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March 24th, 2014
Ms. Melanie Magee
Greenhouse Gas Permit Contact
U.S. EPA Region 6, (6PD-R)
1445 Ross Avenue, Suite 1200
Dallas, TX 75202-2733

RE: Greenhouse Gas Permit Response to Comments
Invenergy Thermal Development
Ector County Energy Center
Goldsmith, Ector County, Texas

Dear Ms. Magee:

As a follow up to the phone conversation with you and Ms. Anna Milburn on Friday, February
21, Invenergy has made several revisions to the Information represented in the Ector County
Energy Center Greenhouse Gas Permit Application, originally submitted June 26th 2013.
Specifically, Invenergy has provided:

 Revised GHG BACT numbers for the GE 7FA.03 turbine

 Adjusted mass emission rates for turbine startup/shutdown

 Justification for turbine selection

 Updated efficiency curves

Revised GHG BACT numbers for the GE 7FA.03 turbine
In Attachment A, you will find an updated Table 5-1 for the 7FA.03 turbine that includes revised
BACT levels on both a Net and Gross basis. Please note that the compliance margins and lb
CO2e /MWh BACT levels for the 7FA.03 have been reduced from the original application. Based
on Invenergy’s history of constructing, commissioning, and operating eight 7FA.03 turbines in
North America, we are confident in the unit’s ability to meet the manufacture’s stated design
performance at the site specific conditions. Based on this operational experience, we have
reduced the proposed design margin from 3.3% to 2.3% and the degradation margin downward
from 6.0% to 4.0%. Invenergy has not adjusted the performance margin from the original
application as this margin is based on the demands and requirements of the local electrical grid,
and we see a high degree of volatility in electrical demand on the electrical grid in west Texas.
The result of the decrease in the compliance margins for the 7FA.03 has resulted in a GHG
BACT annual lb CO2e/MWh emission limit that is significantly lower than in the initial application.

The margins in Table 5-1 have not been adjusted for the 7FA.05 turbine as Invenergy does not
have any installation or operating experience of these units. Therefore we are requesting more
conservative margins to cover any potential design, performance, or degradation issues that
may arise with this relatively new technology. As represented in the initial application, the
inclusion of the 7FA.05 turbine option is a second option in the event that the two 7FA.03 units
that Invenergy currently owns are repurposed for another project.
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Adjusted mass emission rates for turbine startup/shutdown
In Table 3-3 in the initial application, Invenergy represented that the CO2e emissions during start
up and shut down would occur at a rate of 78 tons of CO2e per hr. Based on a detailed review
of typical start up data from Invenergy’s 7FA.03 peaking facilities, and since the typical startup
time for a peaking turbine is less than one hour, it was determined that a permit limit of 21 tons
of CO2e per event would be achievable for both the 7FA.03 and the 7FA.05.

Please see the updated Table 3-3 in Attachment B.

Justification for turbine selection
The information included below is intended to further explain the benefits of the installation of
the proposed GE 7FA.03 gas turbine at the Ector County Energy Center.

Invenergy has analyzed the characteristics of electrical demand on the ERCOT electrical grid in
west Texas and specifically in the location of the proposed Ector County Energy Center. Our
analysis indicates a need of approximately 300 MWs of peaking capacity to respond to the
relatively volatile market. The 7FA.03 model gas turbines are very low cost units and fit this
need quite nicely. Invenergy currently owns and holds two 7FA.03 gas turbines and has
determined that the West Texas power market is the ideal area to install peaking turbines of this
size.

When comparing the BACT limits of the 7FA.03 with the BACT limits of the 7FA.05, it is
important to note that Invenergy’s proposal to use the 7FA.03 variant would result in a potential
to emit CO2e that is several thousands of tons per year less than the 7FA.05 variant. Although
the 7FA.05 has a lower lbs CO2e /MWh emission rate at each turbine’s respective base load,
emissions of greenhouse gases from the 7FA.05 variant would be much larger, due to the unit
having a significantly larger capacity than the 7FA.03, thereby resulting in more overall
emissions. Assuming both units are operated at 2,500 hours per year, the 7FA.05 will produce
104,003 more tons of CO2e on an annual basis, compared to the 7FA.03.

The chart in Attachment C depicts the efficiency of both the 7FA.03 and the 7FA.05, at site
elevation, plotted against the MW output of each turbine. In addition to fewer overall emissions
the 7FA.03 also boasts more efficient energy production, when compared to the 7FA.05, when
producing between 90 and 135MW per unit. This attribute of the 7FA.03 unit is not obvious
when only comparing base load heat rates or efficiencies of different turbine models. Based on
the electrical demand of the area, Invenergy feels that this is an important operating
characteristic of the 7FA.03. As electrical load varies and turbines are run partially loaded to
meet system demands, there is no assurance that in this application, the 7FA.05 will operate
more efficiently than the 7FA.03.

In addition to the overall emission production and efficiency of each unit, we have compared the
capital and long term operating costs of each variant as illustrated in Attachment D. Based on
this analysis, it is clear that any efficiency or emissions reduction available by using the 7FA.05
comes at a substantial cost. Based on the analysis conducted the installation of the 7FA.05 will
provide, at base load, a 1.85 percentage point efficiency improvement with an increased capital
cost of approximately $130 million dollars. The proposed 7FA.03 combustion turbines have
already been purchased and are held in current inventory thus, the additional costs for the
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7FA.05 are unusually large for this project due to the fact that additional capital will be needed
to purchase the 7FA.05.

When levelizing the production of each unit on an annual basis and taking into account the
annual plant costs, the higher upfront and operating expenses of the 7FA.05 result in a cost of
$675 for every ton of CO2e reduced. Please see the table in Attachment D for further illustration
of the assumptions that went into calculating this number. Note also that this analysis has
assumed the 7FA.03 is operated to its permit limit and the maximum number of megawatts are
produced. In the event that fewer megawatt hours are modeled, the cost per ton of CO2e saved
further increases.

Updated efficiency curves
Please see the requested efficiency curves provided in Attachment E.

Updated Permit Application Tables
As a result of the changes listed above, as well as the revisions since Invenergy’s original
application to Table A-1 to Subpart A of Part 98 –Global Warming Potentials, updated Table 3-1
through 3-8 from the permit application have been provided for reference.

Thank you for your assistance in identifying these additional items needed to complete the

permit review. Invenergy is committed to producing power using appropriate equipment in an

efficient manner to satisfy market demand. Please let me know if there are any additional items

that we can provide. Should you have any questions, please contact me at

bosborne@zephyrenv.com, or 512-579-3815.

Sincerely,

Zephyr Environmental Corporation

Bryan Osborne

Project Manager

Attachments



Attachment A
Updated Table 5-1 for 7FA.03



Attachment B
Updated Table 3-3 for Startup Emissions



25.00%

27.00%

29.00%

31.00%

33.00%

35.00%

37.00%

70,000 90,000 110,000 130,000 150,000 170,000 190,000

Ef
fi

ci
en

cy
(H

H
V

)

Turbine Output (kW)

ECEC GE 7FA.03 Gas Turbine Efficiency vs 7FA.05
@ 59°F/60%RH, Site Elevation of 3,100 feet

7FA.03

7FA.05

Attachment C
Efficiency Curves for 7FA.03 vs 7FA.05



Attachment D
Emission Cost Analysis of 7FA.03 and 7FA.05
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Attachment E
Updated Efficiency Curves for 7FA.03 and 7FA.05
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Updated GHG Permit Application Tables
















