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PACIFIC GAS & ELECTRIC COMPANY; Plant 11556


Application 17838





BACKGROUND





The Pacific Gas & Electric Company (PG&E) is a publicly-owned gas and electric utility.  Since July 1997, PG&E has operated this facility, which consists of a single 45 MW electric generator driven by two gas turbines (S-1, S-2) which fire #2 distillate fuel oil and "Jet A" aviation turbine fuel and which use water injection to control NOx generation.  PG&E operates this power plant as a "standby" unit with a projected utilization of less than 10%.  This facility has been determined to not be subject to District permitting requirements (except for Title V requirements), or subject to NSPS requirements, specifically 40 CFR Part 60 Subpart GG ("Standards of Performance for Stationary Gas Turbines"), or District Regulation 9, Rule 9 ("Nitrogen Oxide Emissions From Stationary Gas Turbines") as discussed in the letter from the District to PG&E dated May 20, 1997.  This facility is projected to be replaced within 5 years.  PG&E formerly operated identical dual-turbine generating units at its Oakland (Plant 482) and San Francisco (Plant 26) power plants, with three generating units per facility; these plants are permitted and have since been sold to other utility companies.





This facility is subject to Regulation 2, Rule 6 ("Major Facility Review") because it has the potential to emit more than 100 ton/yr of NOx and CO.  In accordance with District policy, permit conditions will limit emissions at this facility to no more than:  95 ton/yr of NOx and CO (each), 23 ton/yr of total hazardous air pollutants (HAPs) and 9 ton/yr of any single HAP.





Compliance with the synthetic minor limits will be assured by monthly fuel usage limits and monthly fuel usage records.  PG&E will submit annual reports of fuel consumption as part of the annual permit renewal process.  These reports will be inspected at least annually to determine compliance.  The records will clearly show if, when, and for how long the plant has been out of compliance, and the District will be able to take enforcement action accordingly.  Records will also be available for EPA inspection.





The sources included in this permit are:





S-1	Gas Turbine:  Pratt & Whitney FT4-C1, 296 MM BTU/hr heat input


S-2	Gas Turbine:  Pratt & Whitney FT4-C1, 296 MM BTU/hr heat input





Neither of these sources has existing District permit conditions.








EMISSIONS LIMITS STRATEGY





To obtain a synthetic minor operating permit, a facility must have federally enforceable permit conditions which limit the potential to emit to 95 tons per year of any regulated air pollutant, and to 9 tons per year of any single HAP, and to 23 tons per year of any combination of HAPs.





In accordance with EPA guidance, fuel throughput limits will be used to ensure compliance with these emission limits.  Although EPA has expressed a preference for fixed monthly limits, in the memo dated February 24, 1992, entitled "Use of Long Term Rolling Averages to Limit Potential to Emit" from John Rasnic, EPA states that long term rolling averages are acceptable for nine source categories including "emergency standby units", with the understanding that each case be considered individually.  Because these gas turbines will be limited to less than 10% utilization, and because PG&E intends to use them as little as possible and to replace them within 5 years, they may be considered standby units.  Therefore, long-term limits are justified because they provide operational flexibility with a reasonable expectation that annual limits will be satisfied.  Throughput limits will be expressed in terms of total throughput for any consecutive 12 month period.








Emission FACTORs





PG&E has proposed to burn #2 distillate oil or "Jet A" fuel with no more than 0.3 weight % sulfur, and to operate the facility with no more than 45 MW output.





A.  Based on Oakland Facility Source Test (NOx, CO)





The source test at PG&E's Oakland turbines was conducted under relatively high water injection conditions, according to PG&E's report on the test results (1/29/97 report, copy attached).  The fuel was unspecified in the test report, but is believed to have been #2 distillate oil based on historical fuel usage at the facility.  Water injection rates averaged 28 gpm, compared to the "high water injection rate" trip setting of 30 to 35 gpm.  As noted in AP-42, Section 3.1.4.1 (10/96 revision, copy attached), water injection tends to reduce NOx generation, while increasing CO generation at high injection rates.  PG&E's report recommended a reduction of the water injection rate to around 25 gpm to minimize the risk of turbine trips and estimated that this change would increase NOx emissions by 10-15 ppmv.





Two turbine sets were tested at 14.6% exhaust oxygen concentration.  The third was tested at 17.4% for one turbine and 17.8% for the other.  In order to compare all of the test results, the third set of data should be corrected to 14.6% oxygen.  Using the procedure in District Source Test Method 13 for NOx, these values are corrected as shown in "Table 1" of the 1/29/97 report.  The maximum emissions from all three tests, corrected to 14.6% oxygen, were 39 ppmv NOx and 121 ppmv CO.  However, because it appears likely that water injection rates would not typically be as high as they were during this test, NOx emission concentrations will be increased by 15 ppmv, as estimated by PG&E, to 54 ppmv to reflect more typical operation.  As noted above, CO emission concentrations would not be expected to increase as a result of a reduced water injection rate.





Emission factors:	NOx:    54 ppmv at 14.6% O2


			CO:    121 ppmv at 14.6% O2





Convert NOx and CO "ppmv" to "lb/MM BTU of fuel":





This conversion may be done using the EPA "Fd" factor from 40 CFR Part 60 test methods, for example Method 19, Table 19-2-F (copy attached).  Fd is the ratio of the volume of dry flue gas to the heat value of the fuel used to produce the flue gas.  Fd for distillate oil is 9,190 dscf/MM BTU.  The conversion assumes that the flue gas is ideal (since flue gas molar volume is assumed to be 359 ft3/lbmole) which is a valid assumption because of the relatively high temperature and low pressure of the flue gas.  The conversion includes a correction of the pollutant concentrations from 14.6% O2 to 0% O2 (in accordance with District procedure ST-13A) since the flue gas volume assumes stoichiometric combustion (zero excess air and O2).





NOx (molecular weight 46.01 as NO2):





	(54/MM) ((20.95%-0%) / (20.95%-14.6%)) (9,190 ft3/MM BTU) (lbmole/359 ft3)





(46.01 lb/lbmole) = 0.210 lb/MM BTU


CO (molecular weight 28.01):





	(121/MM) ((20.95%-0%) / (20.95%-14.6%)) (9,190 ft3/MM BTU) (lbmole/359 ft3)





(28.01 lb/lbmole) = 0.286 lb/MM BTU








B.  Based on Manufacturer's Data (NOx, CO)





PG&E has provided manufacturer's data curves 9001111149, 9001111150 and 9001111151 (copies attached) in their fax dated 10/10/97.  These curves predict the flue gas oxygen concentration (16.67 volume %), NOx concentration (50 ppmv dry) and CO concentration (160 ppmv dry) at 22.5 MW output for each turbine (for a total output of 45 MW) and a 0.5 water/fuel ratio.  The curves are based on an unspecified "liquid fuel".  Using the same procedure applied to the Oakland source test data, this data is converted to emission factors expressed as "lb/MM BTU of fuel":





NOx (molecular weight 46.01 as NO2):





         (50/MM) ((20.95%-0%) / (20.95%-16.67%)) (9,190 ft3/MM BTU) (lbmole/359 ft3)





(46.01 lb/lbmole) = 0.288 lb/MM BTU





CO (molecular weight 28.01):





         (160/MM) ((20.95%-0%) / (20.95%-16.67%)) (9,190 ft3/MM BTU) (lbmole/359 ft3)





(28.01 lb/lbmole) = 0.562 lb/MM BTU








C.  Based on EPA AP-42 (NOx, CO, VOC, PM10, SO2; Rating E)





Table 3.1-3 (NOx, CO, VOC, PM10) and Table 1.3-1 (SO2) list the factors shown below.  Table 3.1-3 is based on a 0.5 water/fuel ratio; the SO2 factor in Table 1.3-1 is based on complete conversion of fuel sulfur to SO2 and therefore applies under all conditions.  All factors are based on distillate oil combustion.  Copies of these tables are attached.





NOx:	0.290 lb/MM BTU fuel input


CO:	0.0192 lb/MM BTU fuel input





VOC:	0.0048 lb/MM BTU fuel input (based on total organic compound emission factor)


PM10:	0.0372 lb/MM BTU fuel input


SO2:	142 S lb/1000 gal fuel input (where S is sulfur weight % in fuel); 0.3% sulfur will be assumed to reflect PG&E's proposed limit (Regulation 9-1-304 includes a 0.5% weight % limit).








D.  Selection of Emission Factors





The three sets of emission factors agree reasonably well for NOx, but diverge considerably for CO.  Because the manufacturer's data predicts NOx emissions which are at the upper range for the three data sets and has the highest CO factor by a large margin, the factors from this data will be considered conservative and will be used.


AP-42 provides the only available factors for VOC, PM10 and SO2 and these will be used.





Therefore, emissions will be based on the following factors:





NOx:	0.288 lb/MM BTU fuel input


CO:	0.562 lb/MM BTU fuel input


VOC:	0.0048 lb/MM BTU fuel input


PM10:	0.0372 lb/MM BTU fuel input


SO2:	42.6 lb/1000 gal fuel input








Emissions Estimate (S-1, S-2)





PG&E has proposed 5,115,000 gal/yr, total, of #2 distillate oil and "Jet A" combustion.  However, as shown below, this level of fuel use would result in emissions which exceed the synthetic minor limits.  In order to comply with these limits, fuel use may not exceed 2,449,000 gal/yr.





Jet A is a more highly refined petroleum product than #2 distillate oil.  As such, it tends to have a lower sulfur content than #2 distillate oil refined from the same crude stock.  Jet A fuel has a higher range of API gravity than #2 distillate oil (typically 33 degrees for #2 distillate and 43 degrees for Jet A), which implies a lower heating value of about 3%.  These relationships are described in Figure 9-3 of Chapter 9 of Perry and Chilton's "Chemical Engineering Handbook", 5th Edition.  Because Jet A fuel is expected to have a lower heating value than #2 distillate, calculated emissions from use of Jet A fuel are expected to be lower than those from #2 distillate oil (since emission factors are expressed in terms of fuel heat input).  Since emission calculations and allowable fuel throughput will be based on #2 distillate oil, Jet A fuel will be permitted to be used in place of #2 distillate oil.





Basis:  (	2,449,000 gal/yr of #2 fuel oil combustion


            (	138,000 BTU/gal for #2 fuel oil (proposed by PG&E, verified by Perry and Chilton's Chemical Engineering Handbook, 5th Edition, Figure 9-3)





NOx:	(2,449,000 gal/yr) (138,000 BTU/gal) (0.288 lb/MM BTU) (ton/2,000 lb)


/ (1,000,000) = 48.7 ton/yr





CO:	(2,449,000 gal/yr) (138,000 BTU/gal) (0.562 lb/MM BTU) (ton/2,000 lb)


/ (1,000,000) = 95.0 ton/yr





VOC:	(2,449,000 gal/yr) (138,000 BTU/gal) (0.0048 lb/MM BTU) (ton/2,000 lb)


/ (1,000,000) = 0.8 ton/yr





PM10:  (2,449,000 gal/yr) (138,000 BTU/gal) (0.0372 lb/MM BTU) (ton/2,000 lb)


/ (1,000,000) = 6.3 ton/yr





SO2:	(2,449 M gal/yr) (42.6 lb/M gal) (ton/2,000 lb) = 52.2 ton/yr





Therefore, the 95 ton/yr individual pollutant emission limit is not exceeded in any case.














HAPs





EPA's AP-42, Table 3.1-4 (10/96) includes a list of trace metals produced by distillate oil combustion in gas turbines.  In addition, the District applies emission factors of 0.12 lb/1,000 gallons for benzene and 0.0559 lb/1,000 gallons for formaldehyde to distillate oil combustion in gas turbines.  Those compounds which are considered HAPs are listed below, with their estimated emissions.





Toxic emissions from the use of "Jet A" fuel will be assumed to be bounded by the factors for distillate oil because jet fuel is a more highly refined product and would tend to have lower concentrations of the metals and other solids which are the majority of the listed HAPs.  Further, as shown below, each HAP individually and total HAPs are emitted in quantities which are much lower than the respective synthetic minor limits.  Therefore, even if emissions of some compounds are substantially higher for jet fuel than for distillate oil, which is not expected, HAP emission limits would not be exceeded.





Basis:  (	2,449,000 gal/yr of #2 fuel oil combustion


            (	138,000 BTU/gal for #2 fuel oil (from Perry and Chilton's Chemical Engineering Handbook, 5th Edition, Figure 9-3)





Calculate "MM BTU/yr":





	(2,449,000 gal/yr) (138,000 BTU/gal) / (1,000,000) = 337,962 MM BTU/yr





compound�
emission factor


(lb/MM BTU except as noted)�
emissions�
�
antimony�
0.00015�
0.03 ton/yr�
�
arsenic�
0.0000049�
0.00 ton/yr�
�
benzene�
0.012 lb/1,000 gal�
0.01 ton/yr�
�
cadmium�
0.0000042�
0.00 ton/yr�
�
chromium�
0.0000047�
0.00 ton/yr�
�
cobalt�
0.0000091�
0.00 ton/yr�
�
formaldehyde�
0.0559 lb/1,000 gal�
0.07 ton/yr�
�
lead�
0.000058�
0.01 ton/yr�
�
manganese�
0.00034�
0.06 ton/yr�
�
mercury�
0.00000091�
0.00 ton/yr�
�
nickel�
0.0012�
0.20 ton/yr�
�
phosphorus�
0.0003�
0.05 ton/yr�
�
selenium�
0.0000053�
0.00 ton/yr�
�
�
�
�
�
�
total (ton/yr)�
0.43 ton/yr�
�



Therefore, neither the 23 ton/yr limit for total HAPs nor the 9 ton/yr individual HAP limit is exceeded.








PERMIT CONDITIONS





The permit conditions for this facility are attached.  In addition to a 2,449,000 gal/yr fuel combustion limit (#2 distillate oil or Jet A), and a 0.3 weight percent sulfur limit for these fuels, permit conditions will include 95 ton/yr emission limits for each class of regulated pollutants.





As demonstrated above, compliance with the fuel usage limit will ensure compliance with HAP emission limits by a wide margin and therefore explicit HAP emission limits will not be imposed.





As discussed above, the "limiting pollutant" at this facility is CO.  The emission factors which were used (manufacturer's data) were chosen because they had the highest CO emission rate, significantly higher than PG&E source test data for identical turbines.  However, because these data sets have a large discrepancy, they do not allow the optimal water/fuel injection ratio to be specified with certainty.  Therefore, permit conditions will require a source test within 6 months of permit issuance to measure NOx and CO emission rates and water/fuel injection ratio and the resulting data will be used to set a permissible injection ratio.  Six months has been provided to perform a test because the turbines are primarily utilized during the summer months.





Standard recordkeeping and reporting requirements will be included in the permit conditions.








STATEMENT OF COMPLIANCE





This facility is in compliance with the necessary requirements in Regulation 2, Rule 6 to obtain a synthetic minor operating permit.  PG&E has voluntarily accepted federally enforceable permit conditions that will limit its potential to emit to 95 tons per year of any regulated air pollutant, 9 tons of any hazardous air pollutant, and 23 tons of any combination of hazardous air pollutants.

















By:  __________________________________________________________


		J. Julian Elliot


		Air Quality Engineer II
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Pacific Gas & Electric Company; Plant 11556
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Sources:





S-1	Gas Turbine:  Pratt & Whitney FT4-C1, 296 MM BTU/hr heat input


S-2	Gas Turbine:  Pratt & Whitney FT4-C1, 296 MM BTU/hr heat input





Pacific Gas & Electric Company (PG&E); Plant 11556, has a synthetic minor operating permit.  This operating permit covers all sources existing at this facility as of permit issuance.  The sources are listed above.





Parts 1 through 8 of these conditions establish the federally enforceable permit terms that ensure this plant is classified as a Synthetic Minor Facility under District Regulation 2, Rule 6, and ensure that it is not subject to the permitting requirements of Title V of the Federal Clean Air Act as amended in 1990 and 40 CFR 40 Part 70.  Any revision to a condition establishing this facility's status as a Synthetic Minor Facility or any new permit term that would limit emissions of a new or modified source for the purpose of maintaining this facility as a Synthetic Minor Facility must undergo the procedures specified by Regulation 2, Rule 6.





Any District conditions that do not establish this facility as a Synthetic Minor Facility are marked with an asterisk.  This facility must comply with all conditions, regardless of asterisks, and must comply with all District requirements for new and modified sources regardless of its status as a Synthetic Minor Facility.





1.	The total fuel consumption at Gas Turbines S-1 and S-2 shall not exceed the following limits in any consecutive 12-month period:





	#2 distillate oil, Jet A fuel:		2,449,000 gallons (total)


[Regulation 2-6-423.2]





2.	Fuel consumed at Gas Turbines S-1 and S-2 shall not contain in excess of 0.3 percent sulfur by weight.					[Regulation 2-6-423.2]





3.	The water/fuel injection ratio at S-1 and S-2 shall be between [to be determined by Part 4 source test] at all times except as recommended by the turbine manufacturer during startup and shutdown periods.	[Regulation 2-6-423.2]





4.	Within 6 months of permit issuance, a source test shall be conducted as close to full load as practical on both S-1 and S-2, but above 90% load on each turbine, to measure NOx and CO emissions (lb/hr) and the associated oxygen exhaust concentration.  The turbine load and the water/fuel injection ratio shall be monitored and recorded during these tests.  This test shall be conducted in accordance with District procedures (or equivalent procedures with the approval of the District Manager of Source Test).  Notification shall be provided to the District Manager of Source Test [FAX 415 749 4922] at least 7 days prior to the test, including test time, location, contact name and phone number.  A copy of the test report, including NOx and CO emission rates, oxygen exhaust concentration, turbine loads and water/fuel injection ratios, shall be provided to the District Director of Compliance and Enforcement within 45 days of the completion of testing.					[Regulation 2-6-423.2]


5.	Total emissions from all sources at this facility shall not exceed the following limits in any consecutive 12-month period:





	NOx		95 tons


	CO		95 tons


	VOC		95 tons


	PM10		95 tons


	SO2		95 tons					[Regulation 2-6-423.2]





6.	The following records shall be maintained:





	a.	Monthly records of the type and amount of fuel used at S-1 and S-2.  Consecutive 12-month total fuel consumption shall be calculated every month by summing the totals from the most recent twelve months.  Data for any particular month shall be included in this total within 40 business days of the end of that month.


	b.	Records of certification of fuel sulfur content by fuel vendor or from independent analysis for each fuel shipment


	c.	Continuous records of water injection rate at S-1 and S-2





	These records shall be retained for at least five years and shall be available for review during normal business hours by the District.	[Regulation 2-6-423.2]





7.	PG&E shall notify the District Director of Compliance and Enforcement within five working days of determining that the facility has exceeded the fuel throughput limit in Part 1.	[Regulation 2-6-423.2]





8.	PG&E shall submit an annual compliance report to the District Director of Compliance and Enforcement by January 31 of each year (beginning in 2001) with fuel consumption and fuel sulfur content data for each calendar month of the preceding year.	[Regulation 2-6-423.2]
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