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EXECUTIVE SUMMARY

Rule 1189 – Emissions from Hydrogen Plant Process Vents was adopted by the Governing Board in January 2000.   The purpose of this rule is to reduce volatile organic compound (VOC) emissions from hydrogen plant process vents.  Most hydrogen plants are located at refineries where they provide petroleum-refining processes with hydrogen, which is used in the production of gasoline and other fuels.  There are also some hydrogen plants that are constructed and operated by third parties that pipeline hydrogen to various refineries.  In most cases VOCs, including methanol, a Clean Air Act (CAA) Title III and Rule 1401 listed hazardous air pollutant, are emitted from the process vents, as well as, carbon dioxide and other gases into the atmosphere.

As part of the rule adoption, the Governing Board directed staff to evaluate source test data collected pursuant to paragraph (e)(1) of the rule to determine the appropriateness of the emissions limit of 2.5 pounds of volatile organic compound (VOC) per million standard cubic feet of hydrogen produced.  Staff was then required to report the findings of these tests back to the Governing Board, no later than six months prior to January 1, 2003.

Rule 1189 required that the operators of hydrogen plants conduct an initial source test for VOCs by July 1, 2000 and annual compliance testing thereafter.  When the rule was developed, a total of 14 hydrogen plants were included in the program, but since then two plants have dropped out.  One plant was shut down in 2000 while another, which was scheduled for restart-up in 2000, was decommissioned in 2001. 

The results of the source tests conducted at the 12 hydrogen plants that remain in the program indicate that all, but two plants already have met the final Phase II compliance limit of 2.5 pounds of VOC per million standard cubic feet of hydrogen produced.  Annual compliance testing is required for plants meeting the Phase II compliance limit.  

The two plants that have not yet achieved the final Phase II limit of 2.5 pounds of VOC per million cubic feet of hydrogen produced are in compliance with Phase I requirements by utilizing a low-methanol catalyst in their low temperature shift reactors.  However, the operators of these two plants have told staff that they will take the necessary steps to reduce their emissions from the current emission level of 3.2 and 44.9 pounds of VOC per million standard cubic feet of hydrogen produced, respectively, to achieve compliance as required in 2003.  These two plants must conduct semiannual compliance testing until full compliance has been achieved.

At the time of rule adoption, staff estimated total after control VOC emissions of 140.4 tons per year.  When the two hydrogen plants that have not currently achieved the Phase II emission limit make the necessary changes to meet the required VOC limit, the final Phase II VOC emissions would be approximately 127 tons per year.  The emissions based on source testing would be within ten percent of those estimated during rule development. This range is consistent with sampling and analytical errors associated with source testing and laboratory methods.

It is therefore concluded that the final Phase II emission limit of less than 2.5 pounds of VOC per million cubic feet of hydrogen produced, specified in Rule 1189, subparagraph (c)(3), is appropriate.

INTRODUCTION

A.  BACKGROUND

Rule 1189 – Emissions from Hydrogen Plant Process Vents was developed and adopted on January 21, 2000 to reduce VOC emissions, including methanol (a Clean Air Act, Title III and Rule 1401 listed hazardous air pollutant) and non-methanol VOCs, from plants that produce hydrogen for use in full or in part for petroleum operations.  In the petroleum refining process, hydrogen is used in the production of gasoline and other fuels from crude oil.  Hydrogen is used to remove or reduce undesirable elements such as sulfur, nitrogen, halides and aromatics in order to meet product specifications, including reformulated gasoline regulations.  Prior to the adoption of this rule, there were no source specific rules that regulated VOC emissions from hydrogen plant process vents.

Methanol, an undesirable byproduct of the hydrogen manufacturing process, is formed in the reactors as a side reaction between carbon dioxide (CO2) and hydrogen.  Depending on the process configuration of a hydrogen plant, methanol may be released into the atmosphere through the deaerator vent or carbon dioxide vent with other byproduct gases and, in some cases, non-methanol VOCs.  Certain types of configurations may direct most of the methanol to the hydrogen plant reforming furnace for use as a fuel together with other hydrocarbons and hydrogen.  The latter would usually leave only a small amount of methanol to be released through various process vents.

It should be noted that this rule does not apply to the hydrogen manufacturing process that generate hydrogen exclusively for use in fuel cells for propulsion or power generation purposes.  Hydrogen production equipment such as those generating hydrogen for regeneration of NOx reduction catalysts are also not subject to this rule.  The rule also excludes some refinery processes such as catalytic reforming which is used to increase the octane of motor gasoline.  Hydrogen is produced as a by-product, but the reaction units do not have any atmospheric process vents except for safety relief valves.  Catalyst regeneration of these units may be conducted once every 6 to 24 months on site in regeneration furnaces; these furnace exhausts are regulated by other AQMD rules.

The origin of the Rule 1189 dates back to August 1995 when US EPA promulgated a regulation restricting hazardous air pollutants (HAPs) from refineries.  The regulation is commonly referred to as the "Refinery NESHAP" or 40CFR63, Subpart CC, a portion of which requires refineries to control emissions of HAPs from miscellaneous process vents.  The Refinery NESHAP requires control when the total HAP is 20 ppm or greater and VOC emissions exceed 72 pounds per day for existing sources or 15 pounds per day for new sources. The Refinery NESHAP, which would have applied to hydrogen plant process vents, was later amended simultaneously with the effective date of August 18, 1998, to exclude specific vent streams associated with hydrogen plants from the requirements.  As indicated in the Federal Register dated June 9, 1998, Page 31358-31361, EPA had little information regarding hydrogen plant vent streams at the time the Refinery NESHAP was developed. Later, the information showed that the hydrogen plant vents (i.e., CO2 vents and deaerator vents) were significantly different from typical "miscellaneous process vents" considered in determining the requirements of the Refinery NESHAP.  EPA concluded that it was not appropriate or even possible to apply the miscellaneous process vent provisions to these hydrogen plant vents.

The emission data that became available through the above review prompted some of the refineries to begin including this new information in their annual emission reports for 1998.  Upon further collection of the emission data and assessment of the control technology, staff concluded that emission reduction potential for this source existed and the proposed rule was included in the January 1999 rule forecast report.

To obtain information to develop Rule 1189, staff conducted a survey on all of the 14 plants in July 1999.  The results along with other information provided by the affected facilities during the rule development process showed that these hydrogen plants basically have six different process configurations that affect their emission characteristics.  Depending on the respective plant configuration, catalyst used and operating conditions, the annual VOC emissions varied significantly from less than 1 ton per year to 216 tons per year.  Based on the amount of hydrogen produced, the normalized emission rates ranged from 0.1 lb VOC per million standard cubic feet of hydrogen produced (lb/MMscf) to 24.4 lb/MMscf, whereas the hydrogen design capacity of these plants varied between 15 MMscf per day and 100 MMscf per day.

B.  RULE 1189 REQUIREMENTS

The requirements of Rule 1189 – Emissions from Hydrogen Plant Process Vents are summarized below:

· By July 1, 2000, the operators of all existing hydrogen plants were required to perform initial source tests to determine the emissions baseline.

· In Phase I, effective July 1, 2001 the operators of all hydrogen plants were required to demonstrate compliance with one of the following:

1. Reduce the total VOC emissions from all process vents of an existing hydrogen plant combined to less than 2.5 pounds per million standard cubic feet of hydrogen produced; or

2. Reduce the total VOC content in the process condensate by at least 80 percent from baseline levels; or

3. Install low-methanol catalyst in the low-temperature shift reactors.

· In Phase II, effective January 1, 2003, operators of all existing hydrogen plants are required to limit total VOC emissions from all process vents to less than 2.5 pounds per million standard cubic feet of hydrogen produced.  An alternative compliance date of July 1, 2003 was provided for those who must install retrofit equipment and have submitted applications for permits to construct as of January 1, 2003.

· Limit VOC emissions from process vents of new and reconstructed hydrogen plants to less than 0.50 pounds per million cubic feet of hydrogen produced upon startup.

· Require operators of all affected facilities to perform annual compliance testing and reporting, except for those who choose to comply with option 3 in Phase I. These operators are required to conduct semi-annual testing until complying with Phase II requirements.

C.  RULE ANALYSIS

The rule affects emissions reductions from existing hydrogen plants in two phases.  Phase I necessitates the use of low-methanol catalyst by all impacted plants by July 1, 2001 as an alternative compliance option.  Since low-methanol catalyst is effective in reducing methanol emissions, but not other VOCs, Phase I would accomplish the goal of reducing methanol emissions, which contribute to the majority of the VOC emissions from this source category.  Phase II, would eliminate the alternative compliance option provided under Phase I and focus on the reduction of non-methanol emissions.

Based on the evaluation of survey data, staff estimated that the plants included in the program emitted a total of 721 tons of VOC per year.  It was estimated that 609 tpy of these emissions were methanol.  The plant that was shut down in 2000 contributed approximately 30 percent of the total emissions.  It was also determined that VOC emissions could be reduced by over 80 percent mainly by use of low-methanol catalyst.  Of the 14 plants initially included in the program, 12 were in operation at the time of rule implementation.  Of these 12 hydrogen plants, it was anticipated that five would make changes in catalyst in order to meet the Phase I rule requirements.  Two of these five facilities will need to further reduce VOC emissions to meet the Phase II limit.  Based on staff’s analysis, the cost-effectiveness of the rule was determined to be $2,513 per ton of VOC reduced.

D.  BOARD ACTION

Rule 1189 – Emissions from Hydrogen Plant Process Vents was adopted on January 21, 2000.  With the adoption of the rule, the Governing Board, in its Resolution directed staff to evaluate source test data collected pursuant to paragraph (e)(1) of the rule, to determine the appropriateness of the emission limit of 2.5 pounds of VOC per million cubic feet of hydrogen produced required under paragraph (c)(3), and report back to the Governing Board no later than six months prior to January 1, 2003.

II.
TEST PROGRAM

A.
AFFECTED FACILITIES
Refineries use hydrogen in a number of refining processes, including hydrocracking and hydrotreating.  Some refineries purchase hydrogen from outside sources while others own and operate hydrogen plants on site.  In January 2000 when Rule 1189 was adopted, it was anticipated that a total of fourteen (14) hydrogen plants located at nine (9) sites would have been affected by this rule.  However, since that time one company which was scheduled to re-startup their hydrogen plant in 2000 did not restart their plant and it was recently reported that the plant would be dismantled.  Another company also shut down one of its plants in 2000 as scheduled.  Since the rule was adopted, there have been several name changes and/or mergers in the petroleum industry.  Where changes have occurred, the names of facilities that appeared in the January 6, 2000 Proposed Rule 1189 Staff Report can be found in parenthesis next to the current facility name. The updated list of plants currently subject to this rule is as follows:


Facility
No. of Plants
Location
Air Products
1
Carson 

Air Products
1
Wilmington

BP Refinery (ARCO)
2
Carson

Chevron Refinery
2
El Segundo

ShellRefinery (Equilon)
1
Wilmington

ExxonMobil Refinery (Mobil)
2
Torrance

Phillips Refinery (Tosco) 
1
Carson

Phillips Refinery (Tosco)
2
Wilmington

Total Facilities

12

B.
TEST PROTOCOL
A test protocol was developed for Rule 1189, to address the unique characteristics of the vent streams from this source.  The hydrogen plant vent streams consist primarily of water vapor and carbon dioxide in such an amount that would severely compromise the accuracy of standard EPA or AQMD test methods.  Staff developed the new test protocol to modify the standard test methods in order to accommodate the special circumstances.  The test protocol was tested for its technical feasibility and is included in the Appendices of this document.  Further revisions of the test protocol, if necessary will follow the same procedure as with other AQMD test methods and require approvals of the Executive Officer.

III.
TEST RESULTS

A.
SUMMARY OF TEST RESULTS

On the date of rule adoption, staff identified 14 hydrogen plants that were subject to Rule 1189.  However, one plant shut down (as expected) prior to the July 1, 2001 date to conduct the initial source test.  A second company, which was scheduled to re-startup their hydrogen plant in 2000 did not restart their plant and it was recently reported that the plant would be dismantled.  The source test results for VOCs from the hydrogen plants subject to Rule 1189 can be found in Table 1.

Table 1 – Rule 1189 Facility Test Results


Hydrogen Plant
VOC Emission Rate (lb/MMscf-H2)

Comments

#
Initial Source Test prior to 7/1/00
Annual Compliance Test for CY 2001


1
2.29
3.17
Low methanol catalyst used

2
14.87
44.9
Low methanol catalyst used

3
0.72
0.39
Low methanol catalyst used

4
0.73
0.33
Low methanol catalyst used

5
0.67
0.94
Low-methanol catalyst used

6
0.16
0.42


7
1.00
0.55


8
50.92a
1.45
Low methanol catalyst used



9
0.39
1.85


10
2.35
1.15


11
N/Ab
N/A
Deaerator vents to furnace

12
c
1.83


13
N/A
N/A
Plant shutdown 2000

14
N/A
N/A
Not in operation

a  Initial test indicated excessive moisture content in the sample collected.  Possible leak in 

   sampling train would tend to bias emission results higher than actual.

b  Gas stream directed to furnace (closed loop), no emissions to atmosphere per

    P/C details.   No testing required. Plant start-up date was 11/2000.  

c  Hydrogen plant not operating during initial source testing time period.

B.
ANALYSIS AND DISCUSSION

At the time of rule adoption, staff’s analysis indicated that there were 14 existing hydrogen plants in the AQMD. Of these 14 existing plants, one hydrogen plant that was in operation at the time of rule development has since ceased operation in 2000 as planned.  According to the staff’s July 1999 survey and subsequent discussions with the industry, it was anticipated that five of these 13 plants would modify their process to use low-methanol in the future to meet the Phase I requirements.  Changes are not expected for the other eight plants as they were already in compliance prior to rule adoption and continue to demonstrate compliance with the emission limits.  

One company, which was scheduled to re-startup their hydrogen plant in 2000, did not restart their plant and it was recently reported that the plant would be dismantled. Therefore, as of the time of this report, there are 12 hydrogen plants operating in the AQMD.

As outlined in the “Rule 1189 Requirements” section, all existing hydrogen plants were required to perform initial source tests by July 1, 2000 to determine the emissions baseline and annual compliance testing thereafter.  The hydrogen plants were also required to meet Phase I requirements, which called for facilities to demonstrate compliance with one of three options listed below, no later than July 1, 2001.

1. Reduce the total VOC emissions from all process vents of an existing hydrogen plant combined to less than 2.5 pounds per million standard cubic feet of hydrogen produced;

2. Reduce the total VOC content in the process condensate by at least 80 percent from baseline levels; or

3. Install low-methanol catalyst in the low-temperature shift reactors.

One of the 12 hydrogen plants now subject to Rule 1189 is designed such that it’s deaerator is vented to the reformer furnace.  This facility has no testing requirements under Rule 1189, since there are no vents associated with the hydrogen plant.  Therefore, ten out of the 12 hydrogen plants are in compliance with the less than 2.5 pounds of VOC per million standard cubic feet of hydrogen produced, limit specified in the rule.  The remaining two facilities have not met this limit, but currently comply with option 3 listed above, which requires that the low temperature shift reactor be equipped with a low-methanol catalyst.  Therefore, according to Phase II or paragraph (c)(3) of the rule, these facilities have until January 1, 2003 to meet the less than 2.5 pounds VOC per million standard cubic feet of hydrogen produced limit.  This compliance date may be extended until July 1, 2003 if the operator submits a written statement to the Executive Officer, no later than January 1, 2003, indicating that a retrofit equipment is required for the hydrogen plant to comply with the emission limit and that a complete application for Permit to Construct has been filed.

IV. CONCLUSIONS AND RECOMMENDATIONS

Based on the initial and first annual compliance source test results provided by the operators of the twelve hydrogen plants remaining in the Rule 1189 program, all except two plants have been able to comply with the Phase II VOC emissions limit of 2.5 pounds of VOC per million standard cubic feet of hydrogen produced.  It was known that one of these two plants, Plant #2 (Table 1) operating at an emission rate of 45 pounds VOC per million standard cubic feet of hydrogen produced, would need to take steps to further reduce its emissions.  The second, Plant #1 exceeded the emission limit by 28 percent (3.2 pounds VOC per million cubic feet of hydrogen produced).  It should be noted that the two plants that have not met the emissions limit were both tested with low-methanol catalyst in their low temperature shift reactors.  Therefore, they are in compliance with the Phase I requirements of Rule 1189 paragraph (c)(2).  The operators of these two plants have stated that they will make the necessary adjustments/modifications to comply with the emissions limit as required under paragraph (c)(3).  Semi-annual compliance testing is required until compliance with the emissions limit has been achieved.  Thereafter, annual compliance testing will be required. 

At the time of rule adoption, staff estimated total VOC emissions of 721 tons per year (tpy) from the hydrogen plants.  Staff estimated a reduction of 580.6 tons per year (or 80.5%) with the implementation of control in the form of low-methanol catalyst and other site-specific modifications in process chemistry and/or equipment.  The remaining VOC emissions after control were estimated at (721 tpy – 580.6 tpy =) 140.4 tons per year. 

Emissions calculated using reported source test data are currently 615 tons per year of VOC.  However, the two hydrogen plants that have not met the Phase II emission limit emit 523.4 tons per year.  When these two plants make the necessary changes, such as furhter adjusting operating parameters and/or retrofit control, and the resulting emissions are conservatively assumed to be 2.5 pounds of VOC per million cubic feet of hydrogen produced, the final Phase II VOC emissions would approximately be 127 tons per year.  
Therefore, staff concludes that the final Phase II emission limit of less than 2.5 pounds per million standard cubic feet of hydrogen produced, per Rule 1189, paragraph (c)(3) is appropriate.

Since the operators of hydrogen plants are required to continue conducting annual compliance testing to demonstrate compliance with the rule requirements, the District will continue to evaluate annual test reports for these facilities.  In this way the District will be able to monitor the emission trends of the hydrogen plants and develop data that will lead to the determination of the effectiveness of the low-methanol catalysts where they are in place. 

V. APPENDICES

APPENDIX A

(TEST PROTOCOL)

Source Test Protocol for VOC Emissions from High Moisture 

Hydrogen Plant Process Vents

PURPOSE

This source test protocol provides guidance for determining the VOC emission rates from hydrogen plant process vents in terms of pounds of VOCs per million standard cubic feet of hydrogen produced (lb/MMscf).  It specifies general conditions under which the source tests should be conducted in order for the Executive Officer to accept the test results as evidence for compliance demonstration with applicable provisions of Rule 1189.  The SCAQMD Method 25.3 is the primary reference test method upon which this test protocol relies to determine the VOC and CO2 concentrations in various streams.  Other standard methods such as SCAQMD Methods 1.1/2.1 and 5.1 are also used to determine flow rates and for collecting representative samples.  The protocol establishes guidelines for appropriate use of these test methods on hydrogen plant process vents.  Since some of the vent streams from the hydrogen plants are difficult or in some cases impossible to be tested by the reference methods, the protocol also establishes criteria under which the principles of mass balance (material balance) may be used instead.

GENERAL REQUIREMENTS

1. The sampling, analysis, and reporting must be conducted by an SCAQMD Laboratory Approval Program (LAP) approved laboratory for the reference test methods where LAP approval is available.

2. All of the applicable process vents from a hydrogen plant must be tested simultaneously.  This includes the deaerator, CO2, and any other atmospheric process vents that may contain VOC emissions.  Alternatively, the testing of the individual stacks can be conducted at different times provided that the operating conditions listed in Item No. 4 below remain constant and records of operating conditions are properly maintained.

3. Testing must be conducted under normal operating conditions.  Additionally, the hydrogen production must not be less than the annual operating hourly average.

4. The following operational parameters must be recorded during sampling and reported along with the measured emissions: hydrogen production rate, gas feed rate, shift reactor catalyst type, catalyst age, shift reactor inlet temperature, shift reactor inlet and outlet CO concentrations, steam-to-carbon ratio, and other measurable operating parameters that may affect VOC emissions.

5. All test results and calculation methods, including mass balance calculations, are subject to SCAQMD approval as to their consistency with the SCAQMD published and/or approved test methods, procedures, and protocols, as well as to the engineering and scientific principles, as applicable.

6. All measurements and process information used in calculating the emissions for compliance, particularly the hydrogen production rate, must be obtained using calibrated equipment within the range for which it is calibrated.  Furthermore, the equipment must be calibrated within the calibration intervals specified by the manufacturer.  The purity of the hydrogen product must also be determined using calibrated instrumentation or an SCAQMD approved analytical method so that the monitored product stream flow rate can be corrected to reflect exclusively the hydrogen production rate.

DETERMINATION OF FLOW RATE
Flow rates shall be determined by direct measurement except when direct measurement is infeasible and the Executive Officer approves an alternative mass balance approach upon request.  Direct flow rate measurement shall follow the standard SCAQMD Method 1.1/2.1 Pitot tube traverse approach with sampling ports installed.  Cyclonic flow checks are required as part of each test.  Installation of sampling ports, when possible, is recommended for purposes of improved accuracy. 

Where sample location or other constraints do not allow direct measurement of flow rates, the hydrogen plant operator shall submit a written request to the Executive Officer for approval of an alternative mass balance approach.  The request shall include descriptions of the test constraints, the input to be used for calculating the flow rate and descriptions of the reliability of the input.  Flow rates of CO2 vents can be calculated by a carbon mass balance on the process and feed material.  Mass emissions by this approach would require measurements of VOC and CO2 at the CO2 vents utilizing SCAQMD Method 25.3 as described in this protocol.  Flow rates must be determined and carbon and hydrogen stoichiometric analyses must be performed for all feed streams that enter the process.

Flow rates for the deaerator vents can be difficult to measure either directly or by mass balance.  Direct measurement is impeded by the common use of silencers at the deaerator vents causing elevated pressures at sampling ports.  When practicable, a stack extension shall be employed in these cases for sampling.  Mass balances cannot be applied for calculating flow rate since the primarily steam effluent condenses to an unknown extent in the process.  Therefore, upon approval by the Executive Officer, an alternative mass balance approach may be used to directly calculate VOC mass emissions from deaerator vents without determining the flow rate.  This approach is described in the section Determination of Deaerator Emissions Using Mass Balance.

DETERMINATION OF GASEOUS VOC OR TOTAL VOC WHEN DROPLETS ARE NOT PRESENT

To determine the appropriate sampling method for the VOC emissions, a determination of whether or not droplets are present at the sampling location must be made.  The absence of droplets is verified by a stack temperature above the dew point of the gases at the sampling location (higher temperature if under pressure).  Alternatively, the absence of droplets can be verified by similar (within 10%) emissions as measured by both condensable methods of this protocol (Method 5.1 versus Method 25.3) as measured by previous testing.

Provided that it has been determined that droplets are not present at the sampling location, SCAQMD Method 25.3 as shown in Figure 1 must be used to measure the gaseous portion of the VOC, and/or the total VOC.  For most cases, the CO2 vent can be sampled by using Method 25.3 since the temperature is expected to be above the dew point at the sampling location.  For the primarily steam, deaerator exhaust, Method 25.3 must be supplemented by impinger sampling if the temperature is less than 212 oF. 

For the deaerator vent, the trap volume specified in Method 25.3 must be increased to accommodate the high moisture.  Using the six-liter canisters specified in Method 25.3, approximately 50 ml condensing water may be present.  To accommodate for an initial 10 ml water charge and 1 ml of line rinse, a trap volume of 70 - 90 ml should be employed.  For the CO2 vent, the trap volume specified in Method 25.3 may or may not need to be increased depending on the moisture present.

To accommodate for potentially high concentrations as compared to the 50 ppm range that Method 25.3 is intended, the calibration range of the analytical instrument can be extended and/or dilution techniques employed.  This is acceptable to the applicability of Method 25.3 since the method allows its use for higher concentrations when primarily water soluble VOC are present, subject to SCAQMD approval.

In employing Method 25.3, condensation must not occur prior to the flexible Teflon connector hose as in Figure 1.

DETERMINATION OF CONDENSABLE VOC WHEN DROPLETS ARE PRESENT
When droplets are present, a sample must be collected isokinetically using SCAQMD Method 5.1 (EPA Method 5) with the filter omitted.  This method is likely to be applied exclusively to the deaerator vent and only when the temperature is less than 212 oF and the mass balance approach cannot be applied.  The allowable range of isokinetics can be extended to 110% or less due to difficulties in maintaining isokinetics with the high moisture causing isokinetics of much less than 100%.  The condensable VOC is expected to consist primarily of water-soluble methanol.  For purposes of this protocol only, it can be assumed that the minimum 30 cubic feet of required sampling volume can be satisfied by applying the wet volume collected with an added safety margin.  A minimum wet volume of 60 actual cubic feet and a minimum dry volume of 1.5 dry cubic feet are therefore required.  These are similar to the volumes collected in previous development work.  This wet sample volume is subject to the additional requirement that the analysis yields results of greater than five times the lower detection limit.  The sampling rate is, therefore, much lower than is normally seen at the meter.  The nozzle is sized so that the specified sample volume is collected over an approximate 60 minute period or less if the last non-silica gel impinger becomes full during the sampling.  For sampling periods of less than 60 minutes, triplicate sampling is required.

Method 5.1 has provisions for including additional or larger volume impingers for high moisture sources.  For 100 cubic feet of wet sample, this equates 2000 ml or more of condensate, which is capable of filling several standard impingers.  The additional impinger approach is preferred over the enlarged impinger approach due to difficulties associated with poor heat-transfer surface area.  The front impingers have been observed to experience overflow difficulties due to higher gas velocities in the front section.  For these reasons a precondenser is highly recommended. The recommended configuration is a precondenser followed by five empty impingers followed by the standard Method 5.1 train without a filter as shown in Figure 2.

After completion of the sampling, the sampling train must be tightly sealed and kept chilled by ice or kept at 32 oF - 45 oF until analysis and during recovery.  The sampling train is weighed then recovered and mixed into two composites (back and front sections) of the impinger contents using a minimal amount of rinse water.  The back section consists of the last two impingers before the silica gel.  The front section consists of the remaining non-silica gel impingers and probe and line rinses. During the recovery, sample agitation must be kept at a minimum to avoid loss of the volatile components.  The samples must be analyzed within 72 hours of collection.  The front section and back section composites are weighed and analyzed separately for VOC by the condensate trap analysis of SCAQMD Method 25.3.  The stack concentration and mass emissions are calculated as in the Calculation section.

DETERMINATION OF DEAERATOR EMISSIONS USING MASS BALANCE

The mass balance approach for calculating deaerator mass emissions must only be used when safety constraints dictate that direct measurement should not be performed.  Since past experiences with the mass balance approach have yielded high variability, a minimum of eight runs are required.  Each run shall consist of collecting process samples and flow rate data for all streams that enter and exit the deaerator including the steam (condensate).  The samples must be collected in an inert container such as glass with Teflon lined lids with zero headspace.  The samples must be kept chilled until analysis and analyzed within 72 hour of collection for ppm VOC as carbon by weight by the condensate trap analysis in SCAQMD Method 25.3.  Process flow rates must be obtained using calibrated instruments.  Additionally, aside from the VOC emissions rate, the deaerator vent rate must be calculated as the difference between total inlet and outlet flows for quality assurance.  A negative value, a high positive value, or large deviation between runs may be an indicator of an error and may cause the Executive Officer to reject the test results.

CALCULATION PROCEDURES

CO2 Vent Flow Rate - Material Balance Alternative.  If the CO2 vent flow rate is determined by the carbon material balance, the flow rate shall be determined by the following relationship:





QCO2 = QCin - QCout


Equation 1


Where:


QCO2 = CO2 vent flow rate (dscfm)


QCin =
Flow rate into the unit on a carbon basis (dscfm) based on the feed rates or the average hydrogen production rate and a stoichiometric analysis of carbon and hydrogen in the process feed during testing.


QCout =
Flow rate out of the unit on a carbon basis for streams containing carbon such as with the hydrogen product stream.

Condensable VOC when Droplets are Present.  If droplets are present and the Method 5.1 sampling was employed, the concentration of condensable VOC is determined for both front and back sections of each sample using the following equation in Method 25.3 Section 4.7 with the variables redefined as follows:



Cw 
= (Ci x Vi x Vid)/(Vc x Ac)


Equation 2

Where:

Ac
= Atomic weight of carbon (12.01 g/mol)

Cw 
= gaseous concentration of TOC as ppmC in condensate trap water

Ci 
= TOC concentration in ug/ml of condensate trap water


   (Assume TOC concentration ug/g = ug/ml at 4oC)

Vi 
= volume collected in all impingers excluding the silica gel in ml

Vid 
= volume of ideal gas per mole (gram mole) at 60 oF (0.836 scf/mol)

Vc 
= metered gas volume in dry standard cubic feet

If the back section concentration is more than 10% of the front section concentration, then the sampling must be invalidated and re-run with more cooling in the front section.

VOC Concentration.  If droplets were present, as verified by stack temperature or previous testing, the VOC concentration (ppmC) is reported as the sum of both sections of the VOC analysis of the Method 5.1 train, and the canister portion of the Method 25.3 analysis in units of ppmC.  If no droplets were present, the ppm VOC is reported as the sum of the Method 25.3 trap and canister analysis as ppmC.  The following relationship is used generically for both cases for each process vent:




C = Ccond + Cgas




Equation 3


Where:


C = VOC concentration (ppmC by volume)


Ccond = Concentration of condensable VOC by both sections of Method 5.1 if 


droplets present or by 
Method 25.3 if no droplets present (ppmC by volume)


Cgas = Concentration of gaseous VOC by Method 25.3 (ppmC by volume)

VOC Mass Emissions.  Mass emissions from each stack are calculated using the concentration in Equation 3 in ppmC by volume, the dry standard volumetric flow rate from each stack, and the molecular weight and carbon number of methanol (MW = 32 lb/lb-mol, C# = 1) as follows:




M = F x C x (MW/C#) x Q



Equation 4

Where:

F = 1.583 x 10-7 (Conversion factor in min-lb-mol/hr-scf-ppm)

M = VOC mass emissions (lb/hr)

C = VOC concentration (ppmC as volume)

MW/C# = 32 lb/lb/mol

Q = Flow rate (dscfm)

Alternative VOC Mass Emissions for Deaerator.  When the mass balance approach is used, the emissions from the deaerator vent may be calculated using process flow rates and Method 25.3 analyses of process samples using the following equation:



M = (( Qin x Cin x Fmw / 106) - (( Qout x Cout x Fmw / 106)

Equation 5

Where:

M = VOC mass emissions (lb/hr)

Qin = Inlet Process Flow Rates (lb/hr)

Cin = VOC concentration in inlet process streams by Method 25.3 (ppmw)

Fmw = Molecular weight correction = (32 lb/lb-mole) / (12 lb/lb-mole) = 2.67

Qout = Outlet Process Flow Rates (lb/hr)

Cout = VOC concentration in outlet process streams by Method 25.3 (ppmw)

Total VOC Mass Emissions.  Total VOC Mass Emissions in lb/hr is calculated by summing VOC Mass Emissions from all vent stacks using the following equation:





T = (M




Equation 6

Where:

T = Total VOC Mass Emissions (lb/hr)

M = VOC Mass Emissions from all individual vents stacks (lb/hr)

Total VOC Mass Emissions per Hydrogen Produced.  Total VOC Mass Emissions in units of lb/MMscfhydrogen produced is calculated by using the following equation:




E = (2400 x T) / (P x H2)



Equation 7

Where:

E = Emissions in lb/MMscfhydrogen produced
T = Total VOC Mass Emissions (lb/hr)

P = Purity of hydrogen product stream (%) as determined by an approved method

H2 = Average hydrogen production rate during testing (MMdscfm) 

TEST REPORT REQUIREMENTS

The final Source Test Report must include the following information:

1. A summary of the Source Test results presented in units of lb/MMscf of hydrogen produced.

2. A brief process description. Indicate equipment operation during testing, the operating parameters as specified in this protocol, as well as any other information which may influence the final report.

3. A simple schematic diagram of the process, showing the sampling locations.

4. A stack schematic depicting the sampling locations with respect to the upstream and downstream distances from flow disturbances.  Also include a cross-sectional diagram of the stack or duct at the sampling location, depicting the sampling points with respect to compass direction. 

5. The sampling and analytical procedures.  Be specific about all aspects of sampling and analysis.  Include diagrams of test equipment and methods.

6. Complete raw field data, including production data indicative of the testing interval, lab analyses, and the test results (show all calculations).  The lab analyses must also include the associated chromatograms or other raw data generated during both sample and standard runs.

7. Calibration data regarding all sampling and measuring equipment utilized during testing (see District Source Testing Manual, Chapter III or "Quality Assurance Handbook For Air Pollution Measurement Systems", Vol. III, US EPA-600/4-77-0276).
8. A “No Conflict of Interest Statement” pursuant to SCAQMD Rule 304.

9. The sample “Chain of Custody” containing time and dated signatures of the person of responsible charge of the sample from the point of origination to analysis.
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Figure 1- Sampling Equipment for Gaseous VOC or Total VOC 

When Droplets are not Present
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Figure 2- Sampling Equipment for Condensable VOC when Droplets are Present
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CONTROL TECHNOLOGY

Except in some special cases, methanol constitutes most of the VOC emissions from hydrogen plants.  The most viable control technologies in reducing methanol emissions from hydrogen plants are associated with process changes where conditions favoring formation of methanol are removed or minimized.  Therefore, it is important to first examine how and where methanol is formed in the hydrogen manufacturing process.

Non-methanol VOCs found in some of the hydrogen plant process vents are primarily due to the loss of chemical absorbents used for hydrogen gas purification.  The control of non-methanol VOC emissions and methanol emissions after they are formed are discussed later in this section under "End-of-Pipe Controls."

Methanol Formation

Methanol (MeOH) is produced in both the high and low temperature shift reactors as a side reaction between CO2 and hydrogen as follows:

3H2 + CO2 = CH3OH +H2O  (Exothermic)

An American Petroleum Industry (API) study reported that in a 3-stage hydrogen production process, approximately 90 percent of methanol might be formed in the LTS reactor and 10 percent in the HTS reactor.  Both the thermodynamics (chemical equilibrium) and the kinetics (reaction rate) of the MeOH synthesis reaction were considered in this study.

For the HTS, the equilibrium MeOH concentration in the wet gas outlet was measured in the range of 5 - 20 ppm, whereas the equilibrium MeOH concentration was of the order of thousands ppm when measured in the LTS wet gas outlet.  At the typical temperature levels in the HTS, the MeOH synthesis reaction is fast and thermodynamically controlled.  MeOH is formed in an amount corresponding to the chemical equilibrium exit in the HTS.

Due to the fact that the methanol formation reaction is exothermic, a temperature increase will normally push the reaction to the left and result in a reduction in the methanol concentration when the reaction is in its equilibrium state.  However, since the LTS is operated at lower temperature levels, the MeOH synthesis reaction is slow, and the amount of MeOH formed is kinetically (reaction rate) controlled rather than thermodynamically (chemical equilibrium) controlled.  The kinetically-controlled MeOH synthesis reaction has an activation energy that is approximately three (3) times higher than the activation energy for the shift reaction.  This means that the MeOH synthesis reaction rate is more temperature sensitive than the shift reaction rate.  Contrary to the situation when the reaction is in equilibrium, it is possible for the operator to maintain the LTS catalyst at a lower temperature, and thus limit the methanol formation.  As a rule of thumb, methanol formation is decreased by about 50% for each 20-degree F that the inlet LTS temperature is lowered.  Nevertheless, a minimum LTS inlet temperature of approximately 390-degree F is required to maintain the reactor sufficiently above its dew point.  In addition, as the catalyst ages, higher temperatures are necessary in many cases to maintain the quantity and quality of hydrogen produced.

Haldor Topsoe A/S, a catalyst manufacturer, has developed a kinetic expression for the MeOH synthesis reaction over LTS catalysts.  This equation can be used to calculate the relative MeOH formation for different operating conditions and catalysts.  The reaction rate of MeOH may be described by the following equation:

r(MeOH) = A x exp(-E/RT) x f(yiP)  moles /volume catalyst/h

where; 


r(MeOH)
is the reaction rate for the MeOH synthesis

A
is the catalyst activity for MeOH formation.  The activity is dependent on catalyst type and age

exp (-E/RT)
is the temperature dependency from Arrhenius law and 

E
is the activation energy



R
is the gas constant



T
is the absolute temperature


f(yiP)
is the dependency of the gas composition and pressure

In addition to the operating temperatures, the methanol formation in the LTS is also influenced by the following parameters:

· Gas space velocity, gas composition and operating pressure.

· Steam-to-carbon (S/C) ratio.

· MeOH synthesis activity of the LTS catalyst.

In hydrogen plants, the space velocity, gas composition and pressure are determined by the operating conditions upstream of the LTS and, therefore, cannot be changed independently to control the byproduct formation of MeOH in the LTS reactor.  However, the gas composition influences the LTS temperatures and thereby also the formation of MeOH.

At otherwise unchanged conditions, the steam-to-carbon (S/C) ratio in the primary reformer is inversely proportional to the MeOH formation in the LTS reactor.  This is due partly to the fact that water has an inhibitive effect on the MeOH synthesis reaction rate.  Laboratory studies show that lowering the S/C ratio from 3.5 to 3.2 will result in approximately a 70% higher MeOH concentration in the process condensate and a 50% increase in the amount of MeOH formed in the LTS.  The reason for the concentration being much higher is because there is less steam and measurements are normally performed on a wet basis.

All copper-based low temperature shift (LTS) catalysts are active for both the desirable shift reaction as well as the MeOH synthesis reaction.  In general, the higher the shift activity is the higher the activity for the MeOH synthesis reaction.  As the catalyst becomes poisoned and deactivates with time, MeOH formation decreases.  MeOH formation is highest during the first few weeks of operation.

When the process gas exiting shift reactors is cooled and the moisture condenses, part of the MeOH dissolves in the process condensate.  The remainder of the methanol continues with the process gas to the CO2 removal system and leaves the plant with the CO2.  The distribution of methanol between the gas and condensate depends on the condensate separator temperature.  For example, at 60 degrees C (140 F), approximately 90% of methanol dissolves in the condensate, whereas at 120 degrees C (248 F), the fraction in condensate reduces to 40%.

Methanol Controls

With the improved understanding of how methanol is formed in the hydrogen production processes, the control technologies may be developed using one or more of the following methods:

a) Use of low methanol catalyst in LTS reactors

b) Control of process operating parameters

c) End-of-pipe controls (discussions combined with non-methanol VOC controls)

Use of Low Methanol Catalyst

Several catalyst manufacturers have successfully modified the LTS catalyst to lower methanol formation while maintaining high shift activity and poisoning resistance of the catalyst.  One example of catalyst modification involves the addition of caesium, an alkali metal, as a promoter to the copper-based catalyst.  This new generation of LTS catalyst, known as the low methanol catalyst, is commercially available and has been applied in some hydrogen plants including two in the South Coast Basin since 1998.  The low methanol catalyst is capable of lowering the methanol formed in LTS reactors by 80 - 90%.

While the methanol formed with the low methanol LTS catalyst in place is significantly less compared to the original catalyst, the formation process is influenced by similar process parameters summarized below:

· Temperature: Rule of thumb, a 20-degree F decrease in temperature will reduce the methanol formation by a factor of 2.
· Space Velocity: Methanol formation is inversely proportional to the space velocity.  For a given LTS reactor, methanol formation decreases as the throughput increases.
· CO Concentration: Lower CO concentration results in a proportional decrease in the methanol formation.  The CO concentration is controlled by the conditions in the HTS reactor.
· Steam-to-Carbon Ratio: More steam in the process decreases the methanol formation.
· Catalyst Activity: This factor is largely determined by catalyst composition.  Nevertheless, methanol formation decreases as the catalyst ages.  Methanol formation is highest during the first few weeks of operation.
Control of Process Operating Parameters

Of the operating parameters that may affect methanol formation as summarized above, LTS inlet temperature and steam-to-carbon (S/C) ratio are the only two that may be adjusted to lower methanol emissions to a certain extent.

As the catalyst ages and gradually loses its activity, facility operators usually increase LTS inlet temperatures in order to produce hydrogen that meets its demand and CO concentration limit.  This is a condition that may enhance methanol formation.  Therefore, depending on the configuration and characteristics of a hydrogen plant, operators in some cases may need to seek a new balance in order to comply with the emission limit while still satisfying production requirements.  This new process balance may also include a slight increase in S/C ratio to further limit methanol formation.

End-of-Pipe Controls for methanol and non-methanol VOCs

The end-of-pipe controls may be used to reduce methanol and non-methanol VOC emissions.  The methods may be applied to address emissions from the CO2 vent, the deaerator vent, and various release points when VOC-containing condensate is used in equipment such as cooling tower and boilers (continuous blowdown system vents).  It should be noted that there are significant differences in methanol emissions characteristics between the deaerator and the CO2 vents.  The API study mentioned earlier in this report compared a base case hydrogen plant of 50 MMscfd.  It indicated that a deaerator vent stream contains primarily water (95 %), with about 5 % CO2 and methanol emissions in the tenths of a percent in concentration range.  The mass flow rate for the deaerator vent was approximately 2,000 lb/hr.  On the other hand the CO2 vent contained 80-95 % CO2 with about 5-10 % water, 5-10 % other gases (nitrogen, oxygen and hydrogen) and methanol in the ppm range.  The CO2 vent mass flow rate was approximately 60,000 lb/hr.

Non-methanol VOCs may exist in some hydrogen plant process vents primarily due to the loss of amine (e.g., methyl diethanol amine) or other chemical absorbents used in the gas purification section of the plant.  These non-methanol VOC emissions, in most cases, contribute only a small portion of the total emissions that the control of which is not necessary in order to comply with the proposed limits.  Where these hydrocarbon losses are significant, emissions may be reduced either by modification of the gas purification system chemistry and/or equipment, or by using the applicable end-of-pipe control options.  The exact method of controlling these non-methanol emissions is highly site-specific.  According to the information provided by the industry, one facility may need to reduce the non-methanol VOCs in order to meet the proposed Phase II emission limit.  Controlling non-methanol emissions may reduce the loss of chemical absorbents and increase CO2 purity for potential byproduct recovery.

Possible end-of-pipe controls include the following options:

1. CO2 Recovery

The CO2 vent stream and the PSA purge gas contain a large amount of CO2 that is of commercial value.  Some of the hydrogen plants in the AQMD area have installed systems to recover CO2 for industrial or beverage usage.  The recovery process involves processes such as cooling, condensation, compression and refrigeration by which additional water is condensed and removed from the process stream for reuse or treatment as wastewater.  As part of the process, methanol, amines and other water-soluble non-methanol VOCs in the vent stream are greatly reduced.

2. Condensate Treatment for Methanol Controls

Depending on the operating temperature and pressure of the condensate separator, a significant amount of methanol formed may leave the system with process condensate.  Prior to any beneficial use, the condensate may be treated by a variety of methods to remove or reduce methanol.  Condensate stripping in one method with which methanol may be removed from the condensate and destroyed in the reformer furnace.  In case where a deaerator is used in the hydrogen plant, the deaerator may serve the same purpose.  The deaerator vent can then be redirected to the reformer furnace for combustion.  This method may remove as much as 95% of methanol from the process condensate.  However, due to the substantial moisture content in the stream, directing the vent of the condensate stripper or the deaerator to the reformer furnace may reduce the plant efficiency and thus incur a higher operating cost.

3. CO2 Vent Scrubbing

Methanol, amines and other water-soluble VOCs in the CO2 vents may be removed by wet scrubbing.  Depending on site-specific conditions, the VOC containing water from the scrubber may be treated for recovery and reuse of the VOCs and water.  This treatment system may include the use of a stripping device in a manner similar to the condensate treatment discussed above.  The VOCs not suitable for recovery may then be disposed of in the reformer furnace.  The VOC control efficiency using this method can be customized based on the site-specific needs.

APPENDIX C
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HYDROGEN MANUFACTURING
All but one of the 12 hydrogen plants currently subject to Rule 1189 use the catalytic steam hydrocarbon reforming process to produce hydrogen.  The other process used by only one hydrogen plant is non-catalytic partial oxidation of hydrocarbons followed by shift conversion.  Therefore, the following description of hydrogen manufacturing is based primarily on the steam reforming process.

A hydrogen manufacturing plant using the steam reforming process typically involves four basic steps: feedstock preparation, steam reforming, shift reaction, and gas purification.  The feedstock to the hydrogen plant, which may be natural gas, refinery gas or other type of hydrocarbons, must first be cleaned to keep the reactors working efficiently.  Then in the steam-reforming reactor, the hydrocarbons react with steam to form hydrogen and carbon dioxide.  One or two shift reactors that follow convert CO, a side reaction product, into more hydrogen and carbon dioxide.  The desirable product of hydrogen is then separated from carbon dioxide in the gas purification section and delivered for use in various parts of the refinery.

Reformer Feedstock Preparation

Prior to the reforming process, there are some preliminary steps that are taken to prepare the feedstock.  The feedstock preparation is essentially a desulfurization process in which the feed gas is hydrogenated and sulfur compounds are removed.  Hydrogenation prevents poisoning of the reformer catalyst downstream and reduces coke formation over the reformer catalyst.  The process usually uses cobalt-molybdenum (Co-Mo) catalyst bed for hydrogenation and zinc oxide (ZnO) adsorbent for desulfurization.  The desulfurized process feed gas is then combined with steam before going to the reformer.

The main reactions in this step are:

CH3SH + H2 ( CH4 + H2S
(hydrogenation)

COS + H2      ( CO + H2S
(hydrogenation)

C2H4 (typical for olefins) + H2 ( C2H6
(hydrogenation)

ZnO + H2S ( ZnS + H2O
(desulfurization)

Steam Reforming

This step involves the catalytic reaction of methane with steam at temperatures in the range of 1400 to 1500 degrees F.  Other hydrocarbons such as naphtha may also be used as the process feed.  The catalyst, which consists of 25 to 40 percent nickel oxide deposited on a low silica refractory base, is usually placed in tubes in a furnace and the reaction is carried out by passing the gas through the catalyst.  Methane or other hydrocarbons react with steam in the reactor tubes to form carbon monoxide and hydrogen.  The reaction is endothermic and the heat required is supplied by the combustion of refinery fuel gas, the Pressure Swing Adsorber (PSA) purge gas from the gas purification process (discussed later), or other fuel gases.

Methane is a common feed to the reformer, but the hydrocarbon feedstock can be quite different. The hydrocarbon feedstock in some cases is "refinery gas" which consists of a blend of several amine-treated refinery off-gas streams.  These gases come from sources such as the hydrotreater, the coker and the Fluid Catalytic Cracking (FCC) unit exhaust.  In some cases the refinery gas mixed with natural gas is used as feedstock, as well as fuel for the reformer furnace.

The main reactions in this step are:

CH4 + H2O ( CO + 3 H2
(steam methane reforming)

CO + H2O ( CO2 + H2
(water-gas shift reaction)

Shift Conversion

All facilities are equipped with a High Temperature Shift (HTS) reactor.  In addition to this reactor, some facilities also have a Low Temperature Shift (LTS) reactor.  Both of these phases can be viewed as a carbon monoxide (CO) converter (reacting CO with steam to produce CO2 and hydrogen).

Steam is also consumed in the HTS to convert carbon monoxide formed in the reformer stage to carbon dioxide and hydrogen.  This reaction is exothermic and is carried out in a fixed-bed catalytic reactor at about 650 degrees F.  The catalyst consists of a mixture of chromium and iron oxide.  The main reaction is the water-gas shift reaction shown above.

The LTS reformer serves the purpose of further converting CO into CO2 and hydrogen by reaction with  additional steam.  The exothermic reactions take place in the reactors over a copper-based LTS catalyst bed at approximately 400 degrees F.

The shift converters are where most of the methanol is formed as a side reaction between hydrogen and CO2.  The details of methanol formation and controls are discussed in the section under “Control Technology.”
Gas (Hydrogen) Purification

Two types of processes are in use in the AQMD area for gas separation, or hydrogen purification.  They are chemical absorption (wet process) and pressure swing adsorption.

Chemical Absorption (Wet Process)

In the wet process carbon dioxide produced in the previous steps is removed from the hydrogen gas stream by chemical absorption in a circulating amine, hot potassium carbonate, or other treating solutions.  The absorber contains trays or packing where the treating solution contacts the gas stream containing hydrogen and carbon dioxide.  Carbon dioxide gas is absorbed in the solution leaving hydrogen gas at high purity.  The CO2-laden solution is then sent to a still for regeneration, where CO2 is stripped off of the solution and the solution is recycled back to the absorber.  The CO2 stream from the regeneration still is cooled and released to the atmosphere through a CO2 vent.  This CO2 vent contains some of the methanol formed in the shift reactors and other VOCs.  In some cases, all or part of the vent stream is directed to a CO2 plant for further processing and recovery of the gas.

The gas stream leaving the gas purification absorber is predominantly hydrogen with traces of CO and CO2.  The small remaining quantities of CO and CO2 are converted into methane by reaction with hydrogen gas in a fixed-bed catalytic reactor, known as the methanator.

Pressure Swing Adsorption

Hydrogen may also be separated from CO2 and hydrocarbons by the pressure swing adsorption (PSA) unit.  A typical PSA unit consists of a series of vessels, each containing the same type of adsorbing media such as granular alumina molecular sieve and activated carbon.  Each vessel purifies the hydrogen by a selective adsorption process that operates on a repeated cycle with the basic steps being adsorption and regeneration.  The adsorption process separates hydrogen from other gases by selectively allowing hydrogen to pass through while adsorbing the other gases  After the adsorption bed is loaded, the feed gas is switched to a clean adsorption bed, and the loaded  adsorption bed is regenerated.

Regenereation is accomplished by depressurizing the adsorbent bed and purging it with some of the plant's gaseous hydrogen product.  The offgas from the regeneration process, referred to as the purge gas, consists of the hydrogen purge and the products of regeneration (i.e. carbon monoxide, carbon dioxide, methane, nitrogen, water vapor, and methanol).  The PSA purge gas is usually burned in the reformer furnace as its primary fuel.

Steam Generation

Throughout the processes, excess heat is generated either by reaction, combustion, or where hot process streams must be cooled before further processing.  The excess heat is usually used to generate steam that is needed for steam reforming.  At some facilities, steam generated in the hydrogen plant may also be used to generate power or for other processes in the refinery.

Due to the fact that excess steam is added for the reforming reaction, a process condensate stream will be generated as product streams are cooled.  The condensate may be removed from the process gas stream exiting the HTS or LTS reactor depending on the plant's configuration.  In most cases, the process condensate is used as the boiler feed water for steam generation, but it has also been used as makeup water for the cooling towers.  Before being used as boiler feed water, some gases such as CO2 and oxygen that are harmful to boilers must be removed.  This is accomplished in a deaerator where the condensate is atomized or sprayed in thin films and comes in contact with low-pressure steam.  The dissolved gases are driven away from the liquid and are released into the atmosphere with steam through the deaerator vents.

It is expected that the process condensate will contain some organics, mostly methanol, and CO.  Since methanol is water soluble, some of the methanol will stay in the liquid in the deaerator or cooling tower.  Emissions are expected to include CO, CO2, hydrogen, methane, methanol, nitrogen and water vapor.

CO2 Disposal/Recovery

While most of the CO2 generated from the gas separation or hydrogen purification process is either vented into the atmosphere or directed to the reformer furnace with the PSA purge gas, there is an increasing trend in the AQMD area to recover CO2 for industrial or beverage usage.  CO2 recovery is typically done by directing all or part of the CO2 vent stream to a third party facility located in or adjacent to the refinery.  By recovering CO2, VOC emissions associated with the CO2 vent are minimized.
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