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EXECUTIVE SUMMARY 

Texas is at the forefront, both nationally and internationally, in considering alternative 
approaches and policies to control and manage emissions that are precursors to ground level 
ozone formation.  In particular, these unprecedented activities include instituting programs that 
identify and control specific volatile organic compounds, referred to as Highly Reactive Volatile 
Organic Compounds (HRVOCs), based on their relative atmospheric reactivity, allowing trading 
of hydrocarbon emissions, and incorporating field data into photochemical modeling inputs.  As 
is true for all ground-breaking work, there are numerous questions regarding the scientific bases 
for the policies, and no readily available answers.  In response, this work examines a portion of 
the scientific and technical issues that must be addressed in implementing these types of control 
strategies.   

Specifically, the project focused on three issues:   

1. When emissions of HRVOCs are reduced, emissions of other compounds co-emitted with the 
HRVOCs will also be reduced.  What are the likely co-benefits of reducing HRVOCs (i.e., 
what other co-emitted species might also be reduced)? 

2. What impacts on ozone formation could occur as the result of capping HRVOC emissions 
and trading HRVOCs emissions within a facility or between facilities? 

3. What regulatory strategies used elsewhere (foreign and domestic) might be used to reduce 
HRVOCs in the Houston area? 

 

Co-benefits of Reducing HRVOCs 

Objective: 

The fraction of total volatile organic compound (VOC) emissions that come from sources in 
HRVOC service was quantified and the potential reductions in other VOC (OVOC) emissions 
that might occur due to HRVOC controls (also referred to as ancillary OVOC reductions) in the 
Houston/Galveston/Brazoria area was estimated.  In addition, the effect of potential 
underestimation of the OVOC inventory on photochemical modeling results was investigated. 

Key Findings: 

1. Event emissions for 2003, as reported in the TCEQ event database, accounted for 
approximately 10% of the total mass of HRVOC emissions released in the HGB area (per the 
TCEQ point source database).  Only 25% of the mass associated with HRVOC related events 
consists of OVOCs and more than half of this consists of light alkanes (particularly propane), 
which have relatively low reactivity.  Furthermore, if event emissions of interest are limited 
to those released at rates greater than 1200 pounds of HRVOC per one-hour time block, the 
weight percent of simultaneously released OVOCs drops to 13%.  In these cases, the most 
highly-reactive OVOCs, substituted aromatics, account for only 0.2% of the HRVOC event 
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emission streams.  Therefore, the OVOC emission reductions likely to occur through control 
of HRVOC event emissions are expected to be minimal.  This analysis does not, however, 
provide any guidance with regard to the potential benefits to controlling event emissions of 
OVOCs not co-emitted with HRVOCs. 

2. In contrast to the situation for event emissions, where emission reductions of OVOCs due to 
HRVOC controls are minimal, the reduction in OVOC annual emissions that occur when 
HRVOC annual emissions are controlled appear to be significant.  The mass of these 
ancillary OVOC emissions reductions are anticipated to be three times the mass of the 
HRVOC reductions; the reactivity of these ancillary OVOC reductions is anticipated to be 
50% of the HRVOC reactivity reduction, if species are weighted by maximum incremental 
reactivity (MIR).   

3. The composition and reactivity weighted composition of the ancillary OVOC reductions is 
dominated by alkanes up to C6 and substituted aromatics, especially xylenes and toluene.   

4. Photochemical modeling results suggest that a reduction in OVOC emissions would reduce 
formation of ground-level ozone. 

5. Increasing the emissions of light alkanes by a factor equivalent to the factor by which 
terminal olefin emissions were increased (based on ambient observations) can have a 
significant effect on ozone production.  Depending on the other assumptions made in the 
simulation, daily maximum ozone concentrations can increase by more than 10 ppb (parts per 
billion).  This increase is larger than the decrease in ozone concentrations associated with 
ancillary reductions of OVOCs.  When the emissions of substituted aromatics are likewise 
increased, daily maximum ozone concentrations typically increase by several additional ppb.   

Recommendation: 

Assessments of the co-benefits of OVOC reductions are based on data on OVOC emissions.  
These OVOC emission inventories are subject to significant uncertainties, including 
uncertainties in mass emission rates and speciation profiles.  Reducing these uncertainties 
through source testing and ambient monitoring would improve the degree of confidence in the 
findings of analyses such as those presented in this report.   

 

Effects of Caps and Trading on Ozone Formation 

Objective: 

The impacts of possible responses of regulated facilities to HRVOC emission caps were 
examined and the impacts of possible HRVOC trading scenarios on ozone formation were 
assessed.  
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Key Findings: 

1. The simplest way to perform photochemical modeling to examine the effect of an HRVOC 
emissions cap is to assume that all HRVOC emissions at regulated facilities are reduced by 
an equivalent factor.  However, in response to a cap, facilities may reduce emissions first 
from process streams that have the highest concentrations of HRVOCs.  To examine the 
impact of this phenomenon on ozone formation, a ‘worst-case’ scenario was examined.  In 
the scenario, preferential reductions are made at HRVOC dominated sources, such that the 
benefits associated with ancillary reduction of OVOCs are minimized.  Furthermore, the 
HRVOC emissions remaining at the sites (emission accounts) were placed closest to NOX-
rich point sources.  Photochemical modeling of this scenario led to daily maximum ozone 
concentrations a few ppb larger than the simpler (‘across-the-board reductions’) scenario, on 
days that are conducive to ozone formation.   

2. A facility may meet its HRVOC emission cap by eliminating emissions from streams with 
high mass fractions of HRVOCs.  In this scenario, facilities will continue to eliminate 
streams until they are below the cap, and the final stream to be eliminated may place the 
facility at an emission rate significantly below the cap.  This scenario leads to over-control of 
HRVOC emissions.  Photochemical modeling of this scenario shows ozone production that is 
slightly greater than and less than (depending on the day considered) an “across-the-board” 
scenario.   

3. Multiple scenarios for trading annual HRVOC emissions were considered that changed the 
location, but not the timing, of the HRVOC emissions.  These scenarios were ‘worst-cases’ 
in that they assumed trades resulting in spatial concentration of HRVOC emissions.  These 
trading scenarios have only a marginal effect (several ppb of ozone) on daily peak ozone 
concentrations within the Houston/Galveston/Brazoria area; changes in the spatial 
distribution of ozone concentrations were also minimal.  

4. Trading of annual HRVOC emissions for event HRVOC emission, or other changes in the 
temporal pattern of HRVOC emissions resulting from trades, appears to be more complex 
than changing the location (but not the timing) of HRVOC emissions due to trades.  This 
appears to especially true for trading of OVOCs for HRVOCs based on reactivity. 

Recommendation: 

The trading scenarios that have been developed and analyzed to date are limited in scope.  
Additional scenarios and corresponding photochemical modeling runs should be completed 
before a high level of certainty can be placed on the effects of trading on control strategies.  
Preliminary results, however, indicate that emissions trading is a viable option and there are no 
immediate “red flags” that would suggest that trading is necessarily detrimental. 
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4.  Survey of Regulatory Strategies 

Objective: 

Regulatory strategies (regulations and control technologies) used in different parts of the world 
to reduce VOCs, and how those strategies might be used in the Houston/Galveston/Brazoria area 
to reduce HRVOC’s, was examined.   

Key Findings: 

1. The current HRVOC regulations for the Houston/Galveston/Brazoria area represent the 
forefront of such control programs, both nationally and internationally. 

2. Existing control measures target source sectors that represent by far the major actual and 
potential sources of HRVOCs in the region.  No evidence was found to suggest the existence 
of any other source sectors that might represent suitable targets for additional HRVOC 
regulation. 

Recommendations: 

In addition to Texas, California and Louisiana are the two other states that have the most 
significant activities relative to HRVOC identification and control.  California has done the most 
in the area of evaluating emissions in terms of MIR (maximum incremental reactivity).  
Louisiana has added to the list of compounds recognized as HRVOCs in Texas, including 
acetaldehyde, toluene, xylenes, and isoprene in its list.  It is recommended that Texas keep 
abreast of strategies and regulations being applied in these two states; Texas should also keep 
abreast of emerging national and international activities in this area.  Texas should also continue 
to examine root cause analysis of HRVOC emissions. 
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1.  INTRODUCTION 

1.1 Background 

The Houston/Galveston/Brazoria (HGB) area has been designated as a severe non-attainment 
area due to ozone levels that frequently exceed the National Ambient Air Quality Standard 
(NAAQS).  The area is therefore required to meet the standard of 125 parts per billion by volume 
(ppbv, concentrations averaged over 1 hour) on or before November 15, 2007.  In addition, the 
area must now also begin to address the new ozone standard, with concentrations averaged over 
8 hours.  Although most large urban areas struggle to meet air quality standards, HGB differs in 
a number of ways, including its dense concentration of industrial point sources from refining and 
petrochemical operations.  The HGB area lies within the Texas Commission on Environmental 
Quality (TCEQ) Region 12 and includes eight counties:  Brazoria, Chambers, Fort Bend, 
Galveston, Harris, Liberty, Montgomery, and Waller Counties (Figure 1.1). 

Figure 1.1.  The HGB area lies within the TCEQ Region 12 and includes Brazoria, Chambers, 
Fort Bend, Galveston, Harris, Liberty, Montgomery, and Waller Counties. 

In keeping with control strategies implemented elsewhere in the country, early versions of the 
State Implementation Program (SIP) for HGB targeted emissions of nitrogen oxides (NOX), 
including a 90% point source reduction.  Results from the TexAQS 2000 field study (Kleinman 
et al., 2003; Ryerson, et al., 2003), however, suggested that volatile organic compounds (VOCs) 
emitted by the large and numerous refining and petrochemical industrial complexes located in 
the HGB region play a much greater role in the formation of ground-level ozone than previously 
realized.  Furthermore, a set of four specific compounds was identified as being the most 
significant in terms of mass and photochemical reactivity.  These are ethene (ethylene), propene 
(propylene), 1,3-butadiene, and isomers of butene (butylene) and as a group are termed highly-
reactive volatile organic compounds or HRVOCs.  As a consequence of these findings, the SIP 
was revised to reduce HRVOC emissions from four key industrial sources:  fugitives, flares, 
process vents, and cooling towers.  The original approach for HRVOC control was a site-wide 
cap program (emissions limits by account); this was replaced by the establishment of a cap and 
trade program.  TCEQ notes that “the HRVOC rules are performance-based, emphasizing 
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monitoring, recordkeeping, reporting, and enforcement, rather than establishing individual unit 
emission rates” (TCEQ, 2004a).  

One unique aspect of refining and petrochemical operations is the occurrence of intense, short-
term emissions that are released in addition to continuous emissions.  Referred to as “event 
emissions,” these can result in extremely high emission rates of VOCs (HRVOCs in particular) 
relative to continuous emission rates (Murphy and Allen, 2004).  Although reporting 
requirements for these emissions became much more stringent in early 2003, the most effective 
means of regulating and controlling these emissions is still being evaluated.  As of December 
2004, the commission adopted rule 30 TAC §115.722(c), which states that short-term HRVOC 
emissions must be limited to 1,200 pounds of per one-hour time-block, from any flare, vent, 
pressure relief valve, cooling tower, or any combination thereof, for sites that emit greater than 
10 tons per year of HRVOC.  In addition, the mass of these event emissions must be included in 
an annual cap of HRVOC emissions (TCEQ 2004b).  This is currently limited to Harris County, 
but the commission reserves the right to extend the rules of the HRVOC emissions cap and trade 
program in Chapter 101, Subchapter H, Division 6 to include the surrounding seven counties 
(TAC, 2004). 

Thus, the TCEQ has established a novel cap and trade program to limit industrial emissions of 
HRVOCs.  Since this program is ground-breaking, it raises a number of scientific and technical 
issues for which there are no ready answers.  The current project focuses on three of these 
scientific and technical issues that are discussed in the task reports that follow.  These are:   

1. When emissions of HRVOCs are reduced, emissions of other compounds co-emitted with the 
HRVOCs will also be reduced.  What are the likely co-benefits of reducing HRVOCs (i.e., 
what other co-emitted species might also be reduced)? 

2. What impacts on ozone formation could occur as the result of capping HRVOC emissions 
and trading HRVOCs emissions within a facility or between facilities? 

3. What regulatory strategies used elsewhere (foreign and domestic) might be used to reduce 
HRVOCs in the Houston area? 

1.2 Methodology 

The project involves the analysis of emissions from existing non-electric generating units (negu) 
as well as a series of photochemical grid modeling simulations for different VOC control and 
inventory scenarios.  In order to address the issues pertinent to this project, The University of 
Texas developed a number of case studies with alternative control scenarios and adjustments to 
other VOCs (OVOCs) in the point source emissions inventory.  These inventories were 
developed by adjusting existing emission inventories.  The development of complete attainment 
demonstration inventories with all growth factors and detailed control strategies was beyond the 
scope of this work.  Therefore, the emission inventories and photochemical modeling results 
described in this work should be considered as sensitivity studies or “what-if” analyses; they are 
not intended to represent actual changes in the attainment demonstration.   

All photochemical modeling case studies start with the attainment demonstration files and 
inventories used by TCEQ.  The only changes are to modify the HRVOC control package and to 
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modify VOC emissions in negu point source files.  All other files used for the modeling 
simulations are left unedited.  The starting negu emission inventory files include un-grown, 
uncontrolled emissions (regular plus imputed extra olefins).  The University of Texas modified 
these files to represent various VOC reduction and imputation scenarios.  The result is an 
analysis of the relative impacts of different strategies and assumptions including uniform, across-
the-board-controls vs. facility caps, vs inter-facility trading of HRVOC emissions.  Effects of 
OVOCs on ozone production for both event (short-term) emissions and continuous emissions 
(subject to annual cap) are considered.  In the case of the event emissions, the 2000 base 
inventory was used instead of the attainment demonstration in order to be consistent with 
previous analyses performed under HARC Project H13, which examined short-term releases of 
VOCs in HGB and their effect on ozone formation (Murphy and Allen, 2004). 

Two reference case studies were developed in order to assess the relative effects of the different 
scenarios.  Case 1 applies uniform, across-the-board controls that simplify many of the VOC 
reduction strategies.  This case is also the starting point from which all other case studies 
(scenarios) are developed.  The assumptions in Case 1 are as follows: 

1. Inventories were adjusted (controlled) only for those accounts (sites) slated for HRVOC cap 
as of June 2004 (see Appendix A). 

2. All VOC emissions from sources in HRVOC service at capped facilities are controlled 
uniformly.  There is no distinction made between fugitive and non-fugitive sources and at 
any one given source (emission point) there is no preferential reduction of HRVOCs over 
OVOCs. 

3. Capped sources in Harris County are reduced by 90%; those in the surrounding seven 
counties are reduced by 60%. 

4. All four VOC species identified as highly-reactive are controlled in all eight counties. 

This set of assumptions serves to provide a uniform set of conditions and is presumed to be a 
best-case scenario against which the other scenarios can be evaluated. 

Case 0 was created as an emulation of the attainment demonstration.  Although the files used in 
the attainment demonstration packet are not created in this manner, the effective results are the 
same (see Appendix E).  This case was created by zeroing out all of the HRVOC controlled 
sources in the regular inventories and replacing them with separate files in the same format as the 
extra olefins files with all VOCs included (controlled HRVOCs plus uncontrolled OVOCs).  
Speciation was based on the speciated inventory.  All VOC fugitive emissions in the regular 
inventory were reduced by 64%.  A comparison of this case with the attainment demonstration is 
presented in Appendix E and indicates that this is an appropriate emulation.  The assumptions in 
Case 0 are as follows: 

1. Inventories were adjusted (controlled) only for those accounts (sites) slated for HRVOC cap 
as of June 2004 (see Appendix A). 
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2. For non-fugitive sources, only HRVOCs at capped facilities are reduced.  Sources currently 
classified as fugitive are reduced uniformly at all sources (emission point) by 64%; there is 
no preferential reduction of HRVOCs over OVOCs. 

3. Capped sources in Harris County are reduced by 90%; those in the surrounding seven 
counties are reduced by 60%. 

Case Studies Involving Continuous Emissions 

All of the case study simulations in this project that examine continuous emissions (i.e., ozone 
season daily) are based on the fy07j.cs03_harCap emissions inventory developed by TCEQ for 
the Houston/Galveston/Brazoria area mid-course review, also referred to as the attainment 
demonstration.  The files that allowed the University of Texas to run fy07j.cs03_harCap 
simulation were downloaded from the TCEQ website at 
http://www.tnrcc.state.tx.us/air/aqp/airquality_photomod.html#camx.  These include the 
initial/boundary conditions, meteorological input, emission inventory, and other auxiliary files 
needed for the simulation.  These files have been processed by the TCEQ and are ready to be 
used in CAMx (Comprehensive Air Quality Model with Extensions) photochemical modeling 
simulations.  All controls to the inventory were applied using files that are external to the point 
source inventory and because the files have already processed, it is not possible to manually 
control the inventory by direct manipulation of emission mass on a source-by-source basis.  This 
set of files is referred to as Case TCEQ. 

In addition to the above files, the TCEQ provided the University of Texas with the following 
files that made it possible to create modified inventories to emulate various control strategies by 
direct manipulation of the inventory on a source-by-source basis. 

• AFS file for non electric generating units point sources in Texas for fy07j.cs03_harCap 
(tx_negu files)  

• AFS file for imputed extra olefins (exole files) 

• Input files specifying chemical species split factors, temporal profiles and control strategy  

• Scripts and extra input files that process above into (1) low level, gridded, model-ready 
emission files and (2) elevated, ASCII emission files 

• Elevated ASCII emission files for point sources except Texas non-egu sources or the imputed 
extra olefins 

• Scripts that merge/process elevated ASCII emission files into elevated model-ready emission 
files. 

Emissions Preprocessor Systems 2 (EPS2x) was used to process the emission inventory into 
model-ready format.   

Before beginning the analyses it was necessary to prepare low-level emission files that did not 
have emissions from the tx_negu or exole files.  The University of Texas processed air facility 
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system (AFS) files for these two emission categories into model-ready format.  These were then 
subtracted from the TCEQ prepared fy03j.cs03_harCap model-ready file.  Figure 1.2 shows the 
process schematically.  After the subtraction, negative emissions, which cannot be managed in 
CAMx, were identified for 14 cells of the 5,395 cells within the 4-km domain.  These negative 
emissions affected 5 different species between 11:00 pm and 6 a.m.  The largest discrepency was 

for isoprene, which yielded negative emissions of 5.2 lbs/day in this small number of cells.  
Since the total mass and the geographic area affected is extremely small and because these 
negative emission occur at night when ozone production is not expected, these numbers were 
reset to zero for the species at those particular hours in those particular cells. 
  

Figure 1.2.  Development of the case studies required preparation of a low level emission file 
“fy07j.cs03” that did not have emissions from the tx_negu or exole files. 

The integrity of both the files and the processing completed at The University of Texas was 
verified by performing a simulation using the original AFS files without any modification and all 
the emission processing scripts as provided by TCEQ.  This case, termed UT Base, was created 
in order to compare the results obtained using files processed at TCEQ, the attainment 
demonstration fy07j.cs03_harCap, with those processed at UT.  If all of the files and processing 
used at UT were correct, the results should be identical.  Figure 1.3 shows schematics for low 
level emission files processing, and Figure 1.4 shows that of elevated emission files.   

For low level emissions, the process is to reverse the process of generating “without tx_negu” 
files.  In this case, the model-ready file that is created in the previous step is added to the 
emissions of tx_negu and exole, which were also created in the previous step.  The outcome was 
virtually identical to the TCEQ version of fy07j.cs03_harCap lolevel files, except for the 
correction to avoid negative numbers.  Elevated emissions were prepared as follows.  For the 
purposes of this project, TCEQ compiled point source emissions of all but those in the tx_negu 
and exole files, and processed them into one text file (an intermediate format to create model-
ready file).  UT processed the tx_negu and exole AFS files separately using the same format as 
provided by TCEQ.  The three files were then merged together into one set of model-ready 
emission files.  The quality assurance section (Appendix E) describes the comparison of the 
TCEQ version and UT version of fy07j.cs03_harCap. 
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Figure 1.3.  Verification of the files and processing done by UT for fy07j.cs03_harCap involved 
the creation of low level emission files as diagramed above. 
 

 
Figure 1.4.  Verification of the files and processing done by UT for fy07j.cs03_harCap involved 
the creation of elevated emission files as diagramed above. 

In order to generate emission files with direct implementation of control strategies as performed 
in this study, two portions of the process were changed from the standard generation of 
fy07j.cs03_harCap.  First, the emission fields in the AFS files were modified using Excel in 
order to implement control strategies that were investigated in this study.  A perl script was 
written in order to reformat the text file exported from Excel into AFS file format.  Second, the 
EPS2 module that implements HRVOC controls in the Houston/Galveston/Brazoria area was 
removed, so that VOCs are not controlled twice.   
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VOC upset release simulations 

Evaluation of the effects of interspecies trading of event emissions started with the non-imputed 
base year (2000) simulation generated by TCEQ.  This inventory, which is sometimes referred to 
as base5b.regular, was selected in order to be consistent with event simulations performed under 
Project H13.  The event emission database as well as the speciated VOC emissions inventory 
suggested that three classes of compounds would be of the greatest interest in considering 
interspecies trading.  These classes were olefins, aromatics, and paraffins.  Propene, n-pentane, 
and xylene (representing all three isomers) were chosen as the model species for each class. 

A propene event released at the rate of 5819 pounds per hour was selected as a typical HRVOC 
emission event.  This was based on aircraft measurements made on August 25th, 2000.  The 
timing of the release was 10:00 am to noon.  The rate and total amount of release of the other 
two species, n-pentane and xylene were adjusted using maximum incremental reactivity (MIR) 
(Carter, 2002) such that they satisfied the following relationship. 

(Emission rate of propene) x (MIR of propene) = (Emission rate of OVOC) x (MIR of OVOC) 

Timing and length of release for the OVOCs were not modified.  Table 1.1 summarizes the three 
simulations. 
 
Table 1.1 

Species CB4 Species 
Maximum Incremental Reactivity (MIR) 

(gO3/gVOC) 
Release 

Rate (lbs/hr) 
Release 
Period 

Total Release 
(lbs) 

Propene 1 PAR + 1 OLE 11.57 5,819.00 10:00 to noon 11,638.00 

      

n-Pentane 5 PAR 1.53 44,004.00 10:00 to noon 88,008.00 

Xylenes (1/3 of each isomer) 1 XYL 
7.44 (average) 

10.61 (meta-), 7.48 (ortho-), 4.24 (para-) 9,045.00 10:00 to noon 18,090.00 

 
The calculated mass of emission was added to the model-ready binary emission file for the 
base5b.regular simulation.  The release was added to cell (41, 44) of the 4-km resolution, low 
level, gridded emission file.  The cell is located in the Deer Park region of Harris County.  An in-
house (University of Texas) program that reads and writes CAMx input emission file was used to 
add extra emissions in the particular cell.  The CAMx simulations for August 25 and August 30 
were made using the simulation output of the day before (August 24 and August 29, 
respectively) as the restart file. 
 

1.3 Emissions Inventories and Other Sources of Data 

Data used to create and modify negu files for annual emissions (ozone season daily) in this study 
were derived from 3 different TCEQ model ready files (version 5b).   

Regular Texas Non-electric Generating Unit (NEGU) Inventory 

The regular Texas non-electric generating unit (negu) inventory is based on the TCEQ’s 2000 
Point Source Database (PSDB).   It includes records of the geographic location, stack 
parameters, and projected 2007 annual emissions of ozone precursors from non-electric 
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generating units (NEGUs).  In addition, during TexAQS 2000, industrial facilities were asked to 
provide hourly emissions of ozone precursors that could be used for inter-comparison studies 
with aircraft and ground-based measurements, as well as for future photochemical modeling.  
Together these inventories formed the “NEGU inventory” used as the basis of the attainment 
demonstration for the region. 

The regular tx_negu inventory includes the location and magnitude of all annual emissions from 
non-electric generating units (negus) in the TCEQ Texas point source database.  Emission 
records are listed by account (site) and VOCs are not speciated.  This file is part of the 
attainment demonstration packet and emission magnitudes are equivalent to 2000 EI (including 
the daily averaged special inventory).  Growth and control factors for 2007 are applied separately 
during processing.  In this project this file was one of the two inventory files used as the starting 
point for all case studies.  The only changes to the file were in emission magnitudes at facilities 
within the 8-county HG area, per case study descriptions. 

Imputed Extra Olefins Inventory  

In response to ambient data collected during TexAQS 2000, which indicated that existing VOC 
inventories underestimate the magnitude of emissions of olefins with the double carbon bond at 
the end of its structure, the imputed extra olefins inventory imputes additional terminal olefins 
(predominantly HRVOCs) in the NEGU inventory to facilities within the eight-county HGB 
area.  The mass added equals 4.5 times that of total HRVOCs in the regular HGA negu 
inventory.  This file is also part of the attainment demonstration packet.  In this project it was one 
of the two inventory files used as the starting point for all case studies.  The only changes to the 
file were in emission magnitude per the case study descriptions. 

VOC Speciated Inventory 

The VOC speciated negu inventory provides VOC composition based on either company survey 
data or the approximately 10,000 source profiles for point sources.  In the inventory, VOC 
composition is assigned according to Storage and Retrieval of Aerometric Data (SAROAD) 
codes for process and storage units (Facility Identification Numbers – FINs) and emission points 
(emission point numbers – EPNs) at each emission point in Texas that emits greater than 1 pound 
per day of VOC.  This inventory is not explicitly part of the attainment demonstration packet; but 
it represents the speciation profiles used.  In this project it was used to determine relative VOC 
compositions (% HRVOCs and OVOCs) at process and storage units and emission points.  It was 
also the basis for the imputed extra OVOC files (Cases 4, 5, and 6 described in subsequent 
sections) and in general guided manipulation of the inventories in order to generate the different 
case studies.   

Event Emission On-Line Reporting System 

A database of emissions events was developed during Project H13 (Murphy and Allen, 2004) 
using reports posted on the TCEQ event emission on-line reporting system.  All data used to 
analyze event emissions in this project were taken from this database, which includes all event 
emissions reported in the HGB area between January 31, 2003 (the earliest date in the reporting 
system) and January 30, 2004 (TCEQ, 2004c). 
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2.  CO-BENEFITS OF REDUCING HRVOCS 

Objective: 

The fraction of total volatile organic compound (VOC) emissions that come from sources in 
HRVOC service was quantified and the potential reductions in other VOC (OVOC) emissions 
that might occur due to HRVOC controls (also referred to as ancillary OVOC reductions) in the 
Houston/Galveston/Brazoria area was estimated.  In addition, the effect of potential 
underestimation of the OVOC inventory on photochemical modeling results was investigated. 

Key Findings: 

1. Event emissions for 2003, as reported in the TCEQ event database, accounted for 
approximately 10% of the total mass of HRVOC emissions released in the HGB area (per the 
TCEQ point source database).  Only 25% of the mass associated with HRVOC related events 
consists of OVOCs and more than half of this consists of light alkanes (particularly propane), 
which have relatively low reactivity.  Furthermore, if event emissions of interest are limited 
to those released at rates greater than 1200 pounds of HRVOC per one-hour time block, the 
weight percent of simultaneously released OVOCs drops to 13%.  In these cases, the most 
highly-reactive OVOCs, substituted aromatics, account for only 0.2% of the HRVOC event 
emission streams.  Therefore, the OVOC emission reductions likely to occur through control 
of HRVOC event emissions are expected to be minimal.  This analysis does not, however, 
provide any guidance with regard to the potential benefits to controlling event emissions of 
OVOCs not co-emitted with HRVOCs. 

2. In contrast to the situation for event emissions, where emission reductions of OVOCs due to 
HRVOC controls are minimal, the reduction in OVOC annual emissions that occur when 
HRVOC annual emissions are controlled appear to be significant.  The mass of these 
ancillary OVOC emissions reductions are anticipated to be three times the mass of the 
HRVOC reductions; the reactivity of these ancillary OVOC reductions is anticipated to be 
50% of the HRVOC reactivity reduction, if species are weighted by maximum incremental 
reactivity (MIR).   

3. The composition and reactivity weighted composition of the ancillary OVOC reductions is 
dominated by alkanes up to C6 and substituted aromatics, especially xylene and toluene.   

4. Photochemical modeling results suggest that a reduction in OVOC emissions would reduce 
formation of ground-level ozone. 

5. Increasing the emissions of light alkanes by a factor equivalent to the factor by which 
terminal olefin emissions were increased (based on ambient observations) can have a 
significant effect on ozone production.  Depending on the other assumptions made in the 
simulation, daily maximum ozone concentrations can increase by more than 10 ppb (parts per 
billion).  This increase is larger than the decrease in ozone concentrations associated with 
ancillary reductions of OVOCs.  When the emissions of substituted aromatics are likewise 
increased, daily maximum ozone concentrations typically increase by several additional ppb.   
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Recommendation 

Assessments of the co-benefits of OVOC reductions are based on data on OVOC emissions.  
These OVOC emission inventories are subject to significant uncertainties, including 
uncertainties in mass emission rates and speciation profiles.  Reducing these uncertainties 
through source testing and ambient monitoring would improve the degree of confidence in the 
findings of analyses such as those presented in this report. 
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Report:  Co-Benefits of Reducing HRVOCs 

Most VOC process streams at industrial facilities located within the Houston/Galveston/Brazoria 
area involve a mixture of HRVOCs and OVOCs.  Different species may occur together during 
the manufacture, use, and storage of VOCs, and consequently during their emission.  
Alternatively, the same equipment and release points are often used in association with different 
process streams at different times throughout the year, such that the annual profile might appear 
“mixed” even in the absence of actual physical mixing of different compounds.  For example, 
there are 8,545 VOC process units located within Harris County; only 2,420 (28%) of these have 
a single VOC species associated with them.  Of the 13,033 process units that emit more than 1 
pound per day of VOC within the HGB area, 5167 of the units (40%) are in HRVOC service and 
4586, or 89%, of these have OVOCs species in their emission streams (i.e., only 581 of the units 
emit only HRVOCs).  In the subsections below, the changes in emissions of OVOCs that might 
occur as the result of HRVOC controls are considered.  The effects of controls on both short-
term (event) emissions and on annual (ozone daily) emissions are examined using the event 
emission database and the speciated VOC point source emissions inventory, both available from 
the TCEQ. 

2.1 Event Emissions 

TERC Project H13 drew attention to the importance of emission events of highly-reactive VOCs 
(HRVOCs) in explaining the occurrence of rapid ozone formation and transient high ozone 
events (THOEs) in the Houston region (Murphy and Allen, 2004).  The magnitudes and 
variability of emission events in the Houston-Galveston area between January 31, 2003 and 
January 30, 2004 were examined using event reports made available through the recently 
developed TCEQ on-line event reporting system (TCEQ, 2004a).  Total mass and flow rates 
(pounds per hour) of HRVOC during events were calculated and compared against annual mass 
and average flow rates within the region.  It was found that event emissions account for 
approximately 10% of the total mass of HRVOC released in the HGB area and large events 
(those that exceed the annual average of 1,883 lbs/hr) occur on the order of almost twice a 
month.   

The same set of data used in Project H13 were evaluated in order to determine the effect that 
controlling HRVOC event emissions might have on reducing emissions of OVOCs that occur in 
association with these events.  Of the 722 HRVOC events considered, 301 (42%) had only 
HRVOCs in the VOC profile.  The remaining 421 events were characterized by a full range of 
compositions in terms of the ratio of HRVOC to OVOCs (Figure 2.1).  The total VOC mass 
associated with all 722 events is 2,273,234 pounds.  Of this total, 1,702,600 lbs (or 75%) are 
HRVOCs.  More than half of the OVOCs by mass (312, 451 pounds or 14% of the total) are light 
alkanes (C3 to C5), dominated by propane (150,994 lbs), which is only one-twentieth as reactive 
as propene (Figures 2.2 and 2.3). 

As of December 23, 2004, the TCEQ adopted rule 30 TAC §115.722(c), which states that short-
term HRVOC emissions must be limited to 1,200 pounds per one-hour time-block (TCEQ 
2004b).  If event emissions of interest are limited to those released at these rates or greater, the 
weight percent of simultaneously released OVOCs drops from 25% to 13%.  In these cases, the 
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most highly-reactive OVOCs, substituted aromatics, account for only 0.2% of the HRVOC event 
emission streams.  Therefore, the benefits of controlling OVOCs only through control of 
HRVOC event emissions are likely to be minimal.  This does not, however, provide any 
guidance with regard to the potential benefits to controlling event emissions of OVOCs not co-
emitted with HRVOCs. 

 

Figure 2.1.  Out of 722 HRVOC events occurring in the Houston/Galveston/Brazoria area over a 
12-month period, 301 (42%) contained only HRVOCs in the VOC profile.  The remaining 421 
events were characterized by a full range of compositions in terms of the ratio of HRVOC to 
OVOCs. 
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Figure 2.2.  570,635 pounds of OVOC were released along with 1,702,600 pounds of HRVOC 
during a total of 722 HRVOC events.  312,451 pounds of OVOC consisted of light alkanes (C3, 
C4, and C5), half of which was propane (C3). 

Categories of VOC (lbs) 
Released in HRVOC Event Emissions

Jan 2003 to Jan 2004

12,993
312,451 31,353

32,106

26,342

29,521

125,552

54,988

108,158

977,922

561,532 Non-HRVOC alkenes

C3, 4 or 5 alkane

>C5 alkane

Benzene

Substituted aromatic

Other VOC

VOC unspeciated

Butadiene

Butene (Butylene)

Ethene (Ethylene)

Propene (Propylene)



HARC H12EE Final Report Project number (H-12-2004-EE-UT-TI (582-4-65587): 
 

 2.6  

Figure 2.3.  75% by mass of the VOCs released during 722 HRVOC events consisted of 
HRVOCs.  Substituted aromatics, which have approximately the same reactivity as HRVOCs, 
accounted for only 1% of the co-emitted mass. 

2.2 Continuous Emissions 

Most (90%) of the HRVOC mass emitted in the HGB area is due to continuous emissions rather 
than event emissions.  Therefore, another important step in evaluating the possible co-benefits of 
reducing HRVOC emissions is to examine the continuous or “base” emissions as reported in the 
non-electric generating (negu) emissions inventory.  In particular, the speciated VOC inventory, 
which is based on the speciation profiles included in the attainment demonstration, is used to 
evaluate the potential for reduction of OVOCs in conjunction with control of HRVOCs.  This 
inventory is also used to determine if there are any inherent biases in assuming that sites would 
control HRVOC emissions at emission points rather than at process or storage units.  The 
speciated inventory is available on the TCEQ website (TCEQ, 2003) along with a report that 
documents the creation of this inventory (Cantu, 2003). 
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In the speciated VOC point source emissions inventory, the specific compounds assumed to be 
associated with each emission stream are described explicitly in the emission inventory using 
Storage and Retrieval of Aerometric Data (SAROAD) codes.  These assignments are based on 
the speciation profiles used in conjunction with the attainment demonstration emissions 
inventory.  For the purpose of photochemical modeling, the composition of the VOC streams in 
most point source emissions inventories is defined indirectly through the use of such speciation 
profiles.  Speciation profiles may be specific to a particular process unit, as determined by 
company survey data, but they are more commonly based on the unit’s Source Category Code 
(SCC) and one of approximately 10,000 “typical” source profiles for point sources.  For 
example, SCC 30600201 refers to a “Fluid Catalytic Cracking Unit.”  The standard speciation 
profile for this SCC code is 15.77% isomers of hexane, 61.90% formaldehyde, and 22.32% 
dimethylamine; (note that there are no HRVOCs associated with this profile).  This profile is 
used, for example, at Sea Lion Technology in Texas City (Galveston County).  In contrast, 
Chevron Phillips in Sweeny (Brazoria County) has supplied site-specific data; for SCC 
30600201, this includes three different profiles for three different process units.  For one of its 
crackers, the emissions are described as equal amounts of isomers of butene, propene, propane, 
and n-butane.  In other words, 50% of the emissions associated with this unit are HRVOCs and 
50% are OVOCs.  Another cracker has a profile that assigns only 22.2% HRVOCs (butene and 
propene) and 77.8% OVOCs (equal amounts of hexane, propane, n-butane, formaldehyde, 
xylene, benzene, and toluene) to the unit.  The third cracker has 18 different VOC species 
assigned to it with only two species (11%) that are categorized as HRVOCs.  Thus, there can be 
significant amount of variability between different process units, with the same function, within 
the same account or site. 

One of the initial concerns in developing scenarios to evaluate potential co-benefits of HRVOC 
reduction, was whether companies would tend to implement changes at the process or storage 
unit also referred to as a FIN (facility identification number) or at the actual point of release or 
EPN (emission point number).  The goal of the case studies (constructed as part of the H12EE 
project) was to selectively add and/or control (reduce) OVOCs while meeting the HRVOC 
reduction requirements.  This requires knowledge of the composition of each source stream.  
While the FIN (process or storage unit) and its associated speciation profile is used to define the 
make-up of the VOC composition at its source, there may be multiple EPNs (emission release 
points) each of which may service other units characterized by VOC streams of entirely different 
compositions.  The structure of the composition information therefore involves data for both 
EPNs and FINs within nearly 500 separate accounts in the 8-County 
Houston/Galveston/Brazoria area. 

The relationship between EPNs and FINs can be either quite simple or complex.  Most typical is 
a one-to-one relationship between EPN and FIN, but relationships of up to 1-to-5 (in either 
direction) are common.  Characterization of a single EPN requires summation of all FIN 
emissions being serviced by the EPN and vice versa.  An example of a moderately complex 
relationship from Dixie Chemical is illustrated in Figure 2.4. 
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Figure 2.4.  The relationship between a subset of FINs, and EPNs within a single account (site) 
is shown above.  The facility identification number (FIN) represents a piece of equipment or a 
storage unit (e.g., a tank) within the account (site).  Each FIN is characterized by a Source 
Classification Code (SCC) that is typically used to determine the speciation profile for the unit.  
Emission points (EPNs) are currently classified as stacks, fugitive, or flares and have specific 
location information associated with them.  In the diagram above, each line (or arrow) 
connecting one FIN (in red) to one EPN (in blue) represents one record in an afs (air facility 
system) file used in photochemical modeling.  The total mass associated with each FIN (or 
process unit) is summed across all EPNs servicing the unit and the total mass associated with 
each EPN (emission point) is summed across all FINs feeding into the emission point.   

The emissions inventory files are structured in standard database format with fields and records.  
Each record of mass emitted, reported in units of tons per day (TPD), is characterized by three 
fields of interest to this project; these are account numbers (sites), FINs (process and storage 
units) and EPNs (emission points).  Each production site (or account) is indicated by a seven-
character code.  This code is assigned by TCEQ and is associated with the site registration 
number (RN) listed in the Central Registry.  Geographically, a site may cover from “square 
meters” to “square kilometers.”  Within each site are numerous pieces of equipment or storage 
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devices (e.g., tanks) that are assigned an identification code by the company referred to as a FIN.  
FINs range from one to multiple character codes and have no regular form unless imposed by the 
company.  Each FIN is assigned an SCC or Source Classification Code that is used to assign a 
default speciation profile in instances where a profile is not provided by the company.  No 
location information, other than being associated with the geographic confines of the account 
(site), is embedded in the FIN.  EPNs also consist of one to multiple character codes assigned by 
the company.  Latitude and longitude or Lambert Conformal Projections (LCP) are used to 
describe a reasonably precise location of the point where a release to air occurs.  The current 
classification describes release points as belonging to one of three categories: flare, stack, or 
fugitive.  There is no speciation profile directly attributed to an EPN; it is must be calculated as 
the weighted mass average of FINs to which the EPN is linked.   

In the example shown in Figure 2.4, six different units (FINs) are serviced by a single flare 
(EB03FL1).  The piece of equipment identified as FB0300P (its FIN), sends 0.00055 tons per 
day, of which 2.8% is HRVOC, to the flare; FB03FL1 sends 0.00004 tons per day, none of 
which is HRVOC; a third piece of equipment (FB2000PA) sends 0.00014 tons per day of 100% 
HRVOC to the same flare.  The other three FINs are all tanks and have no HRVOCs associated 
with them.  Together the tanks account for 0.00016 tons of VOC per day emitted by the flare.  If 
the total emissions from this flare are summed and a cumulative speciation profile generated for 
this EPN, the emission stream consists of 17% HRVOC.   

In order to quantify the co-reduction in OVOC emissions that might occur in this, or any other 
complex of EPNs and FINs, it was anticipated that it might depend on whether HRVOC controls 
are implemented predominantly at EPNs or at FINs.  Using the example in Figure 2.4 to illustrate 
this concern, if emissions from the EPNs in HRVOC service (all except EB0300TU) are reduced 
by 90%, the total HRVOC mass emitted from the complex drops from 0.00021 TPD to 0.00002 
TPD and the total OVOC mass changes from 0.00323 to 0.00173 TPD.  If instead, HRVOC 
reductions are achieved by reducing the emissions emanating from the FINs in HRVOC service 
(FB2000PA and FB0300P), the total OVOC mass drops to only 0.00191 TPD, thus leaving 10% 
more OVOC mass.  Table 2.1 illustrates these calculations and relationships.  Given the large 
number of one-to-one relationships between EPNs and FINs, it was not anticipated that choosing 
to manipulate the inventory using one group or the other would cause significant bias; however, 
in order to eliminate that concern, an evaluation of the differences that might result was 
conducted in conjunction with a study to determine the types and amounts of OVOC that might 
be reduced as the result of HRVOC controls. 
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Table 2.1.  Comparison of Ancillary Reductions of OVOCs with  
HRVOC reductions at EPNs vs. FINs 

      TPD HRVOC TPD OVOC 

FIN 
HRVOC 

FIN? EPN 
HRVOC
EPN? 

VOC 
TPD % HRVOC

Before
reduction

90% 
reduction

Before 
reduction 

90% 
at EPN 

90% 
at FIN 

FB03T0354 no EB0300TU no 0.00156 0% 0 0 0.00156 0.00156 0.00156
FB03T0354 no EB03FL1 yes 0.00008 0% 0 0 0.00008 0.00001 0.00008
FB2000PA yes EB03FL1 yes 0.00014 100% 0.00014 0.00001 0 0 0
FB2000PA yes EB20R2000 yes 0.00001 100% 0.00001 0.00000 0 0 0
FB2000PA yes EB2000PU yes 0.00002 100% 0.00002 0.00000 0 0 0
FB03T0358 no EB03FL1 yes 0.00001 0% 0 0 0.00001 0.00000 0.00001
FB03T0382 no EB03FL1 yes 0.00007 0% 0 0 0.00007 0.00001 0.00007
FB03FL1 no EB03FL1 yes 0.00004 0% 0 0 0.00004 0.00000 0.00004
FB0300P yes EB03FL1 yes 0.00055 2.8% 0.00002 0.00000 0.00053 0.00005 0.00005
FB0300P yes EB0300PU yes 0.00096 2.8% 0.00003 0.00000 0.00093 0.00009 0.00009
           
     TOTAL 0.00021 0.00002 0.00323 0.00173 0.00191

 

The speciated VOC point source inventory (TCEQ, 2003) was used to analyze the proportion 
and composition of other volatile organic compounds (OVOCs) that are associated with emission 
of highly-reactive volatile organic compounds (HRVOCs).  Although only about half of the 
approximately 27,000 FINs and 26,000 EPNs in the base inventory are included in the speciated 
inventory, all of those with significant emissions of VOC (more than one pound per day) are 
represented.  This simplification results in a much more manageable data set of approximately 
13,000 FINs and 12,000 EPNs with no appreciable loss of information (Cantu, 2003). 

2.3 Emissions Inventory Analysis:  Ancillary OVOC Reductions 

The goal of this portion of the study was to examine reductions in “Other VOC” emissions 
(OVOCs) that may occur due to HRVOC controls (ancillary OVOC reductions).  The analysis 
assumes that there is a uniform reduction of all VOC compounds (HRVOC and OVOC) at all 
HRVOC sources located within the 147 HRVOC capped facilities in 8-county HGB area.  
Comparisons are made between the effects on the inventory for reductions at emission points 
(EPNs) vs. reductions at process or storage units (FINs).  The evaluation is based on the 2000 
speciated VOC emissions inventory available from TCEQ (TCEQ, 2003).  A full list and 
description of the 147 facilities in the HGB area that were expected to be subject to HRVOC 
caps as of June 2004 are listed in Appendix A.  A summary of the accounts is presented in Table 
2.2. 

Figure 2.5 illustrates the mass of VOC reduction by species that could be expected for every 
10% increment of HRVOC reduction at emission points (EPNs).  The analysis is done in this 
manner because the final degree of HRVOC control may vary between counties (e.g., higher for 
Harris than the surrounding 7 counties) and/or between source types (e.g., lower for fugitives 
than for vents, flares, and cooling towers).  Also note that this analysis was done using only the 
base 2000 inventory (i.e., excluding inputs from the special and imputed olefins inventories) so 
the total mass is lower than for the attainment demonstration.  However, the relative masses and 
species of interest are expected to be similar. 
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Table 2.2.  Summary of Accounts Subject to HRVOC Caps as of June 2004 
Category TPD 

HRVOC 
# of 

Accounts Counties (# Accounts) 

Crude Petroleum and Natural Gas 0.19 16 
Brazoria (3), Chambers (5),  

Fort Bend (3), Harris (1),  
Montgomery (3), Waller (1) 

Industrial Gases and Inorganic Chemicals 0.32 7 Brazoria (1), Harris (6) 

Plastic Materials and Synthetic Rubber 4.53 14 Brazoria (1), Chambers (1), Harris (12) 

Industrial Organic Chemicals 20.91 64 
Brazoria (11), Chambers (3), 

Fort Bend (1), Galveston (6), Harris (42), 
Montgomery (1) 

Petroleum Refining 3.62 9 Brazoria (1), Galveston (3), Harris (5) 

Storage, Petroleum Bulk Stations and Terminals 0.73 18 Brazoria (1), Chambers (2), Fort Bend 
(1), Galveston (1), Harris (11), Liberty (2)

Pipelines 0.68 7 Brazoria (1), Chambers (4), Harris (2) 

Other Categories 0.14 12 Harris (10), Liberty (2) 

TOTAL  147  

 

Figure 2.5.  For HRVOC reductions at emission points (EPNs), three times as much OVOC 
mass is reduced as HRVOC mass.  The most notable groups of species affected are light alkanes 
and aromatics. 
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TPD Mass Reduction per 10% Decrease in Emissions from Capped EPNS - Top 20 Species

All Species:
2.21 TPD reduction in HRVOCs and
6.67 TPD reduction in "Other VOCs"
per 10%  Decrease from Capped HRVOC EPNs
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For HRVOC reductions at emission points (EPNs), three times as much OVOC mass is reduced 
as HRVOC mass.  The most notable groups of species affected are light alkanes and aromatics. 

Figure 2.6 illustrates the mass of VOC reduction by species that could be expected for every 
10% increment of HRVOC reduction at process and storage units (FINs).  The analysis is done 
in this manner because the final degree of HRVOC control may vary between counties (e.g., 
higher for Harris than the surrounding 7 counties) and/or between source types (e.g., lower for 
fugitives than for vents, flares, and cooling towers).  Also note that this analysis was done using 
only the base 2000 inventory (i.e., excluding inputs from the special and imputed olefins 
inventories) so the total mass is lower than for the attainment demonstration.  However, the 
relative masses and species of interest are expected to be similar.  As for HRVOC reductions at 
emission points (EPNs), three times as much OVOC mass is reduced as HRVOC mass when 
reductions are implemented at FINs and the most notable groups of species affected are light 
alkanes and aromatics. 

 

Figure 2.6.  For HRVOC reductions at process and storage units (FINs), three times as much 
OVOC mass is reduced as HRVOC mass.  The most notable groups of species affected are light 
alkanes and aromatics. 
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Performing the same analysis but weighting the mass by MIR (maximum incremental reactivity) 
produces similar results, in that light alkanes and substituted aromatics remain as the most 
significant OVOCs and there is little distinction between HRVOC controls at FINs vs. EPNs.  
The most significant difference is that instead of an additional 300% OVOC benefit as was seen 
in considering mass only, the OVOC benefit drops to a 1.5X benefit (i.e., an additional 50% over 
reduced HRVOCs only) when the mass is weighted by reactivity.  This would still appear to be a 
significant co-benefit (i.e., a 60% reduction of HRVOCs plus ancillary OVOCs would be 
expected to result in the same reduction in ozone as a 90% reduction in HRVOCs alone.) 

 

Figure 2.7.  For HRVOC reductions at emission points (EPNs), half as much OVOC MIR 
weighted mass is reduced as HRVOC MIR weighted mass.  The most notable groups of species 
affected are light alkanes and aromatics. 
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Figure 2.8.  For HRVOC reductions at process and storage units (FINs), half as much OVOC 
MIR weighted mass is reduced as HRVOC MIR weighted mass.  The most notable groups of 
species affected are light alkanes and aromatics. 

Based on the above analyses, it is concluded that there is virtually no difference in the total mass 
or the species that are reduced as the result of uniform reduction of emissions from HRVOC 
EPNs versus FINs.  In addition, the co-benefits of OVOC reduction appear to be significant with 
a potential mass reduction of 4X that of HRVOCs alone and a 1.5X reduction when weighted by 
MIR.  The most important OVOCs to consider by mass and MIR include alkanes up to C6 and 
substituted aromatics, especially xylene and toluene.  Formaldehyde and benzene (which is 
important by mass but not when weighted by MIR) are both controlled as hazardous air 
pollutants (HAPs). 

The results of this task provided guidance in the design of the case studies used to perform the 
photochemical modeling sensitivity analyses described in the next task report.  In particular, it 
was decided to “control” emissions in the inventory at EPNs rather than FINs, as originally 
proposed, as it would not greatly affect results and it permitted direct manipulation of the 
emissions inventory as a function of specific geographic location.  The results also highlighted 
the need to consider the ancillary effects of OVOC reduction in conjunction with HRVOC 
controls.  Finally, it was determined that the impacts of OVOCs on ozone formation should be 
investigated as both event emissions and as an overall adjustment (imputation) of the base 
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inventory.  In particular, two categories were selected for these investigations:  light alkanes (C3 
to C7) and substituted aromatics (C7 to C9). 

A similar but more focused study was conducted by ENVIRON (Appendix B).  In an evaluation 
of potential co-benefits of HRVOC controls at mid-sized propylene units in Houston it was 
concluded through examination of the inventory that fairly significant co-benefits in the form of 
reduced emissions of OVOCs are likely to be achieved by measures taken to reduce propylene 
emissions at polypropylene production plants in the Houston area.  The largest proportionate 
reductions would be for hexane. 

2.4 Photochemical Modeling of Ancillary OVOC Reductions, Case Study 1 

Volatile organic compound (VOC) emission streams from non-electric generating (negu) point 
sources are typically composed of a number of different species.  The compounds in each stream 
may be a mixture of both highly-reactive VOCs (HRVOCs) and other VOCs (OVOCs).  
Alternatively, the same piece of equipment may be used for different streams at different times 
within the calendar year.  In either case, improved monitoring or maintenance and repair 
programs are expected to result in reduced emissions of both HRVOCs and OVOCs. 

Case 1, the “control” case, considers the effects of proportional reduction of all VOCs from 
capped HRVOC EPNs, with no distinction made between fugitive emissions and non-fugitive 
emissions.  This case is intended to represent “real world” responses to HRVOC reductions such 
as increased flare efficiency and decreased leak rates from fugitives.  EPNs in VOC service but 
not in HRVOC service experience no decrease in emissions; EPNs in HRVOC service but not at 
capped facilities (accounts) experience no decrease in emissions.  A 90% reduction is assumed at 
the 81 capped accounts located in Harris County and a 60% reduction is assumed at the 66 
accounts located in the surrounding seven-counties of the non-attainment area (see Appendix A 
for a list of accounts).  For example an EPN that releases 0.8 TPD of HRVOC and 0.2 TPD of 
OVOC would, with a 90% cap, release instead, 0.08 TPD of HRVOC and 0.02 TPD of OVOC.   

Figure 2.9 illustrates the change in mass of emissions that would occur under Case 1 conditions 
for a hypothetical account.  This conceptual drawing shows an initial total VOC mass emitted 
from the site equal to 1.191 tons per day (TPD), of which 0.745 TPD are HRVOCs and 0.446 
TPD are OVOCs.  With a 90% reduction, such as is expected to occur in Harris County on EPNs 
in HRVOC service, the total VOC mass is reduced to 0.238 TPD.  A 60% reduction, as might 
occur in the surrounding seven counties, results in total VOC emissions of 0.556 TPD.  If 
HRVOCs alone were reduced, the final VOC mass would be 0.541 TPD and 0.764 TPD 
respectively. 

Case 0 emulates the attainment demonstration using the same methods of direct manipulation of 
the emissions inventory as do the other case studies in this project.  The attainment 
demonstration assumes that only HRVOCs are reduced at all non-fugitive VOC sources with no 
ancillary reductions in OVOCs.  All VOC fugitive emissions (HRVOCs and OVOCs) are 
assumed to be reduced at all accounts (capped and uncapped) in all eight counties by 64%.  
Because of the complex flows described above, the ability to limit the amount of HRVOCs 
released to the atmosphere without significant ancillary reductions in OVOCs is restricted largely 
to either (1) preferential control of FINs or EPNs that are associated with flows dominated by 
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HRVOCs or (2) change in production patterns in order to reduce the amount of HRVOCs used.  
While the analyses performed in this project assume that neither of these approaches is very 
likely, the first strategy (preferential control of EPNs) is examined in one case study (Case 2, 
discussed later in this report) as part of a series of sensitivity analyses.  The second scenario is 
not considered.  In all cases presented in this body of work, except Cases 0 and 4, it is assumed 
that the amount of OVOCs reduced at a specific source as the result of HRVOC reductions will 
be in proportion to the initial ratio of OVOC to HRVOC (prior to controls).  A summary of all 
case studies used for photochemical modeling sensitivity analyses is given in Appendix C.   

 

Figure 2.9.  A conceptual drawing of Case 1 is shown for a hypothetical account (site) 
containing a number of EPNs that emit all OVOCs (shown as yellow circles), EPNs that emit all 
HRVOCs (shown as orange circles), and EPNs that emit a mixture of both (shown as 
overlapping yellow and orange circles.  The circles are drawn to scale such that their area is 
proportional to the mass emitted.  The drawing on the left shows an initial mass emitted of 0.745 
tons per day (TPD) of HRVOCs and 0.446 TPD of OVOCs.  VOC EPNs that are not in HRVOC 
service experience no change in mass.  VOC emissions (both OVOCs and HRVOCs) from all 
other EPNs are reduced uniformly by 90% in Harris County.  In the surrounding seven counties 
(HGA7), all VOC emissions from all EPNs in HRVOC service are reduced uniformly by 60%. 

Photochemical grid modeling using CAMx (Comprehensive Air Quality Model with Extensions) 
and the modified negu emissions inventories developed as Case 0 and Case 1 suggests that 
further reduction of OVOCs through the uniform decrease of emissions at HRVOC EPNs can 
result in the formation of decreased levels of ground-level ozone.  However, because there is also 
a greater reduction of HRVOCs from fugitive sources in Harris County (90% in Case 1 vs. 64% 
in Case 0) it is not possible to determine by comparison of these two cases alone, which has the 
greater effect.   
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Figure 2.10 illustrates the difference in maximum daily ozone for the 1-hour attainment 
demonstration, with up to 12 ppb more ozone produced in Case 0 than Case 1.  Table 2.3 lists 
four different metrics used to evaluate the two different cases relative to the 1-hour ozone 
standard.  A description of these metrics is given in Appendix E.  Tile plots with the distribution 
and magnitude of ozone produced in Case 0 and Case 1 for two days during the attainment 
demonstration episode are presented in Figure 2.11. 

 

Figure 2.10.  Case 0 which has no ancillary reduction of OVOCs from non-fugitive EPNs in 
HRVOC service and a uniform 64% reduction in fugitive emissions exhibits maximum daily 
ozone levels of up to 12 ppb higher than Case 1.  Case 1 is modeled as uniform reduction of all 
VOCs from all EPNs (including fugitive EPNs) in HRVOC service at capped accounts. 
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Table 2.3.  Results of photochemical modeling, Case 0 vs. Case 1 

 
Max. Daily Ozone 

(ppb) 
Area of Exceedance 

(km2) 
Integrated Area of Exceedance

(km2) 
Population Exposure 

(ppm*capita) 

Date Case 0 Case 1 Case 0 Case 1 Case 0 Case 1 Case 0 Case 1 

22-Aug 87.82 83.88 0 0 0 0 0 0 

23-Aug 75.71 73.94 0 0 0 0 0 0 

24-Aug 75.32 74.07 0 0 0 0 0 0 

25-Aug 122.28 110.09 0 0 0 0 0 0 

26-Aug 114.31 108.30 0 0 0 0 0 0 

27-Aug 88.52 86.65 0 0 0 0 0 0 

28-Aug 103.62 101.46 0 0 0 0 0 0 

29-Aug 115.14 108.20 0 0 0 0 0 0 

30-Aug 122.88 115.93 0 0 0 0 0 0 

31-Aug 148.54 143.87 704 560 1,504 1,072 2,602 1,750 

1-Sep 120.10 116.92 0 0 0 0 0 0 

2-Sep 130.34 124.05 48 0 64 0 19 0 

3-Sep 116.28 112.29 0 0 0 0 0 0 

4-Sep 128.31 126.27 64 64 64 64 129 43 

5-Sep 188.23 185.18 5296 5136 10,352 9,920 180,089 155,425 

6-Sep 128.44 127.24 304 208 432 240 215 40 
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 Case 1 Case 0 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.11.  Maximum daily ozone plots for 3:00 pm on August 25 and 30 are shown for Case 
0 and Case 1.  Case 1 is modeled as uniform reduction of all VOCs from all EPNs (including 
fugitive EPNs) in HRVOC service at capped accounts.  Case 0 (equivalent to the attainment 
demonstration) exhibits a maximum daily ozone level of 122.3 ppb more than 12 ppb higher than 
Case 1 on August 25 and a maximum daily ozone level of 122.9 ppb nearly 7 ppb higher than 
Case 1 on August 30.  The location of the high shifts approximately 16 kilometers to the east 
(Case 1 to Case 0) on the 25th but maintains its position on the 30th.  Visual inspection suggests 
that the total area impacted by higher levels of ozone is greater for Case 0. 

2.5 Imputation of the OVOC Inventory 

The attainment demonstration uses a combination of two negu point source emissions 
inventories.  One is the regular inventory (afs.tx_negu.agg_re.000818-000906.v15b.3pols.lcp) 
and the other is the imputed terminal olefins inventory (afs.exole.term_v2.2000_v15b.lcp.xls), 
informally referred to as the “extra ole” inventory.  The additional terminal olefins were added 
based on aircraft data collected during the TexAQS 2000 study.  Subsequent data gathered by the 
TCEQ Technical Analysis Division from a network of Photochemical Air Monitoring Sites 
(PAMS) using automated gas chromatography (auto GC) suggests that significant other VOCs 
may also be under-reported in the inventory including pentanes, butanes, hexane, xylene, and 
toluene (Jolly and Schroeder, 2004a, Jolly and Schroeder, 2004b, Jolly, 2004). 
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Examination of the negu emissions inventory (see section 2.3, above) also suggests that light 
alkanes and substituted aromatics are expected to be released in significant amounts relative to 
HRVOCs.  In order to determine how critical it is to correctly identify the mass of these OVOCs 
in terms of photochemical modeling results, an imputed paraffin (alkane) inventory and an 
imputed aromatics inventory were developed and evaluated in CAMx in conjunction with Case 
1.  Both imputed inventories increase the mass of these OVOCs, as reported in the VOC 
speciated inventory by 450% (i.e. 5.5X the original mass).  This factor was chosen to match the 
imputation factor used in creating the extra olefins file.  A list of the species imputed is given in 
Appendix D. 

Case 4 combines the extra alkanes (paraffins) inventory and extra aromatics inventory and 
assumes that no ancillary OVOC reductions occur for these imputed inventories.  Case 4.1 
imputes only aromatics and Case 4.2 imputes only alkanes.  Case 5, 5.1, and 5.2 are parallel to 
Cases 4, 4.1, and 4.2 but the OVOCs are reduced in accordance to the same guidelines as in Case 
1 (90% in Harris County, 60% in the surrounding 7 counties, for all OVOCs co-emitted with 
HRVOCs at capped accounts (sites)).  A summary of these six case studies is given in Table 2.4. 

 
Table 2.4.  Summary of Imputed OVOC Case Studies 

Case 5.5X Imputation of  
C7 to C9 Aromatics 

5.5X Imputation of 
C3 to C7 Alkanes 

Ancillary Reduction of 
Imputed OVOCs 

4 X X – 
4.1 X – – 
4.2 – X – 
5 X X X 

5.1 X – X 
5.2 – X X 

 

On August 25, a day conducive to the formation of ozone, imputation of aromatics alone (Case 
4.1) with no ancillary reduction has the effect of increasing maximum daily ozone levels by up to 
4.5 ppb over Case 1.  Imputation of alkanes alone (Case 4.2) with no ancillary reduction has the 
effect of increasing maximum daily ozone levels by nearly 19 ppb over Case 1.  Together the 
effect is slightly less than additive with an overall increase of 22.73 ppb in the daily maximum 
ozone.  Data for all days in the episode for these 6 cases is presented in Table 2.5.  Difference 
plots for Cases 4, 4.1, and 4.2 and Cases 5, 5.1, and 5.2 are presented in Figures 2.12 and 2.13 
respectively.  Finally, tile plots of the difference in the daily maximum ozone between Case 4.2 
(imputation of alkanes) and Case 1 (control), which occurs at 2 pm (14:00) on both August 25 
and 30, are shown in Figure 2.14.   

Cases 5, 5.1, and 5.2 can be used to further illustrate the potential co-benefits of ancillary 
reductions of OVOCs.  If it is assumed that the imputation is a closer representation of the actual 
inventory, then control of alkanes and aromatics in conjunction with HRVOC controls results in 
a nearly 12 ppb reduction in maximum daily ozone (Case 4 minus Case 5). 
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Table 2.5.  Comparison of Imputed OVOC Case Studies: 
Maximum Daily Ozone Based for One-Hour Standard (125 ppbv) 

Date 
Case 0 
ppb O3 

Case 1  
ppb O3 

Case 4 
ppb O3 

Case 4.1 
ppb O3 

Case 4.2 
ppb O3 

Case 5 
ppb O3 

Case 5.1  
ppb O3 

Case 5.2 
ppb O3 

22-Aug 87.82 83.88 93.02 85.93 90.49 88.35 85.42 87.16 

23-Aug 75.71 73.94 77.44 74.96 76.82 75.91 74.74 75.35 

24-Aug 75.32 74.07 76.49 74.80 75.85 75.39 74.62 74.91 

25-Aug 122.28 110.09 132.82 114.58 128.71 120.74 112.63 116.47 

26-Aug 114.31 108.30 118.37 110.59 117.73 113.74 110.02 112.73 

27-Aug 88.52 86.65 89.42 87.06 89.52 88.36 87.04 88.30 

28-Aug 103.62 101.46 105.75 102.02 105.56 103.70 101.94 103.36 

29-Aug 115.14 108.20 118.82 110.69 117.39 113.34 110.06 112.00 

30-Aug 122.88 115.93 128.44 119.70 125.84 122.53 118.77 120.37 

31-Aug 148.54 143.87 151.51 145.81 150.41 147.90 145.37 146.81 

1-Sep 120.10 116.92 122.06 118.43 120.98 119.52 118.01 118.68 

2-Sep 130.34 124.05 131.08 126.77 129.03 127.71 125.96 126.23 

3-Sep 116.28 112.29 117.47 113.73 116.64 115.03 113.34 114.35 

4-Sep 128.31 126.27 128.27 126.53 128.27 127.26 126.52 127.17 

5-Sep 188.23 185.18 190.69 185.52 190.92 187.83 185.55 187.79 

6-Sep 128.44 127.24 128.94 127.38 129.01 128.05 127.38 128.02 

 

Figure 2.12.  Imputation of C3 to C7 alkanes (Case 4.2) has a more significant effect on 
maximum daily ozone than does imputation of C7 to C9 aromatics (Case 4.1). 
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Figure 2.13.  Imputed OVOCs, if subjected to ancillary reductions as the result of HRVOC 
controls, produce a maximum daily ozone level of up to 10 ppb more than Case 1.  Most of this 
increase is due to light alkanes (Case 5.2). 

 

 

 

 

 

 

 

 

Figure 2.14.  The difference in maximum ozone within the 4-kilometer domain is shown for the 
afternoons of August 25 and August 30 for Case 4.2 minus Case 1.  Case 4.2 tests the effects of 
imputing C3 to C7 alkanes at the same relative amount as for terminal olefins, without any 
ancillary reductions due to HRVOC controls.  The largest daily difference in maximum ozone 
concentration observed is 29 ppb on the 25th and 13 ppb on the 30th, both at 2:00 pm (14:00). 
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2.6 Conclusions: 

Event emissions account for only about 10% of the total mass of highly-reactive volatile organic 
compounds (HRVOC) released in the HGB area and only 25% of the mass associated with 
HRVOC related events consists of other volatile organic compounds (OVOCs) for all events and 
only 13% for those that have release rates of greater than 1200 pounds of HRVOC per one-hour 
time block.  Therefore, the benefits of controlling OVOCs through control of HRVOC event 
emissions are likely to be minimal.  However, this is not meant to imply that there might not be 
benefits of controlling event OVOC emissions not co-emitted with HRVOCs. 

Most HRVOC emissions are represented by continuous (annual) emissions and nearly 90% of 
these emissions have other VOC emissions associated with them.  The co-benefits of ancillary 
reduction of OVOCs through HRVOC controls is estimated to be equivalent to an additional 
300% of HRVOC based on mass alone or 50% based on relative reactivity (MIR times mass).  
The most important OVOCs in terms of both mass and reactivity that would be affected by 
ancillary reductions are light alkanes and substituted aromatics.  Furthermore, photochemical 
modeling demonstrates that reduction of ancillary OVOC emissions has the potential to reduce 
maximum daily ozone levels by up to 12 ppb. 

The cases presented should be considered as sensitivity studies or “what-if” analyses; they are 
not intended to represent actual changes in the attainment demonstration emissions inventory 
files.  It is hoped that the results will therefore provide guidance as to how best to improve the 
negu emissions inventories in terms of mass and composition.  This could be achieved through 
the acquisition of additional company specific data and speciation profiles along with continued 
and improved ambient monitoring of VOC species. 

Finally, the analyses completed with regard to co-benefits of reducing HRVOCs, emphasizes the 
need to promote control strategies and understanding of the results of these strategies with regard 
to hydrocarbon species other than those four designated as HRVOCs.  This becomes even more 
important if there will be different control strategies applied to different counties or to different 
types of emission points.  In particular, the differences observed between Case 0 (the attainment 
demonstration) and Case 1 (uniform control) illustrates the need to have better understanding of 
what EPNs will fall under the fugitive category. 
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3.  EFFECTS OF CAPS AND TRADING ON OZONE FORMATION 

Objective: 

The impacts of possible responses of regulated facilities to HRVOC emission caps were 
examined and the impacts of possible HRVOC trading scenarios on ozone formation were 
assessed. 

Key Findings: 

1. The simplest way to perform photochemical modeling to examine the effect of an HRVOC 
emissions cap is to assume that all HRVOC emissions at regulated facilities are reduced by 
an equivalent factor.  However, in response to a cap, facilities may reduce emissions first 
from process streams that have the highest concentrations of HRVOCs.  To examine the 
impact of this phenomenon on ozone formation, a ‘worst-case’ scenario was examined.  In 
the scenario, preferential reductions are made at HRVOC dominated sources, such that the 
benefits associated with ancillary reduction of OVOCs are minimized.  Furthermore, the 
HRVOC emissions remaining at the sites (emission accounts) were placed closest to NOX-
rich point sources.  Photochemical modeling of this scenario led to daily maximum ozone 
concentrations a few ppb larger than the simpler (‘across-the-board reductions’) scenario, on 
days that are conducive to ozone formation.   

2. A facility may meet its HRVOC emission cap by eliminating emissions from streams with 
high mass fractions of HRVOCs.  In this scenario, facilities will continue to eliminate 
streams until they are below the cap, and the final stream to be eliminated may place the 
facility at an emission rate significantly below the cap.  This scenario leads to over-control of 
HRVOC emissions.  Photochemical modeling of this scenario shows ozone production that is 
slightly greater than and less than (depending on the day considered) an “across-the-board” 
scenario.   

3. Multiple scenarios for trading annual HRVOC emissions were considered that changed the 
location, but not the timing, of the HRVOC emissions.  These scenarios were ‘worst-cases’ 
in that they assumed trades resulting in spatial concentration of HRVOC emissions.  These 
trading scenarios have only a marginal effect (several ppb of ozone) on daily peak ozone 
concentrations within the Houston/Galveston/Brazoria area; changes in the spatial 
distribution of ozone concentrations were also minimal.  

4. Trading of annual HRVOC emissions for event HRVOC emission, or other changes in the 
temporal pattern of HRVOC emissions resulting from trades, appears to be more complex 
than changing the location (but not the timing) of HRVOC emissions due to trades.  This 
appears to especially true for trading of OVOCs for HRVOCs based on reactivity. 
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Recommendation 

The trading scenarios that have been developed and analyzed to date are limited in scope.  
Additional scenarios and corresponding photochemical modeling runs should be completed 
before a high level of certainty can be placed on the effects of trading on control strategies.  
Preliminary results, however, indicate that emissions trading is a viable option and there are no 
immediate “red flags” that would suggest that trading is necessarily detrimental. 
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Report:  Effects of Caps and Trading on Ozone Formation 

Through the use of a cap and trade program, a significant amount of autonomy is granted to 
specific air accounts (sites) as to how reductions in emissons are achieved, as long as overall air-
quality goals are met.  Therefore, it is important to anticipate how different sites might respond 
to the program and to understand the effects that various responses might have on ground-level 
ozone production.   

Based on past studies, it is generally accepted that there is substantial temporal and spatial 
variability of HRVOC emissions within the HGB industrial area, reflecting the types and density 
of the sources.  These temporal and spatial variabilities in emissions can lead to spatial or 
temporal “spikes” in emissions that are of significance to the ozone attainment strategy.  In order 
to evaluate the likelihood that the cap and trade program might produce spikes in emissions that 
lead to significant ozone formation, a series of case studies was designed.  The primary goal of 
these sensitivity studies was to determine whether spatial or temporal concentration of emissions 
associated with trading would lead to ozone formation that was significantly different than ozone 
formation associated with across-the-board controls. Uniform, across-the-board control was 
modeled with Case 1, as described in section 2.4.  There are two cases that address intra-facility 
trading (capped accounts with preferential reduction of high mass fraction HRVOC streams, 
Cases 2 and 2.1) and two that address inter-facility trading of HRVOCs (Cases 3 and 3.1).  All 
four cases were intended to anticipate “worst-case” situations.  A summary of the cases is given 
in Appendix C. 

3.1 Caps at the Account-Level with Preferential Reduction of HRVOCs 

Cases 2 and 2.1 consider the effects of imposing HRVOC emission caps at the account (site) 
level.  In particular, they examine the preferential reduction of HRVOCs from 100% (or other 
high percentage) HRVOC EPNs to meet HRVOC emissions target reduction at the account (site) 
level.  By assuming that a facility will meet HRVOC cap by focusing on streams that contain the 
greatest amounts of HRVOCs, there will be a corresponding minimal reduction in OVOCs. 

Case 2 considers the scenario where there is a complete shut down of EPNs with the highest 
HRVOC content.  In addition, all emissions (including OVOC, NOX, and CO) associated with 
the EPN are eliminated and there are no fractional reductions, so that in effect the site 
overcompensates (i.e., more HRVOC is eliminated than specifically required to meet the cap).  
The net effect of this case on the HGB region is an additional reduction of 10 TPD in HRVOC.   

In Case 2.1 only VOCs are eliminated and emissions may be partially reduced from a single EPN 
in order to obtain the exact decrease as specified by the cap.  This case is harder to justify from a 
“real world sense” but is performed because it most closely emulates the current attainment 
demonstration and allows for a more effective comparison between the other cases (since total 
HRVOC is similar). 

For both Cases 2 and 2.1, preferential shut-down of high HRVOC content EPNs is also based on 
the distance (within the site) of the EPN from the NOX emissions “center of mass” at the site.  
For the majority of the Harris County sites, where a 90% reduction per site was imposed, most 
high HRVOC sites were shut down regardless of location, but for the surrounding seven counties 
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with only a 60% cap, the high HRVOC content EPNs closest to the NOX center of mass 
remained.  While the intent was to simulate two ‘worst-case’ situations (minimal reduction of 
OVOCs and concentration of HRVOCs as close as possible to sources of NOX), the results of 
Case 3 (discussed below) indicate that the effects of such subtle location changes are not capable 
of being detected using the 4-kilometer photochemical modeling domain.  Thus the results of 
Cases 2 and 2.1 are interpreted to be primarily due simply to the total mass of HRVOCs and 
OVOCs emitted under each scenario. 

 

 

 

 

 

 

 

 

 

 

Figure 3.1.  A conceptual drawing of Case 2 is shown for a hypothetical account (site) that 
contains a number of EPNs that emit all OVOCs (shown as yellow circles), EPNs that emit all 
HRVOCs (shown as orange circles), and EPNs that emit a mixture of both (shown as 
overlapping yellow and orange circles.  The circles are drawn to scale such that their area is 
proportional to the mass emitted.  With a 90% reduction, such as is expected to occur in Harris 
County, the total VOC mass is reduced to 0.352 TPD vs. 0.656 TPD as would occur assuming a 
60% reduction in the surrounding seven counties. 

Figure 3.1 illustrates the change in mass of emissions that would occur under Case 2 conditions 
for a hypothetical account.  This conceptual drawing shows an initial total VOC mass emitted 
from the site equal to 1.191 tons per day (TPD), of which 0.745 TPD are HRVOCs and 0.446 
TPD are OVOCs.  With a 90% reduction, such as is expected to occur in Harris County on EPNs 
in HRVOC service, the total VOC mass is reduced to 0.352 TPD.  A 60% reduction, as might 
occur in the surrounding seven counties, results in total VOC emissions of 0.656 TPD.  Note that 
while there is a slightly higher amount of HRVOC reduced than in Case 1 (Figure 2.9), the total 
OVOC is much less (0.163 vs. 0.278 TPD in Harris County and 0.258 vs. 0.406 TPD in the 
surrounding seven counties). 

In Figure 3.2 the difference in maximum daily ozone for Case 2 and 2.1 relative to uniform 
reduction (Case 1) is illustrated.  Based on one-hour averaged concentrations of ozone, 
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comparison of the two different capped account scenarios suggests that Case 2.1, where 
HRVOCs are rigidly controlled to the amount specified by the cap with minimal ancillary 
reductions, always produces more ozone than uniform controls with ancillary OVOC reductions 
(Case 1).  If, however there is overcompensation, as in Case 2, where there is greater reduction 
of HRVOCs than is required and a decrease in ancillary NOX and CO (Case 2), then either more 
or less ozone is produced than Case 1, depending upon the day.  This occurs despite the fact that 
Case 2 releases 14 more tons per day of OVOC than Case 2.1 because the overcompensation 
results in 11 tons per day less HRVOC (Appendix C) along with reduced emissions of NOX.  . 

Figure 3.2. Based on the one-hour standard, comparison of two different capped account 
scenarios illustrates that rigidly controlling HRVOCs to no more than the cap with no ancillary 
reductions (Case 2.1) always produces more ozone than uniform controls with ancillary OVOC 
reductions (Case 1).  If there is greater reduction of HRVOCs than is required and a decrease in 
ancillary NOX and CO (Case 2), then either more or less ozone is produced than Case 1, 
depending upon the day. 

 

While there are differences between the three cases, they are relatively small despite the fact that 
these scenarios were intended to look at a worst-case scenario where every account within the 
region chose to preferentially reduce HRVOC emissions.  The conclusion is that however 
individual sites may chose to cap their HRVOC emissions, there are likely to be minimal effects 
on regional ozone levels. 
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3.2 Trading of HRVOC Emissions within Defined Geographic Areas 

Cases 3 and 3.1 are similar in concept to Cases 2 and 2.1, but extend the domain over which 
HRVOC emissions are spatially concentrated from a facility to a region.  Cases 3 and 3.1 
consider the effects of allowing both capped and uncapped facilities to trade emissions such that 
the total HRVOC reduction for a geographic region is equivalent to a uniform reduction at 
capped facilities.  Case 3 identifies six geographic regions that represent areas of concentrated 
annual emissions of both VOC and NOX and which are characterized by the most significant 
occurrences of HRVOC event emissions.  A description of each of these trading regions 
including the types of events that occurred during 2003 is presented in Table 3.1.  A map 
showing the location of these boxes in the HGB region is given in Figure 3.3.  Each of the boxes 
includes an area of 100 km2. 

Both Case 3 and 3.1 consider scenarios for trading of annual HRVOC emissions that are 
intended to be ‘worst-cases’ such that trades result in spatial concentration of HRVOC emissions 
in relatively NOX-rich geographic areas.  In Case 3 the center of mass of negu NOX emissions 
was identified for each of the 6 boxes.  To simulate a trading situation, HRVOC EPNs farthest 
from the NOX centroid were “turned off” until the reduction target for each box was achieved.  In 
other words, the HRVOC sources closest to the NOX bought HRVOC trading allowances.  In 
Case 3.1 a similar, but extreme scenario was developed.  In this case the “box” was all of Harris 
County and all sources of NOX were taken into consideration in locating the most NOX rich 
areas. 

 
Table 3.1.  Six 100 km2 Geographic Trading Regions (“Boxes”) 

Sub-region HRVOC 2003 event emissions VOC 2003 event emissions  

Name LCP range County 
# Event-
sources Mass (lbs)

lbs per 
event 

Events 
per 

facility
# Event-
sources Mass (lbs) 

Lbs per 
event 

Events 
per 

facility
%HRVOC 

(mass) 

Houston/ 
Pasadena 

455 to 465 and 
-1105 to -1115 Harris 79 113,095 1,432 13 213 187,288 879 19 60.39% 

Channelview/ 
Deer Park 

465 to 473 and 
-1097 to -1110 Harris 168 288,559 1,718 21 595 622,094 1,046 35 46.39% 

Baytown/ 
LaPorte 

473 to 483 and 
-1102 to -1112 Harris 271 209,070 771 21 686 449,476 655 46 46.51% 

Bayport 
473 to 483 and 
-1117 to -1127 Harris 109 94,891 871 14 322 208,902 649 25 45.42% 

Texas City 
486 to 496 and 
-1140 to -1150 Galveston 307 73,060 238 44 1107 467,302 422 101 15.63% 

Freeport 
446 to 456 and 
-1184 to -1194 Brazoria 144 492,458 3,420 36 413 579,853 1,404 103 84.93% 
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Figure 3.3.  Six ‘boxes’ with areas of 100km2 were selected as trading regions.  These boxes are 
characterized by high levels of VOC and NOX, as well as by frequent and large HRVOC 
emission events. 
 

Figure 3.4 is a conceptual illustration of the change in mass of emissions that would occur under 
Case 3 conditions for a hypothetical geographic area containing a mixture of capped and 
uncapped accounts.  Depending upon whether the box is in Harris or the surrounding seven 
counties, the total reduction of HRVOCs within the box is either 90% or 60%.  As can be seen 
most clearly in the center and right-hand drawings, EPNs that are in HRVOC service and located 
farthest from the center mass are preferentially taken out of service.   
 

Location of 6 Boxes Used in Case 3Location of 6 Boxes Used in Case 3
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Figure 3.4.  A conceptual drawing of Case 3 is shown for a hypothetical box consisting of seven 
accounts (sites), both capped and uncapped, that each contain a number of EPNs that emit all 
OVOCs (shown as yellow circles), EPNs that emit all HRVOCs (shown as orange circles), and 
EPNs that emit a mixture of both (shown as overlapping yellow and orange circles.  The circles 
are drawn to scale such that their area is proportional to the mass emitted.  The HRVOC EPNs 
that are closest to the negu NOX center of emission mass experience no reduction in HRVOCs or 
OVOCs because they buy trading allowances from EPNs that are further removed (from both 
capped and uncapped accounts).  EPNs that are not in HRVOC service also remain unchanged.  
The result is a concentration of HRVOCs in an undesirable area. 
 

Case 3.1 is similar to Case 3, except that the trading area is considered to be all of Harris County.  
Locations of the maximum areas of NOX emissions were determined by calculating the amount 
of NOX emitted by all sources (including mobile, point, and area) within each 4-km grid cell.  
The cells were then ranked from highest to lowest in terms of total mass emitted within the cell.  
All HRVOC sources were preferentially eliminated from the cells that ranked lowest in terms of 
NOX emissions until there was a 90% reduction in HRVOCs within Harris County.  The result 
was a concentration of all HRVOC emissions within just 3 cells.  One of these cells, while high 
in NOX, has very low HRVOC emissions, so in Case 3.1, HRVOC emissions are effectively 
limited to 2 cells (an area of 32 km2), within the Houston Ship Channel.  Figure 3.5 shows the 
location of the cells as well as the regional NOX distribution. 
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Figure 3.5.  The 4-km domain is shown above with relative, 2000 August episode weighted 
mass of NOx (from all sources) indicated by color.  Red shows the 100 top ranked cells (i.e., 
those where the most NOx is emitted), pale orange indicates those that rank 101 to 500, blue 
illustrates cells that rank between 501 and 2000, white is used for those cells with the lowest 
NOX emissions (ranking 2001 to 5395 in the domain).  The three cells outlined with a heavier 
black line are the three cells in Harris County with the highest NOX emissions and indicate the 
location of all HRVOC sources within county in Case 3.1. 

The effects on ozone for Cases 3 and 3.1 relative to Case 1 (uniform reduction) are shown in 
Figure 3.6.  The plot of the difference in the maximum daily ozone value between Case 3 and 
Case 1 suggests that there is little to no effect when HRVOCs are concentrated on a scale of 
roughly 10 km or less.  It is also possible that since the photochemical modeling is performed 
using a 4-km domain, that the model is simply insensitive to such changes.  Perhaps more 
significant, however, are the results of the Case 3.1 simulation.  While this case nearly always 
produces a higher daily ozone maximum, the worst instance is an increase of only 3 ppb and on 
most days the increase is less than 1 ppb.  The largest daily difference in maximum ozone 
concentration appears to be more significant.  On August 25, an increase of 10 ppb for Case 3.1 
relative to Case 1 is observed at 12:00 noon in cell 24,28 in the proximity of the HRVOC sources 
(Figure 3.7).  A maximum difference of just under 7 ppb was observed on August 30 at 3:00 pm 
in cell 26,29 directly above the HRVOC sources.  The other concern with trading is the potential 
to change the location of the maximum ozone.  An examination of tile plots (Appendix F) 
indicates that any shift is minimal.  On August 25 the maximum moves by 1 grid cell; on August 
30 no change is observed. 

 

65 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 700 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 246 120 247 ### ### ### 202 785 780 904 ### ### ### ### ### ### ### ### ### ### ### ###

64 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 991 ### ### ### ### ### ### ### 250 ### ### ### 210 102 179 687 564 ### ### ### ### ### ### ### ### ### ### ### ###

63 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 521 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 222 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

62 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

61 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

60 777 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

59 821 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

58 ### ### ### ### ### ### ### ### ### ### ### ### ### ### 871 713 593 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 771 ### ### ### ### ### ### ### ### ### ### ###

57 ### ### ### ### ### ### ### ### ### 678 ### ### ### ### ### 905 561 542 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 912 460 728 ### ### ### 334 ### ### ### ### ### ###

56 ### ### ### ### ### ### ### ### 917 538 ### ### ### ### ### ### 819 699 907 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 835 ### ### ### 332 170 323 ### ### ### ### ###

55 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 828 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 346 ### ### ### ### 472 ###

54 ### ### ### 149 ### ### ### ### ### ### ### ### ### ### ### ### ### ### 624 ### ### ### ### ### ### ### ### ### ### ### 577 813 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 779 ### ### ### ### ### ### ### ### ### ### ### ### 753 407 790

53 ### ### 151 50 150 ### ### 79 ### ### ### ### ### ### ### ### ### ### 574 ### ### ### ### ### ### ### ### ### ### ### 810 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 701 441 579 ### ### 304 ### ### ### ### ### ### ### ### ### 797 ###

52 ### ### ### 154 ### ### 82 26 84 ### ### ### ### ### ### ### ### ### 589 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 798 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 870 ### ### 311 160 278 ### ### ### ### ### ### ### ### ### ###

51 ### ### ### ### ### ### ### 80 ### ### ### ### ### ### ### ### ### ### 875 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 305 ### 646 ### ### ### ### ### ### ### ### ###

50 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 955 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 941 719 376 361 531 859 ### ### ### ### ### ###

49 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 768 894 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 890 ### ### ### 970 541 522 692 273 648 ### ### ### ### ### ### ### ### ### 799 ### ### ### ### ### ### 934 16 364 251 283 256 355 739 513 501 490 463 473 654

48 ### ### ### 788 465 ### ### ### ### ### ### ### ### ### ### ### 756 476 571 845 ### ### ### ### ### ### ### ### 937 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 282 146 208 ### ### ### ### ### ### ### 718 ### ### ### ### ### ### ### 724 13 3 5 107 116 131 205 347 354 445 755 920 971 ###

47 ### ### ### 683 370 631 ### ### ### ### ### ### ### ### ### ### ### 652 ### 504 ### ### ### ### ### ### ### ### 748 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 324 ### ### ### ### ### ### ### 690 237 754 ### ### 962 644 842 693 433 140 2 15 59 124 133 227 597 902 ### ### ### ### ###

46 ### ### ### ### 591 932 ### ### ### ### ### 830 ### ### ### ### ### ### 766 385 613 ### ### ### ### ### ### ### ### ### 530 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 428 177 469 ### 651 430 377 483 727 774 17 1 6 121 238 258 475 ### ### ### ### ### ### ###

45 ### ### ### ### ### ### ### ### ### ### 697 461 972 ### ### ### ### ### ### 420 459 829 ### ### ### ### ### ### ### 547 294 534 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 639 ### ### ### ### 897 ### ### ### 792 272 715 ### 498 432 439 ### ### 197 8 4 24 527 526 695 ### ### ### ### ### ### ### ###

44 ### ### ### ### ### ### ### ### ### ### ### 661 ### ### ### ### ### ### ### 387 359 618 ### ### ### ### 985 ### ### ### 556 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 477 622 ### ### 681 794 ### 973 901 834 351 452 640 795 958 953 ### ### 411 94 31 343 478 ### ### ### ### ### ### ### ### ### ###

43 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 986 497 406 ### ### ### ### 849 900 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 363 289 402 474 436 503 864 ### 757 410 271 224 856 ### ### ### ### ### ### 307 336 297 517 ### ### ### ### ### ### ### ### ### ###

42 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 896 514 357 846 ### 852 657 493 781 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 761 ### 352 178 109 317 604 ### ### ### ### 87 162 207 395 ### ### 839 ### ### ### ### 621 627 976 ### ### ### ### ### ### ### ### ### ###

41 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 869 965 ### ### 565 330 572 ### 952 992 423 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 802 379 427 345 112 18 83 447 ### ### 60 98 20 43 220 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

40 ### ### ### ### ### 817 ### ### ### ### ### ### ### ### ### 625 610 ### ### 554 299 502 ### ### ### 429 751 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 804 ### 454 66 7 19 143 340 47 10 53 88 320 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 935 ### ### ### ### ### ###

39 ### ### ### ### ### 881 782 784 924 ### ### ### ### ### ### 623 491 738 746 511 287 388 825 ### 670 369 582 ### ### 612 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 669 ### ### 508 495 519 58 81 144 176 115 39 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

38 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 615 524 528 366 300 279 310 215 306 302 499 812 607 415 747 ### ### ### ### ### ### ### ### ### 489 ### ### ### ### 680 399 770 658 443 581 ### 783 292 312 111 45 96 448 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

37 ### ### ### ### ### ### ### ### ### ### ### ### 688 765 816 ### 599 381 316 337 276 187 142 114 174 374 722 ### ### 711 ### ### ### ### ### ### ### ### ### 520 274 484 ### ### ### ### 732 ### 769 486 ### ### ### 885 553 139 119 231 892 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

36 ### ### ### ### ### ### ### ### ### ### ### ### ### ### 686 540 440 277 254 243 242 157 167 147 257 470 915 ### ### ### ### ### ### ### ### ### ### ### ### ### 494 ### ### ### ### ### ### 684 573 807 ### ### ### ### 193 28 136 462 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 730

35 ### ### ### ### ### ### ### ### ### ### ### ### ### ### 877 396 290 211 214 325 314 186 264 262 398 888 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 548 552 ### ### ### ### ### ### 97 11 69 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 974 ### 927 ### 506 543

34 ### ### ### ### ### ### ### ### ### ### ### ### ### ### 833 393 285 201 203 239 295 204 216 235 425 872 626 405 481 906 ### ### 371 414 479 736 ### 911 929 887 948 ### 982 ### ### 916 539 721 ### ### ### ### ### ### 380 48 318 ### ### ### ### ### ### 350 431 619 ### ### ### ### ### 854 ### ### ### ### ### ### ### ### 831 731 709

33 ### ### ### ### ### ### ### ### ### ### ### ### ### ### 696 455 386 293 185 194 172 175 158 159 263 375 449 106 280 712 665 314 152 219 416 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 419 ### ### ### ### ### ### 373 189 241 714 ### ### ### ### ### 741 ### ### ### ### ### ### ### ### ### ### ###

32 ### ### ### ### ### ### ### ### ### 446 ### ### 763 583 496 450 434 309 198 148 108 110 74 77 137 182 91 35 65 248 383 229 156 261 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 422 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

31 ### ### 838 492 667 ### 954 745 313 209 298 453 358 284 275 266 196 164 123 117 64 67 42 46 86 101 122 55 118 281 70 225 134 319 791 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 996 ### ### ### ### ### ###

30 980 585 339 244 259 353 471 702 977 408 ### 963 575 409 500 413 230 165 113 72 51 54 41 57 49 30 61 27 40 29 21 52 188 328 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 750 480 814 ### ### ### ### 762 ### ### ### ### ### ### ### ### ### 566 ### ### ### ### ### ###

29 922 733 913 590 620 ### ### ### ### ### ### ### 815 458 544 404 234 166 100 103 89 105 75 63 12 9 23 22 25 62 36 270 348 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 659 372 650 ### ### ### ### ### ### ### ### ### ### ### ### ### 708 394 767 ### ### ### ### ###

28 ### ### ### ### ### ### ### ### ### ### ### ### 936 638 677 584 331 168 127 141 199 200 190 130 38 34 155 78 138 76 192 252 ### ### ### ### ### ### ### ### ### ### ### ### ### ### 938 ### ### ### ### ### ### ### ### ### ### ### ### ### 594 923 ### ### ### ### ### ### ### ### ### ### ### ### ### ### 737 ### ### ### ### ### ###

27 ### ### ### ### ### ### ### ### ### ### ### ### ### ### 909 611 303 206 171 232 291 344 360 536 169 217 195 126 56 44 95 308 634 ### ### ### ### ### ### ### ### ### ### ### ### 848 466 545 ### ### ### ### ### ### ### ### ### ### ### ### 863 776 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 919 ###

26 ### ### ### ### 981 873 ### ### ### ### ### ### ### 836 628 435 335 268 333 341 378 417 412 633 729 617 329 223 145 99 218 240 510 918 ### ### ### ### ### ### ### ### ### ### ### ### 529 586 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 773 ###

25 ### ### ### ### 964 ### ### ### ### ### ### 967 559 442 438 444 487 578 663 643 775 793 602 855 874 653 551 326 249 255 327 609 482 558 951 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 931 ### ### ### 400 603 ###

24 ### ### 832 764 806 787 734 698 ### ### 826 671 457 485 637 675 ### ### ### ### ### ### 801 ### ### 674 555 635 382 342 532 213 672 523 570 ### ### ### ### ### ### ### 587 723 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 786 ### ### 950 401 800 ###

23 ### ### ### ### ### 946 ### ### ### ### 998 862 682 880 ### 128 562 ### ### ### ### ### 847 ### ### ### 662 ### ### 525 181 104 212 605 512 893 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

22 ### ### ### ### ### ### ### ### ### ### ### ### 988 ### 132 37 90 403 ### ### ### ### ### ### ### 926 641 ### ### ### 629 184 614 660 384 560 ### ### ### ### ### ### ### ### ### 742 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

21 ### ### ### ### ### ### 710 878 ### ### ### ### ### ### ### 129 421 568 827 ### ### ### ### ### ### ### 883 ### ### ### 844 546 153 73 269 368 549 ### ### ### ### ### ### ### 740 424 978 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 983 518 668 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

20 ### ### ### ### ### 903 655 808 ### ### ### ### ### ### ### ### ### 969 ### ### ### ### ### ### ### ### ### ### ### ### ### 183 33 14 71 356 301 349 968 850 ### ### ### ### ### 975 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

19 ### ### ### ### ### 899 691 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 180 85 390 365 161 173 233 296 418 656 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 569 ### ### ### ### ### ### ### ### ### ###

18 ### ### ### ### ### 843 752 704 726 993 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 961 ### 588 286 338 879 959 979 720 772 928 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

17 ### ### ### ### ### ### 882 803 707 824 841 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 823 ### ### ### ### ### ### ### ### ### 933 ### ### ### ### ### ### ### 689 630 ### ### ### 811 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

16 685 ### ### 884 939 ### ### 987 ### 706 908 ### ### ### ### ### ### ### ### ### ### ### ### ### ### 694 245 592 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 705 362 563 600 533 576 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 851 ### ### ### ### ###

15 464 537 891 857 966 ### ### ### 809 647 889 ### ### 760 ### ### ### ### ### ### ### ### ### ### ### 509 226 456 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 717 367 515 664 ### 867 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

14 557 716 632 944 ### ### 990 ### ### ### ### ### ### ### ### ### 999 ### ### ### ### ### ### ### ### ### 505 ### ### ### ### ### ### ### ### ### 744 743 ### ### ### ### ### ### ### 608 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

13 861 601 616 865 ### 703 451 595 ### ### 820 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 895 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

12 ### ### 837 ### ### 930 567 925 ### 645 467 886 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 921 516 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

11 ### ### ### ### ### ### ### ### ### ### 735 ### ### 253 759 ### ### ### ### ### ### ### 860 673 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 989 ### ### ### ### ### ### ### ###

10 ### ### ### ### ### ### ### ### ### ### ### ### 267 135 236 ### ### ### ### ### ### ### 468 391 679 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

9 ### ### ### 853 ### ### ### ### ### 598 898 ### 940 221 ### ### ### ### ### ### ### 596 93 260 606 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

8 ### ### 649 507 822 ### ### ### 666 488 676 ### ### ### ### ### ### ### ### ### 957 92 32 68 191 994 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 997 642 840 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

7 ### ### ### 725 ### 995 866 949 ### 778 ### ### ### ### ### ### ### ### ### ### ### ### 125 228 163 288 ### ### ### ### ### ### ### ### ### ### ### ### ### ### 805 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 956 789 796 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

6 ### ### ### ### ### ### 984 ### 397 ### ### ### ### ### ### ### ### ### ### 636 ### ### ### ### 322 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 818 ### ### ### ### ### ### ### ### ### ### ### 942 749 868 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

5 ### ### ### 910 ### ### ### 389 265 426 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 858 758 960 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

4 ### ### ### ### ### ### ### ### 437 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 876 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

3 ### ### 535 914 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 943 947 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### 945 ### ### ### ### ###

2 ### 550 321 392 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

1 ### ### 580 ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ### ###

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83
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Figure 3.6.  Based on the one-hour standard, comparison of two different trading scenarios 
shows that trading on a geographic scale of 10 kilometers or less (Case 3) produces only 
marginally higher levels of ozone than a uniformly controlled scenario (Case 1).  Trading at the 
county level, within Harris County (Case 3.1), results in increased ozone over Case 1 on all days, 
with a maximum of slightly more than 3 ppb on September 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.7.  Difference plots between Case 3.1 and Case 1 for August 25 and 30 show increased 
ozone levels of between 7 and 10 ppb in the vicinity of the HRVOC sources. 
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Based on the results of the preceding scenarios, which consider a change of location but not 
timing, there are no immediate concerns with the effects of trading HRVOC on even fairly large 
spatial scales.  It should be noted, however, these results do not necessarily provide any guidance 
as to temporal changes in emissions such as might occur with the trade of short-term event 
emissions.  From the summary of the maximum daily ozone for each of the control, cap, and 
trade scenarios (Table 3.2) it can be seen that none of the case studies results in higher ozone 
levels than Case 0 (equivalent to the attainment demonstration). 

 
Table 3.2.  Comparison of Control, Cap, and Trade Scenarios: 

Maximum Daily Ozone Based for One-Hour Standard (125 ppbv) 

Date 
Case 0 
ppb O3 

Case 1  
ppb O3 

Case 2  
ppb O3 

Case 2.1  
ppb O3 

Case 3  
ppb O3 

Case 3.1  
ppb O3 

22-Aug 87.82 83.88 84.55 85.68 84.37 84.84 

23-Aug 75.71 73.94 74.22 74.73 74.09 74.04 

24-Aug 75.32 74.07 73.99 74.57 74.16 74.07 

25-Aug 122.28 110.09 112.23 112.76 110.32 111.59 

26-Aug 114.31 108.30 108.95 110.69 108.61 110.36 

27-Aug 88.52 86.65 84.36 87.46 86.96 87.07 

28-Aug 103.62 101.46 100.53 102.36 101.68 102.03 

29-Aug 115.14 108.20 107.90 110.29 108.07 109.13 

30-Aug 122.88 115.93 117.78 118.58 116.30 117.17 

31-Aug 148.54 143.87 143.68 145.47 143.98 144.75 

1-Sep 120.10 116.92 117.39 117.95 117.18 118.26 

2-Sep 130.34 124.05 126.49 125.46 124.06 127.40 

3-Sep 116.28 112.29 111.85 113.48 112.15 112.54 

4-Sep 128.31 126.27 122.25 126.79 126.26 126.31 

5-Sep 188.23 185.18 184.47 186.40 185.18 185.60 

6-Sep 128.44 127.24 126.15 127.65 127.27 127.36 

 

3.3 MIR-Based Trading of HRVOC and OVOC Annual Emissions 

Emission trading has the potential to be an effective approach for achieving emission reductions 
and as such has gained popularity as a flexible and economically efficient alternative to 
conventional command and control strategies.  Conventional cap and trade programs involve 
trading of only a single pollutant.  A notable example is the U.S. Acid Rain Program for sources 
of sulfur dioxide (SO2).  More recently, the concept of inter-pollutant trading (IPT) applied to 
ozone precursors, particularly between NOX and VOCs, has been considered as the underlying 
concept for the current substitution of the NOX reduction with HRVOC reductions in HGB area.  
Trading mass of emissions of one compound for an equivalent mass of emissions of another 
compound has been done implicitly for VOCs for decades, but trading of VOCs using reactivity-
weighted masses is unprecedented.  

The latest version of the State Implementation Plan (SIP) allows for up to 5% of the required 
HRVOC reductions to be replaced or “traded” with an equivalent reactivity-weighted mass of 
other VOCs (OVOCs), where reactivity is based on the maximum incremental reactivity (MIR) 
scale.  Incremental reactivity is defined as the amount of additional ozone formed as the result of 
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the addition of a small amount of the compound to the system, divided by the amount of 
compound added.  The MIR value is measured as the incremental reactivity under ozone 
conducive conditions, including the presence of significant amounts of NOX  

In order to evaluate the effects of such a trade, the controlled extra OVOCs in Cases 5, 5.1, and 
5.2 (see section 2.5) were replaced with an MIR equivalent amount of propene.  This resulted in 
an overall increase of 33, 15, and 18 tons per day (TPD) of additional HRVOC for Cases 6, 6.1, 
and 6.2 respectively, but a respective decrease of 195, 39, and 156 TPD in aromatic species plus 
paraffins, aromatic species, and paraffins, respectively.  A list of the species replaced with 
propene, along with their MIR values is given in Appendix D. 

 

 
Figure 3.8.  Trading of aromatics (C7 to C9) for an MIR equivalent mass of propene (Case 6.1) 
results in an approximately 1 ppb higher maximum daily zone.  Trading of alkanes (C3 to C7) 
results in values that are up to 3 ppb lower (Case 6.2). 

An evaluation of the maximum daily ozone values that are produced with these scenarios 
suggests that MIR-based trading of annual emissions in amounts significantly higher than 
anticipated by the proposed SIP revisions would result in minimal changes in the regional ozone 
levels (Figure 3.8 and Table 3.3).  As indicated in both the table and the graph, trading of C7 to 
C9 aromatics for an MIR equivalent mass of propene (Case 6.1) results in increased maximum 
daily ozone levels approximately 1 ppb higher than Case 5.1, with daily variations that range 
from 0.4 ppb to 2.1 ppb higher levels.  Trading of C3 to C7 alkanes for propene, as demonstrated 
in Case 6.2, results in maximum daily ozone levels that are typically lower by as much as 3 ppb. 
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Table 3.3.  Differences in Maximum Daily Ozone for MIR-based Trading of Substituted 
Aromatics and Light Alkanes for Propene 

 Aromatics plus Alkanes C7 - C9 Aromatics C3 - C7 Alkanes 

Date Case 5 
ppb O3 

Case 6 
ppb O3 

Case 
6 – 5 

ppb O3 

Case 5.1 
ppb O3 

Case 6.1 
ppb O3 

Case 
6.1 – 5.1
ppb O3 

Case 5.2 
ppb O3 

Case 6.2 
ppb O3 

Case  
6.2 - 5.2 
ppb O3 

22-Aug 88.35 88.03 -0.32 85.42 86.19 0.77 87.16 86.09 -1.07 
23-Aug 75.91 76.12 0.21 74.74 75.23 0.49 75.35 75.05 -0.3 
24-Aug 75.39 75.74 0.35 74.62 75.02 0.4 74.91 74.86 -0.05 
25-Aug 120.74 118.97 -1.77 112.63 113.97 1.34 116.47 113.48 -2.99 
26-Aug 113.74 114.06 0.32 110.02 111.53 1.51 112.73 111.31 -1.42 
27-Aug 88.36 88.86 0.5 87.04 87.82 0.78 88.3 87.96 -0.34 
28-Aug 103.7 103.89 0.19 101.94 102.8 0.86 103.36 102.71 -0.65 
29-Aug 113.34 113.4 0.06 110.06 111.17 1.11 112 110.93 -1.07 
30-Aug 122.53 122.56 0.03 118.77 119.81 1.04 120.37 119.32 -1.05 
31-Aug 147.9 148.4 0.5 145.37 146.51 1.14 146.81 146.12 -0.69 
1-Sep 119.52 120.06 0.54 118.01 118.67 0.66 118.68 118.55 -0.13 
2-Sep 127.71 129.2 1.49 125.96 127.02 1.06 126.23 126.49 0.26 
3-Sep 115.03 115.67 0.64 113.34 114.08 0.74 114.35 114.22 -0.13 
4-Sep 127.26 127.98 0.72 126.52 127.2 0.68 127.17 127.19 0.02 
5-Sep 187.83 189.12 1.29 185.55 187.66 2.11 187.79 186.92 -0.87 
6-Sep 128.05 128.41 0.36 127.38 127.89 0.51 128.02 127.86 -0.16 
Max   1.49   2.11   0.26 
Min   -1.77   0.40   -2.99 

Mean   0.32   0.98   -0.70 

 

3.4 MIR-Based Trading of HRVOC and OVOC Event Emissions 

The annual emissions inventory and TCEQ event database were used to identify OVOCs that 
might (in addition to HRVOCs) be significant contributors to ozone formation in the HGB area 
(section 2.3).  Considering both total mass and reactivity based on the maximum incremental 
reactivity scale, two categories of OVOCs were determined to be of the greatest interest.  
Trading of continuous (ozone season daily) emissions of these compounds was considered in 
section 3.3 and both categories appeared to be reasonable candidates for a trading program.  
However, there is also interest in understanding what effects trading of short-term emissions of 
aromatics and alkanes for HRVOCs might have on ozone formation.  This is of particular 
concern as event emissions of HRVOCs have been demonstrated to have significant impact on 
rapid formation of ozone in the Houston area, while other VOCs have not. 

The specific methodology for simulating emission events of different species using 
photochemical grid modeling is covered in detail in section 1.2.  For this study, three model 
species were chosen to represent each class.  Propene was selected as a typical HRVOC.  It is 
extremely reactive and represents the second largest mass observed in event emissions.  The 
model species selected for alkanes was n-pentane.  It is a relatively common event emission 
species and is one the more reactive of the C3 to C5 alkanes.  Isomers of xylene were selected to 
represent substituted aromatics.  Xylene is often associated with short-term releases (although 
not typically in combination with HRVOCs) and is very reactive.  The base inventory, location, 
and time of release were selected in order to match the scenarios simulated in Project H13; this is 
intended to facilitate comparison of results between the two projects.  The 1-km modeling 
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domain in addition to the 4-km modeling domain was also selected for this reason.  The emission 
rate of propene was set at 5819 lbs/hr for a period of two hours.  The MIR equivalent rates of n-
pentane and isomers of xylene were 44,004 lbs/hr and 9045 lbs/hr, respectively.   

Figures 3.9 and 3.10 illustrate the domain-wide maximum ozone for the three different event 
emission species on August 25 and August 30.  These analyses suggest aromatic event emissions 
can produce more ozone than HRVOC event emissions, adjusted for equal reactivity.  In 
contrast, it would appear that equivalent reactivity alkane event emissions produce less ozone 
than either alkenes or aromatics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.9.  The domain-wide ozone maximum produced with the xylene event (XYL) in the 1-
km domain is higher than that produced by an MIR equivalent amount of propene (OLE) for 
both August 25 and August 30.  This suggests that making reductions of aromatic emissions in 
place of (MIR-equivalent) HRVOC emission reductions would be beneficial in terms of ozone 
production.  In contrast, making reductions of alkane (paraffin) emissions instead of (MIR-
equivalent) HRVOC emission reductions could result in undesirable increases in ozone 
production. 
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Figure 3.10.  There is little sensitivity on August 25 to event emissions of any composition when 
modeled in the 4-km domain.  On August 30, the relationships are similar to, although less 
pronounced, than those observed in the 1-km domain.  The xylene event (XYL) results in a 
higher domain-wide maximum ozone level than that produced by an MIR equivalent amount of 
propene (OLE).  This suggests that trading of HRVOCs for aromatics would be equal to or better 
in terms of ozone production.  In contrast, the n-pentane (PAR) is significantly lower than the 
propene, indicating that trading of alkane (paraffin) event emissions for HRVOC could result in 
undesirable increases in ozone production. 

The observation that trading of aromatic event emissions for HRVOC is likely to be more 
desirable than trading of alkanes is also seen in Figure 3.11 which compares the maximum 
difference between the base case and the three events on the two different days.  The difference 
in ozone formation is also seen in tile plots (Figure 3.12), where the geographic area covered by 
high ozone levels is roughly equivalent for the propene (OLE)  and xylene (XYL), but smaller 
for the n-pentane (PAR). 
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Figure 3.11.  Graphs of the maximum difference in ozone production between the base case and 
three events of different composition but of equivalent MIR mass suggest that HRVOC events 
are likely to produce less ozone than aromatic emission events but significantly more than alkane 
events. 
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Figure 3.12.  The geographic extent of the maximum difference in ozone production show 
propene (OLE) slightly lower than xylene (XYL) and slightly higher than n-pentane (PAR). 

3.5 Conclusions 

Photochemical modeling of a number of case studies where annual (ozone season daily) 
emissions were manipulated in order to simulate presumably worst-case situations that might 
occur under a cap and trade program resulted in minimal changes in daily maximum ozone 
concentrations (3 ppb or less).  In particular, this study found no evidence that intra-facility 
capping strategies or inter-facility trading are likely to produce emission spikes that resemble 
event emissions.  This observation extends to trading based on reactivity (MIR) for annual 
emissions that are distributed in space and time.  Photochemical modeling of event emissions 
where HRVOCs are traded for significantly less reactive species, such as light alkanes indicated 
that this type of trading might be more problematic.  However, it should be noted that the sizes of 
the events modeled are quite large and that the current SIP places a short-term cap of 1200 
pounds per one-hour time block.  Trading of annual HRVOC emissions for event HRVOC 
emission, or other changes in the temporal pattern of HRVOC emissions resulting from trades, 
appears to be more complex than changing the location (but not the timing) of HRVOC 
emissions due to trades.  This appears to especially true for trading of OVOCs for HRVOCs 
based on reactivity. 
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4.  SURVEY OF REGULATORY STRATEGIES 

Objective: 

The objective of task 3 is to provide a list of regulatory strategies (regulations and control 
technologies) used in different parts of the world to reduce VOCs, and to discuss how those 
items might be used in the Houston/Galveston/Brazoria area to reduce HRVOC’s.   

Key Findings: 

1. The current HRVOC regulations for the Houston/Galveston/Brazoria area represent the 
forefront of such control programs, both nationally and internationally. 

2. Existing control measures target source sectors that represent by far the major actual and 
potential sources of HRVOCs in the region.  No evidence was found to suggest the existence 
of any other source sectors that might represent suitable targets for additional HRVOC 
regulation. 

Recommendation 

In addition to Texas, California and Louisiana are the two other states that have the most 
significant activities relative to HRVOC identification and control.  California has done the most 
in the area of evaluating emissions in terms of MIR (maximum incremental reactivity).  
Louisiana has added to the list of compounds recognized as HRVOCs in Texas, including 
acetaldehyde, toluene, xylenes, and isoprene in its list.  It is recommended that Texas keep 
abreast of strategies and regulations being applied in these two states; Texas should also keep 
abreast of emerging national and international activities in this area.  Texas should also continue 
to examine root cause analysis of HRVOC emissions. 
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Report: Survey of Regulatory Strategies 

See attached report submitted by ENVIRON. 
 


