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BACT Template Version 071315

77 12th Street, Third Floor Sacramento, CA 95814

TOXIC BEST AVAILABLE CONTROL & BEST AVAILABLE CONTROL
TECHNOLOGY DETERMINATION

DETERMINATION
NO.: 120

EFFECTIVE DATE: 3/2/16

ENGINEER: Venk Reddy

Category/General Equip
Description: Spark ignited engine

Equipment Specific Description: Bio Gas Fired – Non Agricultural application

Equipment Size/Rating: Minor Source BACT

Previous BACT Det. No.: 67

This BACT determination will update Determination #67 for spark ignited engines fired on
digester gas.

This BACT was determined under the project for A/C 24710 & 24711.

To compare on a consistent unit value, if necessary, the following will be used to convert the
given ppmvd value to a g/bhp-hr value. The values were derived based on information provided
by the applicant and the engine manufacturer, and confirmed by District staff.

Engine HP = 268 HP
Fuel F-Factor = 9409.1 dscf/mmBTU (55% CH4, 45% CO2)
Fuel HHV = 557 mmBTU/mmscf (55% CH4, 45% CO2)
BSFC = 6754 BTU/bhp-hr
SOx in exhaust if fuel is at 50 ppmvd H2S = 1.490 E-2 lb of SOx/MMBTU
SOx with 100 % Conversion of H2S = 4.57E-2 g/bhp-hr (50 ppmvd H2S)

The conversion of VOC is typically measured as CH4; however, SCAQMD measures VOCs as
Carbon, and both are shown for comparison purposes.
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BACT ANALYSIS

A: ACHIEVED IN PRACTICE (Rule 202, §205.1a)
The following control technologies are currently employed as BACT for spark ignited engines
fired on landfill or digester gas.

District/Agency Best Available Control Technology (BACT)/Requirements

US EPA

BACT
Source: EPA RACT/BACT/LAER Clearinghouse

RULE REQUIREMENTS:
NSPS under 40 CFR, Part 60: The list of all adopted New Source Emission Standards
SUBPART JJJJ - Standards of Performance for Stationary Spark Ignition Internal
Combustion Engines.

For an engine rated less than 500 HP and operation on landfill/digester gas

(A) For this specific project to determine which is the lower value the given ppmvd value of
the pollutants are converted to g/bhp-hr.

NESHAP under 40 CFR Part 63 – Subpart ZZZZ – National Emission standard for Hazardous
Air Pollutants for Stationary Reciprocating Interal Combustion Engines.

Subpart ZZZZ establishes national emission limitations and operating limitations for
hazardous air pollutants (HAP) emitted from stationary reciprocating internal
combustion engines (RICE) located at both major and area sources of HAP
emissions.

This subpart is intended to address HAP emissions from new and reconstructed
stationary RICE less than or equal to 500 HP located at major sources and all new
and reconstructed stationary RICE located at area sources.

Landfill Gas, 1468 HP – J&A – Santa Maria LLC

VOC 0.4 g-bhp/hr
NOx 0.6 g-bhp/hr
SOx N/A – No BACT determinations found
PM10 N/A – No BACT determinations found
PM2.5 N/A – No BACT determinations found
CO 2.5 g-bhp/hr

Rule Value Converted Value (A)
VOC 1 g/bhp-hr or 80 ppmvd @ 15%

O2
0.338 g/bhp-hr at 80ppmvd @ 15% O2
measured as CH4

NOx 2 g/bhp-hr or 150 ppmvd @ 15%
O2

1.818 g/bhp-hr at 150 ppmvd @ 15% O2

SOx Not addressed Not addressed
PM10 Not addressed Not addressed
PM2.5 Not addressed Not addressed
CO 5 g/bhp-hr or 610 ppmvd @ 15%

O2
4.5 g/bhp-hr at 610 ppmvd @ 15% O2
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District/Agency Best Available Control Technology (BACT)/Requirements

The requirements of this NESHAP subpart is that the engine complies with the
requirements specified in 40 CFR 60 Subpart JJJJ (Standards of Performance for
Stationary Spark Ignition Internal Combustion Engines).

ARB

BACT
Source: ARB BACT Clearinghouse

* This BACT determination was found to be the most stringent Achieved in Practice
BACT determination published in the ARB clearinghouse.

RULE REQUIREMENTS:
None

CARB RACT/BARCT Guidelines for Stationary Spark-Ignited Internal
Combustion Engines

The following are recommendations CARB has made to assist in rulemaking.

ARB BACT Clearinghouse*
Published Value Converted Value

VOC 0.4 g/bhp-hr
NOx 0.43 g/bhp-hr
SOx 0.1 lb/hr 0.2 g/bhp-hr
PM10 0.2 lb/hr 0.33 g/bhp-hr
PM2.5 No standard
CO 308 ppmvd @ 15% O2 2.3 g/bhp-hr

BARCT Emissions Limits from the CARB RACT/BARCT Guidelines
Published Value Converted Value

VOC
Rich Burn

250 ppmvd at 15% O2 1.1 g/bhp-hr, measured as CH4

VOC
Lean Burn

750 ppmvd at 15% O2 3.17 g/bhp-hr, Measured as CH4

NOx
Rich Burn

90 % Control or 25 ppmvd
at 15% O2

0.302 g/bhp-hr

NO x
Lean Burn

90 % Control or 65 ppmvd
at 15% O2

0.79 g/bhp-hr

SOx Not addressed Not addressed
PM10 Not addressed Not addressed
PM2.5 Not addressed Not addressed
CO 4500 ppmvd @ 15% O2 33.2 g/bhp-hr
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SMAQMD

BACT

RULE REQUIREMENTS:
None

SMAQMD Rule 412 Stationary Internal Combustion Engines Located at Major
Stationary Sources of NOx

SMAQMD BACT Determination # 67
Published Values Converted Values

VOC 0.2 g/bhp-hr

NOx 0.15 g/bhp-hr
SOx 50 ppmvd (H2S Concentration in the

fuel)
4.57E-02 g/bhp-hr

PM10 50 ppmvd (H2S Concentration in
fuel, used as a surrogate for PM)

PM2.5 No standard
CO No standard

BARCT Standards
Published Value Converted Value

VOC 250 ppmvd @ 15% O2 for
Rich Burn
750 ppmvd @ 15% O2 for
Lean Burn

1.1 g/bhp-hr(measured as methane)
3.2 g/bhp-hr(measured as methane)

NOx 25 ppmvd at 15% O2 for Rich
Burn or 90% reduction of
emissions
65 ppmvd @ 15% O2 for Lean
Burn or 90% reduction of
emissions

0.3 g/bhp-hr

0.8 g/hp-hr

SOx Not addressed Not addressed
PM10 Not addressed Not addressed
PM2.5 Not addressed Not addressed
CO 2000 pmvd 14.8 g/bhp-hr
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South Coast
AQMD

BACT
Source: SCAQMD BACT Guidelines for Major Polluting Facilities.

RULE REQUIREMENTS:
SCAQMD Rule 1110.2 – Emissions From Gaseous and Liquid Fueled Engines. - Waste Gas
Fueled, current limits

A Emission limits are in ppmvd @ 15% O2 unless noted
B ECF is the efficiency correction factor. This value is 1 unless the engine’s net specific
energy consumption is measured.

South Coast revised Rule 1110.2 on December 4, 2015. This modification to the rule
extended the effective date of the reduced NOx, VOC and CO emissions by one year for
biogas fired engines (from Jan 2016 to Jan 2017). The delay was to allow stake holders
more time to retrofit the engines to meet the new emission requirements. SCAQMD has
identified 3 technologies that will allow biogas fired engines to meet the revised emission
limits. Per the SCAQMD the use of an SCR with an oxidization catalyst has been shown to
be achieved in practice and is able to meet the revised emission limits. E-mail
communications are located in attachment B near the South Coast rule.

Application No.: 391009

VOC 0.8 g-bhp/hr
NOx 0.6 g/bhp-hr
SOx No standard
PM10 No standard
PM2.5 No standard
CO 2.5 g/bhp-hr

SCAQMD Rule 1110.2 Emissions LimitsA

Published Value ppmvd @ 15% O2 Converted Value
VOC Digester Gas: 250 x ECFB VOC = 0.80 g/bhp-hr (measured

as carbon) 1.1 g/bhp-hr
measured as CH4

30 ppmvd
Effective January 1, 2017

0.09 g/bhp-hr (measured as
Carbon)
0.13 g/bhp-hr (measured as
Methane)

NOx bhp < 500: 45 x ECFB 0.55 g/bhp-hr

11 ppmvd
Effective January 1, 2017

0.13 g/bhp-hr

SOx Not addressed Not addressed
PM10 Not addressed Not addressed
PM2.5 Not addressed Not addressed
CO 2000 pmvd 14.76 g/bhp-hr

250 ppmvd
Effective January 1, 2017

1.84 g/bhp-hr
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San Diego
County APCD

BACT
Source: NSR Requirements for BACT.

None

RULE REQUIREMENTS:

Rule 69.4.1 STATIONARY RECIPROCATING INTERNAL COMBUSTION ENGINES
BEST AVAILABLE RETROFIT CONTROL TECHNOLOGY (BARCT)

Published Value Converted Value
VOC
Rich Burn

250 ppmvd at 15% O2 1.1 g/bhp-hr, measured as CH4

VOC
Lean Burn

Not Addressed

NOx
Rich Burn

90 % Control or 50 ppmvd
at 15% O2

0.61 g/bhp-hr

NOx
Lean Burn

90 % Control or 65 ppmvd
at 15% O2

0.79 g/bhp-hr

SOx Not addressed Not addressed
PM10 Not addressed Not addressed
PM2.5 Not addressed Not addressed
CO 4500 ppmvd @ 15% O2 33.2 g/bhp-hr

Bay Area
AQMD

BACT
Source: BAAQMD BACT Guideline

Document #: 96.2.4
Published Values Converted Values

VOC 0.16 g/bhp-hr
NOx 0.15 g/bhp-hr
SOx 100 ppmvd of total sulfur in the

fuel
(> 80% H2S reduction in fuel)

0.91 g/bhp-hr

PM10 Gas pretreatment
0.1 g/bhp-hr

PM2.5 No standard
CO 1.8 g/bhp-hr

T-BACT: Ammonia slip at 10 ppmvd of NH3 at 15% O2 or less and the use of an oxidation
catalyst is considered T-BACT.
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RULE REQUIREMENTS:
Reg 9, Rule 8 – NITROGEN OXIDES AND CARBON MONOXIDE FROM STATIONARY
INTERNAL COMBUSTION ENGINES

Published Value Converted Value
VOC Not Addressed

NOx
Lean or Rich
Burn

70 ppmvd at 15% O2 0.85 g/bhp-hr

Sox Not addressed Not addressed
PM10 Not addressed Not addressed
PM2.5 Not addressed Not addressed
CO 2000 ppmvd @ 15% O2 14.8 g/bhp-hr

San Joaquin
Valley APCD

BACT
Source: SJVUAPCD BACT Guideline

Ammonia(NH3) Slip < or = 10 ppmvd @ 15% O2

RULE REQUIREMENTS:

Best Available Control Technology (BACT) Guideline 3.3.15

Published Value Converted Value
VOC 0.10 g/bhp-hr, lean burn

NOx 0.15 g/bhp-hr 12.3 ppmvd at 15% O2
Sox 40 ppmvd as H2S 3.7E-2 g/bhp-hr
PM10 Control of H2S to 40 ppmvd
PM2.5 No standard
CO 2.0 gb/bhp-hr

SJVUAPCD Rule 4702 Current limits for Spark-Ignited Engines

Published Value Converted Value
VOC
Rich Burn

250 ppmvd at 15% O2 1.1 g/bhp-hr, measured as CH4

VOC
Lean Burn

750 ppmvd at 15% O2 3.2 g/bhp-hr, measured as CH4

NOx
Rich Burn

50 ppmvd at 15% O2 0.61 g/bhp-hr

NOx
Lean Burn

65 ppmvd at 15% O2 0.79 g/bhp-hr

Sox Not addressed Not addressed

PM10 Not addressed Not addressed

PM2.5 Not addressed Not addressed

CO 2000 ppmvd @ 15% O2 14.8 g/bhp-hr
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The following control technologies have been identified and are ranked based on stringency:

SUMMARY OF ACHIEVED IN PRACTICE CONTROL TECHNOLOGIES
Published Values Converted Values

VOC 1. 0.1 g/bhp-hr lean burn & 750 ppmvd at
15% O2 rich burn (SJVUAPCD)
2. 30 ppmvd @ 15% O2 (SCAQMD)
3. 0.16 g/bhp-hr (BAAQMD)
4. 0.2 g/bhp-hr (SMAQMD)
5. 0.4 g/bhp-hr (US EPA, ARB)
6. 250 ppmvd (SDCAPCD)

0.1 g/bhp-hr lean burn & 3.2 gb/bhp-hr for
rich burn

0.13g/bhp-hr (measured as methane)

NOx 1. 11 ppmvd @ 15% O2 – (SCAQMD)
2. 0.15 g/bhp-hr – (SMAQMD, BAAQMD,

SJVUAPCD)
3. 90 % Control or 25 ppmvd (rich burn) or

65 ppmvd (lean burn) at 15% O2 (ARB)
4. 0.6 g/bhp-hr – (US EPA)
5. 90% control or 50 ppmvd (rich burn or 65

ppmvd (lean burn)– (SDCAPCD)

0.13 g/bhp-hr
12.3 ppmvd at 15% O2

25 ppmvd = 0.302 g/bhp-hr
65 ppmvd = 0.79 g/bhp-hr

50 ppmvd = 0.61 g/bhp-hr
65 ppmvd = 0.79 g/bhp-hr

SOx 1. 40 ppmvd of H2S in the fuel–
(SJVUAPCD)
2. 50 ppmvd of H2S in the fuel – (SMAQMD)
3. 0.1 lb/hr (ARB)
4. >80% H2S reduction or 100 ppmvd of

total sulfur in fuel or (BAAQMD)

0.0306 g/bhp-hr
0.0457 g/bhp-hr
0.17 g/bhp-hr
0.091 g/bhp-hr

PM10 1. Control of PM achieved through the
control of H2S in the fuel – (SMAQMD)
2. Gas pretreatment

0.10 g/bhp-hr (BAQAMD)
PM2.5 N/A – (SMAQMD, SCAQMD, SDCAPCD,

BAAQMD, SJVUAPCD)
CO 1. 1.8 g/bhp-hr (BAAQMD)

2. 250 ppmvd at 15% O2
3. 2.0 g/bhp-hr (SJVUAPCD)
4. 2.3 g/bhp-hr (ARB)
4. 2.5 g/bhp-hr (US EPA, ARB)
5. 4500 ppmvd @15% O2 (SDCAPCD)

1.84 g/bhp-hr

33.2 g/bhp-hr

The SJVUAPCD BACT determination is set at 0.15 g/bhp-hr for NOx emissions. Due to different
engine efficiencies and various types of biogas with different F Factor values and different heat
content, the 0.15 g/bhp-hr standard when converted to a ppmvd will vary for a specific
application. However, a lean burn biogas engine will have a nominal concentration of 11 ppmvd
at 15% O2. A copy of an e-mail from SJUAPCD concerning the derivation of the standard can
be found in the BACT portion from SJVAPCD
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The following control technologies have been identified as the most stringent, achieved in
practice control technologies:

BEST CONTROL TECHNOLOGIES ACHIEVED
Pollutant Standard Source

VOC 0.1 g/bhp-hr (lean burn) or 30 ppmvd@ 15% O2,
measured as carbon. (rich burn or lean burn)

SJVUAPCD, SCAQMD

NOx 11 ppmvd at 15% O2 SCAQMD

SOx 40 ppmvd of H2S in the fuel stream SJVUAPCD
PM10 40 ppmvd of H2S in the fuel stream SJVUAPCD
PM2.5 No standard
CO 1.8 g/bhp-hr BAAQMD

Since the majority of prime power engines are lean burn and the 11 ppmvd standard has been
achieved in practice for a lean burn engine with Selective Catalytic Reduction, the District’s
achieved in practice standard of 11 ppmvd will be applied to both rich and lean burn engines.

TOXIC BEST CONTROL TECHNOLOGIES ACHIEVED
Pollutant Standard Source
Formaldehyde Use of an Oxidation Catalyst BAAQMD
Ammonia Slip 10 ppmvd at 15% O2 BAAQMD

B. TECHNOLOGICALLY FEASIBLE AND COST EFFECTIVE (Rule 202, §205.1.b.):

Technologically Feasible Alternatives:
Any alternative basic equipment, fuel, process, emission control device or technique, singly or in
combination, determined to be technologically feasible by the Air Pollution Control Officer.

As discussed above, SCR is considered to be the achieved in practice BACT for NOx. Staff
have identified two other NOx control technologies that may be technologically feasible. One
system, NOxTech, is being evaluated in the South Coast. This system is similar to SCR but
achieves the NOx reductions without the use of a catalyst. The manufacturer claims similar NOx
reduction efficiencies to SCR but at a lower cost. The second technology is the HALO/POGT,
which is still under construction in the South Coast. This technology utilizes hydrogen
enrichment to lean the engine further (add more air) to achieve NOx reductions. The project in
the South Coast is designed to show compliance with the South Coast’s Rule 1110.2 limits in a
cost effective manner. In either case, the technologies are expected to achieve NOx reductions
that are similar to those achieved using SCR.

Control of SOx is done through the control of H2S in the fuel. The control of the H2S is by a
carbon bed or iron sponge absorption. The use of an iron sponge has been shown to be
technologically feasible, by the applicant.
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Per SCAQMD Rule 1110.2, the following is considered technologically feasible

SCAQMD Rule 1110.2 Emissions LimitsA – Table III-A/B
Engine Type NOx VOC CO

(Effective January 1, 2016) 11 30 250

A Emission limits are in ppmvd @ 15% O2 unless noted

For the purpose of this project
Fuel F-Factor = 9409.1 dscf/mmBTU (55% CH4, 45% CO2)
Fuel HHV = 557 mmBTU/mmcf (55% CH4, 45% CO2)
Engine HP = 268 HP
NOx = 0.133 g/bhp-hr (11 ppmvd @15% O2)
CO = 1.84 g/bhp-hr (250 ppmvd @15% O2)
VOC = 0.095 g/bhp-hr (measured as carbon) 0.13 g/bhp-hr measured as CH4

Cost Effective Determination:

Since the identified technologically feasible controls are intended to meet the same emission
standards that have been identified and achieved with SCR controls, a cost analysis is not
required.

C. SELECTION OF BACT & T-BACT:

Pollutant Standard Source
VOC 0.1 g/bhp-hr lean burn or 30 ppmvd at 15% O2 rich

burn or lean burn
SJVAPCD, SCAQMD

NOx 11 ppmvd at 15% O2
SCAQMD

SOx 40 ppmvd of H2S in the fuel stream SMAQMD, SJVAPCD
PM10 40 ppmvd of H2S in the fuel stream SMAQMD, SJVAPCD
PM2.5 40 ppmvd of H2S in the fuel stream
CO 1.8g/bhp-hr or 250 ppmvd @ 15% O2 BAAQMD, SCAQMD

TOXIC BEST CONTROL TECHNOLOGIES ACHIEVED

Pollutant Standard Source
Formaldehyde Use of an Oxidation Catalyst BAAQMD

Ammonia Slip 10 ppmvd at 15% O2
BAAQMD

REVIEWED BY: DATE:

APPROVED BY: DATE:




















































































































































































































































































































