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Appendix 9c-H: Calculations of Potential VOC and NOx Reductions - Tables & Explanations

PAGE #

Potential Houston/Galveston (HGA) Mobile Source Emission Reductions

Table:  Off-road VOC & NOx Emission Reductions H-1

Explanation of On-Road Emission Reductions H-3

Potential HGA Point Source NOx Emission Reductions

Discussion of Technically Feasible Reductions H-4

Table:  Potential Reductions by Point Source Category in Core Counties H-5

Table:  Potential Reductions by Point Source Category in 200 km Perimeter Counties H-7

Potential HGA Point Source VOC Emission Reductions

Table:  Estimated Reductions by Extension of Chapter 115 to 100 km Perimeter Counties
H-9

Explanation and Assumptions for Extension of Chapter 115 Table H-12

Table:  VOC Reductions due to EPA MACT in HGA Core Counties H-16

Table:  VOC Reductions due to EPA MACT in 100 km Perimeter Counties H-19

Please note that all projections were made using a high-level analysis of potential emission
reductions available from a control strategy and applying it to the Houston/Galveston emissions
inventory.  This estimation is performed for the purpose of giving the reader an idea of the order of
magnitude of reductions available from a control strategy only, not to commit to a particular
emissions number or budget.  Actual emission reductions can only be determined by development
of a rule proposal, and a detailed analysis of the exact emission points that rule will apply to.  This
caveat applies to all source categories.  These numbers are subject to further refinement at the
discretion of the state.  



H-1

Non-Road Mobile Sources:

Off-Road Emission Reductions

 Non-road Mobile Source Reductions--Houston/Galveston 2007

Category VOC
Inventory
(tpd)

Percent
Reduction
or Increase

Tons/Day
Reduced or
Increased

NOx

Inventory
Percent
Reduction
or Increase

Tons/Day
Reduced or
Increased

Heavy Duty Diesel1 20.34 -90.5 -18.41 159.71 -77.38 -123.59

Small Gasoline Engines2 85.30 -74.7 -63.72 1.35 +98.7 +1.33

Recreational Marine3 29.07 -23.57 2.45 +.32

        
         

OB 21.23 -76.99 -16.34 .21 +1.05 +.01

IB/SD 7.84 -92.20 -7.23 2.24 +1.38 +.31

Locomotives4 1.48 -8.7 -.13 23.67 -36.0 -8.52

Commercial Aircraft5 2.93 -40.0 -1.17 Percent
Not
Available

Marine Vessels6 Percent Not
Available

Percent
Not
Available

RFG7 125.03 -3.68 4.60 Percent
Not
Available
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Footnotes for Off-Road Emission Reductions Table

1.  Heavy-Duty Diesel - EPA has proposed rules (September 24, 1997) requiring new heavy-duty diesel
equipment to meet more stringent standards.  Based on the projected impacts in the proposed rule making
staff were able to estimate these emission reductions.

2.  Small Gasoline Engines - EPA imposed new small gasoline engine emission standards in 1995 (lawn
mowers, string trimmers, chain saws, etc.).  Staff estimated the emission reductions from small gas
engines using the latest guidance, a memo from EPA’s Phil Lorang dated November 1994.

3.  Recreational Marine - EPA imposed new emission standards covering new recreational marine
equipment, in October 1996 (outboards and stern drive boats).  Personal water craft are also covered but
there is no emissions inventory for this type of watercraft.  Staff estimated the emission reductions from
recreational marine engines using the latest guidance, a memo from EPA’s Phil Lorang dated November
1994.

4.  Locomotives - EPA has imposed emission standards for new and re-built locomotives.  Staff used the
regulatory support document (December 1997) to estimate emissions from this category of vehicles.

5.  Commercial Aircraft - New turbine powered aircraft engines have to meet more stringent noise and
efficiency limits.  These new standards also have a positive impact on the VOC emissions of these
aircraft.  A 40% reduction in VOCs was taken for this control measure.

6.  Marine Vessels - The EPA is expected to proposed marine vessel regulations this Spring.  They are
expected to follow the diesel non-road standards and schedule.  The larger marine engines may follow
EPA’s locomotive rules. Emission reductions from this program are currently not available but may
become available before this SIP is finally adopted.

7.  Reformulated Gasoline - Reformulated gasoline used in non-road equipment in the 8 county
Houston/Galveston nonattainment area.  Memos from EPA’s Phil Lorang dated August 1993, February
1994, March 1994, and June 1997 were used to estimate the emission benefits associated with RFG in
non-road equipment.
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On-Road Mobile Sources

On-Road Emission Reductions

1. National Low Emission Vehicle (NLEV) program - The NLEV program is a voluntary program
where the Northeast states and auto manufacturers would agree to bring cleaner cars to the
Northeast.  If this agreement goes through, cleaner cars would also become available in Texas by
model year (MY) 2001.  By 2007 in the 8-county Houston/Galveston area, the NLEV program
would get 4.66 TPD VOC reductions and 12.15 TPD NOx reductions.

2. On Road Heavy-Duty standards - EPA promulgated the final rules requiring heavy duty on-
highway diesel trucks to meet a much more stringent emission standards in October 1997. 
Emission reductions from this program are 6.987 TPD NOx in the 8-county Houston/Galveston
area.

3. I/M VOC reductions in Harris County are included with the federal motor vehicle control
program (FMVCP, Tier I) and RFG reduction estimates in Tables 32 and 33. 

 
4. RFG reductions out to 100 km and 200 km.

100 km 16.33 TPD VOC and 3.85 TPD NOx

200 km 55.55 TPD VOC and 12.38 TPD NOx

These reductions were estimated using the Mobile 5B model.
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Point Sources:

Discussion of Technically Feasible NOx Emission Reductions from Point Sources

Demonstrated technology exists to remove more than 90% of the NOx emissions from most uncontrolled point
sources in the Houston/Galveston area.  Reductions of this magnitude require a combination of combustion
modification techniques, such as are routinely required in current new source review (NSR) permits, and post-
combustion control techniques, primarily selective catalytic reduction (SCR).  SCR relies on injecting
ammonia upstream of a catalytic bed; the NOx and ammonia react in the bed to form nitrogen and water.  SCR
is the most effective demonstrated technology for NOx reduction from stationary fossil fuel combustion,
capable of achieving reductions in the range of 80-90%.  The agency has not moved to requiring SCR-level
controls in new source permits because of the high costs involved, which may run to 10% of the capital cost
of a large new combustion unit, such as a gas turbine.  SCR is widely used in California, Japan and parts of
Europe, and in limited, but growing numbers outside these areas.

A portion, perhaps even a majority, of the point source NOx emissions in Houston/Galveston are emitted from
sources substantially uncontrolled for NOx emissions, ones that are grandfathered from NSR permits, or were
permitted in the 1970s.  The requirement to use combustion modification controls to reduce NOx began with
utility boilers in the 1970s under federal New Source Performance Standards, and by 1981, evolved under
state and federal NSR program guidance to include almost all new units.  Combustion modification
techniques such as low-NOx burners for boilers and heaters, low-emission lean-burn controls for lean-burn
engines (or non-selective catalytic reduction for rich-burn), and water or steam injection for gas turbines have
been typical types of control required on new sources.  Since 1982, most new engines, and since 1990, most
new gas turbines, have been controlled in the range of 90% below 1970 levels.  However, the relative
longevity of NOx point sources has limited the effectiveness of the NSR permits program.  Because the
majority of sources have not been controlled with SCR, a 90% reduction from the entire point source
inventory could be technically feasible.
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Explanation of Extension of Chapter 115 Rules to Perimeter Counties:

VOC emission reductions associated with the possible extension of Chapter 115 ozone nonattainment area
rules to counties within 100 km of the Houston/Galveston ozone nonattainment area boundaries were
estimated by first obtaining an emissions inventory retrieval of the most current emissions for all accounts
with VOC emissions equal to or greater than 25 tons per year.  The information retrieved represents a mixture
of inventories submitted in 1995 and 1996.

For sources subject to a MACT standard which has been proposed or promulgated, it was generally assumed
that the MACT would achieve equivalent emission reductions to Chapter 115.  Therefore, no emission
reductions due to the possible extension of Chapter 115 rules were calculated for these sources in order to
avoid double counting.

For sources not subject to a currently proposed or promulgated MACT standard, emission reductions were
calculated based upon the extension of Chapter 115 rules.  For sources which are expected to be subject to
a MACT standard that has yet to be proposed, no emission reductions were estimated based upon the future
MACT standards since the control requirements and efficiency are unknown.  Emission reductions were,
however, calculated for these sources based upon the extension of Chapter 115 rules.

Sources which would potentially be subject to Chapter 115 rules were assumed to already have half of their
emissions covered by a New Source Review (NSR) permit.  These permitted emissions were considered
unavailable for Chapter 115 emission reductions since NSR permits represent Best Available Control
Technology (BACT), which is generally equivalent to or more stringent than Reasonably Available Control
Technology (RACT) requirements under Chapter 115.  The control efficiencies determined in previous SIPs
were then used to calculate estimated emission reductions from the non-permitted sources.

VOC emission reductions resulting from implementation of Chapter 115 rules in counties within 100 km of
the Houston/Galveston ozone nonattainment area were estimated to be 8 tons per day.  This represents a 12%
reduction in VOC emissions from sources with VOC emissions equal to or greater than 25 tons per year  in
these counties.

It should be noted that Anderson, Freestone, and Limestone Counties fall within the 100 km area for both the
Dallas/Fort Worth and Houston/Galveston ozone nonattainment areas.  The estimated 8 tons per day reduction
includes 0.4 tons per day from sources in SIC codes 1311, 2819, 4612, and 4911 which are located within
these three counties.
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ASSUMPTIONS IN ESTIMATING VOC EMISSION REDUCTIONS FROM EXTENDING
CHAPTER 115 TO PERIMETER COUNTIES:

SIC 2436 The dryers are the main VOC emission sources.  Assume that 40% of the total emissions
are associated with the dryers, and apply the vent gas rule (90% control efficiency).  Note
that a future MACT (not yet proposed) is expected to achieve greater reductions.

SIC 2869 Various MACTs may apply (HON, DD, R).  Assume that the MACTs will achieve
greater reductions than the vent gas rule and fugitive emissions rules.  (Note:  The vent
gas rule already applies at sources representing 94% of the emissions in this SIC code.)

SIC 2493 The dryers are expected to be the main VOC emission sources.  Assume that 40% of the
total emissions are associated with the dryers, and apply the vent gas rule (90% control
efficiency).  A future MACT (not yet proposed) is expected to achieve greater reductions.

SIC 2621 The vent gas rule would apply, but the pulp/paper MACT is expected to achieve greater
reductions (49%, according to the pulp/paper MACT Fact Sheet).

SIC 1321 Assume 50% of the emissions in this category are from combustion sources, and the rest
is equal parts vent gas emissions (such as from glycol dehydrators) and fugitives
emissions.  Apply 93% control efficiency to fugitives, and 90% to vent gas.  The
estimated percent reduction is from the 9% SIP’s Appendix 11-C.

SIC 3334 Assume all of the emissions in this category are from combustion sources, so no emission
reductions are expected.

SIC 1311 Assume 50% of the emissions in this category are from combustion sources, and the rest
is equal parts vent gas emissions (such as from glycol dehydrators) and fugitives
emissions.  Apply 93% control efficiency to fugitives, and 90% to vent gas.  The
estimated percent reduction is from the 9% SIP’s Appendix 11-C.

SIC 4911 Assume all of the emissions in this category are from combustion sources, so no emission
reductions are expected.

SIC 2821 Various MACTs may apply (HON, V).  Assume that the MACTs will achieve greater
reductions than the vent gas rule and fugitive emissions rules.  (Note:  The vent gas rule
already applies at sources representing 48% of the emissions in this SIC code.)

SIC 2631 The vent gas rule would apply, but the pulp/paper MACT is expected to achieve greater
reductions (49%, according to the pulp/paper MACT Fact Sheet).

SIC 4612 Assume that most of the VOCs are from storage tanks along the pipeline.  Apply 61.9%
control efficiency (the estimated percent reduction in the 9% SIP’s Appendix 11-C
“catchup” table).

SIC 4922 Assume that these emissions are associated with internal combustion engines at natural
gas compressor stations, so no emission reductions are expected.
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SIC 5171 Assume that these sources are gasoline terminals, and that emission reductions are
available at the loading racks and storage tanks.  Assume that the loading racks currently
meet the 0.33#/kgal emission specification (86.6% control, per the estimated percent
reduction in the 9% SIP’s Appendix 11-C “catchup” table), the terminals will upgrade to
meeting the 0.09#/kgal emission specification (98% control), and that a similar
improvement in control efficiency will occur with storage tank emissions.

SIC 3053 The fabric coating rule appears to apply.  Apply 55.6% control efficiency (the estimated
percent reduction in the 9% SIP’s Appendix 11-C “catchup” table).

SIC 2421 Source of VOCs is not clear, but is probably not readily controllable.

SIC 4613 Assume that most of the VOCs are from storage tanks along the pipeline.  Apply 61.9%
control efficiency (the estimated percent reduction in the 9% SIP’s Appendix 11-C
“catchup” table).

SIC 2819 The vent gas rule and a MACT standard (DD) already apply at sources representing 64%
of the emissions in this SIC code, and the remainder of the sources are likely to be below
the exemption level.

SIC 3499 The miscellaneous metal parts/products (MMPP) rule would apply.  The estimated
percent reduction from the 15% SIP’s “catchup” discussion was used.

SIC 2434 Estimated reductions are 31.1% based upon the wood furniture Control Techniques
Guideline.  The wood furniture MACT may also apply to these sources, but reductions
are estimated to be approximately the same.

SIC 3322 Assume all of the emissions in this category are from combustion sources, so no emission
reductions are expected.

SIC 3441 The MMPP rule would apply.  The estimated percent reduction from the 15% SIP’s
“catchup” discussion was used.

SIC 3743 The MMPP rule would apply.  The estimated percent reduction from the 15% SIP’s
“catchup” discussion was used.

SIC 2491 A MACT which would have applied has been canceled.  The vent gas rule would apply,
but these sources are likely to be below the exemption level.

SIC 4741 The MMPP rule would apply.  The estimated percent reduction from the 15% SIP’s
“catchup” discussion was used.

SIC 3496 The MMPP rule would apply.  The estimated percent reduction from the 15% SIP’s
“catchup” discussion was used.

SIC 4619 Assume all of the emissions in this category are from fugitives, so no emission reductions
are expected.



H-15

SIC 2999 The vent gas rule already applies at sources representing 100% of the emissions in this
SIC code, but these sources are likely to be below the exemption level, so no emission
reductions are expected.

SIC 3498 The MMPP rule would apply.  The estimated percent reduction from the 15% SIP’s
“catchup” discussion was used.

SIC 4226 Assume that this source should be classified as a gasoline terminal under SIC 5171, and
that emission reductions are available at the loading racks and storage tanks.  Assume that
the loading racks currently meet the 0.33#/kgal emission specification (86.6% control,
per the estimated percent reduction in the 9% SIP’s Appendix 11-C “catchup” table), the
terminals will upgrade to meeting the 0.09#/kgal emission specification (98% control),
and that a similar improvement in control efficiency will occur with storage tank
emissions.

SIC 3317 The MMPP rule would apply.  The estimated percent reduction from the 15% SIP’s
“catchup” discussion was used.

SIC 2752 The offset printing rule would apply.  The estimated percent reduction from the 9% SIP’s
Appendix 11-C “contingency measures” table was used.

SIC 3355 Assume all of the emissions in this category are from combustion sources, so no emission
reductions are expected.

SIC 9511 Assume all of the emissions in this category are from fugitives, so no emission reductions
are expected.
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