pollutants)
per kWh generated. In the smplest case, for a single GU, total CO, emissions (Ib) divided by the total
power generated by that GU (kWh) yields the CO, emission rate for the selected GU (Ib/kwh).

More complex analyses require determination of an aggregated baseline emission rate derived from
multiple grid-connected GUs. The method to develop an aggregate emission rate is to divide the tota
emission by the total power generated from the GUs under consideration, as shown for CO, in Equation
18.
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J
a CoOy;

Epaselineco, =— (Egn. 18)
a kwh,
1
where:
Epesciineco, = aggregated grid CO, emission rate (Ib/kWh)
CO; = individua GU, CO, emissionsfor the period (Ib)
kWh, = individua GU, power generated for the period (kWh)
n = number of GU in the basdline selection set

The particular grid-connected GUs chosen for the baseline emission rate calculation have a strong effect
on the potentia microturbine emissions reductions. The microturbine power may offset generation from
an individua grid-connected GU or from many GUs on a utility-side, regional, or national basis.
Depending on the control system operator, the combination of connected GUs can change frequently
(hourly or less). Some considerations, which may confound the choice of GUs to be offset, are:

The GU inventory in the geographic region, how they are connected to the grid, loca
utility fuel mix, and the local dispatch protocol can affect whether or not a particular
GU isoffset

Microturbine operating schedules (i.e., in a baseload, peak shaving, or other mode)
should be comparable to the offset GU

Transmission and distribution (T&D) line losses should be considered for the offset
GU and for the microturbine if it exports power to the grid

Several different databases provide emission factor, power generation, cost, and other
data in varying formats

In most cases, rea-time electrical production datais not publicly available

If the analyst proposes that GUs that operate on the margin (i.e., those dispatched last and offset first) are
to be offset, then marginal fud prices, dispatchability, and economics at the loca and regional level may
need to be considered.

Because of such complex issues, the GHG Center undertook a review of regulatory guidance and
industrial community practice on how to choose the grid-connected emissions that would be offset by DG
installations. The review included procedures used by EPA, U.S. Department of Energy (DOE), Western
Regiond Air Partnership (WRAP), World Resources Ingtitute (WRI), Intergovernmental Panel on
Climate Change (IPCC), and other emission trading organizations. The guidance provided by these
organizations ranged from vague to explicit and the analyses ranged from simple to complex. Procedures
included al levels of refinement from readily available national or regional emission factors to detailed
analysis of grid control area boundaries and the GUs therein, hourly operating data, peaks, peak shaving,
and/or imports and exports.

After completing the reviews, it was concluded that the method used for choosing the baseline emissions
to be offset is arbitrary; clear and consistent guidance does not exist at present. Judgment about whether
or not a particular assumption (i.e., selection of amargina GU to be offset) is reasonable or supportable is
subject to opinion and case-by-case review. The best strategy may be to perform analyses using severa
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baselines and alow the reader to rank their value according to preference or loca administrative policy.
The GHG Center will adopt this strategy for this verification.

The host facility’s utility provider is New York State Electric and Gas Corporation (NY SEG). According
to Federd Energy Regulatory Commission documents (FERC 1999), NYSEG's in-house generation
capacity congists primarily of two hydroelectric facilities and an 18 percent interest in a nuclear power
gation. In 1999, NYSEG generated approximately 9.2 percent and purchased 90.8 percent of the
20,321,602 MWh of eectric power it dispositioned. The purchased power originated from about 91
different vendors who supplied amounts ranging from 13 to 2,814,475 MWh. Identifiable GU ranged
from city- or village-operated micro-hydroelectric plants to coa-fired facilities located in Pennsylvania,
the Carolinas, Texas, etc. NYSEG aso obtained power from brokers (such as Enron) who pool power
from an even wider variety of sources. This means that rigorous identification of specific GUs which
would be offset by the CHP system would be extremely complex and beyond the scope of this
verification.

Therefore this verification will compare the IR PowerWorks system emissions to aggregated emission
data for the three mgjor types of fossil fuel-fired power plants. cod, natural gas, and petroleum. The
GHG Center will employ well-recognized data from the U.S. Department of Energy, Energy Information
Administration (EIA) for the computations (EIA, 1999 and EIA, 2001). These data consist of the total
emissions and total power generated for each fuel type and are available at increasing levels of refinement
for the nationwide, middle Atlantic (NJ, NY, PA) census division, and New York state power grids.
Total emissions divided by total generated power for each of these three geographical regions yields the
emission rate in Ib/lkWh for CO, and NOy as described above. Table 2-3 presents the resulting emission
rates for 1999. Datafor other years and geographical regions are available from EIA if required.

Table2-3. CO, and NOx Emission Ratesfor Three Geographical Regions

Region Fuel CO, Ib/kWh NOx Ib/kWh

coal 2.15 0.00741

Nationwide gas 134 0.00254
petroleum 1.73 0.00283

Middle Atlantic Census coa 209 0.00530
Region (NJ, N, PA) gas 1.32 0.00207
petroleum 1.89 0.00209

cod 221 0.00512

New York gas 131 0.00186
petroleum 177 0.00188

The T&D system ddlivers electricity from the power station to the customer. Power transformers increase
the voltage of the produced power to the transmission voltage (generaly 115 to 765 kV) and, in turn,
reduce it for distribution (25 to 69 kV). Additiona transformers reduce the voltage further (to 220 V, 440
V, etc.) a the host facility. This means that for each kWh used at the host facility, the grid's GU must
provide additional power to overcome the transformer, powerline, and other losses. EIA data indicate that
NY SEG' s sources of power in 1999 totaled 20,321,602 MWh while losses amounted to 1,586,130 MWh.
This equates to a 7.8 percent T&D loss and means that for every kilowatt-hour generated by the CHP and
used at the host facility, grid GU would have had to provide 1.078 kWh.

Offset power grid emissions, therefore, are based on the number of kWh generated by the CHP, line
losses, and the grid emission rate for CO, or NOy as shown in Equation 19.
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Emsn,qp =kWhg, * Ecoz nox *1.078 (Egn. 19)

where:

Emsngrip = grid CO, or NOy emissions offset by the CHP (Ib/year)
kKWhchp = CHP Projected (or proven) power generated (KWh/yr)
ECOZ,NOX = COZ or NOX emission rates from Table 2-3 (I b/kWh)
1.078 =total T&D losses

The host facility’s electrical load will normally exceed the CHP's potential generation capacity (i.e. 70
kW). This is a key assumption because it means that, although the CHP is connected to the electrica
grid, there are no plans to export power to the grid.

Aswas discussed in Section 2.5, the GHG Center will use the Emsnggp estimate to calculate the potential
annual GHG emission reductions according to Equation 19.

2.5.3 Estimation of Boiler Emission Reductions

For each BTU of therma energy recovered by the IR PowerWorks (and used by the host facility), an
equivaent amount of energy is no longer needed from the baseline gas-fired boilers. For this verification,
all CHP emissions are associated with electricity production. This means that CHP emissions associated
with thermal energy production are zero for both CO, and NOy; each BTU of thermal energy recovered
from the CHP will offset al the CO, and NOy that would have been emitted by the bailers.

The first step in estimating the boilers’ avoided emissions is to measure the CHP hest recovery rate at 100
percent load as described in Section 2.2.2. These heat rates (MMBtwhr) combined with the projected
annual operating hours at each load factor allows the calculation of annua heat recovered as shown in
Equation 20.

Qchp,ann = Qchp * h* 60 (Egn. 20)

where:

QcHp.Ann = maximum total CHP heat recovered (MMBtu/yr)

Qcrp = CHP heat recovery rate at 100 percent load factor (MM Btwmin)
h = projected (or proven) operating hours at 100 percent

The host facility’s baseline heating units are two identical natural gas-fired Weil-McNed boilers (Modd
BG-688) with a manufacturer’s specified gross combustion efficiency of 81.4 percent. Weil-McNed
designed the units to provide 1.181 MMBtu/hr of heated water with 1.703 MMBtu/hr natura gas fuel
input. After accounting for boiler insulation, heat transfer, and other losses, the net boiler efficiency for
hot water production is 69.5 percent. They were installed new in 1996. This means that, for every Btu of
heat recovered from the CHP, 1/0.695 or 1.439 Btu of heat derived from the fuel would have been
supplied to the boilers. The total amount of avoided heat input to the boilers, then, is:
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QCHP Ann
== Ean. 21
QgoiLers 0.695 (Eq )

where;

QsoiLers = Avoided heat input to the boilers (MMBtu/yr)

The carbon in the natural gas, when combusted, forms CO,. The resulting CO, emission rateis.

44
EBoilerCOZ = E* (CC) * (FO) (Eqn 22)
where:
Egoitercoz = Boiler CO, emission rate, approx. 116.4 Ib/MMBtu of fuel heat input
44 = Molecular weight of CO, (Ib/Ib.mol)
12 = Molecular weight of carbon (Ib/Ib.mol)
CcC = Measured fuel carbon content

(Section 2.2.1; 2.2.1.3; approx. 31.9 Ib/MMBtu) (EPA 2001)

FO = 0.995; Fraction of natura gas carbon content oxidized

during combustion (EPA 2001)

The EPA has compiled emission factors for natural gas burnersin AP-42 (EPA 1995). The NOx emission
factor for commercia boilers from 0.3 to 10 MMBtu/hr heat input is 100 1b/10° scf of natural gas. The
GHG Center will measure the LHV for the natural gas used at the host facility as described in Section
2.2.1. Itisexpected to be approximately 950 Btu/scf. This means that 10° scf of natural gas will supply
approximately 950 MMBtu of heat to the boiler. The resulting NOy emission rate is expected to be
approximately 100/950 or 0.1053 Ib/MMBtu.

The CO, and NOy emission rates, combined with the avoided heat input to the boilers yields the potentia
boiler emissions eliminated by use of the CHP system as follows:

Emsng, er = Qeoiters * Esoier (Egn. 23)
where:
Emsngoer potential annual boiler emissions offset, 1b/yr

avoided heat input to the boilers, MMBtu/yr
boiler emission rate; approx. 116.4 Ib/MMBtu CO, and 0.1053 Ib/MMBtu NOx

QBOI LERS
EBoiler

As was discussed in Section 2.5, the GHG Center will use the Emsnzoer €stimate to calculate the
potential annual GHG emission reductions according to Equation 17.
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3.0 DATA QUALITY

3.1 BACKGROUND

The GHG Center selects methodologies and instruments for al verifications to ensure a stated level of
data quality in the final results. The GHG Center specifies DQOs for each verification parameter before
testing commences as a statement of data quality. Each test measurement that contributes to the
determination of a verification parameter has stated DQIs which, if met, ensure achievement of that
parameter’s DQO.

The establishment of DQOs begins with the determination of the desired level of confidence in the
verification parameters. The next step is to identify all measured values which affect the verification
parameter, and determine the levels of error which can be tolerated. The DQI goals, most often stated in
terms of measurement accuracy, precision, and completeness, are used to determine if the stated DQOs
are satisfied. Table 3-1 summarizes the DQOs for each verification parameter to be evaluated during this
test.

Table3-1. Verification Parameter DQOs
. Total Error?
Parameter Units -
Absolute | Relative, %
Power and Heat Production Performance
Electrical power output at selected |oads kwW 1.05° 15
Electrical efficiency at selected |oads (%) % 0.51° 1.8°¢
Heat recovery rate at selected |oads (MM Btu/hr) MMBtu/hr 0.0075° 2.15°
Thermal energy efficiency at selected |oads (%) % 1.00° 2.4°
CHP production efficiency (%) % 0.79° 1.1°
Power Quality Performance
Electrical frequency (Hz) Hz 0.006 0.01
Power factor (%) -- TBD 0.50
Eé/z))ltage and current total harmonic distortion (THD) % TBD 1.00
Emissions Performance
CO, NOy , O,, CO, and CH,4 Concentration ppmy TBD 20
(ppmv, %)
THC Concentration (ppmv) ppmv TBD 5.0
CO, NOy , CO, and CH, Emission Rates Ib/hr, 1b/Btu, TBD 12.7°
' ' Ib/kWh
. Ib/br, 1b/Btu, c
THC Emission Rates Ib/kWh TBD 135
Esti mateq NOyx emission reductions for Crouse Ib NOyr TBD 12.7¢
Community Center
Esti mateq GHG emission reductions for Crouse Ib COL/yr TBD 12.7¢
Community Center
2 bold column entries are DQO; italic entries informational expected value
b Assumes full load operation70 kwW: 480V, 145.8 A
¢ _Calculated composite error described in text

The following sections describe the measurements which contribute to the determination of the
verification parameters, how measurement uncertainties affect the determination, and the resulting DQO.
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Each section concludes with a discussion of the applicable DQIs and their associated qudity
assurance/quality control (QA/QC) checks.

3.2 ELECTRICAL POWER OUTPUT AND QUALITY DQOS

The ION 7600 power meter will directly determine electrical power output and quality. The inherent
instrument error congtitutes the DQO for each of these parameters aslisted in Table 3-1.

Table 3-2 summarizes the instrument specifications, DQI goals, and the primary method of evaluating the
DQI achieved for each of the critica measurements associated with heat and electrical power generation.
Achievement of the DQIs will be documented by factory calibrations, sensor function checks, and
reasonableness checks in the field as outlined in Table 3-3. These tables aso present instrument
specifications and QA/QC checks for the electrical power efficiency, heat recovery efficiency, and tota
efficiency verification parameters and their contributing measurements.

The manufacturer will issue a certificate of compliance for the ION 7600 power meter certifying that the
instrument met or exceeded published specifications. Consistent with 1SO 9002-1994 requirements, the
manufacturer will supply calibration documents which certify traceability to national standards. The
GHG Center will review the certificate and traceability records to ensure that the + 0.35 percent accuracy
goa was achieved or exceeded. Note that this accuracy standard, compounded with the £+ 1.0 percent
accuracy specification for the current and potentia transformers yields the + 1.5 percent DQO specified in
Table 3-2.

The 7600 ION is intended for eectric utility custody transfer applications; its calibration records are
reported to be valid for a minimum of 1 year of use, provided the manufacturer-specified installation and
setup procedures are followed. GHG Center personnel will perform the related QC checks listed in Table
3-3 and described in detail in Appendix B-2. The manufacturer will repest the factory calibration at the
end of the test to ensure that instrument accuracy remained within the specified limits.

Comparisons of the 7600 ION power output readings with the power output recorded by the turbing's
instrumentation will constitute the reasonableness check. At full load, the power meter and turbine
instruments must read between 63 and 70 kW at Standard Conditions and after derating for eevation
differences.
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Table 3-2. Measurement Instrument Specificationsand DQI Goals

Data Quality Indicator Goals

Operating
. Range Instrument Type I nstrument Instrument Rated Frequency of a How Verified /
Measurement Variable Expected in | /Manufacturer Range Accuracy Measurements | A\couracy Completeness Deter mined
Field
Power 0to 70 KW 0t0260 kW | + 1.50°% reading £ 1.50%
reading
480V (3- . +1.01%
Voltage® phase) + 10 % 0to 600V +1.01 % reading readiing
b . . +0.01 %
Electrical Frequency 60 Hz E:;ecmc Meter/ 57to 63 Hz + 0.01 % reading reading
Power OL-JtPUt Current® 010200 Mevgzruremems 0to 200 Amps + 1.01 % readin *1.01% Rovew
and Quality Amps 2600 |ON P + LOLY 9 | reading manufacturer
Voltage THD? | 0t0 100% 0to 100 % * 1%FS onceper seC.; 717 g4 Fs calibration
DAS records 1 certificates,
Current THD® 0to 100 % 0to 100 % *1%FS -minaverages | £ 1%FS Perform sensor
T 05 % function checks
Power Factor” 0to 1.0 0to 1.0 + 0.5 % reading r— eedin; 100%for | infied
Heat Recover 010 360,000 Approx. 010 5.0 controlled test
Rate ’ Btuhr X 287 Btu/hr +20% +20% periods, 90 %
for continuous
Temperature® | TBD O o | 3710356°F | £002°F £002°F test period.
Heat Recovery | | jouid Flow? TBD gnln 042000 1, 91620 +2%
Independent
PG Concentration | 10 to 20 % GC/FID 10t0 1000 ppm | + 0.02% FS 1 per day +3 % for 23% check with
PG mixture .
blind sample
Ambient 30t0 90 °F -40to 140 °F +0.2°F +02°F
Temperature” VaisalaHMD Revi
. eview
Ambient . +2% (0to90 % "
) 60Y0 -
Meteorological | Rélaive 010100 % 010100 % RH)+3% (90to | = mn £3% marufacturer
Conditions Humidity 100 % RH) e certficate
certificates
Ambient 28to3lin. SETRA Model ; o o
Pressure” Hg 280E o equiv. Oto5linHg +011%FS +011%FS
(continued)
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Table 3-2. Measurement Instrument Specifications and DQI Goals (continued)

Data Quality Indicator Goals
: . Instrument s
M easur ement Operating Range Expected in Instrument Type/ Instrument Rated Frequency of Accuracv® | Completeness How Verified /
Variable Field Manufacturer Range Accuracy M easur ements cy P Determined
Mass Flow Mass Flow Meter / o : £1.0% Review
Rate 71015 scfm Rosemount 3095 51020 scfm +1.0% reading reading 100%for | manufacturer
. Pressure Transducer / ' controlled test | calibration
Gas Pr | 50t055 . 0to 150 9 9 ;
as Pressure 055 psi Rosemount or equiv. (o] psig +0.075% FS 1-min, averages +0.075% FS periods, 90 % | certificates,
for continuous | Perform sensor
Gas o RTD / Rosemount o ) +0.09 % . B .
Fuel Input Temperature” 50 to 90 °F Series 68 58t0 752 °F +0.09 % reading reading test period. Iludngtl on checksin
+ 0.2 % accuracy
94t098 % CH.4 for CH4 . 100 % for Repeatability check
LHV (900 to 1,005 Gas Chromatograph /| 110006 CH, | +0.1% min. 1sampleat | £0.29% for | o oieqtest | - duplicate analyses
HP 589011 . each load test LHV ]
Btu/scf) repeatability for periods on the same sample
LHV

FS: full scale

& Accuracy goal represents the maximum error expected at the operating range. It is defined as the sum of instrument and sampling errors.

P These variables are not directly used to assess DQOs, but are used to determine if DQIs for key measurements are met. They are also used to form conclusions about the IR PowerWorks system
performance.

¢ _Includes instrument, 1.0 % current transformer (CT), and 1.0 % potential transformer (PT) errors

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

34




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Table 3-3. Summary of QA/QC Checks

Response to Check
M easur ement When Expected or Allowable ;
- QA/QC Check Failureor Out of
Variable Perfor med/Frequency Result Control Condition
P | dentify cause of any
Instrument Calibration - '
by Manufacturer® Beginning and end of test | + 0.35% reading problem and correct, or
replace meter
. o Identify cause of any
Sensor Diagnosticsin - Voltage and current checks
Power Output Fidd Beginning and end of test within + 1% reading problem and correct, or
replace meter
. Identify cause of any
Readings should be between
Reasonableness checks | Throughout test 63 and 70 kW at full load problem and correct or
replace meter
A Identify cause of any
Instrument Calibration — )
by Manufacturer® Beginning and end of test | + 1.0 % reading problem and correct, or
replace meter
| dentify cause of any
Fuel Flow Rate Sensor Diagnostics Beginning and end of test | Pass problem and correct, or
replace meter
; ; Readings should be within 3 : .
Comparison with S Perform sensor diagnostic
facility gas flow meter Throughout test percent of Fhefamhty gas checks
meter readings
Duplicate analyses At least twice during test
performed by period and on one blind Refer to Table 3-4 Repeat analysis
laboratory® audit sample
Confirm canister is Before collection of each ; ; . ;
Fuel Hesting fully evacuated sample canister pressure < 1.0 psia Reject canister
Value Calibration with gas Prior to analysisof each | + 1.0 % for each gas ;
standards by laboratory | lot of samples submitted | constituent Repeat analysis
Independent : . .
¢ heck with Onetime during test + 3.0 % for each gas Apply correction factor to
performance Check wi period constituent sample results
blind audit sample
Review manufacturer’s Heat recovery rate: + 2.0 %
calibration records for Prior to testing Temp: + 0.02°F Recalibrate heat meter
heat meter® Flow: + 1t0 2%
Independent Recalculate DQO
performance check of Onetime PG concentration should be achieved for heat
PG analysiswith blind accurate to within = 3 %. recovered and thermal
Heat Recovery .
sample efficiency
Rate Reported heat recovery < 0.5
Meter zero check Prior to testing BteS/mi n y<9 Recalibrate heat meter
Fluid index check Each day of testing + 5.0 % of reference value Recalibrate heat meter
Independent : : Identify cause of
performance check of Beginning of test period g;ﬁiﬁg: grggiraltusrf': discrepancy and
temperature readings 9 ' recalibrate heat meter
Instrument calibration Temp: £ 0.2°F | dentify cause of any
Ambient by manufacturer or Beginning and end of test | Pressure: + 0.11 % FS problem and correct, or
' . certified laboratory RH: + 3% replace meter
Meteorological R - -
Conditions ecording sho_uld be | dentify cause of any
Reasonableness checks | Throughout test comparable with handheld problem and correct, or

digital temp/RH meter

replace meter

#Results of these QA checks will be used to reconcile DQIs

Independent field verification with a second meter cannot be conducted to verify the accuracy of the 7600
power readings because the eectrical power system is closed. However, GHG Center personnel will
perform QC checks in the field for two key measurements, voltage and current output, which are directly
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related to the power output measurement. The Field Team Leader will measure distribution panel voltage
and current at the beginning of the verification period. He will use a digita multimeter (DMM) and
compare each phase' s voltage and current readings to the 7600 ION readings as recorded by the DAS.

Appendix B-2 presents the procedures for these checks. The Field Team Leader will obtain a minimum
of five individua voltage and current readings for the given load. The 7600 ION voltage and current
accuracies are = 1.01 percent while the DMM is + 1.0 percent. The percent difference between the DMM
reading and the 7600 ION reading will be computed to determine it is within £ 2.01 percent for voltage
and current. In these cases, the 7600 ION will be confirmed to be functioning properly.

3.3 ELECTRICAL POWER, HEAT RECOVERY, AND TOTAL EFFICIENCY DQOS

These verification parameters require determination of electrical power output, recovered heat, and fuel
input. The errors in these determinations compound as described in the following subsections to yield the
specified DQOs.

331 Electrical Power Efficiency

The electrica power efficiency is the eectrica power output divided by the heat input to the turbine,
normalized for consistency in the units (Equation 1, Chapter 2.2.1). The manufacturer’s specifications
state that at 70 kKW (238850 Btu/hr) power output, nominal electrical power efficiency will be 28 percent.
This means that fuel heat input will be approximately 853036 Btu/hr.

Determination of the heat input requires multiplication of the fue flow rate by the fuel heating value.
Errors for these measurements are + 1.0 and + 0.2 percent, respectively. Errors in multiplication and
divison compound as follows (Skoog, 1982):

.2 2
eer, 0 eear, 0
errcrel = a L : + l 2 : (Eqn 24)
’ valug & gvalue, 5
where:
errcg = compounded error, relative
err; = errorinfirst multiplied value, absolute value
err, = error in second multiplied vaue, absolute value
vaue, = first multiplied vaue
vaue, = second multiplied vaue

For this example, heat input compounded error is:

Error inHeat Input =+/(0.01)? +(0.002)? = 0.0102

At agiven heat input of 853036 Btu/hr, the measurement error amounts to approximately + 8701 Btu/hr,
or 1.02 percent relative error.
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For the electrica efficiency determination, the errors in the divided values compound according to
Equation 24. The electrical power measurement error is + 1.5 percent relative (Table 3.1) and the heat
input error is £ 1.02 percent relative. For this example, compounded relative error for the electrical
efficiency determination is therefore:

Error in Elec. Power Efficiency =-/(0.015)° +(0.0102)° =0.0181

This means that for the assumptions above, electrical power efficiency will be 28.00 + 0.51 percent, or a
relative compounded error of 1.8 percent. This compounded relative error is the data quality objective for
this verification parameter.

Data quality indicators include the 7600 ION equipment calibrations, sensor function checks, and
reasonableness checks described in Section 3.2. They aso include QA/QC procedures for fuel flow rate
and hesting value as outlined in Tables 3-2 and 3-3 and described below.

3311 Fud Flow Rate

Prior to testing, the GHG Center will send the Rosemount gas flow meter to the factory for calibration.
The cdibration certificate will be NIST-traceable; GHG Center personnel will review the cdibration to
ensure satisfaction of the £ 1.0 percent accuracy specification. The factory certified calibration data are
reported to be valid for three years, provided manufacturer-specified ingtallation and set-up procedures
arefollowed.

The Field Team Leader will program the transmitter electronics in the field to enable the meter to
calculate compensated flow. Input parameters will be the gas composition based on the average results
from the pre-test gas samples (Section 2.2.1.3) and operating ranges (i.e., gas temperature and pressure)
expected at the site during testing. To program the transmitter, Rosemount’s Engineering Assistant (EA)
Software interfaces with the transmitter via a HART protocol serial modem. Appendix B-3 provides the
specific setup parameters required in the EA and installation/setup checks and log forms for this meter.
The Fidd Team Leader will log all data entered into the EA on field data forms, the GHG Center will
maintain an electronic copy of the configuration file.

To vaidate the performance of the meter in the field, the Field Team Leader will perform sensor
diagnostic checks. He will establish zero flow conditions by isolating the meter from the flow, equalizing
the pressure across the differential pressure (DP) sensors using a crossover valve on the orifice assembly,
and reading the pressure differential and flow rate. The sensor output must read zero flow during these
checks. He will also conduct transmitter analog output checks at the beginning and end of thetest. In this
loop test, a current of known amount will be checked against a DMM to ensure that 4 mA and 20 mA
signals are produced. Appendix B-4 presents the procedures and log forms for conducting flow meter
sensor diagnostic checks.

In addition, meter readings will be compared to readings obtained from the facility's gas meter for the
PowerWorks. This meter is a Roots displacement type meter with a rated accuracy of + 1 percent and is
supplied and calibrated by the locd utility. Readings between the two meters should agree within 3
percent.
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3312  Fue Composition and Heating Vaue

QA/QC procedures for assessing gas composition data quality include duplicate analyses on at least two
samples, review of laboratory instrument calibrations, analysis of a blind audit gas sample, and
confirmation of vessdl pressure prior to sampling. The primary method of reconciling the DQI goa for
gas composition will be the duplicate analysis results. The GHG Center will conduct the other three
procedures as additional QA/QC checks.

Duplicate analyses must conform to ASTM Specification D1945 repeatability guidelines. These
guidelines vary according to the component’s concentration as illustrated in Table 3-4. The definition of
repeatability is the difference between two successive results obtained by the same operator with the same
apparatus under constant operating conditions.

Table3-4. ASTM D1945 Repeatability Specifications
Component Concentration Repeatability

(moal %) (absolute difference between 2 results)
0to0.1 +0.01

0.1t01.0 +0.04

1.0t05.0 +0.07

5.0t0 10 + 0.08

over 10 +0.1

Using these guidelines, and the anticipated ranges of gas component concentrations, Table 3-5
summarizes the target repeatability goals of primary gas components (i.e., components present in
concentrations greater than 1 percent) for the duplicate analyses.

Table 3-5. DQIsfor Anticipated Component Concentrations

Expected Concentration Range Repeatability DQI Goal
Gas Component (mol %) (absolute difference of 2 results)
Butane 0.1-05 NA (not applicable)
Ethane 30-5.0 +0.08
Heptane <01 NA
Hexane <0.1 NA
Methane 90-95 +0.1
Pentane <0.1 NA
Propane 10-30 +0.07

Additional QA/QC checks include instrument calibrations, analysis of a blind audit sample, and
confirmation of canister pressures. The analytical laboratory conducts the calibrations on a weekly basis
or whenever equipment changes are made on the instrument with a Natural Gas GPA Reference Standard
such as the example in Appendix C-2. ASTM Specification D1945 criteria for calibration states that
consecutive analytical runs on the gas standard must be accurate to within £ 1 percent of the certified
concentration of each component. The laboratory will be required to submit calibration results for each
day samples are analyzed.
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During field testing, the GHG Center will supply one blind/audit gas sample to the laboratory for
anadysis. The audit gas will be an independent Natural Gas GPA Reference Standard manufactured by
Scott Speciaty Gases with a certified analytical accuracy of + 2 percent. The audit gas will be shipped to
the test location and the Field Team Leader will collect a canister sample of it immediately after one of
the fuel gas samples is collected. He will ship the audit sample to the laboratory with the other fue
samples. The laboratory will analyze the audit sample in duplicate. The GHG Center will compute the
average result from the two analyses and will compare the results to the certified concentration of each
congtituent. Allowable error, which is the sum of the instrument cdibration criteria and the analytica
accuracy of the audit gas, must be + 3 percent for each gas congtituent.

Finally, the Field Team Leader will check sample canister pressures before collection of each sample to
confirm that the canisters were properly evacuated at the laboratory prior to shipment to the site. He will
employ an electronic vacuum gauge to measure the absolute pressure in each canister and will record the
results on log forms (Appendix A-3). Any canisters with absolute pressures greater than 1 ps will not be
used for sampling.

Following ASTM Specification D3588 guidelines, gas LHV and density are calculated based on the gas
compositional analysis. The GHG Center will therefore evaluate these parameters' validity based on the
compositional analyses. The specification provides the equations that are used to calculate repeatability
of the LHV caculations provided the anaytical repeatability criteria (Table 3-5) are met. The
repeatability expected for duplicate samples is approximately 1.2 Btu/1,000 ft*, or about 0.1 percent.
Using input from the oil and gas industry and the GHG Center's experience with these anayses, a
conservative DQI god of + 0.2 percent is established. If the GHG Center determines that the DQI goal
for compositional analyses are met, then it can be deduced that the DQI goal for LHV has been met.

3.3.2 Heat Recovery Efficiency

Heat recovery efficiency is the heat recovered divided by the turbine fuel heat input. Precise
determination of the thermal hesat recovery rate is required because it is a key performance parameter for
the CHP system. At full load (70 kW), the manufacturer specifies that 20 to 42 percent of the turbine's
fuel heat input will be recovered as useful heat. This means that with 835,035 Btu/hr fuel heat input, the
heat recovery unit will provide between 167,000 and 351,000 Btu/hr.

The Controlotron heat meter determines the heat recovery rate by measuring the glycol solution heat
exchanger temperature difference (delta T) and flow rate. It then multiplies delta T, flow rate, glycol
solution specific heat, and density to yield the heat recovery rate (Equation 4, Section 2.2.2). For agiven
glycol solution volume percent, the manufacturer specifies an overall heat recovery rate accuracy of + 2.0
percent. The meter obtains specific heat and density data from an internal “look up” table, based on
ASHRAE data (Appendices A-9, A-10; ASHRAE, 1997) and the glycol solution volume percent as input
by the Field Team Leader at the beginning of the test campaign.

Section 2.2.2.2 dtates that the GHG Center will collect and the laboratory will analyze glycol solution
samples from the CHP system prior to the start of testing. The Field Team Leader will compute the
average volume percent glycol and input it into the heat meter as described above. The laboratory’s
specified analytical error for the glycol concentration is + 3.0 volume percent, absolute. This means that,
for an example 23.0 percent glycol solution, actua concentration could range between 20.0 and 26.0
percent (relative error in this case is + 13.0 percent). Because specific heat and density vary with
different glycol compositions, the laboratory analytical error will introduce additiona error into the heat
meter’s heat recovery rate determination.
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Quantification of the additional error requires evaluation of the density and specific heat at the conditions
expected during testing. Given an average 140 °F temperature across the heat exchanger, the following
table shows these values for glycol concentrations of 23.0 and 26.0 percent. Appendices A-9 and A-10
contain the source data for the interpolations presented here.

Table 3-6. Glycol Solution Density and Specific Heat Analytical Error

I b/ | 1 DA Cp.s, Btu/lb.F Cpas, Btu/lb.F
62.59 62.72 0.9628 0.9555
Abs. Diff. 0.13 0.0073
Rd. DIff (%) 0.208 0.758

These errors compound multiplicatively according to Equation 24 as follows:

Error from Glycol Analysis =+/(0.00208)? + (0.00758)° =0.00786

This error compounds multiplicatively with the Controlotron system error of 2.0 percent as follows:

Overall Heat Meter Error =+/(0.02)? +(0.00786)? =0.0215

This means that for the given assumptions, heat recovery rate will be 350715 + 7540 Btu/hr, or a relative
compounded error of = 2.15 percent.

For the heat recovery efficiency determination, the errors in the divided values compound according to
Equation 24. The heat input is approximately 853,036 + 8701 Btu/hr or + 1.02 percent relative error
(Section 3.3.1). For this example, compounded relative error for the heat recovery efficiency
determination is therefore:

Error in Heat Recovery Efficiency =+ (0.0215)? +(0.0102)? = 0.0238

This means that for the assumptions above, heat recovery efficiency will be 42.00 + 1.00 percent, or a
relative compounded error of 2.4 percent. This compounded relative error is the data quality objective for
this verification parameter.

Tables 3-2 and 3-3 summarize the DQIs and QA/QC checks associated with this verification parameter.
The following paragraphs discuss these checks.

To ensure the energy meter's accuracy requirements are met, the GHG Center will obtain factory
calibrations for the flow transducers and RTDs. The meter zero check verifies a zero reading by the
meter when the CHP system is not in operation. The energy meter's fluid index check employs the
ultrasonic signal trangit time to verify the meter installation integrity. The meter’s software uses a series
of look-up tables to assign a reference trangit time signal based on input parameters which includes pipe
specifications and fluid composition. After installation of the meter components, the Field Team Leader
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will compare the actual transit-time signal to the reference value. Differences between the actua and
reference values in excess of 5.0 percent indicate and installation or programming error and a need for
corrective action.

The Field Team Leader will independently verify RTD accuracy in the field. He will remove the RTDs
from the fluid pipe and place them in an ice water bath along with thermocouples of known accuracy.
Temperature readings from both sensors will be recorded for comparison. He will then repeat the
procedure in a hot water bath. If the average differences in temperature readings are greater than 1.5 °F,
the meter RTDs will be sent for re-calibration. Appendix B-6 contains the field data form.

A fina quality assurance check consists of laboratory anaysis of the working fluid mixture (see Section
2.2.2.2 for further detail). The lab will quantify volume percent of PG and provide instrument caibration
records. In addition, a blind/audit sample of known PG concentration will be submitted to the laboratory
for analysis, and results will be used to determine errors between laboratory reported vaues and the true
concentration of the audit samples. The GHG Center will compare the average glycol composition
analysis results to the value input to the heat meter. Vaues within £ 3.0 percent (i.e. the accuracy of the
laboratory analysis) will ensure that the glycol composition did not change during the test campaign.

333 Total Efficiency

Tota efficiency is the sum of the electrical power and heat recovery efficiencies. Continuing with the
given example, total efficiency is 28.00 £ 0.51 percent (+1.81 percent relative error) plus 42.00 + 1.00
percent (+ 2.4 percent relative error) or 70.00 percent. For additive errors, the absolute errors compound
as follows (EPA 1999):

err_ . =+err,’ +err,” Eqn. 25

Reative error, then, is;

er
crel — — Eqgn. 26
" Valueg +Value,

err

where:

efcas = compounded error, absolute

erry = error infirst added vaue, absolute value
err, = error in second added value, absolute value
err.s = compounded error, relative

vaue, = firs added value

vaue, = second added value

For this example, total efficiency compounded error is.

Error inTotal Efficiency = 4/(0.51)% +(L.00)? =0.0112

The total efficiency is 70.00 + 0.79 percent, or 1.1 percent relative error. This compounded relative error
is the data quality objective for this parameter. Sections 3.3.1 and 3.3.2 described the data quality
indicators for the measurements which contribute to this determination.
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3.4 AIR POLLUTANT EMISSIONS

Air pollutant emissions in pounds per hour divided by the electrica power production rate in kilowatts
yields the air pollutant emission rate in pounds per kilowatt hour. (Equation 17, Section 2.4.1.3). The
manufacturer states that the turbine’'s NOy emissions are less than 9 ppmv when corrected to 15 percent
O,. Thisequatesto 4.42 ppmv at the 18 percent stack gas O, expected during testing. The resulting NOy
emission rate is 2.768 x 10 Ib/hr for a heat input of 835035 Btu/hr. Dividing by the turbine's electrical
power production of 70 kW yields 3.954 x 10 Ib/kWh of NOx emissions. This is the value expected
during field testing.

The contributing measurements for the NOx emission rate are stack gas concentration (ppmv), heat input
(MMBtu/hr), and the O, concentration (percent) in the stack gas; their accumulated errors are £ 2.0, £
1.02, and £ 2.0 percent, respectively. Compounding of errors in each of these measurements is similar to
the discussion in Sections 3.3.1 and 3.3.2. Theresult isan overal + 12.7 percent relative error in the NOy
Ib/lkWh emission rate. Note that the £ 2.0 percent error in the O, measurement magnifies the total error
because it is part of a subtraction in the numerator of Equation 15 (conversion of pollutant concentration
to mass emissions using EPA Method 19). Compounded errors for CO, CO,, and CH, will be identicdl;
errors for THC compound to + 13.5 percent due to the £ 5.0 percent analyzer error (instead of 2.0 percent
for the other analyzers).

As summarized in Table 3-1, the DQOs for CH,4, CO, CO,, and NOx Ib/kWh will be £ 12.7 percent
relative error. The DQO for THC Ib/kWh will be 13.5 percent relative error.

The GHG Center will employ the EPA Reference Methods listed in Table 2-2, Section 2.4.1 to determine

emission rates of criteria pollutants and greenhouse gases. Table 3-7 summarizes the instruments, ranges,
accuracies, and DQI goas for this verification.
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Table 3-7. Pollutant M easurement Instrument Specifications and DQI Goals

Data Quality Indicator Goals

Operating I nstrument i
. Instrument Type/ I nstrument Frequency of a How Verified /
M easurement Variable Range Expected M anufacturer Range Rated Measurements | Accuracy Completeness Determined
in Field Accuracy
Chemiluminescence / 0to 25 ppm (full
NOy Levels 0 to 50 ppm Monitor Labs Model load), 0to 50 ppm | + 1% FS +2% FS
8840 (reduced loads)
S . 0 to 25 ppm (full
CO Levels 0 to 50 ppm coliforaAnayical | o), 0to 50 ppm | £19%FS £ 29%FS
(reduced loads)
California Analytical . Follow EPA
O Levels 0to 25 % 0to 25 % 9 9
2 0 CA-300P 0 E1%FS trz;?ieczto&gl:te 2% FS Load tests - Reference Method
Exhaust Stack o California Analytical o 100 % calibration and QC
Emissions CO: Levels 0to 20 % CA-300P 0to 20 % +1%FS load +2% FS criteria
0to 25 ppm (full
CHj4 content 0 to 50 ppm 58%6 FID HP Model load), 0to 50 ppm | £ 0.1 % FS +5% FS
(reduced loads)
. . . 0to 25 ppm (full
THC Levels 0 to 50 ppm % California Analytical load), 0to 50 ppm | +1%FS +5%FS
300 FID
(reduced loads)
Temperature 400 to 600 °F Thermocouple/ up to 2100 °F + 1% reading twice per week + 1% reading

Omega Type K

& Accuracy goal represents the maximum error expected at the operating range. It is defined as the sum of the instrument and sampling errors.
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The Reference Methods specify the sampling methods, calibrations, and data quality checks that must be
followed to achieve a data set that meets the DQOs. These procedures ensure the quantification of run-
specific instrument and sampling errors and that runs are repeated if the specific performance goals are
not met. The GHG Center will assess emissions data quality, integrity, and accuracy through these
system checks and calibrations.

The corresponding Reference Methods document QA/QC procedures, and they will not be repeated here
in entirety. However, specific procedures to be conducted during this test are outlined below. Table 3-8
summarizes the QA/QC checks that the GHG Center will perform during field testing. Satisfaction and
documentation of each of the calibrations and QC checks will verify the accuracy and integrity of the
measurements with respect to the DQIs listed in Table 3-7, and subsequently the DQOs for each pollutant.

Table 3-8. Summary of QA/QC Checksfor Pollutants

Response to Check
M easurement When Expected or Allowable ;
; QA/QC Check Failure or Out of
Variable Perfor med/Frequency Result Control Condition
Analyzer interference check Once before testing + 2 % of analyzer span Repair or replace
NO, | NO, converter efficiency begins 98 % efficiency analyzer
Sampling system calibration Before and after each o
error and drift checks test run * 2% of analyzer span Repeat test
Analyzer calibration error Daily before testing + 2 % of analyzer span Repair or replace
Co, test analyzer
. Co,, . o Correct or repair
Er;nes;son o, 2, | System bias checks Before each test + 5% of analyzer span sampling system
Calibration drift test After each test + 3 % of analyzer span Repeat test
o . . Correct or repair
+ 50
e System calibration error test Daily before testing + 5% of analyzer span sempling system
System calibration drift test After each test + 3 % of analyzer span Repeat test
Calibration with gas Prior to analysis of + 2% for
CH, | standards by certified each lot of samples S . Repeat analysis
. CH, concentration
laboratory submitted

Emissions of NOx will be measured using Method 7E, CO will be determined in accordance with Method
10, and emissions of O, and CO, in accordance with Method 3A. Method 10 does not define QC criteria
well for CO measurements. Methods 7E and 3A refer to EPA Method 6C (determination of sulfur
dioxide emissions) for QC criteria, and the GHG Center will follow these criteria for this verification.

Sampling System Cdlibration Error, Drift, and Bias

The criteria specified in Method 6C include determination of analyzer calibration error, sampling system
bias, and calibration drift. The testing contractor will conduct calibration error checks once per day of
testing. The tester will sequentialy introduce a suite of calibration gases to the sampling system at the
sampling probe, and then record the system response. All calibration gases will conform to EPA
Protocol No. 1. The three gases used for CO,, NOy, O,, and THC include zero, 40 to 60 percent of span,
and 80 to 100 percent of span. The CO analyzer requires four calibration gases. zero, 20 to 30 percent of
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span, 40 to 60 percent of span, and 80 to 90 percent of span. The maximum alowable error (bias) in
response to any of the caibration gasesis+ 2 percent of span for NO, and + 5 percent of span for THC.

At the conclusion of each test run, the operator again introduces zero and mid-level calibration gases to
the sampling system at the probe and records the response. Comparison of the resulting initial and fina
system responses alow the determination of system drift. Drifts which are within + 2.0 percent for CO,
CO, NOy, and within + 3.0 percent for THC are acceptable. The applicable methods include procedures
to correct for acceptable calibration drift during each test run. The testing team will repeat test runs for
which drifts exceed these amounts.

NO, Analyzer Interference Test

In accordance with Method 20, testers will conduct a NOx analyzer interference test once before the
testing begins. Thistest is conducted by injecting the following calibration gases into the analyzer:

CO -500 £ 50 ppm in balance N,
SO, —200 + 20 ppmin N,
CO,—10+1%inN,
0,-209+1%

For acceptable analyzer performance, the sum of the interference responses to al of the interference test
gases must be within + 2 percent of the analyzer span value. Anayzers failing this test will be repaired or
replaced.

NO, Converter Efficiency Test

The NO, analyzer converts any NO, present in the gas stream to NO prior to gas andysis. The tester will
conduct a converter efficiency test immediately prior to beginning the testing. The test operator
introduces a mixture of mid-level caibration gas and air to the analyzer and records its response every
minute for 30 minutes. If the NO, to NO conversion is 100 percent efficient, the response will be stable
at the highest peak value observed. If the response decreases by more than 2 percent from the peak value
observed during the 30-minute test period, the converter is faulty. A NO, anayzer failing the convertor
efficiency test will be either repaired or replaced prior to testing.

3.5 INSTRUMENT TESTING, INSPECTION, AND MAINTENANCE REQUIREMENTS

The equipment used to collect verification data will be subject to the pre- and post-test QC checks
discussed earlier. Before the equipment leaves the GHG Center or anaytical laboratories, it will be
assembled exactly as anticipated to be used in the field and fully tested for functionality. For example, al
controllers, flow meters, computers, instruments, and other sub-components of the measurements system
(Figure 2-2) will be operated and calibrated as required by the manufacturer and/or this Test Plan. Any
faulty sub-components will be repaired or replaced before being transported to the test site. A small
amount of consumables and frequently needed spare parts will be maintained at the test site. Mgjor sub-
component failures will be handled on a case-by-case basis (e.g., by renting replacement equipment or
buying replacement parts).

The instruments used to make gas flow rate measurements will be inspected at the GHG Center's

laboratory prior to instalation in the field to ensure all parts are in good condition. The equipment used
to make gas pressure and temperature, and ambient measurements are maintained by the GHG Center’s
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Environmental Studies Group. The mass flow meters, temperature, gas pressure, and other sensors will
be submitted to the manufacturer for calibration prior to being transported to the test site.

3.6 INSPECTION/ACCEPTANCE OF SUPPLIES AND CONSUMABLES

Natural Gas Reference Standard gases will be used to calibrate the GC used for fuel anadyses, and to
prepare and blind audit sample for submittal to the laboratory. The concentrations of components in the
audit gas are certified within £ 2 percent of the tag value. Copies of the audit gas certifications will be
available on-site during testing and archived at the GHG Center.

EPA Protocol gases will be used to calibrate the gaseous pollutant measurement system. Cadlibration gas
concentrations meeting the levels stated in Section 2.4 will either be generated from high concentration
gases for each target compound using a dilution system or supplied directly from gas cylinders. Per EPA
Protocol gas specifications, the actual concentration must be within £ 2 percent of the certified tag value.
Copies of the EPA Protocol gas certifications will be available on site.
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4.0 DATA ACQUISITION, VALIDATION, AND REPORTING

4.1 DATA ACQUISITION AND STORAGE

Test personne will acquire the following types of data during the verification:

Continuous measurements (i.e., gas flow, gas pressure, gas temperature, power
output and quality, heat recovery, and ambient conditions, to be collected by the
GHG Center’sDAYS)

Fuel gas compositional data from canister samples collected by the Field Team
Leader and submitted to laboratory for anaysis

Emissions testing data from test contractor

PG compositional analyses from anaytica laboratory

IR PowerWorks and facility operating data to be supplied by the test facility

The Field Team Leader will also take site photographs and maintain a Daily Test Log which includes the
dates and times of setup, testing, teardown, and other activities.

The Field Team Leader will submit digital data files, gas analyses, chain of custody forms, and the Daily
Test Log to the Project Manager. The Project Manager will initiate the data review, validation, and
calculation process. These submittals will form the basis of the Verification Report which will present
data analyses and results in table, chart, or text format as is suited to the data type. The Verification
Report’s conclusions will be based on the data and the resulting caculations. The GHG Center will
archive and store al datain accordance with the GHG Center QMP.

411 Continuous Measurements Data Acquisition

An dectronic DAS will collect and store continuous process and ambient meteorological data.  Core
components of the DAS are an Allen-Bradley (AB) Model SLC 5/05 programmable logic controller
(PLC) and a TOGA Gladiator Unix-based data acquisition computer (data server). Figure 4-1 is a
schematic of the DAS.

The PLC brings al andog and digita signas (from the measurement sensors) together into a single
realtime data source. The DAS can accommodate any combination of up to 16 analog signal channels
with 4 to 20 mA current or DC voltage inputs. Sensors can aso provide digital signas via the ModBus
network to the DF1 interface unit. This converts the ModBus data to the AB DF1 protocol which is
compatible with the PLC. The PLC nominally polls each sensor once per second and converts the signals
to engineering units. It then computes 1-minute averages for export to the data server and applies a
common time stamp to facilitate data synchronization of all measurements.
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Figure4-1. DAS Schematic
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The data server records information from the PLC and contains the software for programming the PLC
(i.e., data sampling rates, engineering unit conversions, calibration constants). 1ts UNIX operating system
writes dl PLC data to a My-SQL relational database for export to spreadsheet, graphics, and other
programs. This database is ODBC-compliant, which means that almost any MS Windows program can
easly use the data. The data server includes an interna modem and Ethernet card for remote and local
communications. During normal operations, the user accesses the data server with a portable laptop or
remote computer (PC) via its communications port, Ethernet link, or telephone connection. Spreadsheets
allow the user to download the entire database or only that portion which has been added since the last
download. The user then conducts data queries (i.e., for certain times, dates, and selected data columns)
on the downloaded data as needed.

During the verification testing, GHG Center personnel will configure the DAS to acquire the process
variables listed in Table 4-2. The table aso lists operational parameters provided by the IR PowerWorks
internal software. These data will not be directly logged on the GHG Center's DAS, but will be copied
and stored on a persona compulter.
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During field testing, the Field Team Leader will retrieve, review, and validate the eectronically collected
data at the end of each load test run. He will use standard statistical methods to determine if the variation
in power output, power factor, gas flow rate, ambient temperature, and ambient pressure meet the
maximum permissible limits specified in Table 2-1. If the PTC criteria are met, test results will be stated
as mean vaues with an associated 90 percent confidence interval for each variable. The width of the
confidence interval depends on the number of data points (1-minute averages) in the test run and the
sample standard deviation as shown in Equation 27.

ar (Egn. 27)

—t S
bs — *05,n-1
abs n (—n

where:
errys = Haf width of the 90 percent confidence interval
tosn1 = T distribution value for a 90 percent confidence interval and n-1 degrees of freedom
S = Sample standard deviation of the test run data
F n = Number of 1-minute averagesin the test run
m To conform to PTC-22 requirements, each test run will last 30 minutes or less. For a 30-minute test run,
n-1is 29 and t 520, Or 1.699, would be used in Equation 27. For reference, the following table presents
E the T distribution values for the expected test run durations.
U Table4-1. T Distribution Valuesfor 90 Percent Confidence Intervals
o n n-1 tosn1
20 19 1.729
ﬂ 21 20 1.725
2 21 1721
(TN 23 2 1717
> 24 23 1.714
25 24 1.711
- 26 25 1708
.- 27 26 1.706
u 28 27 1.703
29 28 1.701
m 30 29 1609
31 30 1.697
q 41 40 1.684
n Therdative eror is:
I err
e, = Tabs *100 (Eqn. 28)
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where;

erry = Reative error, percent

X

Mean vaue for the test run in question

For this task, the Field Team Leader will enter the appropriate data and results on the log forms in
Appendix A-2. Load tests will be repeated until the maximum permissible limits are attained.

Table 4-2. Datato be Collected for IR PowerWorks Evaluation

Sensor / Source M easur ement Parameter Purpose! Significance
Rosemount 3095 Flow Meter Natural gas flow rate (scfm) P System performance parameter
Natural gas temperature (°F) S System operationa parameter
Rosemount pressure transducer Natural gas pressure (psi) S System performance parameter
] Ambient temperature (°F) P System performance parameter
VaisalaModel HMPSOYO Ambient relative humidity (% RH) P System performance parameter
Setra ambient pressure sensor Ambient pressure (psi) D/S System operationa parameter
Voltage Output (Volts) P System performance parameter
Current (Amps) P System performance parameter
Power factor P System performance parameter
. Power Output (kW) P System performance parameter
Electric Meter 7600 ION Kilovolt-amps reactive S System operational parameter
Frequency (Hz) P System performance parameter
Voltage THD (%) P System performance parameter
Current THD (%) P System performance parameter
Power Command (kW) P User input parameter
Start / Stop schedule P User input parameter
Date, time D/S System operationa parameter
Turbine speed (rpm) D/S System operationa parameter
Compressor inlet temperature (°C) D/S System operationa parameter
Power supply voltage (volt) D/S System operational parameter
Fuel inlet pressure (psi) D/S System operational parameter
Electrical frequency (Hz) D/S System operational parameter
_— Current — Phase A (amps) D/S System operational parameter
I(E,g;evéeé\;v&:ﬁ tg;) mmunication System Current — Phase B (amps) D/S System operational parameter
Current — Phase C (amps) D/S System operational parameter
Current — Neutral (amps) D/S System operationa parameter
Voltage RMS - Phase A D/S System operationa parameter
Voltage RMS - Phase B D/S System operational parameter
Voltage RMS - Phase C D/S System operational parameter
Average power - Phase A (kW) D/S System operational parameter
Average power - Phase B (kW) D/S System operational parameter
Average power - Phase C (kW) D/S System operationa parameter
Total average power (KW) D/S System operational parameter
Iggi;:gg (i;g)ated liquid exiting S System operational parameter
Controlotron Energy Meter Eg;‘gi;t;:gg (Sg;"ed liquid entering S System operational parameter
Liquid flow rate (gpm) S System operational parameter
Heat recovery rate (Btu/min) P System performance parameter

! D - Documentation/Diagnostic

P - Primary value; verification employsthese data points
S- Secondary value, used as needed to perform comparisons and assess apparent abnormalities
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During field testing, the Field Team Leader will retrieve, review, and validate the electronically collected
data at the end of each load testing. To determine if the criteria for electrical efficiency determinations
are met, time series power output, power factor, gas flow rate, ambient temperature, and ambient pressure
will be processed using the statistical analysis tool in Microsoft Excel®. If it is determined that maximum
permissible limits for each variable, calculated at a 95 percent confidence level, are satisfied, the electrical
efficiency measurement goa will be met. Conversely, the load testing will be repeated until maximum
permissible limits are attained. Data for this task will be maintained by computer and by handwritten
entries. Observations and test run sheets will be recorded manually in alog form developed exclusively
for thistask (Appendix A-2). Disk copies of the Excel spreadsheet results will be made at the end of each
day. The Field Team Leader will report the following results to the Project Manager:

Electrical power generated at selected |oads

Fuel flow rate at selected |oads

Electrica efficiency at selected loads (estimated until gas analyses results are
submitted)

Heat recovery and use rate at selected loads (estimated until PG analyses results are
submitted)

Thermal efficiency at selected loads

Net IR PowerWorks system efficiency

Data quality assurance checks for the instruments illustrated in Figure 2-1 were discussed in Section 3.0.
Manua and electronic records (as required) resulting from these checks will be maintained by the Field
Team Leader.

After the completion of al test runs origina field data forms, the Daily Test Log, and e ectronic copies of
data output and statistical analyses will be stored at the GHG Center's RTP office per guidelines
described in the GHG Center's QMP.

4.1.2 Emission Measurements

The emissions testing contractor will be responsible for al emissions data, Q/A log forms, and electronic
files until they are accepted by the Field Team Leader. The emissions contractor will use software to
record the concentration signas from the individua monitors. The typical data acquisition system
records instrument output at one-second intervals, and averages those signals into 1-minute averages. At
the concluson of a test run, the pre- and post-test calibration results and test run values will be
electronically transferred from tester's DAS into a Microsoft Excel spreadsheet for data calculations and
averaging.

The emissions contractor will report emission measurements results to the Field Team Leader as.

Parts per million by volume (ppmv)
ppmv connected to 15 percent O,
Emission rate (Ib/hr)

Upon completion of the field test activities, the emissions contractor will provide copies of records of
calibration, pre-test checks (O, dratification checks, system response time, and NO, converter), and field
test datato Field Team Leader prior to leaving the site. A forma report will be prepared by the contractor
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and submitted to Center Field Team Leader within three weeks of completion of the field activities. The
report will describe the test conditions, documentation of all QA/QC procedures, including copies of
calibrations, certificates of calibration gases, and the results of the testing. Field data will be included as
an appendix and an electronic copy of the report will be submitted. The submitted information will be
stored at the GHG Center’s RTP office per guidelines defined in the QMP.

4.1.3 Fuel Gas Sampling and PG Mixture Sampling

Fuel gas and PG solution sampling and QA/QC procedures are discussed in Section 2.0. The Field Team
Leader will maintain manual fuel sampling logs and chain-of-custody records. After the field test, the
laboratory will submit results for each sample, calibration records, and repeatability test results to the
Field Team Leader. Origina lab reports and electronic copies of data output and statistical anayses will
be stored at the GHG Center’s RTP office per guidelines described in the GHG Center's QMP.  After
receipt of the laboratory analyses, the Field Team Leader will compute the actua electrica and therma
efficiency at each load tested and report the results to the Project Manager.

4.2 DATA REVIEW, VALIDATION, AND VERIFICATION

Data review and validation will primarily occur at the following stages:

On-site -- by the Field Team Leader
Before writing the draft Verification Report -- by the Project Manager

During QA review of the draft Verification Report and audit of the data -- by the
GHG Center QA Manager

Figure 1-5 identifies the individuals who are responsible for data validation and verification.

The Field Team Leader will be able to review, verify, and validate some data (i.e.,, DAS file data,
reasonableness checks) while on site. In the field, the Team Leader will review collected data for
reasonableness and completeness. The data from each of the controlled test periods will aso be reviewed
on-site to determine if PTC 22 variability criteria are met and if not, the test run will be rejected. The
emissions testing data will be validated by reviewing instrument and system calibration data and ensuring
that those and other reference method criteria are met. Factory cdibrations for fuel flow, pressure, and
temperature, electrica and therma power output, and ambient monitoring instrumentation will be
reviewed on-site to vaidate instrument functionality. Other data, such as fuel LHV and glycol solution
analysis results, must be reviewed, verified, and validated after testing has ended. The Project Manager
holds overall responsibility for these tasks.

Upon review, all collected data will be classed as vaid, suspect, or invalid. The GHG Center will employ
the QA/QC criteria discussed in Section 3.0; and specified in Tables 3-2 through 3-7. Review criteria are
in the form of factory and on-site cdibrations, maximum calibration and other errors, and audit gas
analyses results, and lab repeatability results.

In general, valid results are based on measurements which meet the specified DQIs and QC checks, that

were collected when an instrument was verified as being properly calibrated, and that are consistent with
reasonable expectations (e.g., manufacturers specifications, professional judgement).
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The data review process often identifies anomaous data. Test personnel will investigate al outlying or
unusual vaues in the field as is possible.  Anomalous data may be considered suspect if no specific
operational cause to invalidate the data is found.

All data, valid, invalid, and suspect will be included in the Verification Report. However, report
conclusions will be based only on valid data and the report will justify the reasons for excluding any data.
Suspect data may be included in the analyses, but may be given speciad treatment as specificaly
indicated. If the DQI goals cannot be met due to excessive data variability, the Project Manager will
decide to either continue the test, collect additional data, or terminate the test and report the data obtained.

The QA Manager reviews and validates the data and the draft Verification Report using the Test Plan and
test method procedures. The data review and data audit will be conducted in accordance with the GHG
Center’'s QMP. For example, the QA Manager will randomly select raw data and independently calculate
the Performance Verification Parameters dependent on that data. The comparison of these calculations
with the results presented in the draft Verification Report will yield an assessment of the QA/QC
procedures employed by the GHG Center.

4.3 RECONCILIATION OF DATA QUALITY OBJECTIVES

A fundamental component of all verifications is the reconciliation of the data and its quality as collected
from the field with the DQOs.

In general, when data are collected, the Field Team Leader and Project Manager will review them to
ensure that they are valid and are consistent with expectations. They will assess the quality of the datain
terms of accuracy and completeness as they relate to the stated DQI goals. Section 3.0 discusses each of
the verification parameters and their contributing measurements in detail. 1t also specifies the procedures
that field personnel will employ to ensure that DQIs are achieved; they need not be repeated here. If the
test data show that DQI goals were met, then it will be concluded that DQOs were achieved; DQIs and
DQOs will therefore be reconciled. The GHG Center will assess achievement of certain DQI goals
during field testing because QC checks and calibrations will be performed on site or prior to testing.
Other DQIs, such as gas analysis repeatability, will be verified after field tests have concluded.

4.4 ASSESSMENTS AND RESPONSE ACTIONS

The quality of the project and associated data are assessed by the Field Team Leader, Project Manager,
QA Manager, GHG Center Director, and technica peer reviewers. The Project manager and QA
Manager independently oversee the project and assess its quality through project reviews, inspections if
needed, and an ADQ.

441 Project reviews

The review of project data and the writing of project reports are the responsibility of the Project Manager,
who aso is responsible for conducting the first complete assessment of the project. Although the
project’s data are reviewed by the project personnel and assessed to determine that the data meet the
measurement quality objectives, it is the Project Manager who must assure that project activities meet the
measurement and DQO requirements.

The second review of the project is performed by the GHG Center Director, who is responsible for

ensuring that the project’s activities adhere to the requirements of the program and expectations of the
stakeholders. The GHG Center Director’s review of the project will aso include an assessment of the
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overal project operations to ensure that the Field Team Leader has the equipment, personnd, and
resources to complete the project as required and to deliver data of known and defensible quality.

The third review is that of the QA Manager, who is responsible for ensuring that the program
management systems are established and functioning as required by the QMP and corporate policy. The
QA Manager is the fina reviewer within the SRI organization, and is responsible for assuring that QA
requirements have been met.

The draft document will be then reviewed by NYSERDA. This will be followed by a review from the
host site and sdlected members of the DG Technical Panel (minimum of two industry experts).
Technically competent persons who are familiar with the technical aspects of the project, but not involved
with the conduct of project activities, will perform the peer reviews. These reviewers will provide written
comments to the Project Manager. Further details on project review requirements can be found in the
GHG Center’sQMP.

The draft report will then be submitted to EPA QA personnel, and comments will be addressed by the
Project Manager. Following this review, the Verification Report and Statement will undergo their EPA
management reviews, including the GHG Center Program Manager, EPA ORD Laboratory Director, and
EPA Technica Editor.

4.4.2 Inspections

Although not planned, inspections may be conducted by the Project Manager or the QA Manager.
Inspections assess activities that are considered important or critical to key activities of the project. These
critical activities may include, but are not limited to, pre- and post-test calibrations, the data collection
equipment, sample equipment preparation, sample analysis, or data reduction. Inspections are assessed
with respect to the Test Plan or other established methods, and are documented in the field records. The
results of the inspection are reported to the Project Manager and QA Manager. Any deficiencies or
problems found during the inspections must be investigated and the results and responses or corrective
actions reported in a Corrective Action Report (CAR), shown in Appendix B-8.

4.4.3 Audits

Following the GHG Center's Quality Management Plan (QMP) requirements, an ADQ will be conducted.
The ADQ is an evauation of the measurement, processing, and evaluation steps to determine if
systematic errors have been introduced. During the ADQ, the QA Manager, or designee, will randomly
select gpproximately 10 percent of the data to be followed through the analysis and data processing. The
scope of the ADQ isto verify that the data handling system functions correctly and to assess the quality of
the data generated. The ADQ is not an evaluation of the reliability of the data presentation. The review
of the data presentation is the responsibility of the Project Manager and the technical peer-reviewer.

A Technical Systems Audit (TSA) assesses implementation of Test/QA Plans. Regarding internal TSAS,
the Center's QM P specifies that:

The Test/QA Plan for each test, or substantially similar group of tests, will be subject of a TSA.
This will include field verification in a representative number of tests (at least one per year).
Such occasions will be specified in the Test/QA Plan. These will be conducted by SRI’'s QA
staff.
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The current verification is one of five verifications of CHP technologies planned during 2002-2003,
severa of which are in progress. The intention of the Center is to perform a detailed TSA, including on-
ste field observation, on one of the earliest of these substantially similar tests, followed by less intensive
audits on the remaining tests. These subsequent audits will focus on elements which are unique to the
specific tests, and will probably involve interviews and inspection of records rather than field observation.
The current verification will receive a TSA in one of these forms.

Since the current schedule of projects suggests that this verification will be the first of these substantialy
similar tests, it is a candidate for the detailed field audit. However, if schedule changes dter the order of
the verifications, the "basdline" audit may be performed on ancther verification, and the TSA for this test
will be of the "derivative' or update scope.

Lastly, this verification will include two performance evauation audits (PEA), on in the form of the
natural gas reference standard blind audit sample submitted to the gas andysis laboratory, and another in
the form of the blind PG sample submitted along with those samples. Both will represent direct
assessment of sampling and analytical accuracy.

4.5 DOCUMENTATION AND REPORTS

During the different activities on this project, documentation and reporting of information to management
and project personnel is critical. To insure the complete transfer of information to all parties involved in
this project, the following field test documentation, QC documentation, corrective action/assessment
report, and verification report/statements will be prepared.

451 Field Test Documentation

The Field Team Leader will record al important field activities. The Field Team Leader reviews all data
sheets and maintains them in an organized file. The required test information was described earlier in
Sections 2.0 and 3.0. The Field Team Leader will aso maintain a field notebook that documents the
activities of the field team each day and any deviations from the schedule, Test Plan, or any other
significant event. Any maor problems found during testing requiring corrective action will be reported
immediately by the Field Team Leader to the Project Manager through a CAR. The Field Team Leader
will document this in the project files and report it to the QA Manager.

The Project Manager will check the test results with the assistance of the Field Team Leader to determine
whether the QA criteria were satisfied. Following this review and confirmation that the appropriate data
were collected and DQOs were satisfied, the GHG Center Director will be notified.

452 QC Documentation

After the completion of verification test, test data, sampling logs, calibration records, certificates of
calibration, and other relevant information will be stored in the project file in the GHG Center’s RTP
office. Cadlibration records will include information about the instrument being calibrated, raw calibration
data, calibration equations, analyzer identifications, calibration dates, calibration standards used and their
traceabilities, calibration equipment, and staff conducting the calibration. These records will be used to
prepare the Data Qudity section in the Verification Report, and made available to the QA Manager
during audits.

4-9



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

453 Corrective Action and Assessment Reports

A corrective action is the process that occurs when the result of an audit or quality control measurement is
shown to be unsatisfactory, as defined by the DQOs or by the measurement objectives for each task. The
corrective action process involves the Field Team Leader, Project Manager, and QA Manager. A written
Corrective Action Report, included in Appendix B-8, is required on mgjor corrective actions that deviate
from the Test Plan.

This Test plan includes validation processes to ensure data quality and establishes predetermined limits
for data acceptability. Consequently, data determined to deviate from these objectives require evaluation
through an immediate correction action process.

Immediate corrective action responds quickly to improper procedures, indications of malfunctioning
equipment, or suspicious data. The Field Team Leader, as a result of calibration checks and internal
quality control sample anayses, will most frequently identify the need for such an action. The Project
Manager will immediately be notified of the problem and will take and document appropriate action. The
Project Manager is responsible for, and is authorized to halt the work, if it is determined that a serious
problem exists. The Field Team Leader is responsible for implementing corrective actions identified by
the Project Manager, and is authorized to implement any procedures to prevent the recurrence of
problems.

The results of the ADQ conducted by the QA Manager will be routed to the Project Manager for review,
comments, and corrective action. The results will be documented in the project records. The Project
Manager will take any necessary corrective action needed and will respond by addressing the QA
Manger’s comments in the final Verification Report.

454 Verification Report and Verification Statement

A draft Verification Report and Statement will be prepared within 8 weeks of completing the field test by
the Project Manager if possible. The Verification Report will specifically address the results of the
verification parameters identified in the Test Plan.

The Project Manager will submit the draft Report and Statement to the QA Manager and Center Director
for review. The find verification Report will contain a verification Statement, which is a 3 to 4 page
summary of the IR PowerWorks technology, the test strategy used, and the verification results obtained.
The Verification Report will summarize the results for each verification parameter discussed in Section
2.0 and will contain sufficient raw data to support findings and alow others to assess data trends,
completeness, and quality. Clear statements will be provided which characterize the performance of the
verification parameters identified in Sections 1.0 and 2.0. A preiminary outline of the report is shown
below.

Preliminary Outline
IR PowerWorks Verification Report

Verification Satement
Section1.0:  Verification Test Design and Description
Description of the ETV program

Turbine system and site description
Overview of the verification parameters and evaluation strategies
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Section 2.0: Results
Power production performance
Power quality performance
Operational performance
Emissions performance

Section 3.0: Data Quality
Section4.0: Additional Technical and Performance Data (optional) supplied by NYSERDA

References:
Appendices.  Raw Verification and Other Data

4.6 TRAINING AND QUALIFICATIONS

The GHG Center's Field Team Leader has extensive experience (+15 years) in field testing of air
emissions from many types of sources. He is aso familiar with natura gas flow measurements from
production, processing and transmission stations. He is familiar with the requirements of al of the test
methods and standards that will be used in the verification test.

The Project Manager has performed numerous field verifications under the ETV program, and is familiar
with requirements mandated by the EPA and GHG Center QMPs. The QA Manager is an independently
appointed individual whose responsibility is to ensure the GHG Center's activities are performed
according to the EPA approved QMP.

4.7 HEALTH AND SAFETY REQUIREMENTS

This section applies to GHG Center personnd only. Other organizations involved in the project have
their own health and safety plans - specific to their roles in the project.

GHG Center staff will comply with al known host, state/local and Federal regulations relating to safety at
the test facility. This includes use of persona protective gear (e.g., safety glasses, hard hats, hearing
protection, safety toe shoes) as required by the host and completion of site safety orientation (i.e., Site
hazard awareness, dlarms and signals).
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Appendix A-1. Load Testing Procedures

In the System Communications Software, select desired load in the Power Command box. Record
these user specified settings in the log form (Appendix A-2).

Synchronize clocks with DAS, coordinate with emissions testing personnel to establish a start time.
Record this time in the log form.

Continue operating the IR PowerWorks system at the selected load for a minimum of 4 minutes.

Obtain a minimum of one gas sample from the fuel supply line. Follow procedures outlined in
Appendix A-3.

Obtain a minimum of one PG sample per day from the fluid return line. Follow procedures outlined in
Appendix A-6.

After 30 minutes of data are collected, review power output, ambient temperature, and barometric
pressure to determine if all of the following criteria are satisfied:

Power output (kW) +2%
Power factor +2%
Fuel heating value +1%
Fuel flow 2%
Barometric pressure +05%

Ambient air temperature +4°F
If the above criteria are not satisfied, continue operating the turbine at the selected load. After each
30 minute interval, repeat Step 6 until the uncertainty criteria are met. Record the time intervals when
valid data were obtained (minimum of 4 minutes and maximum of 30 minutes).
Repeat test sequence two more times (3 test runs total).
Repeat Steps 1 through 8 after changing the operating load to the remaining three desired loads.

Data and calculations for each load test repetition will be maintained independently using the log
forms provided in Appendix A-2.

A-2



Appendix A-2. Load Test Log

Date
Test technician name
Load Test Begin Time (from DAS)

Synchronize Emissions Test Equipment to DAS time (initial upon synchronization)

Beginning of test

Turbine Load Setting............... %
Turbine Power Factor Setting.. %
Power Output ..o kw
Power FacCtor .........ccoceeverienenieniennn, %

FUel FIOW ......oooiiiiiiceee Ibm/min
Barometric pressure .........ccccocceeeeeiiins in Hg
Ambient air temp ......occcoeceeeiiiiieeens °F
Relative humidity .........ccoceeviiveniieinnenn %

Heat Recovery Rate Btu/min

Emissions Test

First data point Date Time
Final data point Date _ Time
End of test

Turbine Load Setting kw

Power Output kw

Power Factor %

Fuel Flow Ibm/min

Barometric pressure in Hg

Ambient air temp °F

Relative humidity %

Heat Recovery Rate Btu/min

Heat Use Rate Btu/min

Load Testing End Time (from DAQ system)
Load Testing Duration Time minutes

If for any reason the test is invalid, repeat the procedure.
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Appendix A-3. Fud Gas Sampling Procedures

Collect at least one (1) fuel sample during each load test (i.e., 50, 75, 90, and 100 percent).

Attach a leak free vacuum gauge to the inlet of two pre-evacuated stainless steel sample canisters.
Open each canister inlet valve and verify that the canisters are fully evacuated. Record the absolute
pressures.

Close the inlet valves, remove the vacuum gauge, and attach a canister to the sample port on the fuel
line.

Open the fuel line valve upstream of the canisters, and open the inlet valve. Wait 5 seconds to allow
the canister to fill with fuel.

Open the outlet valve and purge the canister for 5 more seconds. Close the canister outlet valve,
then the inlet valve, and then the fuel line valve.

Remove canister from port. Record date, time, canister ID number, and final canister pressure
(Appendix A-4) on proper chain-of-custody form (Appendix A-5).

Return collected samples to laboratory along with completed chain-of-custody form.
Laboratory’ Analytical Procedures (for reference only):

Samples are received with proper chain-of-custody form and logged into the laboratory system for
analysis.

Samples are injected and analyzed. The GC determines gas constituent concentrations based
on the areas of the chromatograph peaks relative to the gas standard.

Duplicate analysis is conducted on one sample per lot.

Fuel LHV is calculated using results of each analysis and equations provided in ASTM D3588.

Hard copies of calibration records and LHV results will be submitted to the GHG Center.
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Appendix A-4. Fuel Sampling Log

Project: Ambient Pressure:
Location: Ambient Temperature:
Source:
Signature:

i Final

Sample ID Date 24-hr Time Canister ID Initial Pr_essure Pressure Comments
(psig) :
(psig)

NOTES:

A-5
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Appendix A-5. Fuel Sampling Chain of Custody Record

Project: Sample Date(s):
Location: Shipping Date:
Source: Laboratory:
Signature: Lab Address:
Date / ; Laboratory .
Sample ID 24-hr Time Canister ID Sample ID Analyses Required

Relinquished by:

Received by:

Relinquished by:

Received by:

Relinquished by:

Received by:

A-6

Date/Time:

Date/Time:

Date/Time:

Date/Time:

Date/Time:

Date/Time:
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1

2)

3)

4)

Appendix A-6. Propylene Glycol Sampling Procedures

Collect at least one sample during each load test (i.e., 50, 75, 90, and 100 percent)

Connect pre-cleaned, 100 to 500 ml glass vials to the fluid discharge spout located on the hot side of
the heat recovery unit.

Open fluid discharge spout, collect sample until vials are at least 1/2 full.

Close the spout. Record date, time, and vial ID number (Appendix A-7) on proper chain-of-custody
form (Appendix A-8).

Return collected samples to the laboratory along with completed chain-of-custody form.
Laboratory analytical procedures (for reference only):

a) Samples are received with proper chain-of-custody form and logged into the laboratory system for
analysis.

b) Samples are injected and analyzed. The GC determines concentrations based on the areas of
the chromatograph peaks relative to the gas standard.

c) Duplicate analysis is conducted on one sample per lot.

d) Hard copies of calibration records, fluid concentration, and fluid density will be submitted to the
GHG Center.
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Appendix A-7. Propylene Glycol Sampling Log

Project: Ambient Pressure:

Location: Ambient Temperature:

Source:

Signature:

: Fluid Temp. Sample Size
Sample ID Date 24-hr Time
P (C) (mL)

=
n NOTES:
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Appendix A-8. Example Propylene Glycol Sampling Chain-of -Custody Record
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Appendix A-9. Density of Propylene Glycol (Ib/ft°)

Concentrations in Volume Percent Propylene Glycol
Source: ASHRAE 1997 (pg. 20.8)

Temp (F) 10% 20% 30% 40%
-30
-20
-10
0 65.71
10 65 65.6
20 64.23 64.9 65.48
30 63.38 64.14 64.79 65.35
40 63.3 64.03 64.69 65.21
50 63.2 63.92 64.53 65.06
60 63.1 63.79 64.39 64.9

70 62.98 63.66 64.24 64.73

80 62.86 63.52 64.08 64.55

90 62.73 63.37 63.91 64.36
100 62.59 63.2 63.73 64.16
110 62.44 63.03 63.54 63.95
120 62.28 62.85 63.33 63.74
130 62.11 62.66 63.12 63.51
140 61.93 62.46 62.9 63.27
150 61.74 62.25 62.67 63.02
160 61.54 62.03 62.43 62.76
170 61.33 61.8 62.18 62.49
180 61.11 61.56 61.92 62.22
190 60.89 61.31 61.65 61.93
200 60.65 61.05 61.37 61.63
210 60.41 60.78 61.08 61.32
220 60.15 60.5 60.78 61
230 59.89 60.21 60.47 60.68
240 59.61 59.91 60.15 60.34
250 59.33 59.6 59.82 59.99
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Appendix A-10. Specific Heat of Propylene Glycal (Btu/lb F)

Concentrations in Volume Percent Propylene Glycol
Source: ASHRAE 1997 (pg. 20.8)

Temp (F) 10% 20% 30% 40%
-30
-20
-10
0 0.855
10 0.898 0.859
20 0.936 0.902 0.864

30 0.966 0.938 0.906 0.868
40 0.968 0.941 0.909 0.872

50 0.97 0.944 0.913 0.877
60 0.972 0.947 0.917 0.881
70 0.974 0.95 0.92 0.886

80 0.976 0.953 0.924 0.89

90 0.979 0.956 0.928 0.894
100 0.981 0.959 0.931 0.899
110 0.983 0.962 0.935 0.903
120 0.985 0.965 0.939 0.908
130 0.987 0.967 0.942 0.912
140 0.989 0.97 0.946 0.916
150 0.991 0.973 0.95 0.921
160 0.993 0.976 0.953 0.925
170 0.996 0.979 0.957 0.929
180 0.998 0.982 0.961 0.934
190 1 0.985 0.964 0.938
200 1.002 0.988 0.968 0.943
210 1.004 0.991 0.971 0.947
220 1.006 0.994 0.975 0.951
230 1.008 0.996 0.979 0.956
240 1.011 0.999 0.982 0.96
250 1.013 1.002 0.986 0.965
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Date

Appendix B-1. 7600 ION Installation and Setup Checks

Lead installer name

Initial all items after they have been completed.

NOTE: In all events, conformance to applicable local codes will supercede the instructions

in this log sheet or the installation manual.

Prior to commencement of installation, obtain and read the 7600 ION INSTALLATION & BASIC
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SETUP MANUAL. The points outlined here were developed as a guideline using the instructions
in the 7600 ION INSTALLATION & BASIC SETUP MANUAL, but should any information or
instructions in the manual not be listed here, those steps should not be skipped or ignored. A
reference page number listed as [#] will be included for each point, as appropriate.

Verify that the meter enclosure is mounted in a location to provide ventilation around the case in
an area free of oil, moisture, excessive dust and corrosive vapors. All wiring will conform to
applicable NEC standards.

Connect to power supply to the 7600 ION (85 to 240 VAC) via a switch or circuit breaker using
AWG 12 to AWG 14 wire. Connect the line supply wire to the L/+ terminal and the neutral supply
wire to the N/- using a compatible plug [7].

Connect the ground terminal of the 7600 ION to the switchgear earth ground using AWB 12 wire or
larger [8].

Make voltage and current transformer (CT) connections to the 7600 ION according to the type of
electrical connection according to the directions in the Manual [pages 8-14]. To provide a
maximum input of 25 amps for a current flow of 200 amps, 40:1 ratio CTs should be used.

Only qualified personnel should install CTs or voltage connections. To avoid risk of fire or shock,
be sure that CT shorting switch is closed at all times, except when CTs are physically connected
to the 7600 ION.

AWG 12 to 14 wire is recommended for all phase voltage and current connections.

Use a digital multimeter (DMM) to check that the phase and polarity of the AC voltage inputs are

correct. Verify this with the 7600 ION “Basic Setup” screen on front panel.

Connect the DAS to the DB9 serial connector on the back of the 7600 ION via a null modem [18].

Set-up the 7600 ION according to the instructions in the Manual [pages 24-29].

Verify the operation of the 7600 ION according to the instructions in the Manual [30].

Using a DMM measure each of the phase voltage and currents and compare them to the readings

on the display of the 7600 ION. The readings on the DMM should agree (within the tolerance of
the meters) with the readings from the 7600 ION. If they do not agree, modify the connections to
the 7600 ION until they are correct. Also check both readings for reasonability.

Compare the 7600 ION readings to the microturbine instrumentation for reasonableness.

Confirm that the readings on the 7600 ION agree with the corresponding readings on the DAS. If

they do not agree, troubleshoot the communications link until proper readings are obtained by the
DAS.

Verify that the readings are being properly stored on the DAS harddisk or other non-volatile
memory.
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Appendix B-2. 7600 1ON Sensor Function Checks

Date: Project:
QA/QC Test Leader Name:
Phase Wiring (Delta or Wye):

Initial all items after they have been completed.

7600 ION calibration certificates and supporting data are on-hand.
Check power supply voltage with a DMM (should be between 85 and 240 VAC.)
Check the 7600 ION ground terminal connection for continuity with the switchgear earth ground.

Use a digital multimeter (DMM) to check that the phase and polarity of the AC voltage inputs are

correct.
h Verify the operation of the 7600 ION according to the instructions in the 7600 ION INSTALLATION
z & BASIC SETUP MANUAL [page 30].
m Using a DMM measure the voltage and current for each phase and compare them to the readings

on the display of the 7600 ION. The readings on the DMM should agree (within the tolerance of
z the meters) with the readings from the 7600 ION.
:. Confirm that the readings on the 7600 ION agree with the corresponding readings on the DAS. If

they do not agree, troubleshoot the communications link until proper readings are obtained by the
(@) DAS.
O‘ Verify that the readings are being properly stored on the DAS hard disk or other non-volatile
a memory.

Voltage, V Current, Amps
m Lc())?d ?f”" Phase A Phase B Phase C Phase A Phase B Phase C
(] ime
7600 7600 7600 7600 7600 7600
> ON DVM ION DVM ION DVM ION DVM | \on DVM | o DVM
=
Average
W T
[(ION-DVM) /
, ION] * 100
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Appendix B-3. Rosemount 3095 I nstallation and Setup Checks/Log Form

Manufacturer’s installation checks: The meter consists of a two-piece spool, orifice plate and manifold
assembly, mass flow transmitter, and separate RTD process temperature sensor. Field installation
procedures are well documented in Rosemount’s “Model 3095 MV Product Manual”’, and will not be
repeated here in entirety. Center testing personnel will follow all required procedures to ensure that
checks for process connections, leaks, field wiring, and ground wiring are conducted properly. The
Product Manual will be made available during installation. Following manual specifications, meter
installation will be conducted using the following considerations:

1. The meter will be installed in the fuel line in a safe, accessible, and vibration free section
of pipe.

2. Installation will include sufficient straight run of pipe (no less than 20 diameters) upstream
and downstream of the meter.

3. The separate temperature sensor will be installed in the piping just downstream of the
spool and wired to the transmitters for continuous temperature compensation.

4. All mechanical connections will be leak checked.

5. All electrical connections will be made following manufacturer specifications and tested.

Manufacturer’s setup and start-up checks: In each flow sensor element, a transmitter calculates mass
from differential pressure across an integral orifice element. To perform this calculation, the transmitter
electronics must be programmed with information on the gas being metered and the operating conditions.
This is accomplished using Rosemount’s Engineering Assistant (EA) Software, which is interfaced to the
transmitter via a HART protocol serial modem. Specific setup parameters required in the EA are listed in
the following pages. The GHG Center testing personnel will maintain field logs of all data entered into the
EA, and subsequently transmitted to the instrument. An electronic copy of the configuration file will be
maintained. Detailed guidelines are provided in the Product Manual.

(Continued)



Appendix B-3. Rosemount 3005 I nstallation and Setup Checks/Log Form

(Continued)
Rosemount Model 3095 MV
MODEL 3095 MV DOB06-0100-4T16
CONFIGURATION English

DATA SHEET Rav. AA

Complata this form to define a Custom Flow Configuration for the Modal 3095 MVY.
Uniess specified, the Model 2085 MV will ship with the default values identified by the % symbal.

Far technical assistance in filling out this GDS, call Rosemount Customer Central at 1-800-898-9307.

NOTE: Any missing information will be processed with the indicated default values.

Cusbomes; ________ AR OSe Y

Customer PO, No.: L SRR L et - -

Customer Liné fem:  __ S e -

| Model Moot e iy S Beris i it
Tag Type: ] SST Wire-on Tag (B85 characiers maximum| [ Stamped an Mameplate (85 charmctsrs masmium)
Tag Information:  _ Al )

TRANSKMITTER INFORMATIGN |aptional]

Cofbwarns
Tag: RSN A (T A O O ol Faiel
| (B characiers)
Descralar: L 1 1 | [ I N N N N R N A |
{16 charachers)
| Message: [P ) N, [N [PONY O [N N Y Y OO S S
[RRERS) AR A MLAcH et N NI (S0 i e [y ‘S ISENTR (SR R |
{32 charmciers)
Date: el —
(dd) immmj} ¥k
TRANSMITTER INFORMATION (required)
Failure Mode Alarm Drachon [select anaj L fuarm High % = asarm Low

|-| b A COmpEele Moge number i reguved Selve Hosemount InG. San preeREs (S Cusiom configurahon Griis
* Indicates defaull value. For AMD infernal use only:
House Order Mo R LI L TP o L1
Lirses Ilesm Mo R G ST S

Transmilbér Senal No: ——

REC Tech: i
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Procasa Variables displayed on LCD:

Appendix B-3. Rosemount 3005 I nstallation and Setup Checks/Log Form
(Continued)

Options and Accessories

Confipueration

1 Absolute Pressure [ Flow Tatal
1 Analkeg Output Current O Gauge: Pressure
C] Differental Fressune [ Percent of Range
1 Flow [ Process Temparatura

mumber of seconds o display each variabie:
[availatde ranges from 2-10 seconds, in one secand m-::remanm:l

N COMFIGURATION {requirad)

Salect unils far each Process Varsable, then enter sensor Lower Trim Vaiue (LTV) and sensor Upper Trim Valua (UTY)
Mote: LTV and UTV must be within the range limds stated = ihe Range Limis Table {see page 6-26).

| Differential Pressure:

DF Units nHEG-EE ‘Fa inHg-0 "C CItHa0-68 *F [ mmHz0-68 *F [ mmig-0 "C L psi
| O [ rmibar CgrSgtm [ KgSaCm ClPa O kiPa
i O 1|:|rr 1 Atm 7 inHz 080 °F
Trim Values LTV (0d) LTV — N P
|
| Static Pressure:
Slabe Units ] inH0-88°'F  inHg0"C I ftHy0-68 *F O mmHz0-68 °F [ mmHg-0 "C L psi «
C bar O micar [ gSqtm O KgiSqCm OPa LIkPa
ot 1 Atm I MPa O inHz0—860 "F
Trim Values < LTw: __ gkl UTY (URLpsi#] |

Process Temperalure:

PT Units C1'F W o+t
Trim Vadpes LTV _ (=00 ) UV {150 *F %
|
! Flow Rate: X :
| Flow Units: L StaCufuis _ swdCufimin = StaCutuh LI sdCufd O gaCumih
L staCumid U \usisec = ipesienin Dipabour % ibsiday
O gramsisec Jg'Elrns.'mln Jgramamnour  igisec O wgimin
Hkgmeur MmiCubAhour D NmicuMiday  H Special ises Flow Rate Specal Units)

| Flow Rata Special Units (use If “Special” is checked In Flow Rate above].
i MOTE. Flow Rate Special Units = Basa Flow Unit multipiied by Conwversion Factor,

Base Fiow Unils (select from above Flow Rale wnits) _

| Conversion Facter:

Disptay As:  |___|__ || | | vavalable units A-Z. 0-8)
Flow Rate Output:
e Lt (0.00 &) High P (20 ma), R

| Low PV (4 mA) ___
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Appendix B-3. Rosemount 3005 I nstallation and Setup Checks/Log Form

(Continued)

Rosemount Model 3095 MV

CONFRG URATION

Flow Total: N -
Flow Umits: = Grams U Kilograms Uuteric Tons U Pounds = short Tons
= Long Tans H gunces H MmiCum I Mormal Lters T Saacuba
= stacuFt - Specal (see Flow Total Special Units)

Flow Total Special Units (use this section if “Special” is checked in Flow Total abowve):
NOTE: Flow Rabe Special Units = Base Flow Unil mulliplied by Conversion Factor,
Base Flow Unils (select lrom above Flow Total units):

Corversion Factor:

Display s [___|___[__[ || (avadable units A2 (-5}
Flow Total Dutpt:
Lesw B (4 i) i (0.00 %) High BV (20 ma)_

Damping: Enter a damping vake for each variable (valid range: 0.1 = 29 seconds).
(Transmitter will round to nearest available damging value.)

Diferental Pressune = [, 864 o | Tem perature = (L EE

Slatic Presswre = (0864 &)

(21 If mbsoiuds presturs moduie, [Fen ipwsr Sl arassuwe valuas musi be 2 0.5 pag (3 45 kPa).

+ Indicates defawit values.
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Appendix B-3. Rosemount 3005 I nstallation and Setup Checks/Log Form

(Continued)

Options and Accessories

MOTE The information on Pages 6-21-6-25 can be sent in en 8 lloppy disk by creating a .MFL file with
the EA Software or EA Demo Disk. Call 1-800-393-9307 for more information.

PRIMARY ELEMENT INFORMATION

Salect Diferantial Producer (Select One)
1185 Integral Orifice
2 ann Diamond 11+/Mass ProBar+
I Mozzle, Long Radius Wall Taos, ASME
' Mozzle, Long Radius Wall Taps, |50
i O Nozzie, 1581932, 150
| T Orifice, 240 & 80 Taps
- Qrifie:e, Cornar Taps, ASME

= Orifice, Flange Taps, AGAZ

— Orifice, Flange Taps, 150

— Small Bore Onfice, Flange Taps, ASME

ertun Mozzle, 150 _

- — Wenturi, Fiowgh CastFabricated inlet. ASME
* Menturi, Rough Cast nied, 130

i ~ Wanturi, Machened Inlat, ASME

L iy Machined (nlat, 150

| = Qrifice, Comer Taps, 150
I rifice, O & DVZ Taps, ASME L venturi, Waided inlet, IS0
grifice, D & V2 Taps. 150

Salacting Area Averaging Meter or woane™ requires a constant value for discharge cosfficlent ___

- e Averaging Meter - Come
Frimary Elamant Minemum
| Diamater (d) I Oin.Jmm 4 _[OF O% . BGE*F =
ar
| iarmeond 1| Sensor Series No e \5Ee table on page 6-26)
Dufferantial Producer pet o 2 i .
Matenal [Select One) H Caran Stasl 55T M H 55T 316% = Hastaiay & ! Mone
|
Pipe Tube Diamelar (Pipe 0§07 ___ o Oin. CImm at —[1'F 0O°C in_atBaF %
Fipa Tube Material: ~ Carbon Steenk - 55T 304 35T 316 Hastavoy ! donel

| Cperaling Pressure Range o Clpsia Clpsig [kPafabsolute)  ~1kPaigage)
O bar
Operating Temperature Fange o O+ g-=T

For fimed process emparatures (Model Code = 0), erder value
valid range: =459 1o 3500 °F (<273 o 1827 ")

NWOTE: For steam applications, temperatures must be equal to or greater than the saturation lemperature
at the given pressures.

Almospheric Pressure = Clpsia [ kPalabsolute) [ bar 14 696 psia
*

STANDARD REFERENCE COMNDITIONS

MOTE: This information is only required if any of the following flow units were selected:
StdCuft's, StdCuftimin, StdCuft/n, StdCuftd, StdCumih, StdCumid

| Standard Relerence Condibions:

Standard Pressure = _ ] pesia _lbar 14.696 poia *
[gas/steam only) L kPajabsolute) |
| Standard Temperature = ___ 1*F+ [O°C G0 °F % [For Steam, 212°F #) |

* indicates defaull value.
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Appendix B-3. Rosemount 3005 I nstallation and Setup Checks/Log Form
(Continued)

Rosemount Model 3095 l!'h"

FLLUID TYPE [Select One

FLUID INFORMATION (Complete ang sectien only)

" Steam [ASME) Saturated and/or Superheated

] Matural Gas

NOTE: If you selected Natural Gas, complete the information on page 6-23.

l ~ Gas or Liguid from AICHE database: Circle ONE fuid name Delow.

Acebe Aod Cycloprosans Anprapanci FeEapIAnE 1-{ndecanal
Aoelang Diraiityt Ethar Listhanag n=Hexans T=Hepiana
Acsianie Ethane Liwihanicd n-Cctang 1—-Hagtani

| Anatylane Ethangi Malhyl Acrylaie n-Panlans 1=Hezane

i Acrylonidrile Ettrytaming Wielhyt Etfyl Fatana Coygen 1-Hsadecanc

| B Ethyibenzens Beihyd Wimygl Effes Peniafuorathane 1-Damnil
Akl Alcohel Ettiyiaig - RCreniinoDenzers Phend | =Ociane

| A Ethylere GhycolElkylans m—Cachbanobsen nens Prapana 1-Mananal
Argon Dl ] Propadiens 1=Monanol
Eesniairet Fluomnenes Meopentans Fyrana | —Pantadecan
Banrsdarida Furan Milric Agcid Propyksia 1-Fartano
Banzyl Alcobol Helum— miaric Oxide Seyrana 1—Partane
Bighanyd Hydrazing Hdsharaang Sulfer Digxice 1=Unckscanal

| Carbon Ceoxede Hopd roageers Hriroatang Tolusne 1,2, 4-Trahiorohasnzems

| Carbon Momoide Hydrogen Chionds Hitrogen Trichicepathylena 1.1, 3-Trachlgroathana
Carbon Tairachioncde Heypdregen Cyanide Hitrornathansg Wiyl Acelale 11,2 2-Tetrafuoroathana
Chilcring Hryrrogen Paioxae Hitroaus Oweda iyl Chionida 1,2-Butadwna
T hicroirfluorelyledss Hydeogen Sulfide n=Butars Winyl Cyclohexane 1. 3-Banadiann
Chigmeprana obutane A-Butanal \inbar 13 5-Trichicrabenzana
Cyciohepbass skt rehityraidenyte 1=Buiene 4, 4-Dbmwang
Cydohasans lsoasTgibanzene r-Butyroninia 1-Dacans 1, d—Hazadiana
CyCopertans |sapaniana -Degcans 1=Decanal Z-MAntheygi- 1 ~Pariens
Cycinpaniene | seop e n=0odecans 1-DCaazancd 7 2-Dimadylbulane

1 f-Hagladecans 1 Digdacans

! ----- EEEE —HAREESE==EES s=Zf@EEEEEE==T EEEEESEE s ——————=S=SSssSSESENEEEE

| Custom Gas or Liquid

| Enter your custom fuid rame

NOTE: If you are defining a custem fluid, complete the density and viscosity
[ infarmation on page 6-25.

* Indicates default value.
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Appendix B-3. Rosemount 3005 | nstallation and Setup Checks/Log Form

(Continued)

Options and Accessorias

HOTE Only fill out this page if you selected natural gas.

TOR INFORMATION:

Choose desired charactenzamon mathod, and only enter values for that method:

~ Defail Characterizatien Mathad, (AGAR 1992)

CHa MatFinh mole pancent
2 Milfagan mola percent
oo Carhon Dicnide mole percent

C2HE Elraitl: MolE pErCERT
CaHE Frapan male peroent

HIC Waler mole perceni

HZ5 Sypcrogee Sulfide moid paren

[r ] Hydrogen mole percent P A I /e e,
[=s] Carbon Monoode mole pends] e e A kY
a2 Crygen maks pement i)
CaH1D  rButare mow pancent %
CaH1d  r-Butene el percent - %
I_':l-l'lz I-pﬁl'llﬁl'ﬂl"ﬂflﬂ parcent BALLA L 23 el PSR A i %
CEHIZ  m-Paniane mole peroant — %
CEHIG  Hesane mole percerd oo %
CTHIE  A-Fenlane mole peroenl %
CEH1A n.Oclane mole peros R Sl T
CAHI0  nMdonane mole peecent k.

Ci0HZZ  nOwecane mole periesi e o i
He Hettum mole parcsen : g2t e T
AF Anpon moke peesee ]

§21 Thos sunmianon of i-Sudane and r-Bulane cannod sxtiad § MaAant,
121 Thwd sramnmanian of i-Pentans and n-Parlans canaarl ancied 4 paroent

— (Fress Characienzation Method, Option 1 JAGAE Gr-He-C02)
Sopolic grasiy at 14,70 pad a0 G0 °F
Volumetrs Gross Mestng Value &t Base Candions

Carbon diomde make parcens S 4
Hyrirogen moke pescen| R S e
Carbon mononde mak paicanl .

Gross Characianzaton Method. Option 2 (AGAE Gr-CO02-M2)

Somalic Gemely at 14 7l psaana ol F

CArman M make percent —_— = %
Hilrogen mole percent Rt e M
Hydrogen mame gecent RN
Carhon Nl Mok DECEN]

1

0—100 percant
0—100 percant
O—100 percant
3-100 percent
012 peroen

O=Dew Point

O=-100 percent

0100 percent
0-3.0 peroent

0=21 percant

06 percant
0§ percan: |
[/ ] pEroen FFa
4 peroent ¥

O—-Diaw Poand
O-Diew Poant
D=Dew Paef
D=Dew Paarl
[=Dew Paini
0-3.0 percem
0-1.0 perce

0.554-0.87
477-1150 BTWSCF
0-3) parcent

=10 parcent

0-3 parcent

—ald Range
0 554087

(=30 parcent

050 parcent

(=10 parcen

D=1 peroent

* Indicates defaull value.
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Appendix B-4. Rosemount 3095 Sensor Function Checks/Log Form

Sensor_function checks: A series of meter and transmitter function checks will be conducted before the
verification period begins and again at the end of the testing. The following checks will be included.

Power supply test to document that the facility DAS is supplying sufficient power (no less than 11
vDC) to the tranmitter.

Analog output checks where a current of known amount will be checked against a secondary device
to ensure that 4 mA and 20 mA signals are produced.

Reasonableness checks will be performed by ensuring that the mA signal produced at the transmitter
is recorded correctly in the DAS.

Zero checks will be conducted by isolating the transmitter from the differential pressure taps using
valves built into the meter, and recording the transmitter output. The sensor output must read zero
flow during these checks.

Procedures for performing these checks are documented in the Product Manual. All records will be
logged in the following form.

(Continued)
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Appendix B-4. Rosemount 3095 Sensor Function Checks/Log Form
(Continued)
SENSOR FUNCTION CHECKS

1) Analog Loop Test (Rosemount Mass Flowmeter Manual, pages 4 — 53)

Date Signature

24-hr Time

Meter Output (mA)

OVM Reading mA)

% Difference (Must be within £ 2.2 %)

Corrective Action/Notes

2) Analog Output to DAS Terminal

Date Signature

24-hr Time

Meter Output (mA)

DVM "raw data" reading at DAS terminal (mA)
% Difference (Must be within £ 2.2 %)

Corrective Action/Notes

CALIBRATION CHECKS

1) Bench Calibration

Date 24-hr Time Signature

Absolute Pressure Offset Trim Point (psi)

Absolute Pressure Slope Trim Point (psi)

Absolute Temperature Offset Trim Point (°F)

Absolute Temperature Slope Trim Point (°F)

Corrective Action/Notes

2) Zero Check

Date 24-hr Time Signature
Initial reading mA Ibs/hr
Reading after adjustment mA Ibs/hr

(should be zero, enter n/a if no adjustment)

Corrective Action/Notes
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Appendix B-5. Ambient Monitor Installation, Setup, and Sensor Function Checks

INSTALLATION AND SETUP CHECKS:

Field installation procedures are detailed in the documentation provided for the integrated temperature/
humidity unit by Vaisala and for the pressure sensor by Setra and will not be discussed here. Center
testing personnel will follow all required procedures to ensure that checks for appropriate installation
locations, length of cable, process connections, leaks, field wiring and ground wiring are conducted
properly, including:

1. All wires will not be located near motors, power supply cables, or other such electrically
“noisy” equipment

2. No hand-held radios will be used near the instruments

In each of these sensors, the parameter monitored creates a small electrical change in capacitance or
resistance which corresponds to the variation in the monitored parameter. This change is measured,
amplified and converted by the electronics package associated with each sensor. Unless catastrophic
damage (which should be visible) has occurred to the sensors, their accuracy at setup should correspond
precisely to the initial factory calibration performed before shipping. Visual checks for damage both
before and after installation will be performed, and appropriateness checks of the outputs will be
performed at start-up.

The signal inputs are scaled and converted into the proper units and logged on the computer hard drive
by the DAS. The GHG Center testing personnel will maintain field logs of all data entered into this
program. An electronic copy of the configuration file will be maintained. Detailed guidelines are provided
in the software Programming Manual.

Sensor function checks:

Analog output checks will be conducted a minimum of two times during the test. In this loop test, a
current of known quantity will be checked against a secondary device to ensure that 4 mA and 20 mA
signals are produced. Reasonableness checks will also be performed by ensuring that the signal
produced at the transmitter is recorded correctly by the A/D module and the DAS computer.

Reasonableness checks will be performed by examining the ambient temperature, pressure, and relative
humidity recorded by the test instruments with those reported by a hand held instrument (Table 3-3), or
the nearest national Weather Station (Syracuse International Airport). If the airport data are used,
ambient pressure readings at the site will be corrected for elevation. All suspect data will be flagged, and
the measurement instruments will be examined for damage or failure.

B-13
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Appendix B-6. Heat Exchanger RTD Performance Testing

The Controltron heat meter used at the test site to monitor heat recovery receives temperature signals
from two resistance temperature devices (RTDs), mounted upstream and downstream of the heat
recovery unit. The accuracy of the RTDs will be determined by comparing RTD signals to temperatures
measured by the GHG Center using a calibrated Type K thermocouple. Prior to this evaluation, the
thermocouple will be calibrated in the laboratory using an ice bath and boiling water at or near sea level
conditions. A thermocouple that is determined to be accurate within 0.5 percent of reading or better will
be used for the performance check. The performance check will be conducted once prior to the
verification period using the procedures outlined below. Data will be recorded on field logs such as the
example on the following page using the procedures outlined below.

Laboratory calibration of reference thermocouple (TC):

1 Insert TC into ice bath while stirring the bath. Record the stable reading in degrees Kelvin.
Calculate the percent error as ((TC response (°K))/273.15] * 100.

2. Insert TC into boiling water while stirring the bath. Record the stable reading in degrees Kelvin.
Calculate the percent error as ((TC response (°K))/373.15] * 100.

3. Use the higher of the two errors to determine if the TC accuracy is within 0.5% of reading.

Performance testing of Arigo RTDs:

1. Remove the two RTDs from the pipe and immerse in an ice-water bath.

2. Simultaneously immerse the reference thermocouple and, while stirring, obtain and record stable
readings from the three devices.

3. Repeat the process in a hot-water bath.

4, Compare the RTD readings to the reference reading at each of the two calibration points. If the

RTD readings differ by more than 1.8°F, the RTDs should be submitted for recalibration.

(Continued)
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Appendix B-6. Heat Exchanger RTD Performance Testing

(Continued)
Project: Date:
Inlet RTD ID: Ambient Temperature:
Outlet RTD ID: Signature:
Reference TC ID: Date of Reference Call:

Location:
(Laboratory calibration or field performance check)
Reference Inlet RTD Difference Outlet .RTD Difference
Temp Reading F) Reading °F)
b= (F) (F) (F)
=
NOTES:

B-15




Appendix B-7. Corrective Action Report

Corrective Action Report

Verification Title:
Verification Description:

Description of Problem:

Originator: Date:

I nvestigation and Results:

Investigator: Date:

Corrective Action Taken:

Originator: Date:
Approver: Date:

Carbon copy: GHG Center Project Manager, GHG Center Director, SRI QA Manager, APPCD Project Officer
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Appendix C-1.
Appendix C-2.
Appendix C-3.
Appendix C-4.
Appendix C-5.

APPENDIX C
Example Test and Calibration Data

Page
Example of Core Laboratories Gas AnalySISReSUILS...........cceeiiieeiiieeiiieenieeee, C-2
Example of Core Laboratories Calibration Data............ccoocveeiieeeiiieeiiiee e, C-3
Example of Exhaust Stack Emission Rate RESUILS ..........ccveeeeeiiiiee e, C-4
Example of Exhaust Stack Raw Emission Measurements Data..............ccccceeeeenn. C-5
Example of Exhaust Stack Emission Measurements Calibration Data................... C-6
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Appendix C-1. Example of Core Laboratories Gas Analysis Results

%I BT LVARLE LADURAILWRICS = . 1-

¥

J13 G

L e R

JUg. < 0

!

CORE LABORATORIES

b N e g e
v i

SAWAE ALRT )

LABGRATOERTY TRETS RESULTS
e il

P

S T =
Fal ] 1 g [ — LABORATCETY 1.0_..:

DATE SAAFLID ’ BDATE WECE | VED.

Timi SAAPLER. sami TEWE BROETVED.

s PESCRIMTION. .. : 73T T 5 JA—

FEST DESCHTRRICH.

|w.rr % Ve

marural Gas Anelysis o=@ .
Cmygrm a.m il % |wsEs =185
SRR S ) .m LT % walm b=154%
Carbon Oicaice 5.0 Mol % (hgTH D-19e8
Ll o.m sl X |aSTH B-106%
£ thane a.m Lo |ASTH - ERLS
L e 8.1 Mal 2 |asTH D 194%
RE-TE 2.0 el T ASTH G- 1943
- Bt mr L | 0.04 al X ASTH D-10LE
| apen tara | o.m | el X ASTH - 1045 |
n=Fenviane 0 | . |l E ASTH B=19a% |
et Flus 0,05 | o.m |Hal X ASTH B-194%
Tanml 100,00 | o.M Hal X
BElwtlve Dengity 0.737T2A o AETH D-3588
I Comprasinility Foctor 0. %92y ] AETH D-3588
[ | Gross Heating value Cory) 2052 a BIUGCF {Rewl ) ASTH D-3588
| Ereppars Lais AR 0 [petn
| jevple Collection Precsure 59 L i fpat LT ]
I tevole Col lection Temperature 9,53 1 Owa. F [Field
|
Rk hiaheed
W Ger TUY v
Lo Lyo*«s"‘””}
| o
reporind
CO B TP
i fabia i =
|
! |
| |
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i F O BN 34Tha
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Appendix C-2. Example of CoreLaboratories Calibration Data

ML O - WARE L DA BT § L a1 | d- i 10 B ALV T A W DL SUD SIUD e &
- LeN B6\a g
24-Jul TRUE MEAS  MORMAL [A-8] %DIFF  ALLOWEDOK

HELIUM 0 546 0 545 0.548 0,000 MIA  NOT oK
OMYGEN 0001 0 0,000 0.001
MITROGEM 493 4493 4 310 0.000 oo 200K
METHANE 70414 TO4I4 T4 0001 0o 02 0K
cos 0857 0997 0697 0 000 aa 3,0 OK
ETHANE 3 008 2,008 9.008 0.001 an 1.0 DK
PROPANE & DEs & (S 5085 0000 oo 100K
ISOBUTANE 102 102 1000 0.000 0o 20 0K
N-BUTANE 2.082 2942 2992 0.000 0.0 2.0 OK
ISOPENTAMNE 1.005 1.005 1.00% 0.000 0.0 300K
4-PENTANE i D04 1.004 1.004 {000 a0 300K

100003 100.001 100.000

Na._#-'\-'\fu\ [;M Sl— l:lllj

Anelybcd Weekly a3 a Coa MiLiry oclibrmhim  (€CV)

chedk. Trgrnumest 13

Yen e e
| gutyids @cceptamst

I i
Limirs
e co Wk

~age 1

US EPA ARCHIVE DOCUMENT
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Appendix C-3. Example of Exhaust Stack Emission Rate Results

Example Summary of Results

Compuny: XYZ

Plant: Power Prodeation Facility
[ ocation: Florida

Technivions: LI RPO, DLD
Source: a Solur Centaur T-4300 Gas Turbine Generatior Set

Turbine Generator

| Test Number 1C-1 1C-2 1C-3
Date EETER T ERTER TS LT E
Start Time KALIKX ARIKE ALK
| Stop Time AT AR AKXK
| Power Turbine Operation Averages
!Ge nerator Output (kW kilowans) 2320 2830 2820 2823
|Percent Load (% of mfg.'s rated capacity of 2970 kW) 4.9 95.3 94.9 5.1
| Ammeter (AL Amperes) 186 386 390 87
Valtmeter (AC Valis) 437 433 433 434
|Frequency Meter (Hz, herz) o4 6.4 6.4 a4
|Power Factor Meter (Below 100 is lag) .4 Q6.6 96.4 6.5
Engine Speed (%, NGF) 1002 100,10 100, 1 1o
Engine Compressor Discharge Pressure (psia, PCDY 1300 129.5 13000 129.8
Mean Turbine Exhaust Temperature (°F, T-3) 1161 1 160} 1160 116
| Turbine Fuel Data {Landfill Gas)
|Fuel Heating Valee (Biw/SCE, HHV) f3l.6 631.6 6316 a3l.6
| Fuel Specific Gravity (LERIT 08817 0EBLT 08817
|0 "F-factor” {DSCFex/MMBiu @ 0% excess air) Q150 Q150 2150 4150
|CO, “F-factor” (DSCFex/MMBiu @ (1% excess air ) 15001 1501 1500 1501
|Fuel Flow (scfm, landfill gas) 1167.2 11643 1164.8 1165.4
|Heat Input {MMBrwhr, Higher Heat Value) 44.23 44,12 44.14 4407
i]—lcn[ Input { MM Btushr, Lower Heat Value) 0.8 397 39.7 £l
| Brake-specific Fuel Consumption {Biu/kW-hei 14,117 14,032 14,088 14,079
| Ambient Conditions
| Atmosphenc Pressure { "Hg) 20.93 2993 29.89 29.92
Temperature (°F): Dry bulb A34 831 &0.1 §1.2
| °F¥ Wet bulb 699 500 Ga.0 696
Humidity (lbs maisture/lb of air) 0.0122 0.0123 0.0123 0.0iz3
|Measured Emissions
|NOy, (ppmv, dry basis) 303 315 31.28 3115 |
|NOy (ppmiv, dry @ 15% O:) 46,1 472 46.3 46.5 |
|30, (ppmy, dry basis via EPA Method el 1.100 1.13 124 LI7
|50, (ppmy, dry @ 5% Oy) 1.63 1.7 |.8% LTS
|CO (ppmv, dry basis) 094 980 981 0.85
THC (ppmv, wet basis) 162 1.63 1.75 167 |
| Vigible Emissions (% opacity ) ] L] |
|H.0 (% volume, from Method 4 sample train) 555 33 5.30 541 |
10, (% volume, dry basis) 16,93 17.01 1691 16.95 |
|CO, (% volume, dry hasis) 3.26 339 325 327 |
[Stack YVolumetric Flow Rales ! !
|via EPA Method 2, pitot tube (SCFH, dry basis) 2.17TE+Db LI12E+06  2.22E+06 | 2I7E+0G
|via O, "F~factor" (SCFH, dry basis) 21 3E406 217E+D8 | 212E+06 | 2. 14E+M
|via OO “F_-factor” (SCFH, drv basis) 2IME+DE | 20IE+D6  204E+06 | 2.0IE+HMG
{Calculated Emission Rates { via M-19 O, "'F-factor)
| MOy, (Ibsfhr) R.OS T.90 .29 .08
{CO (Ibs/hr) .57 151 1.58 1.56
|THC (Ibsihe) 016 0.15 0.17 0.16
S0, (Ihsthr) (1400 0.40 (.47 .42
MOy (tons/yr) 353 3.6 36.3 354
CO (tonsfyr) A.ER f.63 7,93 682
THC itonsiyr) 68 F 0,00 0.75 .45
50, (tonsfyr) 1.74 1.75 .07 1.85

Testing Dy Cubix Corporaiion - Austn, Texas - Ganesville, Flonda
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Appendix C-4. Example of Exhaust Stack Raw Emission M easurements Data

Unit R-2, Logged Data Records

Fun Mumber | Diate | Time [ NGy o ] CO, | AVE Hixl AVED, [ AVE tnr.
[ | (ppmv) | (%6 veol) | (% vol) | (ppmv) | (% val) | (% vol) |
S1:57 FM B33 16.41 258 822 16.41 3.58
SL5TPM | 827 | 1642 | 260 822 | 1641 | 1.59
Fun 2C-3 [ TOVZ000 53:5/PM | B.10 | 1642 | 258 | BIE | 1641 | Z50
Run 2C-3 [4FTDVZ000 S457PM | B.22 | 1643 | [ 819 16.42 .58

START Run2C-3 [F1VZ000 |1
1:
E
1 ]: - - -+ 4 . +
Bun 2C-3 4TVZ000 [1:55:57 PM 826 16.43 8.21 16.42 2.58
1:
1:
1:
1:

Run 2C-3 [ TIVZ000

1 B b
242

Run 2C-3 [#/10/2000 | 1:56:57PM__ | 8.09 | 16.38 810 | 1641 | 258
Run 2C-3 4102000 [1:57:57 FM B.17 16.39 818 | 1641 | 258
Run 2C-3 [#TVZ000 (15857 PM | 834 | 163D BI9 | 1640 | 2.59
Run 2C-3 [#TV2000  [T:59:57PM | 830 | 1631 _B20 | 1639 | 259
Run 2C-3 [#1V2000  (3:00:57PM | D.68 16.08 835 | 1635 | 2AI
Run 2C-3 V000 20156 PM | 941 | 1607 543 1633 | 2.62
Run 2C-3 (412000 20256 PM | 1038 | 1607 B61_ | 1631 | 263
Run 2C-3 [#/1V2000 |2:03:56 PM__ | 10.29 | 16.07 874 | 1629 | 2.
Run 2C-3 [#IVZ000 20456 PM | 1068 | 1611 888 | 1628 | 264
Run 2C-3 |#1072000 20556 PM | 1001 | 1611 onZ | 1627 | 265
Run 2C-3 41VZ000 |[2:06:56PM_ | 11.53 | 1615 | 918 | 1626 | 2.65
END Run 2C-3 (#1000 (20756 PM | T1.87 | 1615 | 934 | 1625 | 265
START Run2C-4  |4/1072000 |2:17:36 PM 1532 | 1607 | 1532 | 1607 | 27
Run 2C-4 [#/10/2000 | M| 1496 | 1609 | 1504 | TR.08 | XAl
Run 2C-4~ [4/10/2000 [2:19:36PM | 15.01 | 16.09 5.0 | 1609 | 387
Run 2C-4 [#1072000  |2: | 14358 | 16.09 1497 | 1609 | 2.82
Run 2C4 |#TVZ000 |22 | 1446 | 1609 1487 | 1609 | 2.83
Run 2C-4 | TIVZ000 [3.85 | 1611 1470 | 1609 | 283
Run 2C4 [T IVZ000 1365 | 1611 | 1435 | 1609 | 283
Run 2C4 | TOV2000 1308 | 16.16 [ 3 | 1610 | 283
Run 2C4 [#/10V2000 (22536 PM | 12.95 | 16.17 4 | Il | 283
Run IC-4 |41072000  2:36:36 PM 1254 | 164 404 | 16.12 PR
Run IC4 : TITA6PM | 1227 | 1348 [6.14 | Z2.81
Run 2C4 3% | 1615 | 281
Run 2C-4 - : 1364 | 16.16 | 2.80
Run 2C4 1T 125 | 1o | 270 | 1355 | IaIB 275
Run 2C-4 1233 1 1637 | 273 | 1346 | 1619 | 279
Run 2C4 36 P 12.50 | 164l 2.70 340 | 1620 | 279
END Fun 2C-4 | HTOVE000 WPM_ | 1229 | 164l | 260 | 133 | 1622 | 278
START Run2C-5 _ [4/0/2000 (Z:4203PM | 1246 | 1640 | 2.74 | 1246 | 1640 | 2.74
Run 2C-5 |4/10/2000 {03 PM 1216 | 1640 | 276 | 1231 | 1640 | 475
Run 2C-5 |00 4604 PM | 1233 | 1641 | 275 | 1233 | 164D | 275
Run 2C-5 [#10/2000 | 2:45:03 PM 1238 | 1637 | 277 | 129 | 1640 | 278
Run 2C-5 [HIVI000 (34603 PM | 1230 | 1637 | 277 | 1233 | 1639 | 2.76
Run2C5  |4/10/2000 | 2:47.03 FM 1345 | 1654 i 1235 | 163% 276
Run 2C-3 (47102000 2:4803PM | 12.43 | 1634 | 276 | 1236 | 1637 | 276
Run 2C-5 [4/10/3000 2:45:03 PM 1276 | 1629 279 | 1241 | 16.36 176
Fun 2C-5 —[02000 (25003 PM | 1227 | 1629 | 201 | 1240 | 1636 | 276
Run IC-5 [&/IV2000  |2:5108 PM_ | 1347 | 1681 | 280 | 12350 | 16.34 177
Run 2C-5 [#1W2000 |2:52:03PM | 1347 | 1620 | 278 | 1259 | 1633 | 2717
Run 2C-3 [4710/2000 [2:53.03PM | 1457 | 1616 | 292 | 1276 | 1631 | 278
Run 2C-5 [4/10/20002:54:03 PM 1443 | 1614 281 | 1289 | 1630 | 278
Run 2C-5 [4/1072000  [Z:5508 PM_ | 1462 | 1604 | 287 1301 16.29 2.79
Run 2C-5 [/12000 |Z:56:03PM__| 14.59 | 1605 | 280 | 1301 | 16.8 | 279
Run 2C-5 [#T0Z000 | 2:57:03 PM 14.84 lo.lo | .79 1222 | 1627 | 279
END Run2C-5  |W1002000 |25803PM | 1535 | 1617 | 279 | 1335 | 1627 279
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Appendix C-5. Example of Exhaust Stack Emission M easurements Calibration Data
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APPENDIX D
DG Technical Panel
and
Verification Team Members
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Chrigtian Fellner

Chemical Engineer

Energy Supply & Industry Branch
Climate Protection Partnerships Division
U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, NW
Washington, DC 20460

USA

Phone: 202/564-2664

Fax: 202/565-2078

E-Mail: fellner.christian@epa.gov

Christopher Galati
Acting Director, Conservation/Technology
NW Natural Gas

220 NW Second Avenue

Portland, OR 97209

USA

Phone: 503/721-2472

Fax: 503/721-2539
E-Mail: cfg@nwnatural.com

Masoud Almass
Manager, Industrial Marketing
Enbridge Consumers Gas

Post Office Box 650

Scarborough, ON  M1K-5E3

Canada

Phone: 416/495-5694

Fax: 416/753-4798

E-Mail:  masoud.amass @cgc.enbridge.com

Bhavesh Patel

Manager, Strategic Business Devel opment
ASCO Power Technologies

50 Hanover Road

Florham Park, NJ 07932

USA

Phone: 973/966-2746

Fax: 973/660-3397

E-Mall: bpatel @asco.com

D-2

Anne-MarieBorbely

Manager, Technology, Policy and Planning
U.S. DOE, Pacific Northwest National Lab
902 Battelle Boulevard

Richland, WA 99352

USA

Phone: 509/372-4799

Fax: 509/372-4370
E-Mail: am.borbely@pnl.gov
Robert Eck

Area Manager

National Fuel Gas Distribution Corporation
10 Lafayette Square, Room 800
Buffaloe, NY 14203

USA

Phone: 716/857-7711
Fax: 716/857-7254
E-Mail: eckr@natfuel.com
William Taylor

Electrical Engineer

U.S. Army Corps of Engineers

Eng. Research and Development Center (ERDC)
Congtruction Engineering Research Laboratory
2902 Newmark Drive

Champaign, IL 61822

USA

Phone: 217/352-6511 ext. 6393

Fax: 217/373-6740

E-Mail: william.r.taylor@erdc.usace.army.mil

Neal Elliott

Senior Associate

ACEEE

1001 Connecticut Avenue NW; Suite 801
Washington, DC 20036

USA

Phone: 202/429-8873

Fax: 202/429-2248
E-Mail: melliott@aceee.org
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Patrick McL afferty
Vice President
Nextek Power Systems, Inc.

CA Alliance for Digtributed Energy Resources

926-J Street, Suite 1500
Sacramento, CA 95814

USA

Phone: 916/492-2445

Fax: 916/492-2176
E-Mail: nextek3@msn.com

CharlesUnder hill

Manager

Vermont Public Power Supply Authority
5195 Waterbury-Stowe Road

Waterburg Center, CT 05677

USA

Phone: 802/244-7678

Fax: 802/244-6889
E-Mail: underhil @vppsa.com
Rob Brandon

CANMET Energy Technology Centre
1 Haand Drive

Bells Corners Complex

Nepean, Ontario K1A 0G1

canada

Phone: 613/992-2956

Fax: 613/967-0291

E-Mail: rbrandon@nrcan.gc.ca
Michael Marvin

Executive Director

The Business Council for Sustainable Energy
1200 18" Street NW, 9" Floor

Washington, DC 20036

USA

Phone: 202/785-0507
Fax: 202/785-0514
E-Mail: mmarvin@ase.log

Jerry Bernards
Director, Project Integration
Portland Genera Electric

121 W Samon Street

Portland, OR 97204

USA

Phone: 503/464-7032

Fax: 503/464-2354

E-Mail: jerry.bernards@pgn.com
Brock John

KEFI-Exchange, Inc.
200, 1055-20" Avenue NW
Cagay, AB T2M 1E7

Canada

Phone: 403/251-0689

Fax: 403/282-3323

E-Mail: bj ohn@Kkefi-exchange.com
Paul Lynch

KeySpan Energy

445 Broadhollow Road
Médyville, NY 11747

USA

Phone: 631/391-6135
Fax: 631/391-6079
E-Mail:

Joseph lannucci

Principal

Distributed Utility Associates
1062 Concannon Boulevard
Livermore, CA 94550

USA

Phone: 925/447-0604

Fax: 925/447-0601
E-Mail: dua@ix.netcom.com
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Gregory Vogt

President

Eastern Power, Ltd.

304 The East Mdll, Suite 100
Toronto, ON M9B6E2

Canada

Phone: 416/234-1301

Fax: 416/234-8336

E-Mail: estrnpwr@interlog.com
Mike Seifert

Manager , Support Services
Vero Beach Municipal Utilities

Post Office Box 1389

Veo Beach, FL 32961

USA

Phone: 561/978-5020
Fax: 561/978-5090
E-Mail: ppmngr@corb.org

ErnieBouffard

Supervising Air Pollution Control Engineer
Connecticut Dept. of Environmenta Protection
79 EIm Street

Hartford, CT 06106

USA

Phone: 860/424-3441

Fax: 860/424-4064

E-Mail: ernest.bouffard@po.state.ct.us
David Weiss

Industrial Center
400 N Capital Street NW
Washington, DC 20001

USA

Phone: 202/824-7153

Fax:

E-Mail: dwei ss@industria center.org

Nicholas L enssen

Senior Director

Primen

1750 14™ Street, Suite 200
Boulder, CO 80302

USA

Phone: 303/545-0100

Fax: 303/545-0204

E-Mail: nlenssen@pri men.com

Harmohindar Singh
ASHRAE Member
Director

Center for Energy Research and Technology
Architectural Engineering
NC A&T State University
437 McNair Hall
Greensboro, NC 27411
USA

Phone:

Fax:

E-Mall:

Walter Johnston

Association of Energy Engineers
Cogeneration Institute

4000 Capital Court

Raleigh, NC 27613

USA
Phone:
Fax:
E-Mall:

919/782-5729

John Overall

Senior Technology Advisor
Market Knowledge Department
Union Gas Limited

Phone:
Fax:

E-Mail: joverall @uniongas.com
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Tom Molinski

Manitoba Hydro

Chairman

Canadian Assoc. for Distributed Resources
Post Office Box 815

Winnipeg, MB R3C 2P4

Canada

Phone: 204/474-3472

Fax: 204/477-4606

E-Mail: tsmolinski @hydro.mb.ca
Gerry Lederer

VP, Government and Industry Affairs
Building Owner Management Association
1201 New Y ork Avenue NW, Suite 300
Washington, DC 20005

USA

Phone: 202/408-2662

Fax: 202/371-0181
E-Mail: glederer@boma.org
Robert Elliott

VP, Engineering, Codes and Standards
American Hotd and Motel Association
1201 New York Avenue NW, Suite 600
Washington, DC 20005

USA

Phone: 202/289-3100
Fax: 202/289-3185
E-Mail: relliott@ahma.org
Dan Goldber ger

Senior Advisor

Canadian Electrica Association

Canada
Phone:

E-Mail: dan.goldberger @sympatico.ca
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James Cowart

Distributed Generation Program Manager
Tennessee Valley Authority

Public Power Institute

USA

Phone: 423/751-7154
Fax:

E-Mail: jdcowart@tva.gov




