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Chamisa CAES at Tulia

Table 1: Summary of Emissions

2/26/2013

Turbine 1 Turbine 2 Emergency Gen NG-Purge NG-Fugitives  |SFg Fug | TOTAL
PSD
Significant
. . Increase
Normal, SSM, Total, | Normal, SSM, Total, Levels,
Ib/hr Ib/hr tons/yr Ib/hr Ib/hr tons/yr | Ib/hr  tons/yr Ib/hr tons/yr Ib/hr tons/yr | tons/yr | tons/yr | tons/yr
CO, 73,702 73,702 198,572| 73,702 73,702 198,572| 1,729  86.45 29.1 0.116 0.01 0.044 397,230 N/A
CH, 5.29 5.29 14.25 5.29 5.29 14.25 | 16.88 0.84 25924  10.37 0.92 4.03 43.74 N/A
N.O 1.85 1.85 4.98 1.85 1.85 4.98 9.96 N/A
SFg 0.0073 | 0.0073 N/A
GHG 73,709 73,709 198,591| 73,709 73,709 198,591| 1,746  87.29 2,622 10.49 0.93 4.07 0.0073 | 397,284 ( 100,000
CO,-e 74,387 74,387 200,417 74,387 74,387 200,417 2,083 104 54,470 217.89 19.3 84.67 | 174.47 |401,415( 100,000

Total GHG emissions reflect normal operation of each turbine train for an average of 5000 hours operation at maximum production per year, and startup and
shutdown operations, but each train could actually operate at greater hours at lower producton levels or at maximum production if the other train was operated
less, to keep emissions below the total for the two turbines.
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Chamisa CAES at Tula Table 2: Turbine Emission Calculations 2/26/2013

Bases for Calculations
- Total Annual Operating Hours, Normal Maximum Operation, Per Turbine” 5000
*Not proposed as a limit for each unit, but as a basis for development of an operations and emissions cap.

- Total Number of Startups Per Year, Per Turbine 700

- Maximum Duration of Startup, min 30

- Maximum Annual Startup Hours, Per Turbine 350

- Total Number of Shutdowns Per Year, Per Turbine 700

- Maximum Duration of Shutdown, min 3.3

- Normal Operating Hours, % of Total 92.8%

- Startup, Shutdown, or Maintenance (SSM) Hours, % of Total 7.2%

- Maximum Annual Shutdown Hours, Per Turbine 38.5

- Basis of Turbine Emission Rates Vendor data except as noted
- Maximum Turbine Firing Duty, MM Btu/hr (HHV), Per Turbine 615.215

Maximum Emission Rates

Turbine 1 Turbine 2

Startup, Shutdown, Startup, Shutdown,

Startup, Ibs/hr (incl. Ibs/hr (incl. Startup, Ibs/hr (incl. Ibs/hr (incl.
Normal, Ibs/start- normal Shutdown, normal Annual, | Normal, Ibs/start- normal Shutdown, normal Annual,
Ib/hr up operation) lbs/shutdown operation) tons/yr Ib/hr up operation) Ibs/shutdown operation) tons/yr
CO, 73,702 N/A 73,702 N/A 73,702 198,572 | 73,702 N/A 73,702 N/A 73,702 198,572
CH, 5.29 N/A 5.29 N/A 5.29 14.25 5.29 N/A 5.29 N/A 5.29 14.25
N,O 1.85 N/A 1.85 N/A 1.85 4.98 1.85 N/A 1.85 N/A 1.85 4.98
COye 74,387 N/A 74,387 N/A 74,387 200,417 | 74,387 N/A 74,387 N/A 74,387 200,417

Tabulation of CHa4, and N,O Emission Factors from AP-42, Tables 3.1-2a and 3.1-3
CH, 0.0086 lbs/MM Btu
N,O 0.003 Ibs/MM Btu

Calculation of CO, Hourly Emissions
(20.682 Ib/sec CO2) X (3600 sec/1 hour) = 73702 Ibs/hr

Tabulation of GHG Warming Potential Equivalency Factors (40 CFR Part 98 Subpart A, Table A-1)

CO, 1 kg CO,-e/kg CO,
CH, 21 kg CO,-e/kg CH,
N.O 310 kg CO,-e/kg N,O

Calculation of CO,-e Hourly Emissions
(73,702 Ib CO2/hr) X (1lIb CO2-e/lb CO2) + (5.29 Ibs CH4/hr) X (21 Ib CO2-e/lb CH4) + (1.85 Ibs N20/hr) X (310 Ib CO2-e/lb N20) =
74,387 lbs CO,-e/hr
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Note: AP-42 is the U.S. EPA's_Compilation of Air Pollutant Emission Factors, 5th Edition. 22
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ChamisaCAESat Tulia, LLC October, 2012
PSD Permit Application for Greenhouse Gases revised February 2013

5.0PSD APPLICABILITY SUMMARY

Asshown in Table 1, the Chamisa Facility will emit 397,284 tong/yr of GHG pollutants, and 401,415
tong/yr of CO,-e pollutants. Asshown in Table 1F, the Chamisa Facility is not subject to PSD for non-
GHG pollutants because the emissions of non-GHG are less than the significant increase levels defined
for those pollutants in the PSD rules.

Sources and emissions subject to PSD permitting requirements because of their potential to release GHG
emissions are subject only to some of the requirements of the PSD rules. The primary requirement of a
PSD permit for GHG emissionsisto require that the permitted facilities use the Best Available Control
Technology (BACT) for controlling GHG emissions. The resulting PSD permit specifies emission levels
reflecting the use of BACT, including emissions monitoring and other requirements to ensure that the
BACT emission levels are maintained during operations. An analysis of and rationale for BACT for the
GHG sources at the Chamisa Facility are provided in Section 6.0.

The Chamisa Facility is not subject to other PSD permit requirements. It is not subject to an analysis of
ambient air impacts because there are no National Ambient Air Quality Standards or PSD Ambient Air
Increments for GHG emissions. It is not subject to preconstruction ambient air monitoring because of the
nature of GHG emissions and their potential global impact; there is no benefit for the gathering of local
ambient air monitoring data on GHG pollutants. EPA’s permitting guidance for GHG also indicates there
is no need to conduct analyses of additional impacts on Class | areas, soils and vegetation because
quantifying the impacts attributable to a single source is not feasible with current climate change models.”

4U.S. EPA, PSD and Title V Permitti ng Guidance for Greenhouse Gases, EPA-457/B-11-001, March 2011.
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TABLE 1F

AIR QUALITY APPLICATION SUPPLEMENT

Permit No.: TBD

Application Submittal Date: October, 2012, rev. Feb. 2013

Company: Chamisa CAESat Tulia, LLC

RN: TBD

Facility Location: Plant siteis SW of I ntersection of -27
and State Highway 86, SW of Tulia

City: Tulia

County: Swisher

Permit Unit I.D.. Chamisa CAESat Tulia

Permit Name: Chamisa CAESat Tulia

Permit Activity: [X] New Source[ | Modification

Completefor all Pollutantswith a Project Emission | ncrease. POLLUTANTS

Ozone

VOC |NO, |CO |PMy, |[PM,s |NOy|SO, |CcOre

Nonattainment? No [ No | No | No No No | No No
PSD? No [ No | No | No No No | No | Yes
Existing site PTE (tpy)? 0 0 0 0 0 0 0 0

Proposed project emission increases'?

6.27 38.00 | 40.04 8.29 7.61 38.00 4.64 401,415

Is the existing site a magjor source?

No | No | No | No No No | No No

If not, isthe project amagor source by itself?

No [ No | No | No No | No | No | Yes

If siteismajor source, is project increase significant? N/A

If netting required, estimated start of construction: N/A since a hew grassroots plant is proposed

5 years prior to start of construction N/A contemporaneous
Estimated start of operation N/A period
Net contemporaneous change, including proposed project (tpy) 627 | 3800 | 4004 ) 829 71| 3800 | 464 ) 401415

Major NSR Appli(;eﬁpltj?? i

No [ No | No | No No | No | No | Yes

Managing Director 02/28/2013

M =

Signature”

Title Date

! Sum of proposed emissions minus baseline emissions, increases only.
The representations made above and on the accompanying tables are true and correct to the best of my knowledge.

TCEQ - 10154 (Revised 04/12) Table 1F

Theseformsarefor use by facilities subject to air quality permit requirementsand may

berevised periodically. (APDG 5912v2)
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Chamisa CAES at Tulig, LLC October, 2012
PSD Permit Application for Greenhouse Gases revised February 2013

6.1.4 Step 4 - Evaluate the most effective controls and document results.

Post-combustion capture of CO, could potentially remove 90%, or 357,430 tons per year of CO, from the
two turbine train exhausts.

Costsfor CCS applied to natural gas-fired gas turbines, primarily in combined cycle applications, have
been widely examined in studies conducted by the U.S. Department of Energy, the Interagency Task
Force on Carbon Capture and Storage, the Electric Power Research Institute, and others. Results of the
most recent of these have been presented in the “ The Cost of Carbon Capture and Storage for Natural Gas
Combined Cycle Power Plants’*® along with additional estimates generated from Carnegie Mellon
University’s Integrated Environmental Control Model. These cost estimates can be readily extrapolated
to the CAES turbine exhaust because the exhausts from both CAES turbines and combined cycle power
plants have similar characteristics, including similar levels of impurities and carbon dioxide (3-5% by
volume). One difference isthe scale of the production facility. The studied combined cycle power plants
have all featured two F Class gas turbines with a total power output approximately twice that of the two
CAES gasturbines. This differencein scale resultsin ahigher capital cost per unit of power produced or
carbon dioxide removed for the CAES turbines. While Chamisa has considered that effect in the
calculation of capital cost below, we have not escalated the annualized costs to consider the higher
relative capital cost for a CCS system used with CAES turbines. The annualized costs for a CAES
facility can thus be expected to be even higher than the estimates provided below. Costs are presented in
2011 dollars.

Cost Component CCSCost for Chamisa CAES
Tota Capital Cost $230 million

Total Annualized Cost $22-37.5 million

Cost Effectiveness $62-105/ton CO, removed

The capital costsinclude the CO, absorption trains, CO, compression trains, CO, pipeline costs, and costs
for theinjection of CO, into storage sitesor EOR sites.  The total annualized costs included annualized
capital costs and all fixed and variable operating and maintenance costs. These costs can be expected to
reasonably represent the minimum costs of CCS for the Chamisafacility. The cost of CCS would
increase the cost of electricity produced at the plant by $0.015-0.026/kWh. Included in these costs are the
cost of the higher energy demands at the plant due to the use of CCS, with an expected increase in energy
usage (or areduction in the net power from the plant) of about 15%. The costs estimates were devel oped
with data from the paper cited above and from the Global CCS Institute’ s 2012 Status Report.*°

CCS may also have adverse environmental impacts on subsurface and surface water qualities, but like
many aspects of CCS, the extent of these and other environmental effectsis uncertain.

Finaly, it is worth noting that anthropogenic CO, used and trapped within an EOR reservoir may not
serve the goal of reducing overall GHG emissions. The objective of using CO, in EOR operations is to

15E.S. Rubin and Haibo Zhai (Carnegie Mdlon University), “ The Cost of Carbon Capture and Storage for Natural Gas Combined
Cycle Power Plants’, Environmental Science and Technology, 2012, 46, 3076-3084.
16Global CCS Institute, The Global Status of CCS: 2012, Canberra Australia, 145.
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Chamisa CAES at Tulig, LLC October, 2012
PSD Permit Application for Greenhouse Gases revised February 2013

produce oil which will be combusted and emit GHG gasses. Consequently, the net result of a CCS
system that is used for EOR could ultimately result in zero GHG savings."’

The base case option of the CAES turbine system will not entail the CCS costs or energy impacts. In
addition, the Chamisa Facility will achieve heat rates over arange of plant operating rates of 50-100% of
capacity of 4502-4581 BTU (HHV basis) per net kWh produced.’® This compares favorably to a heat rate
of approximately 7000-7500 BTU/kWh for natural gas combined cycle power plants, and to a heat rate of
10,200 for simple cycle gasturbines. It also compares favorably to the heat rate of 4390-4773 Btuw/kWh
reported for another recently proposed CAES facility.”® The heat rate distinctions directly corrate to a
reduced potential for GHG emissions as well.

6.1.5 Step 5 - Select the BACT.

Economic, energy, and environmental impacts all argue against the selection of CCSasBACT. The
higher annual costs, and the resulting impact on the costs of produced electricity, would in fact result in
the cancellation of the Chamisa Facility, if CCS were required asBACT. CCSisalso not considered
technically viable. BACT for GHG emissions is the use of the efficient gas turbine CAES technology
proposed for the Chamisa Facility, with both turbine trains operated and maintained properly according to
the manufacturer recommendations.

6.2 Emergency Generator

The natural-gas fired emergency generator will normally operate less than 100 hours per year in non-
emergency operations. GHG from the Emergency Generator will amount to 104 tons/yr of CO»-e
emissions, and 87.29 tons/yr of GHG emissions on amass basis.

6.2.1 Identify all available control technologies.

There are two options for control of GHG emissions from the emergency generator. Thefirst isto
implement the add-on CCS option. The second isto maintain and operate the emergency generator
properly, according to manufacturer recommendations and good combustion practice.

6.2.2 Eliminate technically infeasible options.

The use of CCSis not technically feasible for the emergency generator due to the generator’ s infrequent
but critical operating requirements for quick response, short-duration operation; the operating period for
the generator would usually end before the CCS absorption unit has reached normal operation. Except for
its periodic testing, the emergency generator is intended to operate only for emergency situations when
grid power may not be available, when its entire electrical output is required for the emergency situation.
No CCS systems have been demonstrated for use on emergency generators.

Maintaining and operating the generator properly istechnically viable, as demonstrated by widespread
use of these units.

YGloba CCS Indtitute, The Global Status of CCS: 2012, Canberra Australia, 153.

18 The heat rate increases to 4659 Btu/kWh at 36% load and to 5206 Btu/kWh at 25% load, which isjust above the lowest
sustainableload level. All heat rate values are based on 3% heat rate degradation between overhauls, and internal energy demand
of 2.5% of gross power generated; except that internal energy demand at |oads below 50% are estimated as a constant |oad of 900
kw).

1°Bethel Energy Center, Anderson County, Texas, Prevention of Significant Deterioration Greenhouse Gas Permit Application,
June 2012, Submitted to US. EPA Region 6.
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Chamisa CAES at Tulig, LLC
PSD Permit Application for Greenhouse Gases

October, 2012
revised February 2013

M aintenance
Requirements

Emission and Production
Limits

Monitoring Requirements

Emission Source

Gas expander
turbine trains

400,834 tong/yr CO,-e
from both trains

74,387 Ibs’h CO,-e from
eachtrain

6,270,000 MM Btu/yr
(HHV basis), total from
both trains

1,425,000 MWh
(net)/yr, total from both
trains

540 Ibs CO/MWh (net)
@ max. load

630 Ibs CO/MWh (net)
@ any load from 25% to
100% load

Determine hourly and
annual GHG emissions
using 40 CFR 98.43
Determine and record
annual GHG emissions
on arolling 12-month
basis

Determine and record Ibs
CO,/MWh (net) asa
rolling 30-day average
Record annual fuel usage
in MM BTU/yr (HHV
basis) and net electricity
output in MWh/yr on a
rolling 12-month basis

e Operate and
maintain all

equipment according

to manufacturer
recommendations

Emergency e 104 tongyr CO,-e Determine annual GHG e Operate and
generator emissions using 40 CFR maintain all
98.33 on acaendar year eguipment according
basis to manufacturer
recommendations
Natural Gas e 84.7 tons/yr CO-e Record leak observations e Operate and
Piping Fugitive reporting by operating maintain all
Leaks and maintenance staff equipment according
to manufacturer
recommendations
Natural Gas o 218tong/yr CO,-e Record purge volumes e Operateand
Maintenance and determine annua maintain all
Purges GHG emissionson a equipment according
calendar year basis to manufacturer
recommendations
Sk Fugitive o 174 tong/yr COs-e Useinventory recordsto e Implement a
Leaks determine SFs and CO,-e recycling program
emissions on acalendar so that SFgis
year basis evacuated into

Monitor for leaks using

portable cylinders

halogen detector on a rather than vented to
monthly basis atmosphere.
e Operate and
maintain all

equipment according

to manufacturer
recommendations

Table7. Proposed Emission and Production Limits, Monitoring, and Maintenance Requirements




Tables 1 and 1A in Support of

Response to Question 4









Tables in Support of

Response to Question 5
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