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1 Introduction

Legal & Safety Employer Research, Inc., Sierra Club Michigan Chapter and Concerned
Citizens of Gratiot County have produced these comments as part of an independent
review of the air permit application and draft permit for the proposed Liberty Renewable
Fuels, LLC facility.   We submit these comments for filing with the Michigan Department
of Environmental Quality - Air Quality Division and the U.S. Environmental Protection
Agency, Region 5, Air & Radiation Division.  

2 The Proposed Issuance of the Air Discharge Permit for Liberty Renewable
Fuels is a Major State Decision Which Requires a Process of Comprehensive
Environmental Review of Pollution, Impairment and Destruction of
Michigan’s Natural Resources, Consideration of Reasonable Alternatives to
the Proposed Action and a MDEQ Final Finding and Determination as to
these Matters in Order to Comply with the Michigan Constitution and the
Natural Resources and Environmental Protection Act

Michigan Law requires that major state decisions on matters such as the granting of an air
discharge permit to install for the proposed Liberty Renewable Fuels properly consider
the consequences of such decisions for pollution, impairment and destruction of
Michigan’s natural resources, the public’s trust placed on these natural resources and the
consideration of feasible and prudent alternatives that would limit such pollution,
impairment and destruction.

The Michigan Constitution of 1963 provides:

“The conservation and development of the natural resources of the state are hereby
declared to be of paramount public concern in the interest of the health, safety and
general welfare of the people. The legislature shall provide for the protection of the
air, water and other natural resources of the state from pollution, impairment and
destruction.”  (Michigan Constitution, 1963; Article IV, Section 52)

The Michigan Natural Resources and Environmental Protection Act (NREPA) provides:

“In administrative, licensing, or other proceedings, and in any judicial review of
such a proceeding, the alleged pollution, impairment, or destruction of the air,
water, or other natural resources, or the public trust in these resources, shall be
determined, and conduct shall not be authorized or approved that has or is likely to
have such an effect if there is a feasible and prudent alternative consistent with the
reasonable requirements of the public health, safety, and welfare.”  (MCL
324.1705(2)) (emphasis added)
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NREPA provides that any citizen may commence an action to gain declaratory and
equitable relief to protect the natural resources of this state and the public trust therein:

“(1) The attorney general or any person may maintain an action in the circuit court
having jurisdiction where the alleged violation occurred or is likely to occur for
declaratory and equitable relief against any person for the protection of the air,
water, and other natural resources and the public trust in these resources from
pollution, impairment, or destruction.

(2) In granting relief provided by subsection (1), if there is a standard for pollution
or for an antipollution device or procedure, fixed by rule or otherwise, by the state
or an instrumentality, agency, or political subdivision of the state, the court may:

(a) Determine the validity, applicability, and reasonableness of the standard.

(b) If a court finds a standard to be deficient, direct the adoption of a
standard approved and specified by the court.” (MCL 324.1701)

Finally, decisions affecting Michigan’s natural resources and the public trust therein that
take place in a permit process and which represent agency decisions must be subject to
prior public notice and public comment under multiple NREPA provisions and under the
Michigan Administrative Procedures Act.

2.1 The Michigan Department of Environmental Quality (MDEQ) Does Not Have
an Open  Process of Comprehensive Environmental Review in Place as a
Systematic Decisionmaking Process and MDEQ Has Not Provided an Ad Hoc
Equivalent of Such a Process for the Liberty Renewable Fuels Decision that
Meets the Statutory Requirements for Environmental Review

Michigan formerly had a process for environmental and natural resources impact review
that featured mandatory consideration of major state actions before the Michigan
Environmental Review Board (MERB).   That process was abolished by Executive Order
in the last days of the Blanchard Administration with the intent on replacing it with an
alternative and substitute process.   However, a replacement process was never
implemented and major state decisions since the abolition of MERB have not received
comprehensive environmental review commensurate with the MEPA provisions of
NREPA which were previously in effect as a stand alone statute prior to the 1994
codification of natural resource and environmental protection laws by the Legislature.

As such, there is no regular and organized system of comprehensive environmental and
natural resources impact review that reaches the non-discretionary requirements of MCL
324.1705(2) for consideration of pollution, impairment and destruction of Michigan
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natural resources and consideration of alternatives.    This chronic non-compliance with
Michigan statutory requirements must end.

It is conceivable that an ad hoc system of review could be afforded to decisionmaking on
such matters as the Liberty Renewable Fuels facility.  However, there has been no such
ad hoc process set up to reach and satisfy the non-discretionary requirements of MCL
324.1705(2) for purposes of this subject facility.

In fact, the present air permit process has discouraged comprehensive review with
statements in “Public Participation Documents” such as:

“The Air Quality Division does not have the authority to regulate noise, local
zoning, property values, off-site truck traffic, or lighting.”

While it may be true that the AQD does not have such authorities for direct regulation of
the matters listed, MDEQ nevertheless has authority to consider and evaluate
comprehensive environmental and natural resources impacts from the proposed facility
under MCL 324.1705(2).   In partial recognition of this authority, Michigan air use rules
provide that air permit to install applications provide:

“Information, in a form prescribed by the department, that is necessary for the
preparation of an environmental impact statement if, in the judgment of the
department, the equipment for which a permit is sought may have a significant
effect on the environment.”  (MAC R 336.1203(1)(g))

However, in the present case, MDEQ-AQD has committed error by failing to require the
submittal of any such information as provided by its rules and has further failed to
conduct any comprehensive environmental impact statement and environmental review 
on the proposed Liberty Renewable Fuels facility.

2.2 The Decision to Issue an Air Permit to Liberty Renewable Fuels is a Major
Action Having Significant Consequences for Management of Natural
Resources and Protection of the Environment;   Such Consequences Have Not
Been Subjected to an Open Public Process of Comprehensive Review and
MDEQ Does Not Plan to Make Final Determinations Involving Such
Consequences

Although the present proceeding involves consideration of air pollution impacts of the
facility, the review process so far has failed to properly characterize airborne emissions
from the plant and to provide for appropriate permitting and technology-based controls as
outlined in sections of this comment below.  
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Moreover, the existing air pollution permitting process has failed to consider
environmental impacts from the large amounts of greenhouse gases – on the order of 
500-600 thousand tons per year of carbon dioxide and an unknown amount of methane
and ethane from fermentation processes at the proposed Liberty Renewable Fuels facility.

The proposed plant is expected to mine groundwater using onsite wells at the rate of 1200
gallons per minute or 630 million gallons per year.   To the best of our knowledge,
MDEQ has not conducted a detailed review of the consequences of such groundwater
mining on aquatic flora and fauna, stream flows, wetlands, public and private wells and
other land/water features in the area..  

There has been no consideration of the effects of such Liberty Renewable Fuels
groundwater mining on polluted seepage to groundwater from municipal wastewater
ponds located just west of US 127.

This groundwater mining of 630 million gallons per year is actually an expropriation at
zero cost of a public trust resources by Liberty Renewable Fuels and further represents a
singular use of a public resource with no review and determination of the consequences
by MDEQ.  This “free” groundwater is being provided to a facility that is already going
to receive massive public financial subsidies.   If alternate means of energy dissipation
were provided, or a mix of alternate means were considered, the massive demands for
groundwater might be significantly reduced.   MDEQ has not determined the public trust
interests in area groundwater and has made no public trust determinations applicable to
this situation. 

Finally, an estimated half of this Great Lakes Watershed groundwater will be lost to
evaporation, representing a large out of Great-Lakes basin transfer of this Great Lakes
resource.   This latter fact poses significant questions of Great Lakes water management
public policy which have not been addressed or answered by MDEQ.

Other social and community impacts are posed by the subject facility, including the
potential effects of the facility operations on grain markets, animal agriculture utilization
in Gratiot County, water supply for adjacent property owners, cooling tower icing on
adjacent property owners and on US-127 traffic and other effects.

None of the environmental, natural resources and community effects of the proposed
facility have been adequately considered (or considered at all) by MDEQ on the proposed
major state decision to grant the Liberty Renewable Fuels air permit.

Finally, the Applicant has revealed a site plan (See Attachment #18) with indications of a
future potential doubling of all of the process equipment and production capability of this
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facility.   No aspects of these plans have been revealed to the public or local officials and
this again is a factor for consideration of the impact of the ultimate plant configuration.

In summary, MDEQ has failed to carry out its mandatory and non-discretionary duties for
environmental and natural resources impact review, consideration of alternatives and
protection of the public trust in Michigan’s natural resources in making the decision to
issue the Liberty Renewable Fuels air permit to install.  This failure gives rise to a cause
of action by any person to have adjudications of these issues by the applicable circuit
court of jurisdiction.

3 The Draft Permit Must Not Issue Since Applicant’s Facility is a Major
Stationary Source of One or More Criteria Pollutants Under the Clean Air
Act

The comments in subsequent sections identify a number of serious problems showing 
Applicant’s and MDEQ-AQD’s underestimation of the potential to emit from specific
emission units at the proposed facility and from the entire emission source as a whole.   If
the potential to emit for any criteria pollutant exceeds 100 tons per year from the entire
source, Applicant’s permit as proposed may not be approved since the facility would not
have undergone the required Prevention of Significant Deterioration review, including a
determination of Best Available Control Technology for all criteria pollutants emitted in
significant amounts and an air quality impact analysis.   The latter analysis must
necessarily include a review of compliance with PSD ambient increments and a
demonstration that attainment and maintenance of the National Ambient Air Quality
Standards will not be jeopardized.  The Applicant has not submitted a Best Available
Control Technology determination nor an air quality impact assessment meeting PSD
requirements; none of the required PSD-related determinations have been made by
MDEQ-AQD for the subject facility.

The margins between the Applicant’s admitted potential to emit emissions and the 100
ton threshold for the subject facility are small.  In subsequent subsections of this
comment, we identify a number of emission unit/process areas subject to the following
problems:

The potential to emit is underestimated.

Emission units are not listed or characterized.
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There are no emission limitations to enforce on individual emission units needed to
ensure that the whole source total potential to emit does not exceed major
stationary source thresholds.

There are no short term emission limitations and/or limitations on the potential to
emit that can ensure that air quality modeling predictions will actually be valid.

There are either insufficient or no federally enforceable physical limitations on the
potential to emit.

Testing and monitoring methodologies are either not specified, are insufficient or
are not capable of assuring compliance with prior characterizations of the potential
to emit.

There are no compliance assurance measures at all for certain emission units.

The facility will be unable to comply with its permit as published in draft version.

When the margins from the amount of some of the clear underestimations can be
quantified and summed, it is clear that the subject facility will have criteria pollutant
emissions exceeding the 100 ton major stationary source threshold.  Other units have
emission projections but the terms of the draft permit do not provide sufficient monitoring
measures to assure compliance with the emission limitations on an continual basis.  
Under these circumstances, the permit should not be issued because of failure to assure
compliance in conforming to major stationary source permitting requirements.

Notwithstanding the major stationary threshold issue, the individual process unit emission
characterizations constitute error in cases where we identify underestimation of expected
emissions.   

4 A Submittal by Liberty Renewable Fuels to Air Quality Modelers at MDEQ-
AQD Shows the Company is Actually Planning an Ultimate Facility that
Would be Twice as Large as the Present Permit is Ostensibly Authorizing,
Thus Rendering as a Sham the Presently Proposed and So-Called “Minor
Source” Permit 

Attachment #18 is a drawing provided to MDEQ-AQD air modelers in late October, 2006
with annotations by Commenters showing a site plan footprint for process equipment to
be established at the Liberty Renewable Fuels site.  In addition to the process equipment
to be authorized in the present permit proceeding, the drawing shows the location of
additional process equipment at the site that would double the authorized capacity.   The
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drawing has been modified to provide annotations showing the future process equipment
not authorized in the present permit proceeding.   

The drawing indicates that 9 additional fermentation tanks, 3 additional large product
tanks, 3 additional intermediate product tanks, 6 additional grain bins, 4 additional
cooling towers and 2 groups of additional process equipment are planned according to
this drawing.

To the best of our knowledge, no disclosure or discussion of these plans and their
potential impact have been shared or announced to the community or to local officials.

However, the drawing does indicate that Liberty Renewable Fuels is planning an ultimate
facility that will be in the 200-240 million gallon per year range for production and will
undisputably be a major stationary source of pollution.

The process of applying for an obtaining multiple minor source air pollution permits in
order to construct the ultimate plan of having a major stationary source is called “sham
permitting” and it is an unlawful and actionable violation of the Prevention of Significant
Deterioration provisions of the Clean Air Act.

5 Applicant’s Recent Security and Exchange Commission Filings Indicating
that Ownership of Auburn Bean and Grain Company Will Pass to Liberty
Renewable Fuels as a Subsidiary and Support Facility Makes Process
Equipment at Those Grain Elevators Affected Emission Units of the
Combined Source of LRF Ithaca and Auburn Operations

Liberty Renewable Fuels recently filed documents with the U.S. Securities and Exchange
Commission indicating:

“In addition, we have executed a non-binding letter of intent to purchase Auburn
Bean & Grain Company, a Michigan grain processing company which has a
combined storage of 13 million bushels of grain at facilities located in Oakley,
Hemlock, Saginaw and Auburn, Michigan, in addition to agronomy facilities. If
the acquisition is consummated, we currently intend to operate Auburn as a
wholly-owned subsidiary of Liberty. If Liberty constructs the storage facilities in
Ithaca and consummates the acquisition of Auburn Bean & Grain, Liberty would
own a total of 17 million bushels of storage capacity, in addition to storage
provided by Cooperative Elevator and Brown Milling. Corn can be shipped by
short-line rail from all three licensed grain dealers to our ethanol plant in Ithaca.” 
(SEC Form S-1, p. 5)
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“We believe, although we do not know for certain, that our arrangements to
purchase Auburn may be subject to the right of first refusal which another entity
may have. However, irrespective of the owner of Auburn, we and Auburn agreed
to enter into a separate corn origination agreement with a term from July 1, 2008
through July 1, 2013 that requires Auburn to sell us all corn it originates at the
price Auburn pays for such corn in exchange for a handling and storage fee.
Unlike the remainder of the letter of intent, the obligation to enter into the corn
origination agreement is binding upon the parties and will commence upon any
sale of all of the shares of capital stock of Auburn that occurs within twelve
months of the date of the letter of intent. If such sale never occurs then the
agreement to enter into the corn origination agreement will be void.”  (SEC Form
S-1, p. 85)

The Ithaca facility and the Auburn Bean and Grain facilities are connected by rail lines
and it is expected that rail shipments will transport corn from the Auburn facility to the
Ithaca facility under any circumstance, either in a subsidiary ownership relationship or in
a binding 100% support facility relationship.   To the best of Commenters’ knowledge,
Auburn Bean and Grain facilities operate grain elevator process equipment in their
respective locations.   Under longstanding EPA interpretations of the definition of a
“source,” the Auburn Bean and Grain facility process equipment must be considered
aggregated with the planned Ithaca operations of Liberty Renewable Fuels since the
Auburn facilities are support facilities to the planned Ithaca ethanol plant and are
physically connected by a physical rail link.  

The Auburn process units, as aggregated to the planned LRF Ithaca process equipment
and source, are affected emission units.  Increases in emissions associated with increases
in planned throughputs through the Auburn process equipment must be considered
together with the planned new emissions from process equipment at the Ithaca site.  Such
analysis has not been carried out by the Applicant nor by MDEQ-AQD and such failure
represents an error of considerable significance.

6 Because Applicant’s Facility as Proposed is actually a Major Stationary
Source Without the Required Prevention of Significant Deterioration Permit,
Liberty Renewable Fuels Must Not Commence Construction of the Planned
Facility

The Liberty Renewable Fuels facility as proposed to MDEQ-AQD is a major stationary
source of one or more criteria air pollutants.   As such, any commencement of
construction of the facility, such as the setting of forms, pouring of concrete and
establishment of site utilities, constitutes a violation of the Clean Air Act provisions at 42
U.S.C. §7475(a) and Michigan’s State Implementation Plan under the Act.  
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Any such commencement of construction by Liberty Renewable Fuels of the planned
major stationary source facility constitutes a serious violation of the Clean Air Act and
may subject Liberty Renewable Fuels to civil and criminal penalties under the Act.   Any
person may commence an action to enforce the Prevention of Significant Deterioration
pre-construction review requirements under Section 304 of the Clean Air Act.

7 Comments Addressing Plant Wide Permit Conditions, Overall
Monitoring/Testing Conditions and/or Deficiencies Noted in Two or More
Process Units

7.1 The Draft Permit Fails to Establish a Clear, Federally Enforceable
Compliance Requirement with 40 C.F.R. Part 60, Subpart A in Draft Permit
Provisions for all NSPS-Affected Units

The Draft Permit contains no omnibus provision mandating compliance with 40 C.F.R.
Part 60, Subpart A provisions which are the preamble provisions for all federal New
Source Performance Standards.   If each NSPS-affected emission unit had a clear mandate
for compliance with all Subpart A requirements, it would make an omnibus provision
unnecessary.  However, only Condition 12.4 of the Draft Permit is an acceptable
statement of mandatory compliance with Subpart A only for the FG-RTO flexible group.

The Draft Permit must be amended to incorporate a provision like Condition 12.4 in
permit section for NSPS-affected emission units and equipment.   While Subpart A might
be mentioned in a testing section or put in a citation in other NSPS-affected emission unit
sections of the Draft Permit, such references and provisions do not establish a clear, 
federally enforceable requirement contained in the permit for compliance with all
provisions of Subpart A, many of which go beyond mere testing requirements.

7.2 The Draft Permit Fails to Show the Two Flares at the Site as Emission Units
in Addition to Being Control Units, Fails to Establish Emission Limitations
for the Flares and Fails to Establish Clear Compliance Requirements for the
Design, Testing and Operation of the Flare Emission and Control Units

The product loading rack flare and the biomethanator flare are sources of emissions and
are processes in and of their own operations.  As a result, they should be considered as
emission units.  Moreover, as emission units, they must be subject to emission limitations
commensurate with any emissions characterization in the potential to emit
characterization.   
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An emission source and emission unit that is not subject to emission limitation can be
operated and can have elevated emissions that were never considered in any potential to
emit analysis or in compilations that show the potential to emit for the entire source.  
There is no way to enforce facility-wide emission limitations contained in the permit
unless such emissions can be separately broken into emission unit portions for
compliance purposes with each emission unit being subjected to its own compliance test
for that portion of the facility-wide potential to emit for which that particular emission
unit is responsible.   Failure to list clear and distinguishable process units like flares as
emission units subject to individual emission limitations invites a failure to account for
such flare emissions, either individually or in total when evaluating facility-wide
compliance.

7.2.1 There is No Basis in the Application for Applicant’s Claims of Flare
Performance

There is nothing in Applicant’s submittal which justifies in any manner Applicant’s
claims of 98% control, “smokeless” design and negligible PM/PM-10 emissions.   There
are no drawings, specifications, design information, vendor guarantees, testing
requirements, performance tests, verification, etc.

7.2.2 The Application and Draft Permit Must be Amended to Incorporate
Compliance Assurance Measures on the Performance of the Product Loading
Rack and Biomethanator Flares

Applicant’s submittal should be considered incomplete unless and until Applicant submits
more detailed information about the flare and flare feedgas system.  For example, there is
no information on expected tip velocity, any assist flow features for the flare such as
steam assist, the presence or absence of vacuum assist in flare gas collection systems, the
nature of flare flame monitoring, etc.    All of these information elements are salient
features of expected flare performance and no assumptions about flare performance can
be made in the absence of such information elements.

The Draft Permit should be amended to require that the Applicant demonstrate and assure
compliance with 40 C.F.R. §60.18 flare control provisions.    

The Draft Permit should establish quarterly exception reporting requirements on loss of
flame detection capability, loss of flame during product loading at the loading rack flare
and to prohibit the loading of product any time that the flare system is not properly
operating.
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The Draft Permit should be amended to prohibit product loading at times when wind
velocities create cross-wind conditions that would cause expected hydrocarbon
combustion efficiencies to be less than 98%.   Attachment #13 is a paper published in
JAWMA which contains a table relating estimated combustion efficiencies of flares to tip
velocity and crosswinds.   Since Applicant submitted no information on the expected flare
design there is no information on tip velocities to evaluate potential VOC destruction. 
However, as a starting point, we suggest that the Draft Permit be amended to prohibit
product loading operations when sustained wind speeds exceed 15 mph and that the
facility be required to install an anemometer and to record wind speeds, the time and date 
before commencing such product loading activities. 

7.3 The Testing Provisions in the Draft Permit of Each Emission Unit and
Flexible Group Subject to a Compliance Stack Testing Requirement Should
Require Testing Be Carried Out During Process Operations Reflecting the
Maximum Process Operational Rates and Maximum Expected Emissions

The testing provisions of Draft Permit concerning compliance stack tests for each 
respective emission unit and flexible group do not contain a requirement that compliance
tests be conducted at the maximum process and/or production rate of the equipment being
tested.  Such a provision should be inserted in each emission units’ testing provisions.

The fermentation scrubber discharge compliance test emission point is particularly
problematic in assuring that a testing operation is carried out during the maximum process
gas generation rate.   For the testing provisions in the EU-FERMENTATION sections of
the draft permit, the Draft Permit should be amended to put LRF under an obligation to
demonstrate through process gas flow inlet rates and process staging related to the
fermentation stage of each of the 7 fermentation tanks that the inlet gas flow reflects a
maximum process rate at the inlet of the fermentation scrubber.   This situation is
problematic because of the conflicted relationship between three stack test emission
measurement periods and the staging of the batch fermentation process involving the 7
fermenting tanks.   The fermentation process in any given tank will have variable gas
generation rates depending on the time series of the stage of fermentation.   All such time
relationship must be identified by both permit requirement and required stack testing
protocol and supported by scrubber inlet gas measurement in order to properly assess the
emission/production rate relationships.

7.4 MDEQ-AQD Must Ensure Condensible Particulate Matter is Considered for
Their Contribution to Total Facility PM and PM-10 Emissions;   Condensible
Particulate Matter Must be Monitored and Reported in All PM/PM-10
Compliance Stack Tests Carried Out Pursuant to Any Issued Permit
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MDEQ-AQD must consider condensible particulate matter in all PM/PM-10 potential to
emit calculations.   MDEQ-AQD should amend the Draft Permit to specify that 
condensible particulate matter monitored and reported in all compliance stack tests
conducted at facility emission units, including grain receiving and handling, thermal
oxidizer exhaust, grain cooler exhaust and any other compliance test conducted.   All
emission units and flexible groups receiving PM/PM-10 compliance stack tests should
have testing section amended to specifically require that all EPA Method 5
determinations report both front half and back half PM collection and that emission
limitation compliance be judged on the basis of the total of both front half and back half
results for PM compliance.   Alternatively for PM-10 compliance, test methods should be
indicated in the permit ensuring that both EPA Method 201/201A and 202 are used and
that the sum of the two methods is the basis for PM-10 emission limitation compliance.  

Federal regulations at 40 C.F.R.§52.21(b)(1)(i)(a) establish the 100 ton threshold for
major stationary source applicability for “regulated NSR pollutant(s)” that apply to the
“chemical process plants,” a category including Applicant’s proposed facility.

Regulations at 40 C.F.R. §52.21(b)(50) define “regulated NSR pollutant” in the following
manner:

“(50) Regulated NSR pollutant, for purposes of this section, means the following: 

(i) Any pollutant for which a national ambient air quality standard has been
promulgated and any constituents or precursors for such pollutants
identified by the Administrator (e.g., volatile organic compounds are
precursors for ozone);

(ii) Any pollutant that is subject to any standard promulgated under section
111 of the Act; 

(iii) Any Class I or II substance subject to a standard promulgated under or
established by title VI of the Act; or 

(iv) Any pollutant that otherwise is subject to regulation under the Act;
except that any or all hazardous air pollutants either listed in section 112 of
the Act or added to the list pursuant to section 112(b)(2) of the Act, which
have not been delisted pursuant to section 112(b)(3) of the Act, are not
regulated NSR pollutants unless the listed hazardous air pollutant is also
regulated as a constituent or precursor of a general pollutant listed under
section 108 of the Act.”    (40 C.F.R. §52.21(b)(50))
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It is undeniable that condensible particulate matter is a component of PM-10 which is
regulated by a National Ambient Air Quality Standard.  It is further undeniable that the
PSD regulation considers “particulate matter” (PM) emissions to be regulated without
regard to aerodynamic diameter and, as such, is constituted by the total mass rate of PM 
emissions from a source being evaluated as to whether it is a major source under 40
C.F.R.§52.21(b)(1)(i)(a).    MDEQ-AQD may not disregard condensible particulate
matter as contributing to total potential to emit for “particulate matter” emissions when
evaluating whether a source is, or is not, to be considered as a major stationary source.

7.5 The Draft Permit Contains No Provisions Ensuring that the Total Mass Rate
of Volatile Organic Compound Emissions is Measured for Emission
Limitations Compliance Purposes, for Evaluation of the VOC BACT
Stringency of VOC Emission Limitations and For Purposes of Determining
the Major Source Status of the Proposed Facility

7.5.1 MDEQ-AQD Must Not Place Sole Reliance on EPA Methods 25 and 25A for
VOC Emission Limitation Compliance Purposess by Liberty Renewable Fuels

EPA volatile organic compound emission test Methods 25 and 25A do not account for the
full mass rate of all volatile organic compound emissions in a manner that accounts for
the full molecular weight of VOC compounds emitted by ethanol production operations.  
EPA Method 25 (as carbon) and 25A (as propane) completely discount the effect on the
VOC mass emission rate of oxygenated compounds.   Most of the VOC compound
species emitted by ethanol production operations are oxygenates, including alcohols,
aldehydes, acids, ketones, glycerols, etc.

In the present version of the Draft Permit, test method sections for the fermentation
scrubber, the thermal oxidizer and the DDGS cooler emission units and flexible groups
either specify a VOC compliance test method as EPA Method 25A or specify that the
compliance method will be the subject of a later compliance test plan.   Neither of these
two approaches is a permissible method to address compliance stack tests for volatile
organic compound emission limitation compliance or permit limitation establishment.

Without a clearly delineated test method and means to determine compliance set forth in
the Draft Permit, it is impossible to have a context to understand the stringency of any
particular VOC emission limitation.   EPA Method 25 and 25A can be expected to yield
results which are less than 45% of the true value of the actual VOC mass emission rate
from ethanol production emission units.   As a result, sole reliance on reported results of
EPA Method 25 and 25A test methods will allow the facility to evade actual compliance
with VOC BACT requirements in Michigan’s State Implementation Plan and a verifiable
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compliance determination with major stationary source thresholds for volatile organic
compounds.

Without a clearly delineated compliance procedure, emission limitations for VOC in the
proposed permit are not practically enforceable.   

The Draft Permit should be amended to embrace EPA’s Midwest Scaling Protocol (See
Attachments #14 & #15) or to otherwise force the subject facility to ensure that its
compliance stack tests for volatile organic compounds reflects the full molecular weight
of all VOC species emitted.   One means to do this is to use EPA Methods 18 or 320.  
Care must be taken to ensure that any interferences and weakness in any test method used
in detecting certain categories of compounds, such as aldehydes, does not interfere with
accurate VOC determination.  EPA has also stated that the scalar of 2.2 may be applied to
EPA Method 25/25A determinations.  However, EPA notes in the protocol that FID
detectors used in Method 25A determination are hindered in their ability to detect
oxygenates even as propane, so care is required in test method selection.

7.5.2 Chemical Speciation Listing for EPA Method 18 Determinations Should be
Extended

EPA Method 18 or 320 determinations should include all of the following specific
speciated volatile organic compound emissions:

acetaldehyde, acetic acid, ethanol, formaldehyde, formic acid, 2-furaldehyde, 
methanol, butyric acid, glycerol, pyruvic acid, lactic acid, propionic acid, 
butanol, acrylamide, acrolein, isoamyl alcohol, ethyl acetate, succinic acid, 
butanediol, isoamyl acetate, acetone

Several of these compounds are well known yeast fermentation byproducts with higher
boiling points (100 -300 Deg C) that will be present in “syrup” that is evaporated product
from thin stillage and which is introduced to DGS dryers where such material is either
directly volatilized or subject to thermal decomposition and incomplete combustion.  

Acrolein, in particular, is a carcinogen which is a thermal breakdown product of glycerol,
a principle fermentation byproduct present in syrup.

7.6 The Draft Permit Does Not Have a Realistic, Practical Enforcement Method
for FG-FACILITY Emission Limitations
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Although the Draft Permit has facility-wide emission limitations, there is no practical
method provided in that section of the permit to actually enforce such facility-wide
limitations.   Any such compliance method would necessarily involve testing and
compliance evaluation determinations at individual emission units and flexible groups. 
However, many such sections in the draft permit are written without annual emission
limitations and without any limitations or compliance measures relating to fugitive
emission sources.   This is an unacceptable, not practically enforceable situation as it
relates to FG-FACILITY emission limitations.   

The Draft Permit must be rewritten to include annual emission limitations on all point and
fugitive emission sources in addition to the hourly limitations provided.  Each such
section must include a specific compliance determination method for annual emission
limitation compliance evaluation.   Each emission limitation, either short or long term,
must have an accompanying physical throughput or production rate limitation on the
potential to emit in order to ensure that there will be actual emission limitation
compliance.

7.7 Comments on Air Quality Modeling

In reviewing the air quality modeling done by the Applicant, the fence line receptors on
the east side of the process equipment appear to be placed considerably farther out from
the nearest process equipment than the fence line located on the Wilcox Professional
Services drawings.

8 Discussion of Permit Regulatory Sections and Emission Calculations by
Individual or Specific Plant Process Area

8.1 Grain Receiving, Handling, Milling, and Processing – FG-GRAIN Process
Units

8.1.1 Applicant’s Sukup Grain Dryer Unit Must Be Presumed to be Uncontrolled
in the Absence of Definitive Information on Screen House Enclosure

The Applicant’s PTI emission calculation for the grain dryer assumes a 73.5% control
efficiency for both PM and PM-10 based on a claim of holes in the dryer process unit
(See Attachment #7).  Holes that are the size claimed in the application cannot have any
air pollution control efficacy over suspended particles that are 30 microns or smaller.  

The claim is based on an Indiana Department of Environmental Management assessment
the control efficiency on a grain dryer at the Anderson Clymers Grain Elevator.  
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However, comparing the Sukup unit to the Anderson Clymers grain dryer is not
appropriate.

The grain dryer at the Anderson Clymers Grain Elevator is a Bericho dryer with screen
house enclosure (See Attachment #8 from IDEM permit for this facility).   The control
devices producing the claimed emission control efficiency at the Anderson Clymers Grain
Elevator is a screen house enclosure.   A typical Bericho unit with its screen house
enclosure is shown at Attachment #9.   The screen house is a substantial structure
enclosing the Bericho dryer process unit.   The typical Sukup unit operates without any
screenhouse.   The holes on the outside of the Sukup unit which are directly adjacent to
pollutant emission generating corn flow and are the means of discharge of process gas
from the Sukup dryer allow uncontrolled emissions to escape the process unit.   The holes
in the Sukup unit must not be confused with the screen house enclosure on the Bericho
unit.

Applicant cannot claim any emission control efficiency from a non-existent screen house
enclosure.   No such emission control technique is shown in Applicant’s submittal
showing a circular column dryer from Sukup.  This unit does not have a dryer screen
house enclosure.  The holes in the plate that are discussed are the holes in the plate that
directly abuts the corn flowing through the dryer.  Applicant should not be credited with
any emission control efficiency over the uncontrolled emission rate from the Sukup dryer
to be used.

As a result, Applicant’s grain dryer PM/PM-10 PTI emission is 18.72 tons/year for PM
and 4.86 tons/year for PM-10, with the Applicant underestimating emissions by 13.58
tons/year for PM and 3.39 tons/year for PM-10.   This increase PM emission will push
the entire facility over the major stationary source threshold for PM emissions.

Finally, even if Applicant had a screen house enclosure for the Sukup unit, it is not
appropriate to consider that the PM and the PM-10 control efficiency would be identical.  
A more probable assumption would be that PM-10 control efficiency of a screen house
enclosure would be nearly 0.0% because of the small particle size compared to screen
openings.   The purpose of such screen houses is to control very large particle emissions
that are not suspended particles (i.e. chaff and bees wings).

8.1.2 Applicant’s Submittal Contains No Details on Handling of Undried Corn

Applicant’s submittal is completely silent on the surge handling characteristics for
receiving undried corn grain.   Such grains cannot be co-mingled prior to drying with
dried corn that is received.   There is no information in the application on undried corn
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storage emission units and receiving capabilities, including the control of both fugitive
and point source emissions from management of undried corn.

8.1.3 Applicant’s Emission Calculation Assuming 95% Control on Grain Bin Vents
Cannot Be Supported on the Basis of the Contents of the Application
Submittal

The Applicant admits that grain bin vents are not included in the head house receiving or
hammermill emission control system and relegates bin vent emissions to be categorized as
grain handling fugitive emissions:

“3.  Assumes storage bin Vents not are [sic] included with the headhouse/internal
handling emissions.”  (See Attachment #10)

Bin vents should have been listed as point source rather than fugitive emissions since
such emissions occur from vents that can be enclosed or channeled at the top of grain
bins.   Other facilities include such bin vents in head house and grain receiving collection
systems, but apparently this facility does not on the basis of footnote 3 above.

An August 9, 2006 letter from William Roddy of ICM to Andrew Drury, MDEQ-AQD
permit engineer states:

“Grain bin vents are proposed and the new AP-42 emission factor for bin vents is
used (uncontrolled).”

However, the Applicant goes on to assume 95% control bin vent emissions over the
uncontrolled AP-42 emission estimate for both PM and PM-10.   Applicant provides no
basis at all for such bin vent emission control efficiency.   The Applicant shows no
control system or baghouse systems to control bin vents.    Fabric filter controls are the
only appropriate controls for such emissions and PTI emission estimates should reflect
outlet grain loading if, in fact, such bin vents are controlled by fabric filters.  However, in
the absence of listing the bin vents as definable point sources and the absence of any
control technique information on such bin vents, the appropriate assumption is to assume
such vents are uncontrolled.   

Under an uncontrolled bin vent presumption, Applicant’s 15.13 ton/year PM and 7.56
ton/year PM-10 emission characterization should be used instead of the controlled
emission figures provided.   The Applicant thus underestimates emissions from this
source by 14.37 tons/year for PM and 7.18 tons/year for PM-10.   Using the
uncontrolled PM emissions from the grain bin vents puts the entire facility over the
100 ton major stationary source threshold for PM.
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8.1.4 Applicant Failed to Consider and Incorporate Condensible Particulate
Emissions from Hammermill and Grain Handling Fabric Filter Discharge
Points

In a Method 5 and 202 test conducted at the Verasun Fort Dodge Iowa facility, a 110
MMGalEth/year facility, it was found that condensible particulate emissions constitute
the greater proportion of total particulate emissions from both the hammermill and grain
handling fabric filter discharge points.   See Attachment #5.   Method 202 condensible
PM emissions from the hammermill fabric filter were 0.069 lb/hr and were 0.132 lb/hr
from the grain handling fabric filter.   The combined condensible PM emissions from
these two sources generate a potential to emit of 0.88 tons of PM/year at the Verasun
facility.

Applicant’s PM/PM-10 emission characterizations are based on a fabric filter vendor
guarantee of 0.005 grains per standard cubic foot.   Such vendor guarantees do not and
cannot consider non-filterable PM emissions.   As such, all condensible PM emissions
should be considered on a potential to emit basis as above and beyond filterable only
vendor guarantees for grain loading from fabric filter controls.

8.1.5 The Permit Language Should be Amended to Preclude Straight Grain Truck
Unloading Operations and Outdoor Grain Management

The permit should be amended to specifically prohibit deliveries of grain to the facility
via ordinary straight grain trucks without gondola-bottom gate style unloading capability. 
All fugitive emission calculations for the facility assumed that all deliveries would be
made by rail road cars and trucks with bottom-style loading capability.   Emission factors
for grain unloading from straight trucks and dump vehicles are considerably higher and
were never considered in the facility emission characterization during air permitting.  
Any subsequent deliveries of grain by straight trucks and subsequent truck dumping
would push the facility over the 100 ton/year major stationary source threshold for
particulate so it is especially important to ensure that such grain deliveries do not take
place through prohibitions contained in the permit against such unloading.  

EPA AP-42 emission factors from grain receiving are shown in the table below:

AP-42 Grain Receiving Uncontrolled Emission Factors (lbs of emissions per ton received)

Emission Source PM Emission Factor PM-10 Emission Factor

Straight Truck (SCC 3-02-005-05) 0.18 0.059
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Hopper Truck (SCC 3-02-005-51) 0.035 0.0078

As can be seen from the table, the uncontrolled PM emission factor for straight truck
grain receiving is over 5 times higher, and the PM-10 uncontrolled factor is over 7.5
times higher, than corresponding uncontrolled emission factors for hopper truck
unloading.   These differences in uncontrolled emission rates must be considered by
MDEQ-AQD in reviewing the emission characterization of a facility contemplating
delivery of grain by straight trucks.

The Applicant’s controlled emission rate for hopper truck unloading assumes 95%
emission control efficiency for both PM and PM-10 on the basis of both choke flow
conditions and an aspirated receiving chamber.   These types of controls cannot be
provided using dumping of straight trucks and MDEQ-AQD must not allow applicant to
characterize the control efficiency of any straight truck unloading at such a 95% control
level.

If the facility intends to accept shipments by straight truck (for example, shipments
generated by area farmers owning such straight trucks), then the emission calculation
must be redone and a limit placed on the number of such vehicles per year that will
allowed for grain unloading at the facility.   At the very least, the Applicant must disclose
the expected split between deliveries between straight and hopper bottom trucks.   If the
subject facility is ever  intending to receive undried grain directly from area farmers, the
particular emissions estimation method used for grain receiving would be a significant
underestimate of actual emissions.  No permit should be granted without either a
prohibition on straight grain truck loading or a federally and practically  enforceable
physical limitation on the number of straight grain trucks that can be unloaded, including
recordkeeping and reporting requirements.

8.1.6 Failure to Provide Effective Unloading Grate Area and Physically
Apportioned Airflow Information Renders the Application Incomplete and It
Is Thus Impossible to Ensure Compliance with Fugitive Emission
Requirements

The Applicant failed to submit technical information on the design of the unloading
baghouse process fugitive emissions collection system and the unloading grate area
design, including the effective grate area for the grain truck and rail car major dump-pit
areas.   This incomplete facility characterization is unacceptable because it is impossible
to know if the design of these systems will ensure that fugitive emissions will be properly
collected.   Such details are necessary to know the face velocity of air at the dump pit in
order to determine whether the facility will be likely to achieve the stated levels of
fugitive PM emissions.
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Any future increase in the size of the flow to the baghouse to correct fugitive emission
problems  or failure of the fugitive emission collection system to properly function
threatens to push the overall plant emissions over the major stationary source threshold
for the potential to emit calculation on PM emissions.

The application indicates the unloading fabric filter system with gas flow rates of  48,000
SCFM, but this system serves more sources that just the unloading pit.   The General
Plant Process Flow Diagram for Plant Emissions indicates that this collection system
serves the following grain handling processes:

Corn unloading
Elevator leg to storage bins
Storage bin fill conveyor
Storage bin emptying conveyor
Elevator leg to corn day bin
Corn day bin vent

The application contains no information on the apportionment of fugitive emission gas
collection system flows to each of these processes and no information on baffles or other
system controls.  Without the effective grate area and information on gas collection
system flow apportionment in the design, there is no way to ensure that the design of the
system and the grate area facial velocities will provide the claimed 95% control efficiency
implicit in the grain receiving and handling fugitive emission calculations submitted by
the Applicant.

The applicant should be considered incomplete and non-approvable until these details of
system design are provided.

8.1.7 The Draft Permit Provides No Grain Handling Fugitive PM/PM-10 Emission
Limitations, Measures to Enforce Fugitive Emission Control Efficiency or
Fugitive Emission Control Workpractice Standards

Applicant’s emission characterization shows 4.06 tons/year of PM and 1.83 tons/year of
PM-10 for controlled fugitive emissions from grain handling operations.   The draft
permit fails to include emission limitations for such fugitive emissions.   

Although grain handling fugitives are subject to visible emission limitations and a vague
requirement to operate in a “satisfactory” manner, nothing in the draft permit ensures that
the assumed 95% fugitive emission control efficiency upon which the emission
characterization depends is actually achieved.   There are no effective operational and
work practice standards provided to assure compliance with 95% control efficiency and
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the target controlled fugitive emission characterization presented in the application.  
Reliance on opacity alone will not assure compliance with the required control efficiency.

The draft permit should be amended to include hourly and annual limitations on PM and
PM-10 for grain handling fugitive emissions.   In addition, the draft permit must be
amended to specify work practices that will enable the face velocity required to assure
95% control at the dump pit is achieved as well as requirement to maintain “choke flow”
conditions during grain receiving.  The draft permit must clarify that it is the
responsibility of the owner or operator to ensure that non-employee personnel who are
truck drivers or rail operators conform to the required work practices to control fugitive
emissions.

Finally, the Draft Permit should include a clear and unambiguous procedure for
determining both the hourly and annual emission rate for fugitive PM and PM-10
emissions from grain handling.

All of the measures in this subsection are necessary for inclusion in the Draft Permit in
order to provide practical enforceability of source-wide emission limitations for PM and
PM-10.

8.1.8 The Draft Permit Should be Amended to Include PM As Well As PM-10
Emission Limitations from Fabric Filter Discharge Points for FG-RECEIVE
and FG-MILL and Clarity on the Require Stack Testing Method

As published, the Draft Permit only contains PM-10 emission limitations on fabric filter
discharges from FG-RECEIVE and FG-MILL.   

There simply can be no practical enforceability of plant wide emission limitations on both
PM and PM-10 unless there is accountability and emission limitation compliance tracked
on an emission unit by emission unit basis.   Both PM and PM-10 emission limitation and
testing is needed.

Stack testing methods should be specified in the permit for all FG-GRAIN point source
emission points.   For PM emission limitation compliance, the Draft Permit should be
amended to require either EPA Method 5 with a specification to include back half
particulate catch in addition to filterables, or front half EPA Method 5 determination
together with EPA Method 202.   For PM-10 emission limitation compliance, the draft
permit should require both EPA Methods 201 and 202.   It is permissible for fabric filter
controlled emission sources to use PM Method 5 (with backhalf catch included) for PM-
10 compliance determination.
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8.1.9 Other Grain Handling Fugitive Emission Considerations

The permit should be amended to prohibit all outdoor storage or management piles of
grain for any reason, such as storage of off-specification grain, rejected grain or
blowdown of milled grain from upsets of the fermentation process.   

More specifically, the facility must address fugitive particulate emissions from storage,
loading operations and track-out from outdoor pads for conducting such operations
associated with wet DGS approaches.  Wet DGS must be considered as a sticky material.  
It cannot be assumed that the surface of wet DGS piles outdoors will stay dry under all
conditions and trackout of grains onto paved roads is certainly a potential source of
fugitive PM emissions from wet DGS loading and shipping operations conducted from an
outdoor wet pad.   Trackout may also occur if wet DGS loading takes place in an interior
loading operation for wet DGS.

The permit should require a truck tire washing station to control wet DGS trackout from
DGS loading and shipping operations.   

In addition, the permit should either require wet DGS loading and shipping to take place
under a roof or enclosure or Applicant should be required to consider potential volatile
organic compound emission consequences from stormwater runoff from outdoor wet
DGS pads.

8.1.10 The Draft Permit Contains No Measures to Assure Long Term Compliance
with Fabric Filter Emission Point Numerical Emission Limitations

The Draft Permit does not contain any work practices requirements and standards to
assure long term compliance with numerical emission limitations from fabric filter-
controlled emission points.   While pressure drop gages will show large scale failures of
filter bags in the fabric filter units, pressure drop monitoring alone will not ensure against
continued operation with fabric filter leaks, pinholes and other defects which may
interfere with PM/PM-10 numerical emission limitation compliance.

The Draft Permit should require either fabric filter leak detection or a requirement to
conduct a full scale stack compliance test annually.   

8.2 Fermentation Process Area

8.2.1 Applicant’s Multiple Emission Characterizations for the Fermentation
Scrubber Are Not Consistent
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Applicant’s multiple emission characterizations for the fermentation scrubber VOC
emissions are inconsistent and contradictory.

Applicant’s “BACT Determination” lists emissions as 909 lbs VOC per MMgpy and
indicates emissions will either meet 98% control efficiency or meet the 909 lbs VOC per
MMgpy limit (See page 5 of this document).

Applicant’s “Fermentation Scrubber Discussion” indicates a VOC emission rate of 826 lb
VOC per MMgpy and indicates this as a BACT emission rate (see Attachment #11).  
However, the same sheet indicates a series of inlet and outlet VOC concentrations as low
as 95% control.

Applicant’s most recent PTI emission calculation sheet submitted in September, 2006
shows a 800 lbs VOC per MMgpy emission factor and this results in a 48.40 ton/year
controlled PTI emission that was used in the PTI table.   This would be equivalent to a 11
lb/hour VOC emission rate.

The latter 11 lb per hour rate was incorporated into the Draft Permit, but this document
contains no emission limitation that is a percentage control efficiency requirement. 

8.2.2 Applicant’s Fermentation Scrubber Volatile Organic Compound BACT
Demonstration is Defective Because It Failed to Consider a Better Controlled
Unit

Attachment #16 is an ICM-submitted controlled VOC and HAP emission characterization
for the fermentation scrubber outlet of the Marquis Energy, LLC proposed facility in
Hennipin, IL.   This emission characterization for this emission unit was adopted into a
permit issued by the Illinois EPA in 2006.   The Marquis Energy fermentation scrubber
discharge features a “factor” of 698 lbs VOC/MMgpy for a controlled emission rate of
38.39 on a plant air permit application where the sponsor claims a capacity of 110
MMgal-ethanol/year.   This is more stringent control efficiency that was considered in the
Applicant’s VOC BACT submittal.

LRF as Applicant either knew, or should have known through their consultant ICM who
developed the Marquis Energy application, that a more efficient scrubber design existed
that should have been considered in the VOC BACT determination required under the
federally enforceable Michigan State Implementation Plan under the Clean Air Act.  The
BACT determination procedure required that more stringent methods of emission control
through alternate scrubber design must be considered in a BACT analysis.   Applicant’s
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analysis thus failed to comply with the BACT determination procedure and the BACT
demonstration must be disapproved on this basis.

8.2.3 Applicant’s Disclosures About Inlet and Outlet Fermentation Scrubber Gas
Conditions Indicates that the Facility Cannot Comply with its Mass Rate and
Percentage Control Emission Limitations

Applicant’s submittal provided certain fermentation scrubber inlet and outlet information
for process gas in the fermentation area.   Applicant’s information is not internally
consistent and emission calculations indicate the subject facility will not be able to
comply with its emission limitations under all likely operating scenarios.

Attachment #11 shows Applicant’s submittal of scrubber area gas parameters and a claim
of compliance with 826 lbs of VOC per MMgpy ethanol produced as BACT at 121
MMgallons/year and 8760 hours per year, this level of emission is equivalent to 11.4 lbs
per hour and 49.97 tons per year.   At these hourly and annual rates, the VOC emissions
from the fermentation scrubber would exceed the stated Draft Permit hourly limitation
and the annual PTI emission level considered in the Potential to Emit emission
characterization of 48.40 tons per year.

Given Applicant’s admissions about the upper and lower operating conditions of
fermentation scrubber gas characteristics and operation as well as nominal average flow
values for this process and control unit, Applicant will not be able to maintain compliance
with emission limitations of the permit.

Attachment #12 provides supporting calculations for the table below.   Mass rate
emissions were calculated based on Applicant’s fermentation gas inlet and outlet
characteristics, gas flows and percentage control claims.   The results of this effort are
shown in the table below:

Hourly VOC Mass Emission in Pounds/Hour for Outlet  (Bolded numbers exceed the 11.0 lb per
hour emission limit).

Stated Inlet /
Discharge VOC
PPMV (as propane)
under all stated
conditions

Implicit
Scrubber
VOC
Control
Efficiency

@ 6000 acfm
(minimum)

@ average 11000
acfm (from stack
characteristics
table)

@ 13000 acfm
(maximum)

As
propane

EPA
Scaled
= 2.2

As
propane

EPA
Scaled 
= 2.2

As
propane

EPA
Scaled 
= 2.2
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6000 inlet / 35 outlet 99.4% 1.4 3.2 2.6 5.8 3.1 6.8

14000 inlet / 35 outlet 99.7% 1.4 3.2 2.6 5.8 3.1 6.8

6000 inlet / 300 outlet 95.0% 12.3 27.1 22.6 49.6 26.7 58.6

14000 inlet / 300
outlet

97.9% 12.3 27.1 22.6 49.6 26.7 58.6

6000 inlet / 120 outlet 98.0% 4.92 10.8 9.02 19.8 10.7 23.5

14000 inlet / 280
outlet

98.0% 11.5 25.3 21.1 46.3 24.9 54.7

The table indicates that the Applicant will not be able to demonstrate compliance with the
11.0 lb/hr emission limitation under all inlet and outlet conditions identified by the
Applicant unless scrubber VOC control efficiency always exceeds 99%.   Even if
Applicant maintains 98% VOC control efficiency, they will not be able to maintain
compliance under all conditions identified in the Application.   The calculation also raises
serious questions about whether Applicant will ultimately be able to comply with the
claimed annual VOC PTI emission of 48.4 tons/year as well.

The Applicant has attempted to lull the MDEQ-AQD Permit Section into complacency
with performance assurances written in the form of, for example, 826 lbs of VOC per
million gallons of ethanol produced.   There is no basis for believing such claims of
performance have ever been actually demonstrated, simply based on single stack tests for
three one hour periods with parameter monitoring allegedly to demonstrate long term
compliance.   For a 121 MMgal/year plant, a million gallons of ethanol would be about 3
days of production for an averaging time.  Given Applicant’s admissions about a variable
uncontrolled process emission rate, this situation cries out for use of a continuous VOC
monitor to track compliance with emission limitations.

The table above demonstrates that the Applicant will not be able to maintain compliance
with an equivalent 11 lb VOC per hour emission limitation under several inlet and outlet
gas conditions clearly admitted by Applicant to occur during fermentation scrubber
operation.

8.2.4 As Written, the Compliance Stack Testing and Monitoring Provisions of the
Draft Permit Are Not Capable of Assuring Compliance by the Fermentation
Scrubber Exhaust With BACT-Appropriate Control Efficiencies and With
Stated Emission Limitations; As a Result, the Draft Permit Cannot Ensure
that the Subject Facility Remains Below the Major Stationary Source
Threshold
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 8.2.4.1 Failure to Specify the Applicable EPA Test Methods and VOC/HAP 
Emission and Compliance Protocols Means the Stringency and the
Meaning of the Emission Limitations Cannot be Determined

Ethanol fermentation processes emit a plethora of volatile organic compounds which are
oxygenated hydrocarbons.  However, EPA Methods 25/25A do not account for the full
contribution of the molecular weight of these oxygenates to the total mass rate of volatile
organic compounds.   The Applicant proposed to use EPA Method 25A to test the
fermentation scrubber exhaust for total hydrocarbons.   

Use of EPA Method 25A alone and unaltered is not an appropriate method of compliance
evaluation on the total VOC emissions from this emission unit since use of Method 25A
reports alone do not account for the molecular weight of oxygenated compounds typically
emitted from this process vent. 

The Draft Permit fails to name any VOC test method for compliance testing of this
emission unit and leaves all such determinations to a test plan submittal and approval
after the permit is granted.   This is not an acceptable approach to staging permit
compliance procedures.   In the absence of a known test method and compliance
determination procedure, it is impossible to evaluate the BACT stringency of the actual
11 lb/hr VOC emission limitation provided in the Draft Permit.   If this facility can use an
EPA Method 25A report as a sole measure to demonstrate compliance with the 11 lb/hr
VOC emission limitation, then it is virtually certain that the subject facility will
significantly exceed the 100 ton major stationary source threshold.   That threshold must
reflect the sum total of all emissions from all VOC species, such as oxygenates, and the
Method 25A test will always underestimate VOC emissions from an oxygenate-rich flue
gas.

The Draft Permit should be amended to require that any EPA Method 25/25A
determination of emissions conform to EPA’s Midwest Scaling Protocol (See Attachment
#14).   See also the Section 7.5 discussion of compliance approaches and the list of
speciated compounds which should be determined for analytical work.

8.2.4.2 The Draft Permit Fails to Limit the Potential to Emit from the EU-
Fermentation Emission Unit

The Draft Permit should be amended to specifically limit the potential to emit of the EU-
Fermentation process unit.   Merely limiting the amount of grain receiving at the facility
will not achieve such physical limitation because of grain surge storage capacity.   
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The Draft Permit should be amended to incorporate a hammermill feed rate limitation on
a daily and annual basis in order to physically limit the process rate of the fermentation
emissions and process unit through limitation on the daily and annual rate of corn fed to
the fermentation process   Alternatively, a daily and annual rate can be determined and
applied in the permit to limit the beer production rate on the same time basis in order to
physically limit the potential to emit from both fermentation emission units (limit on beer
production) and from the distillation emission units (limit on beer process input).
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8.2.5 Compliance Monitoring, Recordkeeping and Reporting Requirements are
Inadequate

Actual uncontrolled process generation of VOCs from the fermentation process depends
on the fermentation cycle in each tank, tank breathing losses, displacement vapors upon
tank filling and other factors.   Actual VOC emissions depend on surrogate parameters of
both the uncontrolled process generation of VOCs and the parameters of scrubber
operation.   As presently written, the Draft Permit cannot assure compliance with
emission limitations because of insufficient parameter monitoring that would be
necessary to ensure that scrubber and fermentation process operations are maintained
sufficiently within tolerances demonstrated during a stack test to show compliance.

The only parameter monitoring required in the permit is for liquid flow rate and sodium
bisulfite flow injection rate.

At the very least, the Draft Permit should require fermentation process input rates (from
the hammermill process rate) or beer generation output rate, rather than ethanol
production rate as it presently states (presumed as “production rate” in Conditions 1.7 and
1.8)   Gas solubility in scrubber liquids also depends on the liquid temperature and pH as
well and these parameters should be tracked as part of compliance parameter monitoring..

If the fermentation units are operated as batch operations, then recordkeeping must reflect
aspects of the fermentation cycle on each of the seven fermentation tanks.  That would
include the time of tank filling, tank temperatures, tank blowdown to the beer well, hourly
average grain fermentation rate, rate of input charge to the beer well on an hourly basis
and potentially other factors.   The rate of emissions would be functions of both these
factors and the control device parameters.    At this writing, nothing in the Draft Permit
indicates exactly how the fermentation scrubber emissions would be calculated from the
data required for monitoring and recordkeeping at times when a compliance test was not
being conducted.  Until there is a firm method for making usual and ordinary emission
determinations from this emission unit from control device and process parameters
presently listed in the draft and potentially supplemented, the permit should not issue.   If
emissions will instead be related solely to a function of control device parameters for the
scrubber and process throughput in the fermentation area, then this decision should be
committed to the record and sufficient monitoring, recordkeeping and reporting
provisions should be added to support both emission determination and means to assure
compliance with applicable emission limitations.   

All parameter monitoring exception periods should be featured in quarterly compliance
reports.   



Comments of LASER / Sierra Club / CCGC on a Proposed Air Permit  Page 29
to Install for Liberty Renewable Fuels, Ithaca, MI

29

The Draft Permit should also require that hammermill input to the fermentation process
cease in the event that fermentation scrubber efficacy is compromised because of loss of
scrubber liquids or bisulfite addition.  Such feed input to the fermentation process should
not re-commence until and unless stable fermentation scrubber operation has been re-
established.   

8.2.6 The Permit Should Be Amended to Incorporate a Continuous VOC Emissions
Monitor on the CO2 Scrubber Exhaust

Applicant’s admissions contain a number of factors appearing to mitigate against long
term assurances of maintaining compliance with emission limitations.   For example,
Applicant admits the following about this process area:

Applicant admits that scrubber water comes “directly from well” at temperatures
of 47 degF to 85degF.  There is no basis for believing that will be achieved in
practice without the ability to regulate scrubber water temperature.  In the present
case, Applicant’s submittal indicates that the scrubber water comes directly from
the well with no apparent indication of physical equipment or ability to
independently regulate the scrubber water temperature, notwithstanding the permit
conditions.   If the plant uses water chest storage, available scrubber water
temperature might not reflect cool well water temperatures.

Applicant has made no admission that it will use a programmable logic control
system for automatic controls on scrubber operation to address temperature, gas
concentration and flow process swings.

Applicant admits that potential scrubber water must be curtailed on the basis of
water balance, which is a consideration apart from maintaining the most optimum
scrubber VOC control efficiency.

The Applicant admits that the generation of process gas in the fermentation area is
widely variable.    However, Applicant hasn’t submitted enough information about
the time-related nature and characteristics of these process swings to ensure
sufficient process knowledge to design compliance accountability measures that
ensure stack testing will detect the worst case emissions.

All of these factors and admission should give MDEQ-AQD pause about the actual
emission characterization in this process area, particularly after review of Applicant’s
expected mass rate emissions based on Applicant’s own admissions about process gases
and their control.   
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In particular, MDEQ-AQD should question any assertion that emissions can be
characterized on the basis of performance indicators written in forms like “900 lb
VOC/MMgpy.”   Since the fermentation process is one step removed from the final
distillation process and efficiencies inherent in its evaluation, and since there is no
practical compliance emission test demonstration covering the time for production of one
million gallons of ethanol,  this type of performance indicator must be discounted as an
evaluator for overall emissions characterization.

Because of process and control device variability and because of the small margin of
compliance with VOC major stationary source applicability threshold, permit provisions
for the fermentation exhaust scrubber should incorporate a continuous VOC emissions
monitor which is clearly available technology and appropriate for this particular emission
unit.   In addition to the continuous VOC monitor, the Applicant should be required also
to install a continuous scrubber flue gas flow monitor for fully integrated flue gas
pollutant concentration and flow characterization.

8.2.7 The Draft Permit Should Be Amended to Incorporate Annual Volatile
Organic Compound Emission Limitations and a Limitation Requiring 99%
VOC Control Efficiency

The Draft Permit should be amended to incorporate an annual emission limitation no
larger than what Applicant depicted in their potential to emit characterization of 48.40
tons per year of total volatile organic compound mass rate emissions per year.  In
addition, the Draft Permit should be amended to incorporate a 99% control efficiency
requirement for the fermentation scrubber since the facility will not comply with its mass
rate emission limitations with a lesser efficiency rating, given Applicant’s admissions
about inlet gas concentrations and flows.

The Draft Permit should include mandatory compliance assurance measures to ensure that
LRF complies with both the annual mass rate limitation and with the 99% control
efficiency requirement.  Ideally this would be through use of a continuous VOC
emissions monitor, but if parameter monitoring is used, all process and control device 
parameter indications must be determined during a compliance stack test.  Such
parameters would include the maximum rate of process inlet gas flow as measured by a
required continuous gas volume monitoring instrument subject to recordkeeping
requirements under the permit.

Finally, in a circumstance where the Applicant portrayed its BACT analysis product as a
determination of an emission limitation that embraced control efficiency as an emission
limitation, then such a control efficiency limitation should be incorporated into the permit
to ensure that BACT as depicted by the Applicant is actually be achieved.
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8.2.8 PM Emissions from the Scrubber Exhaust

The fermentation scrubber features a spray and distributor at the top of the tower that are
underneath a mist eliminator.   However, Applicant submitted no calculation of PM/PM-
10 emissions from the fermentation scrubber.   Applicant should be required to submit
information on the drift loss features of the mist eliminator and the expected scrubber
water total dissolved solids content in order to allow determination of the expected
PM/PM-10 emission rate from this process equipment.   In Illinois, ethanol plant air
permits that are being submitted by ICM are presumed to have a 0.13 lb/hr and 0.58
ton/year PM/PM-10 emission rate from fermentation scrubbers.

8.3 Distillation Section

8.3.1 The Application is Incomplete Because No Information is Provided on
Potential Emissions from Molecular Sieve Regeneration Vacuum Operations

Molecular sieve technology traditionally features two parallel process trains, with one in
use for ethanol dehydration and the other in a regeneration cycle at any given time.   The
regeneration cycle features vacuum processing of the molecular sieve matrix to regenerate
it by removing water/weak ethanol solution by vacuum.   The vacuum apparatus and any
condenser and steam eductors used are likely to have some type of venting.   Note that the
condenser associated with molecular sieve regeneration will be different from the 200
proof condenser, which is used to process the outflowing ethanol vapor output of the
molecular sieves.

The process description in the application is incomplete in the absence of details showing
the disposition of process offgases from the molecular sieve regeneration cycle.

 monitoring devices to gain such information is clearly implied.  However, there are no
conditions that require such monitoring devices to be calibrated, to periodically checked
for accuracy and to conform to accurate measurement standards.

8.3.2 Gas Collection System Bypass  

The application is not complete because there is no information on the potential for
distillation area gas collection system bypass and releases, such as would occur through
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pressure operated relief valves and ruptured disks.    If the facility intends to characterize
fugitive emissions from pressure operated relief valves as zero through reliance on
ruptured disks, then the permit must make the use of ruptured disks an applicable,
federally enforceable requirement under the permit.   If the facility intends to construct its
facility with pressure operated relief valves, rupture disks, flow diversion valves or any
other kind of bypass release device in the distillation system gas collection train, these
devices should be listed and any emissions from them be subject to recordkeeping and
reporting requirements.    If these devices are incorporated in the design, reference to any
such emissions should be incorporated into the provisions of Condition 2.5.9(c).

In addition, pressure operated relief valves should be subject to Leak Detection and
Repair emission controls and such measures required in that section of the Draft Permit.

8.4 Thermal Oxidizer

8.4.1 Thermal Oxidizer Nitrogen Oxide Emission Factor

A recent test of the Verasun Fort Dodge, IA thermal oxidizer showed nearly 0.07
lbs/MMBTU as a NOX emission factor, which is higher than the 0.05 lb/MMBTU factor
cited as a manufacturer’s guarantee for the Liberty Renewable Fuels.   The thermal
oxidizer system at LRF features inlet NOX from the potential for nitrogen-containing
particulate in such dryer inlet as flows.   The Applicant should be required to demonstrate
achievement of 0.05 lbs/MMbtu under a variety of thermal oxidizer operational modes.

8.4.2 Applicant’s Carbon Monoxide Emission Factors Used in Draft Permit
Conditions for the Thermal Oxidizer System Are Not Supported by Claimed
Uncontrolled Emission Characterization, Assumed Control Factors and
Submitted Stack Tests; Compliance with the Carbon Monoxide Emission
Limitation is Unlikely and the Unaccounted Carbon Monoxide Potential to
Emit Will Make the Subject Facility a Major Stationary Source

Applicant’s claimed emission factors of 0.425 lb CO/ton DDGS was used to set an
emission limit of 19 pph and a claimed annual potential to emit of 83.42 tons of carbon
monoxide per year.   However, Applicant’s stack test submittals don’t support the 0.425
lb CO per ton DDGS factor.   

Applicant submitted a stack test at a South Dakota VeraSun plant which is a similarly
sized plant with a 40 ton/hour DDGS production capacity.   The three-test average for
carbon monoxide from that plant was 18.3 lbs/hour or 0.458 lbs CO per ton DDGS
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produced.   Applicant’s dryer is based on 392,568 tons/year DDGS or 4 4.8 tons
DDGS/hr. 
Applying the actual VeraSun emission factor to LRF shows and emission of CO of 20.52
tons per hour and 89.9 tons per year.    

Applicant has thus underestimated actual expected CO emissions by 6.5 tons per
year and the subject facility will be a major stationary source for Carbon Monoxide
given Applicant’s other admissions as to the potential to emit for the subject facility.  
LRF will also be unable to comply with its 19 lb/hr CO emission limitation at the
FG-RTO flexible group.

Applicant’s consultant, ICM, in mid-2006 prepared an air permit application for the 
Patriot Renewable Fuels in Western Illinois and the One Earth Energy facility in Gibson
City, IL, and portrayed the emissions factor for carbon monoxide as being 0.465 lbs/ton
with citations to the very same VeraSun stack test and the so-called “ICM Emission
Guide” which has neither been provided to Illinois Environmental Protection Agency, nor
MDEQ-AQD.  

The discussion above is also additional justification to require the facility to operate a
carbon monoxide continuous emission monitor in addition to the nitrogen oxides
continuous monitor.    

Assuming Applicant’s uncontrolled emission factor of 10 lbs/ton carbon monoxide, about
95.7% control efficiency for carbon monoxide would be required, but there is no
requirement that is an emission limitation to ensure that control efficiency is actually
achieved in practice and no continuing compliance measure to ensure that such
performance is achieved on a continuous basis.

8.4.3 Applicant’s VOC BACT Determination of 98% VOC Control Efficiency Isn’t
Reflected by Applicant’s Emission Characterization

The Applicant has concluded that 98% control is an appropriate BACT level of control
through their VOC BACT determination on the DDGS dryer emission.   However,
Applicant has calculated the VOC emissions from the RTO-controlled dryer with a factor
of 0.100 lb/ton DDGS for 19.63 tons per year of VOC and specified a 10 lbs VOC per ton
DDGS uncontrolled emission factor.   That would be equivalent to a 99% VOC control
efficiency.  

If a 99% VOC control efficiency is required to comply with this emission units share of
the total plant potential to emit, then an emission limitation requirement to demonstrate
99% VOC emissions control efficiency should be place into the Draft Permit, along with
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suitable compliance measures, parameter monitoring and possible continuous VOC
emissions monitoring requirements.

If no 99% VOC control efficiency emission limitation requirement is incorporated, then
the emission characterization of the permit should be regarded as overstating expected
controls and the emissions should be calculated on the basis of 98% control.   This would
mean VOC emissions from this FG-RTO would be 39.3 tons per year and not 19.63
tons per year, putting the subject facility over the VOC major stationary source
emissions threshold.

Commenters note that LRF’s technology provider recently used emission factors of 0.13
lbs VOC per ton of DDGS on both the Patriot Renewable Fuels and the One Earth Energy
facilities in air permit applications in Illinois.

8.4.4 Applicant Has Supported Its Assertions of Controlled Particulate Emissions
from the Thermal Oxidizer Controlled DDGS Dryers with Sufficient
Information for Evaluation

Applicant’s submittal must be regarded as incomplete as to the claimed controlled
emission factor of 0.110 lbs of PM-10 per ton of DDGS provided in Applicant’s
submittal.   None of the test information indicates any contribution of particulate matter in
the stack tests from condensible particulate matter.   Although Applicant claims its PM-10
emission factor includes condensibles, nothing about Applicant’s submittal is at all
persuasive as to the truth of that claim.

Commenters note that as recently as mid-2006, ICM was still claiming an emission factor
of 0.150 lbs PM-10 (including condensibles) per ton of DDGS production for the Patriot
Renewable Fuels and the One Earth Energy facilities in air permit applications in Illinois
on the basis of the same information submitted in the LRF application as was submitted in
the Illinois air permit proceedings.

8.4.5 The Permit Should be Amended to Incorporate Certain Natural Gas
Combustion and Wet Spent Grain Charging or DDGS Production Rate 
Limits

The permit presently provides an annual limit on the amount of natural gas burned at the
facility.  However, there is no corresponding short term limit on the amount of natural gas
allowed to be burned in order to physically limit the potential to emit in order to meet
short term emission limitations for nitrogen oxides from the thermal oxidizer and dryers.
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Finally, there is no annual or short term production rate limitation on the amount of wet
grains charged to the dryers or alternatively, on DDGS produced, in order to provide a
physical limitation on the potential to emit for the dryers.   A limit on natural gas
combustion will not alone limit production of uncontrolled emissions of VOC, PM and
CO from the dryer units.   All of the physical limitations on the potential to emit
mentioned in this section should be incorporated into the permit and adapted to the most
restrictive corresponding mass rate pollutant limits on both an hourly and annual basis.

Condition 2.5.5(a)(ii) is not written in the manner that limits the actual maximum heat
input rate to the thermal oxidizer and dryers.   The use of the word “capacity” renders
these provisions as design limits rather than operational limits on production rate/process
rate limitations.   The provisions need to be revised to limit the actual BTU heat input
rate, rather than just the “capacity.”   The physical operating limitations on either wet feed
in or DDGS out should be added in the same condition. 
8.4.6 Applicant’s Volatile Organic Compound, Carbon Monoxide and PM-10

Emission Factors are Poorly Supported and Internally Inconsistent

Applicant’s DDGS dryer VOC BACT demonstration features a 98% control factor as a
VOC BACT emission limitation.   Applicant shows a 10 lb/ton of DDGS produced
uncontrolled emission factor for the DDGS dryer.

8.4.7 The Draft Permit Contains No Physical Process, Production Rate or
Throughput Limitations on the Potential to Emit of the Two Regenerative
Thermal Oxidizers

Section 12 of the draft permit on the flexible group FG-RTO contains no physical
process, production rate or throughput limitations to limit the potential to emit of the two
regenerative thermal oxidizers and other associated emission units, including the 4 DGS
grain dryers and a portion of the grain cooler exhaust.

Without suitable physical limitations on the potential to emit from the FG-RTO flexible
group, there can be no assurances that the subject facility will maintain its potential to
emit below the claimed PTI calculations in the Application.

The Draft Permit should be amended to separately limit the natural gas combusted in the
each of the regenerative thermal oxidizers and in the dryer units on a rolling 12 month
average annual basis.   Separate natural gas combustion limits are needed in the oxidizers
and the dryers because of the possibility that the plant will operate at lower dryer
operational rates than would be the case for 100% DDGS operational modes.   In that
case, the oxidizers should not be able to claim the ability to burn natural gas that would
have otherwise been burned in the dryers.   
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Each regenerative thermal oxidizer should be limited to 1069 MMscf per year and each
dryer should be limited to 394 MMscf per year, both on a rolling 12 month basis.  The
Draft Permit should be amended to require separate gas meters at each natural gas
combustion emission unit, continuous data recovery and tracking on an hourly basis and a 
requirement to integrate rolling 24 hour average recordkeeping to track the heat input rate
of each combustion unit from the data output of the gas meters referenced in this
comment.   The Draft Permit must be amended to require continuous recordkeeping of the
amount of natural gas burned in each burner emission unit on an hourly basis in order to
make the physical gas combustion limits articulated in this subsection be federally
enforceable.

While the natural gas combustion limits as federally enforceable limitations on the
potential to emit will affect nitrogen oxide emissions, such limits alone in the flexible
group are insufficient to limit the potential to emit for carbon monoxide, volatile organic
compounds and particulate matter.    The Applicant admits that expected rates of carbon
monoxide, volatile organic compounds and PM-10 emissions depend on the magnitude of
the DDGS production rate.   As a result, the Draft Permit must be amended to incorporate
federally enforceable DDGS production rates of 392,586 ton per year on a rolling 12
month basis and a 44.8 ton per hour, both as maximum rates.    To make such limits
federally enforceable, the method of determination of the production rate for monitoring
purposes, the accuracy of such methods and suitable recordkeeping must be incorporated
into federally enforceable terms of the Draft Permit.

MDEQ cannot rely on the requirement to limit grain receipts and product shipped that are
imposed at other emission units to be sufficient to limit the potential to emit of the
thermal oxidizer.  In particular, long term deterioration of the heat recovery steam
generators may lead to higher gas heat input rates to maintain the same steam output in
the absence of federally enforceable physical limits on the amount of gas burned in each
burner in flexible group FG-RTO.

8.4.8 The Permit Should be Amended to Prohibit Fired Operation of the Dryer
Units During Times When Such Units Are Not Charged with Spent Distiller’s
Grains

The regulatory determination for the subject facility is that the combined heat input for
the two thermal oxidizers is below the 250 MMBtu/hr threshold of applicability of a
different New Source Performance Standard than NSPS Part Db.   The two thermal
oxidizer burners are each at 122 MMBTU/hr for a combined heat rating of 244
MMBtu/hr, which is just shy of the 250 MM BTU/hr threshold.  
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Although ICM obtained a regulatory interpretation saying that dryer units were not part of
the combined cycle system or cogeneration system, that regulatory interpretation
assumed:

“The purpose of the DDGS dryers is to produce marketable dried grains.  Although
the DDGS exhaust provides some heat input to the TO, the TO is the source
providing exhaust gas directly to the HRSG.  Furthermore, the combined cycle
system of the TO-HRSG can operate to produce the required steam for the plant
output without the heat input from the DDGS dryers.  Therefore, the EPA finds
that the DDGS dryers are separate sources and are not part of the TO-HRSG
combined cycle system.”1

At the present time, nothing in the permit prevents the Applicant from operating their
dryer units solely for heat input purposes to the Thermal Oxidizer/Heat Recovery Steam
Generator Unit without processing any spent grain.   In order to be consistent with the
EPA interpretation letter, the permit must be amended to include a provision that the
dryer units burners must be prohibited from operating on natural gas at times other than
dryer warmup operations when there is no wet spent grains being processed.   Operation
of the dryers in a manner so as to solely provide heat input to the TO/HRSG system
means they are being operated in a manner where there primary purpose is heat input for
steam generation rather than for drying wet spent grains.

8.4.9 Biomethanator Gas Use in the RTO Unit Must Be Considered in Review of
Physical Gas Combustion Limitations on Potential to Emit

Biomethanator gas is apparently used in the RTO and/or dryers for combustion, but the
draft permit fails to consider the BTU input from this gas in potential to emit limitation
for this process unit.   Such gas must also be considered in heat input calculations relating
to emission limitation compliance.   Biomethanator gas input volume should be
continuously measured and typical heat content per standard cubic foot determinations
should be made under requirements of needed amendments to the Draft Permit.
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8.4.10 The Draft Permit Contains No Annual Emission Limitations for
Criteria Pollutants, Particulate Matter and Hazardous Air Pollutants
from the FG-RTO Flexible Group

The Draft Permit doesn’t incorporate annual emission limitations for criteria pollutants,
particulate matter and hazardous air pollutants for the FG-RTO flexible group.   It simply
isn’t sufficient to declare facility wide annual emission limitations in flexible group FG-
FACILITY.   The act of demonstrating compliance with facility-wide annual emission
limitations must consist of demonstrating compliance with corresponding limitations at
each of the facilities flexible groups or grouped emission units.    The Applicant must be
placed under an obligation to show compliance at each such individual flexible group in
order for the entire facility-wide limits to be practically enforceable on an annual basis.   

The Applicant must be subjected to the responsibility to demonstrate compliance at each
grouped stack/flexible group configuration on an annual and on a short term basis.   Mere
compliance with short term limitations at each flexible group cannot ensure that the
facility will show itself as the alleged minor stationary source it claims itself to be.   Such
compliance demonstrations must also be made on a rolling 12 month average basis.   If
there is no applicable requirement to show emission unit/flexible group-specific annual
compliance, then there will be no way to practically enforce any such facility-wide
applicable requirements.

8.4.10.1 Testing, Monitoring and Compliance Assurance at the FG-RTO
Flexible Group Stack

8.4.10.2 Continuous Oxygen, Combustion Temperature and Flue Gas Flow
Monitoring Should All be Required by the Permit

The permit should be amended to require continuous flue gas oxygen concentration and
flue gas flow monitoring under suitable EPA methods and performance specifications.     
Flue gas flow and oxygen monitoring are required for determination of proper
combustion conditions, residence time and the ability to use continuous emission
monitoring information for compliance with short term time unit of mass rate emission
limitations.   

Each monitoring requirement for such a continuous parameter monitor, such as
combustion temperature monitoring, should include numerical tolerances on the accuracy
of such measuring devices, requirements for testing to verify accuracy and the
specification of required standards according to known and recognized methods (such as
from ASTM) for quality assurance/quality control testing.   None of these provisions
should simply rely on a vague indication of ‘manufacturer’s recommendations.’   
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Reliance on “manufacturer’s recommendations” is too vague to be enforceable in
practice.   

Continuous monitoring of oxygen at the exit of the thermal oxidizer units is necessary in
order to ensure that products of incomplete combustion will not be present under
circumstances where the oxidizer might be subjected to excessive inlet VOC
concentrations.  Combustion monitoring traditionally embraces both temperature and
oxygen monitoring to ensure good combustion conditions and such practices should be
imposed by federally enforceable permit condition on the Applicant (along with accuracy
requirements for continuous oxygen monitoring according to EPA performance
specifications).

The draft permit should be amended to define a temperature excursion of 50 degF below
what was demonstrated in the last VOC emissions test to show compliant operation to be
defined as a process malfunction and failure to maintain proper compliance with allowed
operations.

8.4.10.3 The Draft Permit Should be Amended to Disallow F-Factor Methods
for Determinations and Relationships Concerning Flue Gas Flow and
Heat Input Rates

Condition 12.17(g) provides that the owner/operator shall determine F-factors for use in
calculations for monitoring and compliance purposes.   Commenters urge instead that F-
factor approaches to such calculations and compliance/emission demonstrations be
completely rejected, and that LRF be required to install stack flow and oxygen monitoring
as discussed in the prior section and to use continuous gas meter rate information for
determinations of heat input rates from natural gas combustion, all recorded on an hourly
average basis.

Usage of F-factors for emission and heat input calculations are appropriate for simple
situations where fuels and flue gas flows can be well characterized in simple and direct
relationships between combustion equipment and stacks.   The present situation with
flexible group FG-RTO is not one of those situations.

FG-RTO features regenerative thermal oxidizers in both a control device and an emission
unit configuration.   Process flue gas train flows to the RTOs come from several sources,
including fuel combustion units with the dryers, an apparently unmonitored volumetric
proportion of the fabric filter controlled gas flow from the DDGS coolers and vent gas
system control from two distillation condensers and other fermentation process units.
The DDGS dryers will be subject to a complex potential set of operational conditions
involving full and partial drying of DDGS with significant differentials of flow.   Such
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dryer flows also carry significant BTU value from VOCs evaporated within the dryer
units that affect heat input to the RTOs.   Similarly, the distillation condensers will also
discharge VOCs and thus contribute heat input to the RTO.   Finally, the dryer units will
have varying CFMs consisting a water vapor.   In this circumstance it is completely
inappropriate to rely on an F-factor model to develop relationships between heat input
and flue gas flows through the regenerative thermal oxidizers.

Under the circumstances, all F-factor approaches to compliance determinations and
emission calculations for the FG-RTO flexible group should be disallowed and clear
monitoring requirements put in place that were articulated at the beginning of this
subsection.

8.4.10.4 The Draft Permit Must Not Allow Sole, Unfettered Reliance on the
Results of EPA Method 25A to Determine Compliance with Volatile
Organic Compound Emission Limitations

EPA Method 25A measures volatile organic compounds as propane equivalents and does
not measure the total mass emission rate summing all of the mass emission rates of each
volatile organic compound species.  Yet, the Draft Permit as published by MDEQ allows
an EPA Method 25A result to be solely relied upon to determine compliance with
emission limitations and the contribution of the FG-RTO flexible group to facility-wide
emissions.   The testing provision as written in the Draft Permit is completely
unacceptable.

EPA has explicitly disallowed the compliance testing approach relying exclusively on
Method 25A as provided in the Draft Permit to determine the applicability of new source
review requirements.  (See Attachment #15).   In addition, EPA’s midwest protocol (See
Attachment #14) explicitly cites problems with Method 25A flame ionization detectors
having problems detecting compounds containing oxygen (the predominate variety
discharged by dryers and distillation processes) and with flue gas with significant
moisture (such as from the dryers).

The Draft Permit must not be issued in its current form with its demonstrably inadequate
compliance stack testing provision for the FG-RTO flexible group emission.   See also
Section 7.5 for further discussions of compliance test issues covering multiple emission
units.
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8.4.10.5 The Permit Should be Rewritten with Provisions to Ensure that Any
Parameter Monitoring Done for Compliance Determination Have an
Associated Procedure and Criteria Used to Relate Compliance
Operation During a Stack Test to Parametric Conditions During Such
a Stack Test and Threshold Parametric Criteria to Ensure that
Compliance is Maintained on a Continuous Basis at Times Other Than
During a Stack Test

For Conditions that are established at a compliance stack test and are intended as future
compliance guideposts, there should be a clear system of IEPA subsequent approval.  
Compliance stack tests should be used to establish a range of operating parameters under
which the facility can be deemed to be in compliance with emission limitations through
subsequent continuous parameter monitoring.   The permit provisions to establish such
ranges of operating parameters to assure compliance must be written to ensure that a
source may not “cherry pick” conditions to comply with only a single emission limitation
at any one time.   The process of establishing an operating condition envelope for
compliance operation must reflect simultaneous compliance with all emission limitations
demonstrated with simultaneous and corresponding ranges of physical conditions during
the test.  For example, a range of combustion temperatures and flue gas oxygen
concentrations during test conditions must be shown to demonstrate simultaneous
compliance with all pollutant emission limitations during maximum production
rate/process rate operations.   

8.4.10.6 Continuous Emission Monitoring QA/QC Requirements for the
Thermal Oxidizer Flexible Group Emission Point

Both thermal oxidizer exhaust stacks should be subject to continuous nitrogen oxide and
carbon monoxide emission monitoring done under QA/QC protocols similar to those
found in 40 CFR Part 60, Subpart A and associated Appendixes.

Continuous emission monitoring for NOX and CO will ensure compliance with
requirements that this facility maintain its emissions below the major stationary source
threshold.  Given the extremely small margins below predicted major stationary source
thresholds admitted by the Applicant, such continuous monitoring is the only means by
which the source can ensure that it does not cross such thresholds.

Specifically, Condition 12.17 must be amended to add a requirement that QA/QC
programs on continuous emission monitoring devices, recordkeeping and quarterly
continuous monitoring reports determine, track and report any “out of control” periods
when continuous monitoring equipment is incapable of accurate emissions determination.
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8.4.10.7 The Draft Permit Should be Amended to Requirement Continuous
Carbon Monoxide Emission Monitoring

The regenerative thermal oxidizer is a control unit for the carbon monoxide emissions
associated with the DDGS dryers.  In addition, controlling NOX and carbon monoxide
are emission control goals at this flexible group because of potentially inverse
relationships according to process parameters.  Operations/adjustments to limit NOX
emissions may increase carbon monoxide emissions and operations/adjustments to control
carbon monoxide emissions may raise NOX emissions.   

Given the Applicant’s claims of such a small margin of carbon monoxide emissions under
the major stationary source threshold and the significant uncontrolled emissions of carbon
monoxide associated with dryer operation, the Draft Permit should be amended to require
installation and operation of a continuous carbon monoxide emission monitor with
associated QA/QC and quarterly reporting requirements.

8.4.11 The Application Fails to Discuss Dryer Cyclones and Boiler Soot
Blowing

Other plants designed and constructed by ICM feature cyclone controls immediately after
the dryer exhaust.   No such cyclones are shown in the plant process flow diagram.  The
Applicant should not be able to rely on PM stack testing results from other plants that do
feature pre-burner PM control in cyclones to remove larger particles.   Applicant’s
submittal to MDEQ is completely silent on whether cyclones will or will not be used.

If such cyclones are incorporated, their design should be evaluated to ensure effective
large particle control across the full range of dryer operational conditions.    This matter
also gives rise to plant maintenance and emission testing issues as well.   Dryer exhaust
particulate may exhibit “sticky” characteristics that may have the effect of sticking to the
interior of duct work and altering the flow characteristics in ductwork immediately
upstream and downstream of cyclones, and perhaps within cyclones as well.  Applicant
should be placed under a preventive maintenance program requirement to eliminate any
cyclone control efficiency deterioration from such cyclone operational problems if such
cyclones are incorporated into the final design of the plant. 

In addition, the Applicant should be placed under the obligation to test uncontrolled and
controlled PM emission rates under less than full dryer capacity operation to verify the
performance of cyclone PM controls under those conditions in addition to testing at
maximum process rates.
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Applicant’s submittal does feature two waste heat recovery boilers after the regenerative
thermal oxidizers.   No details have been provided on whether these boilers feature
automatic soot blowers or not.

8.4.12 Applicant Failed to Consider Certain Uncontrolled Process Flows to
the FG-RTO in Hazardous Air Pollutant and Volatile Organic
Compound Calculations

Applicant failed to consider the volatile organic compounds and hazardous air pollutants
in flow to the regenerative thermal oxidizer from the 190 and 200 proof condensers and
from the portion of the DDGS cooler fabric filter flow used for combustion air.   The
VOC and HAP calculations for the FG-RTO were exclusively considered on the basis of
rollback of the DDGS dryer emissions by 99%.   Applicant did not account for the flows
mentioned in the section in rollback calculations.

8.5 DDGS Cooler

8.5.1 Applicant Failed to Conduct a VOC BACT Analysis for the DDGS Cooler

While Commenters don’t disagree that a portion of the DDGS fabric filter flow is being
directed to the thermal oxidizer for control and that is a BACT-like control for that
portion of the DDGS cooler process gas, that still leaves the 13,000 scfm of uncontrolled
(for VOC) fabric filter exhaust which is discharged directly to the atmosphere.   No VOC
BACT analysis was done for that uncontrolled VOC emission and such an analysis is
required.   Applicant could have controlled such a flow with a wet scrubber or a bio-filter
and consideration of these control methods is required by the Approved Michigan State
Implementation Plan.

In addition to failing to conduct the required VOC BACT determination, MDEQ-AQD’s
approach to allowing variable process gas flows from this emission source is not
compatible with a pre-application review of BACT since the flow rate will change after
such pre-application review.

8.5.2 Condition 2.2 is an Unacceptable Potential Off-Ramp to Requirements to
Show that the Facility Will Remain a Minor Hazardous Air Pollutant Source

Condition 2.2 in concert with other conditions will allow testing for only two hazardous
air pollutants before proceeding to a decision to determine a final gas flow limit for this
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source.   That is not acceptable given the wide process latitude of the dryers that may
affect emissions from this process unit.   For example, if the facility produces only
modified wet DGS, more VOC materials may be entering the grain cooler for purposes of
testing.   It cannot be assumed that testing only related to full 100% DDGS operation will
always maximize DDGS cooler emissions.  The opposite may occur and without
comprehensive testing for all potential HAPS, MDEQ-AQD and the Applicant will never
find the truth about such emissions.

8.5.3 Condition 2.2 Violates Clean Air Act State Implementation Plan
Requirements Under 42 U.S.C. §7410(j)

The Liberty Renewable Fuels permit is part of the Michigan State Implementation Plan
upon issuance.   Clean Air Act provisions at 42 U.S.C. §7410(j) for State Implementation
Plan requirements require permits under Michigan’s SIP employ a.... 

“......technological system of continuous emission reduction which is to be used
will enable such source to comply with the standards of performance which are to
apply to such sources and that the construction or modification and operation of
such source will be in compliance with all other requirements of this chapter.”  (42
U.S.C. §7410(j))

Under Condition 2.2, Liberty Renewable Fuels would be allowed to vary the process gas
volumetric flow after commencement of operations in order to arrive at a flow rate that
achieves compliance with the subject emission limitation.   Such a system is a post hoc,
post-permitting process that is not a “technological system of continuous emission
reduction” which is required by referenced language in the Clean Air Act.   New source
review programs, including the review of this so-called “minor source,” must be a pre-
construction review program which sets emission limitations and permit terms and
conditions that will ensure compliance with the Act.   Condition 2.2, in addition to
allowing a system which is not a continuous emission reduction system, violates the
requirement to ensure that sources are subject to pre-construction review and that final
compliance is assured before a permit may be granted.

8.5.4 Applicant Understates Total PM/PM-10 Emissions from the DDGS Cooler
Fabric Filter Discharge to the Atmosphere

The atmospheric discharge portion of the DDGS Cooler fabric filter flow is considered to
have 0.005 grains per SCF of filterable particulate matter.  However, condensible PM will
be discharged by the DDGS Cooler.  Attachment #6 shows results from the Fort Dodge,
IA plant showing a majority of the PM discharge from the grain cooler fabric filter is
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condensible particulate matter.  Since the 0.005 grains/SCF is a vendor guarantee on
filterable-only PM, any condensible PM must be considered as adding on to the 0.005
grains/SCF for filterable-only PM.   Applicant’s emission calculation did not consider the
full potential to emit of this emission unit.

  
8.6 Cooling Tower Process Unit

8.6.1 Applicant’s Calculation of the Cooling Tower PM/PM-10 Potential to Emit
Underestimated PTE Emissions from the Equipment as Shown in the
Application

The Applicant submitted and emission calculation showing PM and PM-10 emissions at
13.70 tons/year on the basis of 3,000,000 gallons/hour circulation rate, 2500 ppm total
dissolved solids and a drift loss factor of 0.005%.

However, Applicant’s emission calculation doesn’t account for the cooling tower system
equipment shown in ICM Piping & Instrument Diagram - Steam & Cooling Water
Section – Cooling Tower.   This drawing shows four 14,500 gallon per minute cooling
tower circulation pumps for a design basis total of 3,480,000 gallons per hour of
circulation water.   As a result, assuming all other factors used in the emission calculation
submitted by Applicant, the design basis maximum potential to emit emissions from the
cooling tower process unit would be 15.9 tons/year or 2.2 tons per year more than what
Applicant has depicted in the PTI emission calculation.

8.6.2 The Draft Permit Fails to Include Federally Enforceable Emission
Limitations and Physical Limitations to Restrict the Potential to Emit of this
Process Unit; the Draft Permit Must be Amended to Incorporate Such
Provisions

The draft permit cooling tower language applicable to EU-COOLINGTWR contains no
federally enforceable emission limitations and physical limitations to restrict the potential
to emit for this process unit.   This failure is seriously problematic.

In the prior section we already note that Applicant underestimated particulate potential to
emit from this process unit by failing to account for the maximum design capacity of
cooling water recirculation through this process unit.   The only federally enforceable
limitation provided by Condition 6.1 of the permit is a vague work practice requirement
that the unit be operated in a “satisfactory manner.”    This work practice requirement
isn’t sufficient to restrict the potential to emit of the unit or to ensure that emissions will
not exceed the level of PM emission depicted in the Application.  
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 Finally, there can be no reliance on the air quality impact study as to short and long term
PM-10 increments without federally enforceable potential to emit emission limitations for
both annual and hourly averaging times.

The draft permit conditions for EU-COOLINGTWR should be amended to include all of
the following conditions:

A PM/PM-10 emission limitation of 13.70 tons/year and 3.13 lbs/hr.

Federally enforceable physical limitations on the EU-COOLINGTWR potential to
emit restricting the maximum cooling water total dissolved solids content to 2500
ppm and the maximum cooling water circulation rate to 3,000,000 gallons/hr.

A requirement that no contact process water or other wastewater be permitted to
co-mingle with site cooling water.

A requirement to test the cooling tower for drift elimination efficiency within 180
days of the commencement of operations and to require the Applicant to submit
vendor guarantees and other design information to justify the claimed 0.005% drift
elimination factor.

A requirement to test the total dissolved solid content of cooling water at least
once every month, a requirement to maintain records of such testing and a
requirement to submit quarterly environmental exception reports showing either
compliance as shown by the monthly tests or indications of non-compliance with
the 2500 ppm total dissolved solids limit.

A requirement to keep records on the average hourly cooling tower recirculation
rate and to submit quarterly environmental exception reports showing either
compliance with the 3,000,000 gallon per hour limit or indications of non-
compliance with such limit.

The permit should be amended to require quarterly measurements of the ethyl
alcohol content of cooling water measured at a point directly process-downstream
of the 190 and 200 proof condensers at least quarterly to ensure that no breach of
the condenser heat exchangers has occurred through corrosion or degradation
during the life of the plant.
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8.6.3 The Applicant Should Have Considered Using Dry Cooling for All or Part of
the Facility Heat Dissipation Needs

Cooling tower evaporative and blowdown loss make-up are a significant portion of the
water use needs for the proposed facility.   The Applicant should have consider dry
cooling for all or a portion of heat dissipation needs at the subject facility in order to
reduce the amount of water demand for the facility and the amount of expected particulate
emissions.

8.7 Flares

8.7.1 VOC Emissions Estimate is Too Low

The Applicant took the AP-42 VOC emission factor for a flare of 0.14 lbs of TOC per
MMBTU and assumed that the methane and ethane content of the flare gas proportion of
63% could be deducted from the factor.  As a result, the Applicant rolled the emission
factor back to 37% of its total based on an assumption that only regulated VOCs would be
accounted for in the flare combustion.  Applicant thus used 0.052 lb PM per MMBTU as
their emission factor for the flares..

This is a flawed and unsupportable approach producing an underestimate of expected
VOC emissions from the biomethanator flare.  The Applicant took full credit for what
EPA indicated in AP-42 was 8 volume percent emissions of ethane/ethylene, but ethylene
is a regulated VOC.   Further, ethane is not a likely product of incomplete combustion of
ethanol vapors because of the presence of oxygen and its position in the ethanol molecule.

Applicant should be required to recalculate biomethanator flare emissions using the AP-
42 emission factor with no methane/ethane deductibles..   

8.7.2 Particulate Emissions

The Applicant showed zero biomethanator flare particulate emissions.   The Applicant
contractor, ICM, has accepted 0.44 lb/hr as a flare PM emission rate at several proposed
plant sites in Illinois.

Applicant did not account for condensible particulate matter emissions from “smokeless”
flares.  At the very least, the flares should be considered as emitting condensible
particulate matter at a rate equivalent to AP-42 natural gas combustion rates for
condensible PM emissions.
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Given the lack of detail on the design and operation of the flare system in Applicant’s
submittals, there is no basis for accepting or considering that the planned flare systems
will be “smokeless.”

8.8 Fugitive Road Dust Emissions Unit

8.8.1 Liberty Renewable Fuels/ICM Submitted Erroneous, Conflicting Information
in its Air Permit Application Involving Fugitive Road Dust Emission
Calculations

In October, 2006 Liberty Renewable Fuels submitted a site plan, including site road
network, for the subject facility as part of its further air quality modeling activities.  Two
site plan drawings provided to Commenters by MDEQ under the Freedom of Information
Act show Liberty Renewable Fuels will be constructing all of their main process
equipment of their proposed facility in the third southern-most tier of 40 acre subsections
of Township Section #5.

During the permit application process, Liberty Renewable Fuels submitted a permit
application and subsequent communications containing false statements.   One erroneous
statement made was contained in the potential to emit calculation for fugitive emissions
from site roads:

“Trip miles based on 0.5 miles in and 0.5 miles out.” (See paved roads fugitive
emissions potential to emit calculation)

The second erroneous statement was contained in an August 29, 2006 electronic mail  by
William Roddy (WilliamR@ICMINC.com) acting on behalf of Applicant, Liberty
Renewable Fuels,  to Andrew Drury, MDEQ-AQD Permit Engineer:

“Each truck trip is 0.5 miles full and 0.5 miles empty.  Also, the draft application
had 1.5 miles round trip (preliminary estimate) to be conservative, and I changed it
to 1.0 miles round trip in the spreadsheet to be more accurate.”

These statements cannot be reconciled with the submitted site plans and the site of the
main process equipment considered by MDEQ-AQD modelers and which was submitted
in October and November, 2006.  Liberty Renewable Fuels/ICM were under obligation to
correct the prior statements but they did not do so.

Review of the site plan shows, a grain truck trip is approximately 8860 feet and a product
tanker or denaturant tanker trip is 9800 feet.   These trip lengths were determined by
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measurement from the Wilcox Professional Services “Overall Site Plan” map on the basis
of 0.9 inch equals 600 feet in the reproduction available to Commenters. 

A subsequent site plan which showed a slightly different layout may enable all grain and
tanker truck traffic round trips to be about 8860 feet.

However, one does not even need to measure to know that the Liberty Renewable
Fuels/ICM assumption, “Trip miles based on 0.5 miles in and 0.5 miles out” is patently
false as it is transparently clear from even casual review of the site plans.   In order to get
from the plant site entrance at Washington Road to the extreme southwest corner of the
on-site road network, one must cross the south vector distance of the full breadth of three
40 acre sections within the general square mile that is Township Section 5.   It can easily
be seen that such a distance is at least 3/4 mile or 3960 feet, which is 1.5 times the
claimed half mile in or out for trip length.   

Applicant’s site road fugitive emission calculations indicating a one mile on-site round
trip length in the fugitive dust calculation for truck traffic is transparently false and
deceptive.   Michigan law provides that a permit application can be rejected on the basis
of the submittal of false information:

“In accordance with this part and rules promulgated under this part, the department
may, after notice and opportunity for public hearing, deny or revoke a permit
issued under this part if any of the following circumstances exist.....

(c) The person applying for the permit makes a false representation or provides
false information during the permit review process.”  MCL 324.5510(c)

At the very least, the Applicant was under an obligation to correct their error if a
December, 2006 decision with the submittal of the PDF to MDEQ AQD modelers
indicated that the road length had to be longer than what was considered at the time in
mid-2006.   The Applicant did not make such an error correction and the failure to do so
is clearly grounds for MDEQ to deny permit issuance to applicant under MCL
324.5510(c).

If there was a knowing submittal of a false material statement about roads and on-site trip
length, or a knowing failure to supply the correct information about roads and on-site trip
length, then Michigan law provides the following criminal penalty:

“A person who knowingly makes a false material statement, representation, or
certification in, or omits material information from, or knowingly alters, conceals,
or fails to file any notice, application, record, report, plan, or other document
required to be submitted pursuant to this part or a rule promulgated under this part,
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or who knowingly fails to notify or report information required to be submitted
under this part or a rule promulgated under this part, or who knowingly falsifies,
tampers with, renders inaccurate, or knowingly fails to install any monitoring
device or method required under this part or a rule promulgated under this part, is
guilty of a misdemeanor punishable by imprisonment for not more than 1 year and
a fine of not more than $10,000.00 per day, for each violation.”  MCL 324.5531(2)

Applicant’s submittal should have never seen any approval for publication as a draft
permit by MDEQ-AQD and as an alleged valid potential to emit calculation for PM and
PM-10 emissions from fugitive dust.   

8.8.2 Correction of Applicant’s False Fugitive Road PM Potential to Emit
Calculation Renders the Entire Permit Application Unapprovable as a Major
Stationary Source for Particulate Matter that Would be Permitted Without
the Required BACT and Air Quality Impact Review

If all grain truck and tanker truck round trips are 8860 ft at a minimum, annual site
vehicle miles traveled (VMT) will be 1.68 higher than the net VMT to which Applicant
admits as 77,322 miles per year, or a total of 129,900 miles per year.   Using Applicant’s
own admitted factors of 0.80 lb PM per VMT and 0.16 lb PM-10 per VMT (we dispute
these factors in subsequent subsections as being too low), respective emissions would be
52.0 tons of PM per year and 10.4 tons of PM-10 per year.   

Applicant thus understates annual PM potential to emit by over 21 tons per year and
annual PM-10 by over 4.3 tons per year.   Correction of the paved road fugitive dust
PM potential to emit calculation thus places total source particulate emissions,
together with Applicant’s admissions of all of the other emission unit’s PM
emissions, well over 100 tons per year, which is the major stationary source
threshold for the subject facility.

The draft permit contains a limit on truck traffic of 81422 VMT and this was determined
by MDEQ-AQD acting together with the Applicant with the presumption for both being
that round trip distance is 1.0 miles for trucks (see 8/21/2006 and 8/29/2006 emails).

Applicant’s 9/14/2006 potential to emit emission estimation sheet with attached paved
road emission calculation assumes that 100% of denaturant deliveries, 100% of grain
deliveries and 100% of DDGS shipping are all by truck.   These alone would be a total of
64910 trips for a VMT of 109048.   In other words, the Applicant would never be able to
operate its facility in the manner it has described in the paved roads emission calculation
and still comply with a limit of 81422 VMT per year.
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8.8.3 Applicant Has Underestimated Particulate Emissions from Site Roadways by
Using an Unrealistically Low Silt Loading Factor Not Supported by AP-42
Factors and Not Typical of Agricultural Commodity-Related Facility Roads
as Demonstrated by the Experience of Other Nearby States

8.8.3.1 Applicant’s 0.4 g/M2 Silt Loading Factor is Not Supported by the Text
of the Relevant AP-42 Standard

Applicant has proposed and IEPA has tentatively accepted use of a silt loading factor of
0.4 g/M2 in arriving at emissions estimates of 30.91 tons of PM per year.   Applicant’s
claim of an average factor of 0.4 g/M2 for silt loading on a non-public road and that this is
based on the relevant AP-42 factors is not correct.   Applicant’s road network is not a
public road network.   Applicant will operate industrial paved roads on the site.

Even if Applicant’s road network was a public road, the minimum factor cited as the
“ubiquitous baseline” for public roads with less than 500 average daily traffic (ADT)
volume is 0.6 g/M2.  Even this factor is subject to multipliers associated with winter road
treatments for anti-skidding.

Calculation of Applicant’s fugitive road dust emissions using a silt factor 0.6 g/M2 with
all other factors being the same (including Applicants permit PTE limit of 81442 would
yield expected particulate (PM) emissions of 36.6 tons per year.   This amount of
emissions would also put the entire facility over the major stationary source
emission threshold for particulate matter.

8.8.3.2 Applicant’s 0.4 g/M2 Silt Loading Factor is Not Supported by Actual
Industry Experience, Accepted Permitting Practices and the Common
Practices of Other Nearby State Jurisdictions

A review of actual industry data of silt loading factors and permitting practices of other
nearby states involving silt loading factors is reviewed in the table below:



Comments of LASER / Sierra Club / CCGC on a Proposed Air Permit  Page 52
to Install for Liberty Renewable Fuels, Ithaca, MI

52

Case Description of Cited Information Silt Loading
Factor Cited
(g/M2)

See
Attach-
ment  

MN-1 Measured silt factor at a cereal production facility – Malt-O-
Meal cited at air modeling training

0.5 1

MN-2 Measured silt factor in summer at ethanol plant – Chippewa
Valley- Benson  

0.6 1

MN-3 Measured silt factor in summer at ethanol plant – ADM
Marshall, Year 2001 (no cleaning)

0.76 to 2.93 1

MN-4 Measured silt factor in summer at ethanol plant – ADM
Marshall, Year 2003 (with cleaning)

0.7 to 0.72 1

MN-5 MPCA Policy - do extensive on-site testing/cleaning, or use
AP-42 industrial road values

7.4+ for
industrial roads

1

NE-6 Nebraska PSD permit for Archer Daniels Midland Company
- Columbus, NE

3.0 - 
uncontrolled
1.26 -
controlled
permit limit

2

NE-7 Nebraska PSD permit for Cargill, with actual silt loading
values tested by Cargill-MCP

0.92 3

IN-8 Indiana minor source permitting practice for Anderson
Clymer and ASA Linden, LLC, with factor taken from AP-
42 public road “ubiquitous baseline”

0.6 4

Actual test values at shown in the table indicate that a 0.4 g/M2 silt loading factor used for
emission characterization of the subject facility is too low to reflect loadings actually
achieved in practice by the selection of ethanol or agricultural commodity facilities.

In particular, where there has been a prevention of significant deterioration review of
fugitive emissions from roads and associated silt loading assumptions, the Applicant and
IEPA cannot maintain that the failure in the present case to require any kind of
verification or numerical certainty for road fugitive emission controls can achieve lower
silt loading than provided for such PSD facilities.

Given that a 0.6 g/M2 silt loading produces a particulate emission projection that causes
the entire facility to exceed the major stationary source threshold, all of the other loadings
in the table higher than 0.6 which would appropriately apply to Applicant would make
such an exceedance even larger.
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8.8.3.3 Nothing in the Draft Permit Requires a Determinant Amount of
Fugitive Road Dust Control That Can Be Assured of Achieving the
Claimed Low Particulate Emissions

The draft permit contains no measures which will ensure that the 0.4 g/M2 silt loading and
the associated limitation on emissions will actually be achieved.   There are no firm
requirements for periodic sweeping and cleaning that would allow such a level of silt
loading performance to be achieved.  Mere reliance on a future plan and completely
Applicant-discretionary measures which are not enforceable in practice cannot ensure
compliance with the claimed emission limitation.

At a minimum, any permit based on such a low level of silt loading should contain a
permit provision actually requiring this silt loading level to be achieved in practice,
together with monthly testing requirements, recordkeeping and reporting.  No such
measures are presently in the draft permit.

8.8.4 Condition 8.2 Provisions Should Require Improved Recordkeeping

Condition 8.2 should be amended to increase the specificity of recordkeeping by
requiring Applicant to record the type and purpose of truck traffic coming and going from
the subject facility in addition to the vehicle miles traveled.

8.8.5 MDEQ-AQD Must Not Remove Responsibility from the Applicant by Merely
Assuming that Rail Shipments Will Always Enable Applicant to Avoid Paved
Road Fugitive Emissions

While Applicant may have considerable ability to ship grain to the site via railroad from
its cooperating elevator partners, Applicant may find that shipments of product, DDGS
and WDG via railcar will be considerably more problematic.  Applicant has admitted in
their Securities and Exchange Commission filings that they presently have no contracts
for rail cars to ship product or DDGS.   

Rapid expansion of the ethanol production industry may cause short and long term
shortages of tank cars in dedicated ethanol product delivery service.   Some railroads have
refused DDGS shippers the use of their covered gondola rail cars for DDGS service as
this sometimes sticky material can cause significant bridging, offloading and cleaning
problems in actual rail car services.   Applicant may have to acquire rail cars for
dedicated DDGS service and if that occurs, increased truck deliveries of DDGS, modified
west DGS and WDGS may become attractive and necessary.   For these reasons, MDEQ
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must not let Applicant escape the truck traffic/paved road/fugitive dust issue without a
final and definitive solution and permit limitation.

8.9 Product Loading Rack Emission Unit

8.9.1 Transportation Equipment That is Attached to the Loading Rack Becomes
Part of the Loading Rack Process and Emissions Unit 

The subject facility intends to operate by connecting truck and rail tanker transportation
equipment to the loading rack.   As such, such transportation equipment is part of the
loading rack emission unit when it is connected to the loading rack and when such tankers
are involved in loading operations.   

When connected as part of the loading rack emission unit, the design and performance
characteristics of the tanker transportation equipment is part of the physical design of the
emission unit and must be considered as part of the potential to emit for the emission unit
as a whole.  

Except for Condition 13.3 requiring the use of rail cars in dedicated ethanol service, the
Draft Permit fails to limit the potential to emit for both point source and fugitive
emissions of the loading rack emission unit by failing completely to specify any federally
enforceable conditions requiring the owner/operator to verify that trucks and rail cars
have been tested and meet a standard for vapor tightness.  This failure has important
consequences for both emissions characterization and physical limitations on the potential
to emit as outlined in subsequent parts of this subsection.

8.9.2 Applicant Has Not Provided for Submerged Loading Requirements at the
Loading Rack in the Application and the Draft Permit Excuses Applicant
From Any Submerge Loading Requirements

A diligent review of Applicant’s entire submittal shows no design details, process
narrative, drawings or other information showing either the design of the truck tanker and
railcar loading racks or explicit design of the loading device and collection system, other
than the specification that gases collected by the system will be routed to a flare.   The
Applicant has not committed to either submerge fill or submerge bottom loading at the
prospective operation and the Draft Permit contains no federally enforceable permit
condition or required operational practice and equipment.

In the present situation the Applicant has provided no details, specifications, designs or
performance measures for the truck tanker and railcar product loading rack and offgas
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collection system other than merely saying that collected process gases will be directed to
a flare.   There is absolutely no Applicant commitment portrayed anywhere to submerged
loading as the intended equipment for installation.

Applicant’s permit application submittal thus contains no specification of the design of
the loading rack for submerged loading and no provision of the draft permit requires a
submerged loading design and work practice for the loading rack process equipment.  The
applicant is thus free to engage in any type of loading practices it chooses. 

Under these circumstances, there is nothing in the application and draft permit which
limits the potential to emit of the loading rack by specifying a clear design basis for
submerged loading.  Applicant is entirely free to engage in splash loading of both tanker
trucks and railcar tankers without violating any federally enforceable physical limitation
on the design basis for limiting the potential to emit.   

The draft permit must be amended to require submerged loading in order to physically
limit the potential to emit for the loading rack through a design and operational
requirement in order to ensure that allowed emissions from this emissions unit does not
exceed what has been depicted in Applicant’s emission characterization.

8.9.2.1 Applicant Has Made No Reliable Certifications Concerning the Truck
and Railcar Tanker Transportation Equipment to be Loaded by the
Facility and the Draft Permit Contains No Requirements Binding on
the Applicant as to  the Service Status and Emission Control Efficacy of
Transportation Equipment That Will be Loaded at the Facility, Other
Than Dedicated Rail Car Ethanol Service

The Applicant has used an emission calculation saturation factor for “submerged loading:
dedicated vapor balance service” for tanker trucks and “submerged loading: dedicated
normal service” for rail tankers,  but nothing in the application and the Draft Permit
actually ensures all of these conditions will be achieved.

A potential to emit calculation must reflect the highest amounts of emissions that can
occur consistent with equipment design constraints and federally enforceable physical
limitations on the potential to emit.

As to the matter of Applicant’s claim of “worst case” emissions characterization, we must
first address the status of the transportation equipment.   The emission factor section of
AP-42 –sec. 5.2 is instructive:
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“The recent loading history of a cargo carrier is just as important a factor in
loading losses as the method of loading. If the carrier has carried a nonvolatile
liquid such as fuel oil, or has just been cleaned, it will contain vapor-free air. If it
has just carried gasoline and has not been vented, the air in the carrier tank will
contain volatile organic vapors, which will be expelled during the loading
operation along with newly generated vapors.

Cargo carriers are sometimes designated to transport only one product, and in such
cases are practicing "dedicated service".  Dedicated gasoline cargo tanks return to
a loading terminal containing air fully or partially saturated with vapor from the
previous load. Cargo tanks may also be "switch loaded" with various products, so
that a nonvolatile product being loaded may expel the vapors remaining from a
previous load of a volatile product such as gasoline. These circumstances vary
with the type of cargo tank and with the ownership of the carrier, the petroleum
liquids being transported, geographic location, and season of the year.

One control measure for vapors displaced during liquid loading is called "vapor
balance service", in which the cargo tank retrieves the vapors displaced during
product unloading at bulk plants or service stations and transports the vapors back
to the loading terminal. Figure 5.2-5 shows a tank truck in vapor balance service
filling a service station underground tank and taking on displaced gasoline vapors
for return to the terminal. A cargo tank returning to a bulk terminal in vapor
balance service normally is saturated with organic vapors, and the presence of
these vapors at the start of submerged loading of the tanker truck results in greater
loading losses than encountered during nonvapor balance, or "normal", service.”2

(emphasis added)

Apart from Applicant’s statement that tanker trucks in prior gasoline service are expected
for use, Applicant has provided no information and made no commitments and/or
certifications as to the status of the transportation equipment being loaded. 

Although rail car tankers may be required by the permit to be dedicated to ethanol
service, there is no assurance they are not in vapor balance service.

8.10 Fugitive VOC Emissions from Plant Components

Applicant’s emission characterization failed to indicate and consider the number of
pressure relief valves, open ended lines and sampling connections which will have
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emissions.   These three types of components must be listed and subject to Leak Detection
and Repair (LDAR) requirements.  In addition, if ruptured disks are used as a control on
pressure relief valves, the maintenance and use of such disks must be secured by permit
requirements as a federally enforceable physical condition limiting the potential to emit
through facility design and operational requirements.

8.11 Miscellaneous VOC Emission Sources

8.11.1 CIP Mash Screen

In the emission characterization section of the application the emission calculation in
“Fugitive VOC Survey” indicates the CIP Mash Screen and Centrate Tank would be
controlled by the thermal oxidizer.   However, no where in the Draft Permit are these
emission sources listed as emission units.

The CIP Mash Screen were not incorporated into the application’s miscellaneous VOC
emission sources of 0.65 ton/year.3  

8.11.2 The Basis for Allowing Uncontrolled Tank Process Units is Inadequate;
If Allowed, Uncontrolled Tanks Must be Monitored for VOC  

The application attempts to discount the need for controlling VOC emissions from several
process tanks on the basis of brief OVA measurements on a much smaller facility. 
Nothing in the application indicates that the tank process variables and design are the
same or different between the planned facility and the one for which measurements were
done.   For example, it is impossible to know from the application whether the tanks
envisioned for the proposed facility and the tanks whose emissions were measured on the
smaller facility both had submerged fills – a detail which would be extremely relevant as
to whether the emissions are comparable.

The emission projections for the vents on the stillage tank, the syrup tank, the cook water
tank, the liquifaction tank and the whole stillage tank were all calculated on the basis of
the CFM discharge rates on tanks from a plant with only 41% of the production capacity
of the subject facility.   There is no reason to believe the tank vent discharge volumes
used to calculate the emission rates will be the same with the proposed larger facility with
higher throughput volumes and larger tanks.   This facility has projected potential to emit
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VOC emissions that are portrayed by Applicant/MDEQ as no more that about 1.5
tons/year below the major stationary source threshold for VOC emissions.  Failure to
properly consider the potential of these small emissions to add up and put the overall
facility over the plant-wide 100 ton/year potential to emit limit will likely lead to
improper permitting and regulation of this facility.  At the very least, the permit should
require periodic monitoring of such process vents and a requirement that such vents be
controlled if found to release VOC emissions that push the facility over the major
stationary source limitation.  

8.11.3 The Application Does Not Consider Emission Potential of Thin Stillage
Evaporation-Condensing Process

Although the process flow diagram in the application and the process description contain
information showing that the concentrated aqueous stream from the evaporators is mixed
with the wet grains from the centrifuge before drying and that the evaporated water is sent
to the methanator, this description is not sufficient to ensure that emissions of VOCs are
not released as overhead vapor flow from a condensation operation to which evaporator
vapors are directed.   There is no information on whether eductors are used as a motive
force for condenser throughput and whether there is any atmospheric discharge associated
with evaporation-condensation-evaporator hotwell process for treating thin stillage.

It is difficult to believe that there is no vent at all associated with the evaporator
condenser process train in this area and that non-condensibles gases will be completely
eliminated.

8.11.4 The Application has Failed to Properly Characterize the Wet Distiller’s
Grain Handling, Storage and Loading Emission Unit and to Calculate
its Annual  Potential to Emit for VOC Emissions

The Application is not complete because there are no firm details on how wet distiller’s
grains and modified wet distiller’s grains will be managed.   There is no information in
the application on the expected dispatch of spent distiller’s grain between drying
operations and the wet grain and modified wet grain product management options.  
Because there is no information on process management in this area, no information on
the temperature of the material as it is handled, transferred and stored in buildings or in
the open from any screening operation, no information on exposed surface area, indoor
vs. outdoor management, etc. the application is not complete and any emission
characterization in the application for this emission unit lacks credibility.
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If outdoor, uncovered storage of wet distiller’s grains is used, such a storage management
unit poses a risk for water pollution from stormwater leaching and transport from the pile,
including the likelihood of high BOD5 releases.  If such stormwater is controlled in a
pond, such a wastewater management unit must also be considered a potential emission
unit in addition to the outdoor storage pad itself.

Applicant was required to produce a VOC BACT determination on the WDGS storage
and outdoor pad, but has failed to provide such a demonstration.   MDEQ-AQD should
list the outdoor pad as an emission unit at the plant.

8.11.5 Cook Water Tank 

The cook water tank is shown in the list of insignificant sources as being an uncontrolled
vent.  The cookwater tank receives once through flow from the CO2 scrubber and should
contain significant amounts of ethanol and other volatile organics from that source.  
Because the mixer receives these VOCs from the cook water tank, evacuation of process
gas in the area of the mixer through the hammermill input to the mixer has the potential to
pass uncontrolled VOCs through the milling baghouse.

Applicant’s process stream diagram shows the cookwater tank receives water from the
CO2 scrubber, the biomethanators and side stripper bottoms.   The Application should be
regarded as incomplete until Applicant discloses the organic compound content of the
cookwater tank and shows a valid tank VOC emission calculation.

In answer to comments on the Marquis Energy proceeding, a similar ICM plant, the
Illinois EPA indicated that the venting from such a tank was about 50 cfm at under 50
ppm.   This is a greater emission than the Applicant has listed for the cook water tank
under miscellaneous VOC emission sources in the present application, with the cook
water tank being the second largest of the miscellaneous VOC sources listed. 

At the very least, the Applicant should be required to measure and report emissions from
all such miscellaneous VOC sources.

8.11.6 Knockout Drum

There is no indication in the application as to air implications of wastewater collected in
the knockout drum and its subsequent treatment and management.   The knockout drum is
used to reduce PM emissions from the thermal oxidizer associated with liquids and
aerosols entrained in waste gas flow.   In the Marquis Energy proceeding at Illinois EPA,
ICM indicated that knockout pot liquids were used for boiler feedwater, but venting in
such systems certainly has the potential to release volatile organic compounds from
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expansion vents and vacuum breakers in feedwater systems.   Knockout pot water will
probably include some higher molecular weight organic compounds which will be
volatile organic compounds.   The Applicant should be required to reveal the analytical
work showing that no VOC emissions will result from reuse of knockout pot water in the
manner described in the Marquis Energy proceeding in process at the Liberty Renewable
Fuels facility.

8.12 Other Deficiencies

The Applicant can be expected to operate natural gas fired space heating units in the
fermentation building and other parts of the facility.   Although space heating units may
be exempted from permitting requirements, they must nevertheless be counted towards
the total of emissions for comparisons with and to the major stationary source threshold.  
Applicant must quantitatively disclose the total emissions associated with such space
heating units as part of a complete application and disclosure of the source’s potential to
emit characterization.

Applicant’s current emission characterization of emissions from natural gas combustion
must be taken as an admission and any additional natural gas combustion related
particulate, nitrogen oxide and carbon monoxide emissions from space heating must be an
additional component of emissions over and above the present emission characterization.
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[Berico Grain Dryers ] http://www.behlenmfg.com/ag/berico.htm

1 of 1 01/22/2007 01:17 AM

Berico Grain Dryers

Berico grain dryers are designed for outstanding
performance with features that assure low-cost drying
and quality grain output. Berico effeciency is
obtained by recirculating up to two-thirds of all
pre-heated exhaust air and utilizing a unique "Turn
Flo" grain exchange during the drying process.

With Berico, virtually all preheat exhaust air from the
cooler section, can be recirculated. The grain "Turn
Flo" occurs when the grain reaches the mid point of
the drier. Grain that was on the inside, dry side, is
exchanged with that on the wetter side, outside the
column. "Hot Side" problem is eliminated with a
mixing action that delivers uniformly dried grain . . .
eliminates "wet spots" . . . and assures high capacity,
quality drying.

Berico driers are clean, quiet and fuel effiecient. Only
one-third of the exhaust from the Berico
Recirculating Dryer is emitted to the atmosphere. 
Single tower units dry up to 5,000 bushels per hour . .
. additional tower units can be added to meet desired
capacity. Berico dryer designs are available for all
cereal grains, edible beans and coffee, milo, rice,
soybeans or sunflowers. Energy sources include gas, 
oil or steam energy.

[Home - Behlen Mfg. Co.] [Int'l Ag Systems]

For more information about Behlen Mfg. Co.
P.O. Box 569 

Columbus, NE 68601
Ph: (402) 564-3111

Fax: (402) 563-7405 

 E-MAIL US AT: behlen@behlenmfg.com



Attachment #10





Attachment #11





Attachment #12



scaled 
as propane unscaled lb/hr Scale emission

propane lb/hr factor2.2 Excess over
ppmv acfm min/hr liters/ft3 gr/gr-mole atm 11 lb/hr

35 1.00E-06 6000 60 28.3168 44.06 1   = 1.4 3.2
-----------------------------------

0.08205 294 454
R-constant deg K gr/lb

propane
ppmv acfm min/hr liters/ft3 gr/gr-mole atm

35 1.00E-06 11000 60 28.3168 44.06 1   = 2.6 5.8
-----------------------------------

0.08205 294 454
R-constant deg K gr/lb

propane
ppmv acfm min/hr liters/ft3 gr/gr-mole atm

35 1.00E-06 13000 60 28.3168 44.06 1   = 3.1 6.8
-----------------------------------

0.08205 294 454
R-constant deg K gr/lb

propane
ppmv acfm min/hr liters/ft3 gr/gr-mole atm
300 1.00E-06 6000 60 28.3168 44.06 1   = 12.3 27.1 16.1

-----------------------------------
0.08205 294 454

R-constant deg K gr/lb

propane
ppmv acfm min/hr liters/ft3 gr/gr-mole atm
300 1.00E-06 11000 60 28.3168 44.06 1   = 22.6 49.6 38.6

-----------------------------------
0.08205 294 454

R-constant deg K gr/lb

propane
ppmv acfm min/hr liters/ft3 gr/gr-mole atm
300 1.00E-06 13000 60 28.3168 44.06 1   = 26.7 58.6 47.6

-----------------------------------
0.08205 294 454

R-constant deg K gr/lb

propane
ppmv acfm min/hr liters/ft3 gr/gr-mole atm
120 1.00E-06 6000 60 28.3168 44.06 1   = 4.92 10.8

-----------------------------------
0.08205 294 454

R-constant deg K gr/lb

propane
ppmv acfm min/hr liters/ft3 gr/gr-mole atm
120 1.00E-06 11000 60 28.3168 44.06 1   = 9.02 19.8 8.8

-----------------------------------



0.08205 294 454
R-constant deg K gr/lb

propane
ppmv acfm min/hr liters/ft3 gr/gr-mole atm
120 1.00E-06 13000 60 28.3168 44.06 1   = 10.7 23.5 12.5

-----------------------------------
0.08205 294 454

R-constant deg K gr/lb

propane
ppmv acfm min/hr liters/ft3 gr/gr-mole atm
280 1.00E-06 6000 60 28.3168 44.06 1   = 11.5 25.3 14.3

-----------------------------------
0.08205 294 454

R-constant deg K gr/lb

propane
ppmv acfm min/hr liters/ft3 gr/gr-mole atm
280 1.00E-06 11000 60 28.3168 44.06 1   = 21.1 46.3 35.3

-----------------------------------
0.08205 294 454

R-constant deg K gr/lb

propane
ppmv acfm min/hr liters/ft3 gr/gr-mole atm
280 1.00E-06 13000 60 28.3168 44.06 1   = 24.9 54.7 43.7

-----------------------------------
0.08205 294 454

R-constant deg K gr/lb

Note:  calculations have minor rounding errors in the scaled columns
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ABSTRACT
Flaring of waste gases is a common practice in the pro-
cessing of hydrocarbon (HC) materials. It is assumed that
flaring achieves complete combustion with relatively in-
nocuous byproducts such as CO2 and H2O. However, flar-
ing is rarely successful in the attainment of complete
combustion, because entrainment of air into the region
of combusting gases restricts flame sizes to less than
optimum values. The resulting flames are too small to
dissipate the amount of heat associated with 100%
combustion efficiency.

Equations were employed to estimate flame lengths,
areas, and volumes as functions of flare stack exit veloc-
ity, stoichiometric mixing ratio, and wind speed. Heats
released as part of the combustion process were then esti-
mated from a knowledge of the flame dimensions together
with an assumed flame temperature of 1200 K. Combus-
tion efficiencies were subsequently obtained by taking the
ratio of estimated actual heat release values to those asso-
ciated with 100% complete combustion.

Results of the calculations showed that combustion
efficiencies decreased rapidly as wind speed increased from
1 to 6 m/sec. As wind speeds increased beyond 6 m/sec,

IMPLICATIONS
Flares are used extensively to dispose of gaseous wastes.
The usual assumption is that combustion processes as-
sociated with flares efficiently convert HCs and sulfur
compounds to relatively innocuous gases such as CO2,
SO2, and H2O. It has been shown, however, that these
processes can be efficient only at low wind speeds be-
cause the size of the flare flame, which is an indicator of
flame efficiency, decreases with increasing wind speed.
Therefore, the flaring process could routinely result, dur-
ing periods of moderate to high wind speeds, in appre-
ciable quantities of products of incomplete combustion
such as anthracene and benzo(a)pyrene, which can have
adverse implications with respect to air quality.

combustion efficiencies tended to level off at values be-
tween 10 and 15%. Propane and ethane tend to burn more
efficiently than do methane or hydrogen sulfide because
of their lower stoichiometric mixing ratios.

Results of theoretical predictions were compared to
nine values of local combustion efficiencies obtained as
part of an observational study into flaring activity
conducted by the Alberta Research Council (ARC). All
values were obtained during wind speed conditions of less
than 4 m/sec. There was generally good agreement be-
tween predicted and observed values. The mean and stan-
dard deviation of observed combustion efficiencies were
68 ± 7%. Comparable predicted values were 69 ± 7%.

INTRODUCTION
Flares are routinely employed in the chemical and petro-
leum industries for the disposal of large quantities of un-
wanted flammable gases and vapors. Byproducts of the
flaring process are usually assumed to be entirely com-
posed of relatively innocuous gases such as CO2 and H2O.
Evidence presented by flare manufacturers demonstrates
that the flaring process is an efficient destruction mecha-
nism for the original components of feed gases.1 Thus,
for example, very little CH4 is measured downwind from
CH4-fueled flares. However, few studies appear to confirm
that the conversion is to H2O and CO2 rather than to gases
with more complex molecular structures such as polycy-
clic aromatic hydrocarbons and volatile organic com-
pounds, which are indicative of incomplete combustion.
There seems to have been little motivation to conduct
such studies because they are expensive and because flares
have appeared to be a reliable conversion mechanism.

The U.S. Environmental Protection Agency (EPA) has
reported that “properly operated flares achieve at least
98% combustion efficiency in the flare plume.”2 Accord-
ing to EPA, this relatively high efficiency is achieved by a
fuel value in the flared gases of at least 7500–9300 kJ/m3
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and by having sufficient fuel-air mixing to provide at least
the stoichiometric amount of oxygen to achieve and
maintain high flame temperatures. There is no sugges-
tion that combustion efficiencies may depend on param-
eters that influence flame size, and consequently heat
releases, such as stack exit velocities and wind speeds.

Ideally, theoretical studies of flame efficiencies should
be based upon knowledge of the full range of chemical
reactions and associated kinetics. Such an analysis, which
is almost always difficult, is made more intractable for
the case of flares because the combustion chamber (that
is, flame volume) is a function of such variables as wind
speed and stack exit velocity.3,4 Fortunately, there is a sim-
pler method for calculating the combustion efficiency of
a flare that does not depend upon a detailed knowledge
of chemical reactions. It relies instead upon the law of
energy conservation, whereby the heat of combustion
released within the flame must be balanced by sensible
heat gains and radiational losses

Hf = S + R’ (1)

where Hf is the rate of heat released from combusting gases
within the flame (J/sec), S is the rate of sensible heat gain
by the air as it passes through the volume of the flame
(J/sec), and R’ is the rate of radiational heat loss by flame
(J/sec). Complete combustion will only be achieved if S + R’
equals the heat content of the flared gases. Estimates of
this sum require knowledge of the flame dimensions and
an understanding of its radiation temperature.

It has long been recognized that knowledge of flame
behavior is useful in estimating its radiation characteris-
tics.5-7 Leahey et al.8 have pointed out that a means of pre-
dicting the size of the diffusion flame could also be useful
in estimating its combustion efficiency. This is because more
air is entrained into large flames than into small flames,
and consequently more oxygen is available and more heat
can be dissipated by large flames, resulting in greater com-
bustion efficiency. If a flame’s dimensions are dependent,
for example, on meteorological variables, so must be the
efficiency with which the flame combusts fuel.

Appreciable work has been done on the empirical
evaluation of flame shapes and sizes.3,9-16 Much of the work
has resulted in methods to predict gross features of the
flame such as the distance from the flame tip to the burner
tip. Perhaps the most widely used empirical method for
predicting this length is the one proposed by
Brzustowski,3,4 which has some theoretical foundation. Its
accuracy is to within a factor of 2.

Leahey et al.8 have developed a theoretical model for
flame behavior that may be used to predict flame dimen-
sions including length, diameter, area, and volume. It
includes the effects of air entrainment into the flame and

conserves both momentum and mass. The model is based
on the assumption, following the theoretical findings of
Escudier17 and observational results of Becker et al.,18 that
the effects of buoyancy forces on flame behavior are neg-
ligible. Observational assessments have shown that pre-
dictions of the Leahey and Schroeder model agree well
with actual flame dimensions for a sour gas flare;8,19 for
methane, propane, ethylene, and butane flames observed
in a wind tunnel;20 and for a very large emergency flare.21

One-to-one correlations between predicted and observed
flame parameters were ~0.90.

Temperatures associated with the combustion of hydro-
carbons (HCs) such as methane, propane, and butane are
observed in furnaces to be ~1900 °C.22 These values, how-
ever, are not relevant to flare flames, which are subjected to
greater cooling effects of wind and radiation than are fur-
nace fires. Theoretical considerations show that comparable
HC flare temperatures may be as low as 1100 °C.15,23 De-
tailed laboratory measurements of temperatures associated
with a propane flame in calm winds showed them to be
~1000 °C.10 These were observed to increase to ~1200 °C as
winds and stack exit velocities increased. Such behavior was
opposite to that observed by Leahey et al.,8 who found that
average radiation temperatures during field tests of an in-
dustrial flare decreased from ~1025 to 875 °C as wind speeds
increased from 1.5 to 3.0 m/sec, respectively. The average
temperature observed by Leahey et al.8 was ~925 °C.

A series of observational studies into combustion ef-
ficiencies associated with flaring activity at oil battery sites
was recently completed by the Alberta Research Council
(ARC).24,25 They consisted of measuring carbon- and sul-
fur-based compounds in the region immediately down-
wind of diffusion flares. The results of the data analyses
agreed with prior studies insofar as they showed that the
feed gases (such as methane and ethane) to the flare were
largely destroyed. However, they also showed that pyroly-
sis converted significant quantities of these feed gases to
many complex chemical species such as benzo(a)pyrene,
naphthalene, and phenylthiophene rather than simply
to CO2, SO2, and H2O, which would be the sole products
of complete combustion. This paper presents equations
for predicting flare efficiencies and compares theoretical
estimates with values obtained from observational stud-
ies conducted by the ARC.

THEORY
The rate at which heat is generated by fuel combustion within
a diffusion flame is shown in eq 1 as the sum of the rates at
which sensible heat (S) is being gained by the air and radia-
tional heat (R’) is being lost by the flame. The value of S was
calculated by assuming that air receives heat only as it passes
through the volume of the flame. The time, tf, taken for air
to travel the length of the plume was assumed to be xf/U,
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where xf and U are the length of the plume and wind speed,
respectively. Values of S are then given by the heat gained
by air occupying the flame volume over tf

 (J/sec) (2)

where Cp is the specific heat of air at constant pressure
(1010 J/kg/K); ρf is the air density at flame temperature
(kg/m3); Vf is the volume of the flame (m3); Tf is the flame
temperature (K); To is the ambient temperature (K); tf is
the time over which air passes through the flame (xf/U); xf

is the horizontal length of the flame (m); and U is the
wind speed (m/sec). Values of Vf and xf may be calculated
using equations associated with the Leahey and Schroeder
model as presented in the Appendix. These equations are
functions of wind speed, exit gas velocity, and stoichio-
metric mixing ratio.

Radiational heat loss was estimated using the Stefan-
Boltzmann relation for a black body

 (J/sec) (3)

where Af is the area of flame (m2) and σ is the Stefan-
Boltzmann constant (5.67 × 10–8 J/sec/m2/K4). An exami-
nation of eq 3 shows that radiational heat loss is very
sensitive to flame temperature. A relatively small decrease
in temperature from 1250 to 1200 K (977 to 927  °C), for
example, will decrease heat loss by 15%.

An equation for calculating Af as a function of the
stack exit velocity, wind speed, stack exit temperature,
ambient temperature, and stoichiometric mixing ratio is
given in the Appendix. The stoichiometric air/fuel ratio
in this context refers to the proportion of the constitu-
ents of the reactants in air such that there are exactly
enough molecules of oxygen to bring about a complete
reaction to stable molecular forms in the products. It is
usually expressed in units of %.

Estimates of combustion efficiencies (E) may be ob-
tained by comparing flame heat loss (Hf) to the heat (H)
that would have been released if the combustion of all
flare gases went to completion (i.e., CO2, SO2, and H2O)

(4)

where E is the combustion efficiency of flame (%); H is
Hi Q (J/sec); Hi is the heat content of flared gases (J/m3);
and Q is the release rate of gases (m3/sec). In addition,

(5)

where Do is the stack diameter (m) and V is the stack exit
velocity (m/sec). Values of E equal to or greater than 100%
indicate a flame size consistent with complete combustion.

For purposes of simplicity, it is assumed that the heat
released by an incomplete combustion reaction will be
less than the heat released by a complete combustion re-
action. The calculated heat content or heating value, Hi,
assumes that there is excess oxygen, so combustion goes
to completion. The heating value is dependent on the
heat of formation of products and reactants. Carbon di-
oxide is a very stable form of carbon and, as such, has a
large heat of formation relative to other carbon com-
pounds with a lower oxidation state. Thus, for instance,
less heat is released when an HC is combusted to CO and
other products than when it is combusted to CO2 and
H2O. Nonetheless, there may be exceptions to this rule
whereby more heat is released by a complex incomplete
combustion reaction than by the corresponding complete
combustion reaction.

An examination of eqs 1–4 together with the expres-
sions for flame dimensions contained in the Appendix
showed that estimated flame efficiencies will not be a
function of flare stack diameters. Equations 1–4 were
applied to evaluate combustion efficiencies associated
with the burning of methane, ethane, propane, and hy-
drogen sulfide for flare stacks with gas exit velocities of
2.0, 10.0, and 25.0 m/sec under a wide range of assumed
wind speed conditions. The stoichiometric mixing ra-
tios for these gases are 9.5, 5.7, 4.0, and 12.3%, respec-
tively. The corresponding heating values are 34, 60, 86,
and 22 MJ/m3. For purposes of estimating combustion

Table 1. Estimated combustion efficiencies (%) for the indicated gases as
functions of stack exit velocity V (m/sec) and wind speed U (m/sec).

U (m/sec)  Methane  Ethane  Propane  Hydrogen
Sulfide

 V = 2.5 m/sec
 2  52.7  79.7  111.1  50.3
 5  28.3  41.3  65.1  27.6
 10  17.6  24.5  32.7  17.7
 15  13.7  18.3  23.9  14.1
 20  11.7  15.1  19.3  12.2

 V = 10 m/sec
 2  30.4  44.7  61.3  29.6
 5  21.4  30.4  41.0  21.2
 10  15.3  20.8  27.5  15.6
 15  12.5  16.5  21.3  13.0
 20  11.0  14.0  17.8  11.5

 V = 20 m/sec
 2  20.7  29.4  39.6  20.6
 5  16.7  24.5  30.7  16.9
 10  13.3  17.6  22.9  13.7
 15  11.4  14.7  18.8  11.9
 20  10.2  12.9  16.2  10.9
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efficiencies, it was assumed, based upon field flare mea-
surements as reported by Leahey et al.,8 that flame tem-
peratures would average 1200 K.

Table 1 presents combustion efficiencies for meth-
ane, ethane, propane, and hydrogen sulfide as calcu-
lated through eq 4 for the indicated ranges of wind
speed and stack exit velocities. Values for Hf as con-
tained in eq 4 were obtained from eq 1 using the val-
ues of S and R’ presented in eq 3 and eq 4 together
with equations for flame dimensions (length, area,
volume), as given in the Appendix. The table shows
that CH4 and H2S flares tend to be relatively ineffi-
cient as compared with ethane and especially propane
flares. This is because CH4 and H2S have larger stoichio-
metric ratios, so their flame sizes tend to be smaller
and less able to dissipate heat. As shown in Table 1,
combustion efficiencies are predicted to decrease with
increasing wind speeds and exit velocities. With wind
speeds of 20 m/sec, predicted efficiencies tend to be
in the 10–15% range.

OBSERVATIONAL STUDIES
The ARC conducted field measurements of products of
incomplete combustion downwind of flare plumes at a
sweet oil battery site (no H2S in the flared gas) and a sour
oil battery site (23% H2S in the gaseous stream directed
to flare). The flare system at the sweet oil battery site
consisted of a liquid knockout drum and a freestanding
flare stack 12 m in height and 20 cm in diameter at the
top. It was equipped with an auto-igniter and a wind
deflector to prevent flare blowout. The flare system at
the sour oil battery site was similar to that at the sweet
oil battery site. Stack height and diameter were 15 m
and 7.6 cm, respectively. The percentages of flammable
compositions for the gases combusted at each flare site
are presented in Table 2. In both cases, the largest com-
ponent of the noncombusted gas was CH4. Table 2 also
presents values of the heat content and stoichiometric
mixing ratios.

Table 3 presents stack, emission, and measured plume
parameters for the sweet and sour flares studied by the
ARC. As the stack diameter and exit velocity for the sweet
gas flare were significantly larger than those for the sour
gas flare, the effluent gas volume for the sweet gas flare
was correspondingly much greater. Downwind distances
to the measurement point from the flare stack outlet were
about twice the flame length. The plume temperatures
shown in Table 3 are those measured at the indicated
downwind distance. No measurements were made of ac-
tual flame temperatures.

A single probe sampling system was developed and
tested in the laboratory prior to field sampling. Stan-
dard HC mixtures were directed through the heated probe

and heat-traced lines of varying temperatures to deter-
mine the most suitable temperature for HC recovery. The
sampling system was fitted to a hydraulic basket lift with
a 20-m reach. The probe was attached to a boom that
was in turn fastened to the basket. Samples were col-
lected at several locations along the length of the sam-
pling system, which included the sampling probe, a short
length of heated sampling line that reached to the bas-
ket level, and a longer length of heated sampling line
that extended to the ground. Samples were collected
immediately after the probe, at the basket level, and at
ground level. They were drawn from this sampling sys-
tem for the analyses either by on-site analytical equip-
ment or through absorbent samplers for confirmatory
analyses by combined gas chromatography/mass spec-
trometry. More details of sampling procedures and ana-
lytical techniques can be found elsewhere.24,25

Estimates of local combustion efficiencies (CE) con-
sistent with measured HC and sulfur species were obtained

Table 2. Percent flammable composition of gas combusted at the two observed
flare sites. Heating value of each gas (MJ/m3) and stoichiometric mixing ratios are also
shown.

Component  Sweet Gas Flare  Sour Gas Flare

Butane  4.6  2.4
Ethane  9.2  10.7
Hydrogen sulfide  0.0  22.8
Methane  69.2  45.4
Pentane  8.6  2.6
Propane  5.5  5.7
Heating value (MJ/m3)a  51.3  38.5
Stoichiometric mixing ratios (percent)  6.4  7.7

aAt 288 K and 101.325 kPa.

Table 3. Stack, emission, and measured plume parameters associated with the two
gas flares sampled.

Parameter  Sweet Gas Flare  Sour Gas Flare

Stack height (m)  12.0  15.0
Stack diameter (m)   0.2  0.076
Stack exit velocity (m/sec)  3.2  1.65
Gas effluent rate (m3/sec)a  0.1000  0.0075
Ambient temperature (K)  288  288
Flame length (m)  4.5  1.75
Measured plume temperature (K)   373  398
Wind speed (m/sec)  1.9  2.0
Total measurement time (min)   40  80
Measurement time in plume (m)  30  60
Downwind distance to measurement point (m)  9.0  3.5

aAt 288 K and 101.325 kPa.
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through the following equations, which employ the car-
bon/sulfur equivalents of each detected gas:

 (6)

CE (%) = (7)

where C(CO2), C(CO), C(HC), and C(soot) are the number
of carbon atoms existing in the form of CO2, CO, HC, and
soot, respectively. Equation 7 is similar to eq 6 except that
it is formulated in terms of sulfur rather than carbon.

Table 4 presents an example of the speciated data for
combustion products observed downwind of the sweet
gas flare when the wind speed and stack exit velocity were
1.7 and 3.2 m/sec, respectively. The estimated associated
combustion efficiency was 65%. These components are
representative of the hydrocarbons identified during other
tests with similar values of wind speed and exit velocity.

COMPARISON BETWEEN THEORETICAL
PREDICTIONS AND OBSERVATIONAL RESULTS
There were a total of nine observational tests, which allowed
for the estimation of local combustion efficiencies. Table 5
shows the wind speeds and stack exit velocities associated
with each test. The flare during the first test had a very low
stack exit velocity of only 0.8 m/sec. Stack exit velocities
during other tests conducted on the sweet gas flare (tests
2–8) were similar, with an average value of 3.1 m/sec. The
final test (test 9), which was conducted on the sour gas, was
associated with a stack exit velocity of 1.7 m/sec.

Figure 1 shows theoretical combustion efficiencies for
representative exit velocities of the sweet and sour gases as
calculated through eq 4. Calculated efficiencies were great-
est for the sweet gas flare, with an exit velocity of 0.8 m/sec.
Predicted combustion efficiencies for the sour gas flare were
similar to those for the sweet gas flare, with an exit velocity
of 3.1 m/sec. Figure 1 shows that combustion efficiency
should be close to 100% at low wind speeds of ~1 m/sec and
then decrease rapidly with increasing wind speed until at
~6 m/sec it begins to level off, to a value near 15%.

A comparison between predicted and observed com-
bustion efficiencies as shown in Table 5 demonstrates gen-
erally good agreement. However, predicted values tended
to be appreciably less than observed values at the relatively
high wind speeds of 3.5 m/sec. There also seemed to be a
tendency to overpredict efficiencies at low wind speeds.

CONCLUSIONS
The calculation results indicate that combustion efficien-
cies associated with flaring activity will be less for gases
with high stoichiometric mixing ratios than for those with

Table 4. Speciated data for combustion products observed downwind of the sweet
gas flare using solvent extraction methods (mg/m3).

Compound Amount

Nonane 0.41
Benzaldehyde (acn)(dot) 0.53
Benzene, 1-ethyl-2-methyl- 0.13
1h-indene, 2,3-dihydro- 0.34
Decane 1.72
Benzene, 1-ethynyl-4-methyl- 9.83
Benzene, 1,3-diethenyl- 1.27
1h-indene, 1-methylene- 0.28
Azulene 21.20
Benzene, (1-methyl-2-cyclopropen-1-yl)- 11.47
1h-indene, 1-methyl- 1.66
Naphthalene (can)(dot) 99.39
Benzaldehyde, o-methyloxime 0.27
1-h-inden-1-one, 2,3-dihydro- 0.74
Naphthalene, 2-methyl- 9.25
Naphthalene, 1-methyl- 6.18
1h-indene, 1-ethylidene- 1.22
1,1'-biphenyl 58.70
Naphthalene, 2-ethyl- 1.87
Biphenylene 42.81
Naphthalene, 2-ethenyl- 7.32
Acenaphthylene 7.15
Acenaphthene 2.93
Dibenzofuran 0.88
1,1'-biphenyl, 3-methyl- 0.31
1h-phenalene 21.01
9h-fluorene 41.09
9h-fluorene, 9-methyl- 1.07
Benzaldehyde, 4,6-dihydroxy-2,3-dimethyl 1.16
9h-fluorene, 9-methylene- 1.07
9h-fluorene, 3-methyl- 3.05
Phenanthrene 10.01
Benzo(c)cinnoline 2.06
Anthracene 42.11
1h-indene, 1-(phenylmethylene)- 1.94
9h-fluorene, 9-ethylidene- 0.89
1h-phenalen-1-one 1.86
4h-cyclopenta[def]phenanthrene 3.50
Naphthalene, 2-phenyl- 1.98
Naphthalene, 1-phenyl- 1.82
9,10-anthracenedione 0.94
5h-dibenzo[a,d]cycloheptene, 5-methylene- 0.75
Naphthalene, 1,8-di-1-propynyl- 1.14
Fluoranthene 51.35
Benzene, 1,1'-(1,3-butadiyne-1,4-diyl)bis- 2.07
Pyrene 32.37
11h-benzo[a]fluorene 2.25
Pyrene, 4-methyl- 9.13
Pyrene, 1-methyl- 8.38
Benzo[ghi]fluoranthene 10.16
Cyclopenta[cd]pyrene 29.77
Benz[a]anthracene 17.33
Chrysene 2.12
Benzene, 1,2-diphenoxy- 1.94
Methanone, (6-methyl-1,3-benzodioxol-5-yl)phenyl- 0.95
Benzo[e]pyrene 0.71
Benzo[a]pyrene 1.03
Perylene 0.62
Indeno[1,2,3-cd]pyrene 0.15
Benzo[ghi]perylene 0.26
Dibenzo[def,mno]chrysene 0.15
Coronene 0.08
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Table 5. Comparison between predicted and observed combustion efficiencies.

Observational  Wind Speed  Stack Exit Combustion Efficiency (%)
Period (m/sec) Velocity (m/sec) Observed Predicted

1  3.5  0.8  71  58
2  2.3  2.9  67  66
3  2.3  2.9  66  66
4  2.3  3.2  62  64
5  2.3  3.2  63  64
6  1.7  3.2  64  77
7  1.7  3.2  65  77
8  1.7  3.2  71  77
9  2.0  1.7  84  77
Average ± S.D.a  2.2 ± 0.6  2.7 ± 0.9  68 ± 7  69 ± 7

aS.D. = Standard deviation.

lower values. Combustion efficiencies will also tend
to be sensitive to wind speeds and stack exit veloci-
ties. This is because a flame’s area and volume are
dependent on these variables, and it is the flame
dimensions that must provide the means for dissi-
pating the heat of combustion. A larger flame pro-
cesses more fuel than does a smaller one.

Theoretical considerations and observational
evidence suggest that flare combustion efficien-
cies typically may be ~70% at low wind speeds
(U ≤ 3.5 m/sec). They should be even less at higher
wind speeds. There were no observational data to
assess the prediction of very low efficiencies of
~10% at high wind speeds. These predicted low
efficiencies are indirectly verified, however, by the
occurrence of flame blowout (i.e., zero combus-
tion efficiency) during windy conditions.

Figure 1. Calculated combustion efficiency (%) as a function of wind speed for indicated stack exit velocities for sweet gas and sour gas.
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Predictions for flare efficiencies as presented here are
sensitive to the assumed flame temperature of 1200 K. For
this reason, predicted efficiencies may depart appreciably
from observed values. But limitations to the theoretical
results imposed by this and other assumptions relating to
plume dimensions should not be such as to obscure the
main point of this paper: that the law of energy conserva-
tion appears to mandate that, all other things being equal,
flame efficiencies must decrease as flame size decreases.
Decreases in flame size occur in a significant manner with
increasing stoichiometric mixing ratio, wind speeds, and
stack exit velocities. All these parameters should therefore
be considered in any assessment of a flare’s ability to achieve
high combustion efficiencies.
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APPENDIX
Equations for flame dimensions (downwind extent, area,
volume) as presented by Leahey et al.8 and Leahey and
Schroeder19,20 are as follows:

(A1)

(A2)

(A3)

(A4)

(A5)

(A6)

where Af is the area of flame (m2); Do is the flare stack diam-
eter (m); βo is the entrainment parameter; Cs is the stoichio-
metric mixing ratio (%); T is the flame temperature (K); To is
the ambient temperature (assumed to be 288 K); Vf is the
volume of flame (m3); R is the ratio of wind speed to stack
exit velocity; xf is the downwind extent of flame (m); hf is
the elevation of flame above the stack top (m); U is the wind
speed (m/sec); and V is the stack exit velocity (m/sec).
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VOC Sampling from Wet and Dry Grain Mills and Ethanol Production Facilities 

Introduction

This protocol is designed to determine the actual volatile organic compound (VOC) mass
emission rates from sources where significant amounts of oxygen-containing organic compounds
are emitted.  Either U.S. EPA Method 25 or Method 25A is used to determine the total organic
compound concentration of the emission samples.  The concentration data are then converted to
carbon mass (or propane mass) emission rates.  Simultaneously, the concentrations of the most
significant individual organic compounds in the emission sample are measured with Method 18.

This protocol is designed to be used in conjunction with Methods 25 or 25A to provide
accurate VOC mass emission measurements from most air emission units at grain mills and
ethanol production facilities.  VOC mass emissions based on concentration measurements with
Methods 25 or 25A reported “as carbon” or “as propane” results in reported VOC emission rates
less than the actual emissions of the VOC pollutants.  The Midwest Scaling Protocol (MSP)
provides a way to convert the VOC results from “as carbon,” when Method 25 is used, or from
“as propane,” when Method 25A is used, to “as VOC ” emission rates.   
   

Sources in this industry may opt to use a standard scaling factor (SF) of 2.2 pounds of
VOC per pound of VOC as carbon instead of performing quantitative measurements of
individual volatile organic compounds in order to derive individual scaling factors for each
source.  Alternatively, the MSP provides an acceptable means for the quantitative measurements
of air emissions of individual volatile organic compounds from sources at grain mills and ethanol
production facilities.  The MSP also serves as a reference for equations used to convert VOC
concentration measurements reported “as carbon” or “as propane” to actual VOC mass
emissions. 

The decision to use Method 25 or Method 25A to measure total VOC concentrations is
source dependent.  In general, Method 25 is applicable to all sources with total VOC
concentrations >50 ppmC (parts per million carbon).  Methane and carbon monoxide
concentrations are also measured with Method 25.  However, referring to Method 25A, section
1.1 of Method 25 states:

“Direct measurement of an effluent with a flame ionization detector (FID) analyzer may
be appropriate with prior characterization of the gas stream and knowledge that the
detector responds predictably to the organic compounds in the stream.  If present,
methane (CH4) will, of course, also be measured.  The FID can be applied to the
determination of the mass concentration of the total molecular structure of the organic
emissions under any of the following limited conditions: 
(1) Where only one compound is known to exist; 
(2) when the organic compounds consist only of hydrogen and carbon; 
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(3) where the relative percentages of the compounds are known or can be determined,
and the FID response to the compounds are known; 

(4) where a consistent mixture of the compounds exist before and after emission control
and only the relative concentrations are to be assessed; or 

(5) where the FID can be calibrated against mass standards of the compounds emitted
(solvent emissions, for example).”

The FID used in Method 25A has a depressed response to organic compounds that
contain oxygen.  The tester must determine, for the specific FID unit used for each test, the
response factor for each organic compound that constitutes 5% or more of the total mass of the
individual VOC species analyzed.  A weighted average of these response factors shall be used to
adjust the FID’s response to the actual emission samples.  The tester shall adjust the analyzer’s
response prior to converting the response to a mass emission rate.

If the tester uses Method 25A to measure VOC from a source where the moisture content
is greater than 10%, then the tester must normally dilute the sample using the procedures in
Method 205 to reduce the water content of the sample to less than 10%.  The tester shall use a
heated sample line to transport the sample from the stack to the analyzer to prevent condensation
of water and organic compounds.  At the time of this writing, at least one FID analyzer has a
tolerance for moisture content up to 40%.   The moisture content for which Method 205 dilution
is required is analyzer-dependent.

One specific application of Method 18 for measuring the kinds of oxygen containing
compounds that are most common in the emissions from grain mills is the impinger method
developed by the National Council for Air and Stream Improvement, Inc. (NCASI).  NCASI has
designated this method as NCASI CI/SG/PULP-94.02, Chilled Impinger/Silica Gel Tube Test
Method at Pulp Mill Sources for Methanol, Acetone, Acetaldehyde, Methyl Ethyl Ketone and
Formaldehyde (NCASI 94.02).  Water soluble organic compounds are collected in impingers
filled with chilled laboratory grade water.  Any target compounds that break through the chilled
water are collected on organic grade silica gel.  Method 18 analytical procedures, gas
chromatography with flame ionization detection or mass spectrometric detection, are used to
measure the target organic compounds listed in Table 1.1 that are collected in the sampling train,
except for formaldehyde which is measured by a colorimetric procedure.  The sample collection,
recovery and preservation procedures for this specific application of Method 18 are described in
Appendix B along with recommended GC/FID procedures for most target compounds.  The
analytical procedures to measure formaldehyde are described in Appendix C.  Additional GC
operating conditions may be necessary to quantify all of the water-soluble volatile organic
compounds on the target list.
  

These data are used to calculate the weighted average ratio of the VOC molecular weight
divided by the VOC carbon mass (or VOC propane mass).  This SF is then used  to convert the
total organic carbon mass emission rate to the total  VOC mass emission rate (i.e., the results are
converted from “as carbon” or “as propane” to “as VOC”).
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It should be noted that the VOC mass emission calculation based on a conversion of
Method 25 or Method 25A data using Method 18 measurements of a specific list of oxygenated
organic compounds may slightly bias the true total mass VOC emission rate compared to the use
of a complete set of organic compound concentrations, including all non-oxygenated
hydrocarbons.  The source is allowed, at its discretion and with the EPA’s approval, to perform
additional sampling and analysis to quantify the concentrations of other hydrocarbon compounds,
including non-oxygenated compounds, and use the overall average molecular weight for all
quantified organic compounds in the calculations discussed below.  Failure to conduct additional
testing indicates that the source accepts the oxygenated organics weighted average molecular
weight to carbon weight ratio as representative of the actual average molecular weight to carbon
weight ratio of all organic compounds present in the emissions from the specific unit being
tested. 

1.0  Scope and Applicability.  

1.1 Analytes.  The analytes in Table 1.1 must be measured from each source being tested.  
These compounds have been found to comprise the bulk of the identified VOC emitted from
sources at grain mills and ethanol production facilities.

Analyte CAS Number Interference-Free Analytical
Sensitivity

Total Organic Compounds NA M25A ~3 ppmC,                     
 M25 ~50 ppmC

Acetaldehyde 75070 ~ 1 ug/ml

Acetic Acid 64197 ~ 1 ug/ml

Ethanol 64175 ~ 1 ug/ml

Formaldehyde 50000 ~ 1 ug/ml

Formic Acid 64186 ~ 1 ug/ml

2-Furaldehyde 98011 ~ 1 ug/ml

Methanol 67561 ~ 1 ug/ml

1.2 Applicability.  This protocol is applicable to determining the actual VOC mass
emission rates from sources at grain mills and ethanol production facilities.

1.3 Data Quality Objectives.  The quality of the data needed is determined by the needs of
the data user.  If the test using this protocol is required as part of a regulatory process and if the
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tester follows and meets the performance criteria in the protocol, including all Method 18 spike
requirements, it is presumed that the MSP produces data of suitable quality to determine
compliance with that regulation.  The performance criteria in the protocol are set at levels that an
operator properly using well designed equipment will consistently attain or exceed.  However,
because the protocol allows different options to comply with some of the performance criteria, it
is the responsibility of the owner or operator of the emission unit, as the data provider, to identify
the specific requirements in the protocol that were followed and document that the protocol’s
performance criteria were met, or to identify deviations as an exception to the protocol.  The
regulatory agency is considered the data user and, therefore, is entitled to make the final
assessment of data quality.  

For the purpose of determining only the SF to be used in calculating VOC mass
emissions, the spike requirements of Method 18 may be replaced with an analytical spike set
consisting of one low concentration and one high concentration spike sample.  These alternate
spike samples shall be prepared in the field by spiking the first impinger of the sample collection
train and drawing a measured amount of hydrocarbon-free air through the impinger train
equivalent to the nominal sample volume.  The spike samples shall be recovered and analyzed
using the same procedures as those used to recover and analyze the source samples. 

2.0  Summary of Protocol.  Total organic emissions are measured based on the carbon content
of the sample.  The list of individual organic compounds that are present in significant quantities
are measured individually by Method 18 (using the specific application described in Appendix B)
and used to convert the total carbon based measurements to a true VOC mass.  

3.0 Definitions.  Use the definitions as specified in the following methods.

3.1  EPA Methods.  These are methods found in 40 CFR Part 60, Appendix A, and 40
CFR Part 51, Appendix M.

3.1.1  Method 25 — Determination Of Total Gaseous Non-methane Organic Emissions
As Carbon 

3.1.2  Method 25A — Determination Of Total Gaseous Organic Concentration Using a
Flame Ionization Analyzer

 
3.1.3  Method 18 — Measurement Of Gaseous Organic Compound Emissions By Gas

Chromatography

3.1.4  Method 205 —Verification of Gas Dilution Systems for Field Instrument
Calibrations

3.1.5  Method 5 —Determination Of Particulate Emissions From Stationary Sources
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3.1.6  Method 1 — Sample And Velocity Traverses for Stationary Sources

3.1.7  Method 2 — Determination Of Stack Gas Velocity And Volumetric Flow Rate

3.1.8  Method 3A—Determination of Oxygen and Carbon Dioxide Concentrations in
Emissions from Stationary Sources (Instrumental Analyzer Procedure).

3.1.9  Method 4—Determination of Moisture Content in Stack Gases.

3.1.10  Method 10 —Determination Of Carbon Monoxide Emissions From Stationary
Sources

3.1.11  Method 10B —Determination Of Carbon Monoxide Emissions From Stationary
Sources

4.0 Interference.  Interference as specified in the methods in Section 3 and Appendix B.

5.0 Safety.  Follow the safety precautions as specified in the methods in Section 3 and
Appendix B.  
Note that some sources and some areas of grain processing and ethanol production facilities
may be fire or explosion hazards.  Use appropriate caution and selection of sample collection
procedures.

6.0  Equipment and Supplies.  Equipment and supplies as specified in the methods in Section 3
and Appendix B.

7.0  Reagents and Standards.  Reagents and standards as specified in the methods in Section 3
and Appendix B, with the following exception:

7.1  For Method 25A, obtain a calibration standard of all individual target analytes in
Section 1.1 and/or other target analytes found in screening tests at significant levels (>5% of the
total VOC).  The standards shall be within the range of  25 % to 200 % of the expected
concentration of the individual compound.  These calibration standards will be used to develop
response factors for each individual compound.  These gases shall meet the specifications of
Section 7.1 of Method 25A.  

8.0  Sample Collection, Preservation, Storage and Transport. 
 

8.1  Test Protocol (TP).  The procedures in Appendix A, entitled  “A Guide for Stack
Test Protocol Development and Submittal For VOC Emission Tests at Grain Processing and
Ethanol Production Facilities,” shall be used to assure consistency and adequacy.  Failure to
submit a complete TP could add cost and time due to postponements or additional submittals of
the TP. 
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8.2  Operating Conditions.  For the entire period of its performance test, each affected
source shall operate at 90% to 100% of its maximum achievable capacity or its
allowable/permitted capacity under representative conditions while maintaining safe and stable
load conditions using the highest emitting fuel (normal power sources) and processing typical
material resulting in normal product.  Operational parameters shall be recorded at 15-minute
intervals during the test to substantiate the load.  The inlet and outlet gas temperatures of the
dryers, syrup addition feed rate and solids content, wet cake feed rate (e.g. tons/hour) shall be
recorded during the test.

8.3  The samples shall be collected using the following parameters:

8.3.1  Sources Without Entrained Water Droplets or Aerosols.  If the tester intends to use
procedures for sources that do not have entrained water droplets, the tester shall conduct a visual
inspection and a saturation test of the  exhaust gases immediately prior to testing to demonstrate
the stack gas is not saturated.  A saturation test consists of measuring the moisture content of the
exhaust gases using Method 4 and comparing the measured moisture results to tabulated values
for moisture content at 100 % relative humidity at the average temperature of the stack gas.  If
the measured moisture content exceeds the moisture content from the tabulated values, then the
stack gas shall be considered to be saturated and  to contain water droplets.  If the stack gas does
not contain water droplets or visible aerosols, collect the  samples directly from the stack gas
using the procedures in Method 25 or Method 25A and Method 18 as described in Appendix B. 
Use appropriate caution and unheated sample trains when collecting samples from explosion or
fire hazard rated sources regardless of aerosol or water droplet content.

The need for unheated sample trains may dictate the requirement for using Method 25 if
the Method 25A sample train would be subject to sample condensation.

8.3.2  Sources That Contain Entrained Water Droplets.  If the stack gas contains entrained
water droplets, the sample shall be extracted directly from it using the isokinetic sampling
procedures described in Method 5 with the exception that the sample shall be drawn from a
single representative point, preferably near the center of the stack or duct.  Use Method 1 to
determine the appropriate sampling location.  The tester shall maintain the probe and filter of the
Method 5 sampling train at 250° F + 25° F.  Between 20 and 30 dry standard cubic feet (dscf)
shall be drawn through the Method 5 sampling train over a one-hour period for each of the three
runs.

Use two stainless steel compression fittings behind the filter in the heated filter box of the
Method 5 sampling train to withdraw the sample for the total organic compound quantification
test (Method 25 or 25A) and for the individual organic compound analysis (Method 18 as
described in Appendix B).  Place a valve between the Method 5 and the Method 25 or 25A
sampling system, and between the Method 5 and the Method 18 sampling systems to isolate each
of the sampling systems for leak checks.  The tester shall account for the amount of sample
diverted to the total organic quantification test and to the Method 18 sampling trains when
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calculating the isokinetic sampling rates.  Method 25 samples require ~5 dry standard liters (~0.2
dscf) per sample, and the Method 18 train requires ~30 dry standard liters (~1.1 dscf) per sample. 
Method 25A analyzers have different flow requirements and must be determined individually.

8.4.3  All Sources.  Measure stack gas velocity according to the procedures in Methods 2
and 3 at the beginning and the end of each test.  Measure the moisture content of the stack during
each test according to the procedures in Method 4.  If the moisture content of the sample stream
is greater than 10% (or as otherwise specified for the specific FID used) and if the tester is
measuring total organic compounds by Method 25A, the tester shall use the procedures in
Method 205 to dilute the sample to reduce the moisture content to within the linear and unbiased
operating range of the FID.  The tester shall conduct cyclonic flow tests prior to the
commencement of testing at all sampling locations.  If cyclonic flow is determined, appropriate
corrections must be conducted.

8.4.4  Dryers and Combustion Sources.  Measure the carbon monoxide content of
emissions from dryers and combustion sources using the procedures in Method 10 or
Method10B.

8.5  Sample Recovery.

8.5.1  If using Method 25 for the total organic compound quantification test, follow the
procedures in that method to recover the sample, store it and transport it to the laboratory.  

8.5.2  Follow the recovery procedures in Method 18 as described in Appendix B with the
following exception:  If the tester uses an empty impinger as the final impinger in the sample
train to collect any carryover impinger solution due to high moisture content in the stack, the
tester shall recover any liquid in the final impinger and treat it as part of the sample.  The tester
may combine this recovered liquid with the sample from the impinger immediately in front of the
final impinger or may recover it in a separate container. 

9.0 Quality Control.  Follow the quality control procedures as specified in the methods in
Section 3 and Appendix B.

10.0  Calibration and Standardization.  Follow the procedures for calibration and
standardization as specified in the methods in Section 3 and Appendix B with the following
exceptions:

10.1  For Method 25A, the  tester shall determine the response factor of the actual
instrument used for measuring the total organic compound concentration to each of the
individual compounds in Section 1.1 that comprise >5% of the identifiable VOC in the sample.  
The response factor shall be determined by the instrument’s response to the calibration gas used
during the emissions test.  The tester may determine the response factor in the laboratory, at the
test site prior to the testing, or in the laboratory within 45 days after the first day of the testing
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provided that the instrument has not been modified or repaired in the interim.  The response
factor shall not be acceptable if the instrument is modified, repaired or adjusted between the test
date and the date that the response factors are determined.  After the tester has determined the
response factor for an individual  instrument, the tester may use this response factor for other
tests on the same emission unit using the same instrument until the instrument is modified or
repaired.

Immediately prior to determining the response factors, the tester must introduce zero gas
and high-level calibration gas at the calibration valve assembly.  The analyzer output shall be
adjusted to the appropriate levels, if necessary.  The predicted response as carbon shall be
calculated for the compound for which a response factor is being determined by multiplying the
concentration of the compound by the number of carbon atoms in each molecule of the
compound.  Then, the tester shall introduce the calibration gas to the measurement system, record
the analyzer response, and calculate the response factor using the equation in Section 12.7.  

11.0  Analytical Procedure.  Follow the analytical procedures as specified in the methods in
Section 3 and Appendix B. 

12.0  Calculations and Data Analysis.  Follow the calculation and data analysis procedures as
specified in the methods in Section 3 and Appendix B with the following additions:

12.1  Scaling Factor, SF.  Calculate the scaling factor using the following equation.

Equation 1

Where 
SF = Factor used to correct mass as carbon to “as VOC” or actual mass (expected
to be 1.9-2.6)
N = Total number of compounds
MWi = Molecular weight of compound i
MWCi = Molecular weight of carbon per mole of compound i 
MFCi = Mole fraction of carbon contributed by compound i 

12.2  Mole Fraction of Carbon.
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 Equation 2                                 

Where 
mCi = Milligrams of carbon contributed by compound i in the Method 18 sample.

12.3  Mass of Carbon Contributed by Each Compound.

Equation 3

Where 
mi = Milligrams of compound i in the Method 18 sample

12.4  Actual Mass Concentration VOC in the Sample Gas.  Calculate the actual mass
concentration of VOC in the sample gas from the measured VOC concentration as carbon using
the following equation.

    Equation 4           

Where 
ma = Actual mass concentration of VOC in the sample
mc = Measured carbon mass concentration of VOC in the sample, mg/dscm.

12.5  Carbon Mass in the Sample Based on Method 25A Measurement.  For Method 25A,
calculate the carbon mass in the Method 25A measured sample using the following equation.

Equation 5        

Where
mc = Organic concentration as carbon, ppmv from Method 25A.
RFave = Weighted average response factor from Equation 6.

12.6  Average Response Factor for Method 25A.  Calculate the weighted average
response factor, RFave, for Method 25A using the following equation.
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Equation 6      

Where 
Ci = Concentration in ppm carbon of organic compound i
RFi = Response Factor of organic compound i 

12.7  Response Factor for Individual Compounds.  Calculate the response factor for
individual organic, RFi, compounds using the following equation.

Equation 7        

Where 
Cci = Concentration in ppmv carbon of organic compound i as certified by the
manufacturer of the standard
Cmi = Measured concentration in ppm carbon of organic compound i from
Section 10.1
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Appendix A

A Guide for
Stack Test Protocol Development and Submittal

For VOC Emission Tests at Grain Processing and Ethanol Production Facilities

PROTOCOL DEVELOPMENT

A detailed protocol, describing all test equipment, procedures, and quality assurance (QA)
measures to be utilized, will help ensure that a complete and representative stack test is
performed.  The protocol must be specific for the test, facility, operating conditions, and
parameters to be measured.  Adherence to the protocol should eliminate unnecessary
delays and costs in the performance of the test, whether the work is done in-house or by a
consultant.

The term "tester" will be used to refer to the individual(s) performing the emission test,
whether in-house or a consultant.  The tester should make at least one on-site inspection
of the emission point(s), testing ports, stack access and other parameters in order to
prepare the protocol.

The following provides specific guidance pertinent to the major elements of the stack test
protocol.

1. Project Description

Provides a general description of the project.  This should include sufficient detail to
allow those individuals responsible for review and approval to perform their tasks. 
Where appropriate, the following shall be included:

a.  Intended end use of the acquired data.

b.  Dates anticipated for the beginning and the completion of  testing.

c.  Description of plant processes and control equipment, including flow diagrams
and permitted, or maximum achievable, process rates.

d.  Description of plant operating conditions, including but not limited to production
rate, fuel rate, process data (including relevant temperatures and/or flow rates),
and pollution control operational data.



Version 1.6
August 2004

Page 13 of  28

e.  Proposed operation during the stack test .  Unless approved or specified by U.S.
EPA or the applicable state agency, the test will be deemed unacceptable if the
relevant process(es) are operated at less than 90% of maximum capacity.

f.  List of operating and emission parameters to be measured during the test, typical
operating ranges for these parameters, and the maximum ranges for these
parameters.

2.  Project Organization and Responsibility

Include a table or chart showing the project organization and line of authority.  List the
key individuals, including the Quality Assurance Officer (QAO), who are responsible for
ensuring the collection of valid measurement data and the routine assessment of
measurement systems for precision and accuracy.

3.  QA Objectives for Measuring Data

All measurements must be made to ensure that results are representative of the normal, or
permitted, maximum operating conditions of the facility.  Data quality objectives will be
determined for each measurement and compared with the requirements for the specific
project.  This will ensure that the data collected will be appropriate for their intended use.

4.  Sampling Procedure

For each major measurement parameter, provide a description of the sampling procedures
to be used.  Officially approved EPA procedures and Reference Methods should be used
where applicable.  The protocol should include the following:

a. A stack diagram showing test ports, their distances from upstream and
downstream disturbances, the stack diameter, planned sampling equipment and
monitoring locations.

b. The proposed method for the determination of the presence and quantification of
cyclonic flow.

c. The proposed number of sample flow measurement points and the total sample
volume.

d. A detailed description of all sampling, sample recovery, and analytical procedures. 
In the case of non-standard procedures or modifications to standard procedures,
the entire procedure should be described with justifications and necessary data for
backup.  Options offered by the Reference Method should be selected and
justified.
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e. Any special conditions for the preparation of the sampling equipment and
containers to avoid sample contamination.

f. Samples of forms to be used to record sample history, sampling conditions, and
plant operating conditions.

g. The methodology for measurement of plant and pollution control device operating
conditions.

h. If more than one sampling train is to be used, a detailed description of the relevant
sequencing and logistics.

i. If Continuous Emission Monitors (CEMs) are to be used, a detailed description of
the operating and data logging procedures.

5.  Sampling Procedures for Ethanol Production Facility Dryers

The protocol for the emission test should include the following test methods to accurately
characterize the VOC emissions from dryers:

Test Methods -

USEPA Method 1: Sampling Location and Cyclonic Flow Determination
USEPA Method 2: Stack Gas Velocity and Volumetric Flow Rate
USEPA Method 3: Stack Gas Molecular Weight
USEPA Method 4: Stack Gas Moisture Content
USEPA Method 18:  Gas Chromatography

The preferred application of Method 18 based on similar sources is the NCASI
Method CI/SG/PULP-94.02: Chilled Impinger/Silica Gel Tube Test Method at
Pulp Mill Sources for Methanol, Acetone, Acetaldehyde, Methyl Ethyl Ketone
and Formaldehyde

USEPA Method 25: Determination of Total Gaseous Non-Methane Emissions as
Carbon 

USEPA Method 25A: Determination Of Total Gaseous Organic Concentration Using
A Flame Ionization Analyzer 

Location - Sampling shall be performed at the exit of each stack.  If the stack has a
control device for VOC emissions, sampling shall occur before and after the control
device where applicable and consistent with the Project Description listed above.

Isokinetics - Sample shall be drawn isokinetically from a single representative point for
all methods in any stack that contains uncombined water or organic aerosols.
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Detection Limits - The limits of detection for each targeted compound and for total VOC
shall be calculated in Kg/hr and/or lbs/hr.

6.  Sample Custody

Sample custody is a part of any good laboratory or field operation.  At a minimum, the
following sample custody procedures shall be addressed in the protocol:

a. Documentation of procedures for preparation of reagents or supplies that become
an integral part of the sample (e.g., filters and absorbing reagents).

b. Procedures and forms for recording the exact location and specific considerations
associated with sample acquisitions.  As samples are transferred between
individuals, the individuals should sign and date their relinquishing of, or receipt
of, the samples on the Chain of Custody form.  

c. Prepared sample labels containing all information necessary for effective sample
tracking.  Labels or custody seals should cover the sample container cap such that
it would be evident if the sample was opened by a person other than the laboratory
analyst.

7.  Calibration Procedures and Frequency

Include calibration procedures and information for each major measurement device,
including coefficients, by reference to a standard method or by providing written
description.  Provide the frequency planned for recalibration during the test and a list of
all calibration standards, including their source and traceability.  Equipment to be
calibrated would include, for example, dry gas meters, orifice meters, pitot tubes,
thermometers/thermocouples, nozzles, flow meters as well as all process parameter
monitors.  Also include a detailed description of spike preparation procedures.

8.  Documentation

Include sample copies of all data log sheets and examples of any calculations that will be
performed on the raw data.  Note: copies of all raw data sheets, including manually and
automatically recorded data (strip charts and data logger or computer printouts) will be
submitted with the test report and copies must be available at the end of the day's testing.
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Appendix B
Method 18 for Oxygenated Organics Other Than Formaldehyde

Introduction.
This appendix describes a specific application of the general Method 18 procedures to measure
the individual oxygenated organic compounds other than formaldehyde that are required by the
Midwest Scaling Protocol.  Formaldehyde is collected in the same Method 18 sample, but is
analyzed by a separate procedure found in Appendix C.  Both this specific application of
Method 18 and the formaldehyde procedure in Appendix C were developed by the NCASI and
validated for their use at pulp mills.  The NCASI identifies the procedure as NCASI Method
CI/SG/PULP-94.02, Chilled Impinger/Silica Gel Tube Test Method at Pulp Mill Sources for
Methanol, Acetone, Acetaldehyde, Methyl Ethyl Ketone and Formaldehyde.

Acknowledgment
This method was prepared by Dr. MaryAnn Gunshefski, Senior Research Scientist, and
Ward Dickens, Research Associate, at the NCASI Southern Regional Center.  Other
assistance was provided by Terry Bousquet, Senior Research Scientist, with the NCASI
West Coast Regional Center.

This specific application follows the general Method 18 procedure with the following additions
to Method 18 taken directly from the NCASI Method CI/SG/PULP-94.02.

1.0  Scope and Application.  Same as Method 18 with the following addition: 
Stability - The stability of acetaldehyde in the impinger catch was found to be 10 days, with
refrigeration at approximately 4°C.  The stability of acetone, methyl ethyl ketone, and methanol
was found to be 21 days, with refrigeration at approximately 4°C.  The stability of acetaldehyde,
acetone, methyl ethyl ketone, and methanol on the silica gel sorbent tubes was found to be
approximately 10 days, with refrigeration at approximately 4°C.  Once desorbed in 3% n-
propanol, these same compounds are stable for up to 21 days, with refrigeration at 
approximately 4°C.

2.0  Summary of Method.  Same as Method 18 with the following addition:
This method involves collection of an air sample by drawing it through a midget impinger, which
is filled with water, and then through two 2-section silica gel sorbent tubes.  The impinger is kept
in an ice water bath during sampling to enhance collection efficiency.  The impinger catch is
analyzed for methanol, acetaldehyde, ethanol, formic acid, acetic acid, 2-furaldehyde, by direct
injection into a gas chromatograph equipped with a flame ionization detector (GC/FID).  The
silica gel sorbent is desorbed with a 3% (v/v) solution of n-propanol.  The desorbate is injected
directly into the GC/FID for analysis of methanol, acetaldehyde, ethanol, formic acid, acetic acid,
and 2-furaldehyde.  Alternative GC procedures may be used with prior approval.

3.0 Definitions.  Same as Method 18.
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4.0  Interferences.  Same as Method 18 with the following addition: method interferences may
be caused by contaminants in solvents, reagents, glassware and other sample processing
hardware.  Clean all glassware by detergent washing with hot water and rinsing with tap water. 
The glassware should then be drained dry and baked at greater than 100°C for over 2 hours.

5.0  Safety.  Same as Method 18.

6.0  Equipment and Supplies.  Same as Method 18 with the following additions:

6.1.1  Sampling apparatus.  A diagram of the sampling train is shown in Figure 1 (see below).

6.1.1.1  Probe/sampling line.  The probe is made from Teflon tubing or stainless steel, which is
then attached to the first impinger.

6.1.1.2  Impinger train.  Three 30 mL capacity midget impingers are connected in series to the
sampling probe.  The impingers should have regular tapered stems.  All impinger train
connectors should be glass and/or Teflon. 

6.1.1.3  Sorbent tubes  Two 2-section silica gel sorbent tubes (SKC #226-15 GWS) are placed in
line after the impingers.

6.1.1.4  Rotameter.  A 1000 mL/min capacity rotameter should be placed in line after the silica
gel sorbent tubes for a visual flow check during sampling and leak checking.  The rotameter is
not used to determine the actual flow rate through the impingers.

6.1.1.5  Critical orifice.  A 400 ± 50 mL/min critical orifice should be used for flow control.

6.1.1.6  Vacuum pump - The critical orifice is followed by a pump capable of providing a
vacuum of about 18 inches of Hg.  Pump capacity should be sufficient to obtain and maintain
critical conditions at the orifice.

6.1.1.7  Pressure gauges.  One pressure gauge is placed before the critical orifice, and one
pressure gauge is placed before the pump, and both are used when leak checking the sample
train.  The pressure gauge downstream of the critical orifice provides a check for critical flow
conditions at the orifice.

6.1.1.8  On/off valve.  An on/off valve is placed between the critical orifice and the second
pressure gauge, and is used when leak checking the sample train.

6.1.1.9  Flowmeter.  A bubble tube flowmeter is used to measure flow at the sampling line tip
prior to and after sampling.  Alternatively, a dry gas meter may be used.
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Alternative Sampling Apparatus.  An equivalent sample gas collection system may be proposed
by the tester (e.g., use of a volumetrically calibrated evacuated vessel and controller consisting of
a needle valve and rotameter along with pre- and post-tank temperature and absolute pressure
measurements, or use of a Volatile Organic Sampling Train [VOST] console with its low-flow
calibrated dry gas meter.)

6.1.1.10  Thermometer - An accurate thermometer is used to measure ambient temperature.

6.1.1.11  Barometer - A barometer is used to measure barometric pressure. 

6.1.1.12  Sample storage bottles.  Glass (i.e., 40 mL VOA vials) or polyethylene bottles can be
used to store the impinger catch sample after stack sampling is complete.

6.1.2  GC/FID analysis apparatus

6.1.2.1  Laboratory glassware.  Volumetric pipets, volumetric flasks, autosampler vials, syringes,
and cuvettes necessary for standards preparation and analysis.

6.1.2.2  NCASI-recommended gas chromatography system.  Gas chromatography/flame
ionization detector system, complete with a temperature-programmable gas chromatograph
suitable for splitless injection and all required accessories including syringes, analytical columns
and gases.  Note that we suspect systems with EPC are not designed to handle aqueous
injections, and as a result the FID flame may begin to go out during the runs.  This could be due
to the water which builds up in the GC system after several injections on any type of GC. 
Bakeouts are necessary for any type of GC system, but more frequent bakeouts of a system with
EPC may need to be performed.

6.1.2.3 Column - 30 m x 0.53 mm x 1 :m bonded phase DB-WAX fused silica capillary column
(J&W Scientific or equivalent); 30 m x 0.32 mm x 0.25 :m bonded phase DB-WAX fused silica
capillary column (J&W Scientific or equivalent); 30 m x 0.53 mm x 3 :m bonded phase DB-624
fused silica capillary column (J&W Scientific or equivalent); or other column shown to be
capable of separating methanol, acetone, acetaldehyde, methyl ethyl ketone and n-propanol.

6.1.2.4 GC detector - Flame ionization detector with appropriate data system.

7.0  Reagents and Standards

7.1  Water - Deionized water is to be used as the impinger collection liquid, and in the
preparation of all standard and spike solutions. 

7.2  Pure compounds - Reagent grade methanol, acetaldehyde, ethanol, formic acid, acetic acid,
2-furaldehyde,  formaldehyde solution in water (stabilized with methanol) for preparation of
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standard and spike solutions.  Be sure to account for the methanol in the formaldehyde solution
when calculating spike concentrations.

7.3  GC/FID calibration primary stock solution - Prepare stock solution by diluting 0.126 mL of
pure methanol, 0.128 mL of pure acetaldehyde, 0.073 mL of glacial acetic acid, 0.127 mL of pure
ethanol, 0.082 mL of pure formic acid, 0.086 mL of pure 2-furaldehyde, and 0.270 ml of 37%
formaldehyde solution in 100 ml volumetric flask with DI water (1000 mg/L plus the methanol in
the formaldehyde solution).

7.4  GC/FID calibration and matrix spike solutions - Prepare standard solutions by serial
dilutions of the stock solution.  The recommended calibration range is 0.5 to 1000 mg/L.  It has
been found that the linear range can be extended up to 10,000 mg/L.  Prepare matrix spike
solutions by calculating the concentration of analytes desired and diluting the primary stock
solution.

7.5  GC/FID internal standard primary spiking solution (if used) - Prepare primary stock solution
by adding 0.312 mL cyclohexanol and diluting to 100 mL with DI water in a 100 mL volumetric
flask (3 mg/mL cyclohexanol).  Another internal standard material could be used if it is
demonstrated that it does not interfere with the analyte peaks in the chromatogram.

7.6  n-propanol - Prepare a 3% (v/v) n-propanol/water solution for desorption of the analytes
from the silica gel sorbent tubes.

8.0  Sample Collection, Preservation, Storage, and Transport.  Same as Method 18, Sections
8.2.4, 8.3, and 8.4.3 with the following additions: 

8.1.1  Sample bottle preparation - Determine the number of sample bottles required for the
sampling trip.  Weigh each bottle and record the pre-sampling weight on the bottle.

8.1.2  Sampling.

8.1.2.1  Measure and record ambient temperature and barometric pressure.

8.1.2.2  Preparation of collection train.  Measure 20 mL of DI water into each of the first and
second impingers and assemble the sampling train.

8.1.2.3  Leak and flow check procedure.  Make sure that the on/off valve is in the on position,
close the valve to the M-5 train and turn on pump to draw a vacuum.  When the vacuum reading
is approximately 25 inches of Hg, turn the pump on/off valve to the off position, then record time
and pressure reading on first pressure gauge.  A leak is indicated by a flow of bubbles in the
impinger, liquid being drawn into the stem of the impinger or a loss of vacuum.  If a leak is
present, tighten fittings, connections and impingers, and restart the leak check procedure.  After 2
minutes, record the pressure reading on the first pressure gauge again.  The leakage rate should
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not be in excess of 1 inch Hg (vacuum) in 2 minutes.  Slowly and carefully open the valve to the
M-5 train, and turn the on/off valve back to the on position.  If using the critical orifice
procedure, check the flow rate at the probe inlet with a bubble flowmeter.  The flow rate should
be comparable to the flow rate of the critical orifice with the impingers off-line.  Record five
measurements of the flow rate and turn off the pump.

8.1.2.4 Sample collection - Insert the probe into the stack and secure it.  Start the pump,
recording the time and the flow reading on the rotameter.  End the sampling after 60 minutes.
Record the time and remove the tubing from the vent.  Recheck the sample flow rate at the probe
inlet and turn off the pump.  If the flow rate has changed significantly, redo sampling with fresh
capture water.  A slight variation (< 5%) in flow can be averaged.  With the probe inlet end of the
line elevated above the impinges, add about 5 mL of water into the inlet tip to rinse the line into
the first impinger.

8.1.3 Sample recovery - Transfer the contents of the impingers into an appropriately labeled and
pre-weighed sample storage bottle.  The contents of both impingers can be combined into one
bottle.  If a large amount of water was collected in the dropout impinger, two bottles can be used. 
Remove the silica gel tubes from the sampling train, cap ends (tape caps on if necessary), and
label.  Store both impinger and sorbent tube samples in a cooler with ice until they can be stored
in a laboratory refrigerator at approximately 4°C.

9.0  Quality Control.  Same as Method 18 with the following exception: for the purpose of
determining only the Scaling Factor to be used in calculating VOC mass emissions, the spike
requirements of Method 18 may be replaced with an analytical spike set consisting of one low
concentration and one high concentration spike sample.  These alternate spike samples shall be
prepared in the field by spiking the first impinger of the sample collection train and drawing a
measured amount of filtered air through the impinger train equivalent to the nominal sample
volume.  The spike samples shall be recovered and analyzed using the same procedures as those
used to recover and analyze the source samples. 

10.0  Calibration and Standardization.  Obtain calibration standards for each target compound
to be analyzed.   Prepare or obtain enough calibration standards so that there are three different
concentrations of each organic compound expected to be measured in the source sample.   For
each organic compound, select those concentrations that bracket the concentrations expected in
the source samples.  A calibration standard may contain more than one organic compound.  
Prepare or obtain standards in the same solvent used for the sample extraction procedure.  Verify
the stability of all standards for the time periods they are used.  Analyze each standard in
triplicate.

10.1 GC/FID analysis of calibration standards.

10.1.1 Internal standard calibration.
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10.1.1.1  Inject 1 :L of a methanol, acetaldehyde, ethanol, formic acid, acetic acid, and 2-
furaldehyde calibration solution containing the internal standard and determine the retention time
of the analytes relative to the internal standard.  Each analyst should optimize the temperature
program or instrument conditions, as necessary, to establish distinct separate peaks.

10.1.1.2  Calculate the relative response factor for the analytes (RRFM) using Equation 1 (section
12.1, below).  If the average of the relative response factor for the analytes is constant, i.e.,
exhibits a coefficient of variation less than 20%, the calibration is acceptable and the average
RRFM can be used in all subsequent calculations; otherwise, the calibration curve solutions must
be reanalyzed and reevaluated.  It may be necessary to perform instrument maintenance prior to
reanalysis.  If reanalysis also fails to produce a linear curve, new calibration standards must be
prepared and analyzed.

10.1.1.3  Analyze and calculate the relative response factor of a midrange calibration standard
daily, prior to each sample set, using Equation 2 (section 12.2, below) to verify the calibration. 
The relative response factors must be within an acceptable range.  If they are not, either prepare a
new standard or perform instrument maintenance.  If necessary, re-calibrate the instrument.

10.2.2  External standard calibration

10.2.2.1  Inject 1 :L of a methanol, acetaldehyde, ethanol, formic acid, acetic acid, and 2-
furaldehyde calibration solution and determine the retention time of each analyte.  Each analyst
should optimize the temperature program or instrument conditions, as necessary, to establish
distinct separate peaks.

10.2.2.2  Measure and plot the response of each analyte vs. concentration.  If the correlation
coefficient of the graph is greater than 0.99, the calibration is acceptable and the equation of the
curve can be used in all subsequent calculations; otherwise, the calibration curve solutions must
be reanalyzed and reevaluated.  It may be necessary to perform instrument maintenance prior to
reanalysis.  If reanalysis also fails to produce a correlated curve, new calibration standards must
be prepared and analyzed.

10.2.2.3  Analyze and calculate the concentration of a mid-range calibration standard daily, prior
to each sample set, to verify the calibration.  The recovery should be between 70 and 130%.  If it
is not, either prepare a new standard or perform instrument maintenance.  If necessary, re-
calibrate the instrument.

10.3 Analytical range and minimum calibration level

10.3.1  Demonstrate that the calibration curve is acceptable (relative response factors exhibit a
coefficient of variation less than 20%, or correlation coefficient greater than 0.99) throughout the
range of the calibration curve.
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10.3.2  Demonstrate that the analytes are detectable at the minimum levels using the lowest level
calibration curve solution.

11.0  Analytical Procedures. 

11.1  Preparation of impinger samples.  Remove bottles from refrigerator.  Weigh the sample
bottles and record weights on the bottle.  Transcribe initial and final bottle weight to sample field
data sheet.  Bottles do not need to be at room temperature before weighing.  Remove an aliquot
of sample and place in the sampler vial, add 10 :L of internal standard solution (if using internal
standard calibration curve), and cap vial. 

11.2  Preparation of sorbent tube samples.  Remove sorbent tubes from refrigerator.  Remove end
caps and score glass to remove the silica gel from one section.  All sections of the silica gel tubes
can be combined and analyzed together.  This is considered the “back half” of the sample
collection train.  Pour into a 4.0 mL screw-capped vial and add 3.0 mL of a 3% (v/v) n-
propanol/water desorption solution.  Allow to sit for 30 minutes, with occasional light shaking.  
Vigorous shaking causes the silica gel particles to adhere to the cap and walls of the vial.  
Remove an aliquot of the desorption solution and place in an autosampler vial.  Add 10 :L of
internal standard solution (if using internal standard calibration curve) and cap vial.

11.3  GC/FID analysis.  Analysis is performed by direct aqueous injection into the GC/FID.
Representative conditions for the GC/FID analysis are given in Tables 1, 2 and 3 (section 18,
below).  Other chromatographic columns and conditions may be used if it has been established
that the compounds are separated and quality control parameters are met.  Once the GC/FID
system is optimized for analytical separation and sensitivity, the sample operating conditions
must be used to analyze all samples, blanks, calibration standards and quality assurance samples. 
Note that constant injections of aqueous samples can cause water to build up in the system.  This
will cause the retention times to shift, and the peaks to broaden.  It is recommended that after
approximately 50 injections a bakeout of the system be performed.  This should consist of
heating the injector to 250°C, the oven to over 200°C and the detector to 275°C for at least
several hours.

12.0  Data Analysis and Calculations.  Same as Method 18 Sections 12.7 -12.9 with the
following additions:

12.1 Relative Response Factor.  Calculate the relative response factor (RRFM using the following
equation.

Equation 1

Where:
AM = area of analyte peak
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AIS = area of internal standard peak
CM = concentration of analyte injected
 CIS = concentration of internal standard injected

12.2 Calibration Verification.  Calculate the concentration of the midrange standard using the
following equation.

Equation 2

Where:
AM = Area of the analyte peak
CIS = Concentration of the internal standard (mg/L)
AIS = Area of the internal standard peak
RRFM = Relative response factor of analyte

13.0  Method Performance.  Same as Method 18.

14.0  Pollution Prevention.  [Reserved]

15.0  Waste Management.  [Reserved]

16.0  Alternative Procedures.  [Reserved]

17.0  References.  Same as Method 18 with the following addition:
17.1  National Council for Air and Stream Improvement, Inc. (NCASI).  Methods Manual -
NCASI Method CI/SG/PULP-94.02 Chilled Impinger/silica Gel Tube Test Method at Pulp
Mill Sources for Methanol, Acetone, Acetaldehyde, Methyl Ethyl Ketone and Formaldehyde. 
National Council for Air and Stream Improvement, Inc..  Research Triangle Park, N.C. 1998.  

18.0 Tables, Diagrams, Flowcharts, and Validation Data.

Table 1: GC/FID Operating Conditions for Methanol, Acetaldehyde, Acetone and Methyl
Ethyl Ketone Analysis-DB-WAX Column
Injection: Direct
Injector Temperature: 150°C
Injection Volume: 1 :L
FID Detector Temperature: 250°C
Carrier Gas: Helium
Column: DB-WAX, 30 m x 0.53 mm id x 1 micron
fused silica capillary column
Temperature Program °C:
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Initial: 18vC for 8 min
Ramp 1: 3°C/min to 20°C for 2 minutes
Ramp 2: 50°C/min to 220°C
Ramp 3: [deliberately blank]
Final Hold Time: 5 minutes
Retention Time Order: acetaldehyde, acetone, methyl ethyl ketone,
methanol, n-propanol, cyclohexanol

Table 2: GC/FID Operating Conditions for Methanol, Acetaldehyde, Acetone and Methyl
Ethyl Ketone Analysis-DB-WAX Column
Injection: Direct
Injector Temperature: 170°C
Injection Volume: 1 :L
FID Detector Temperature: 275°C
Carrier Gas: Helium
Column: DB-WAX, 30 m x 0.32 mm id x 0.25 micron
fused silica capillary column
Temperature Program °C:
Initial: 0°C for 3 min
Ramp 1: 5°C/min to 50°C for 4 minutes
Ramp 2: 70°C/min to 100°C for 10 min
Ramp 3: 70°C/min to 200°C
Final Hold Time: 4 minutes
Retention Time Order: acetaldehyde, acetone, methyl ethyl ketone,
methanol, n-propanol, cyclohexanol

Table 3: GC/FID Operating Conditions for Methanol, Acetaldehyde, Acetone and Methyl
Ethyl Ketone Analysis-DB-624 Column
Injection: Direct
Injector Temperature: 170°C
Injection Volume: 1 :L
FID Detector Temperature: 275°C
Carrier Gas: Helium
Column: DB-624, 30 m x 0.53 mm id x 3 micron
fused silica capillary column
Temperature Program °C:
Initial: 0°C for 3 min
Ramp 1: 5°C/min to 50°C for 0 minutes
Ramp 2: 70°C/min to 105°C for 17 min
Ramp 3: 70°C/min to 220°C
Final Hold Time: 3 minutes
Retention Time Order: acetaldehyde, methanol, acetone, n-propanol,
methyl ethyl ketone, cyclohexanol
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Appendix C
Analysis of Method 18 Samples for Formaldehyde

1.0  Scope and Application.  Same as Appendix B with the following addition: 
The stability of formaldehyde was found to be 21 days, with refrigeration at approximately 4°C.

2.0  Summary of Method. 
This method contains procedures for analyzing the samples collected by the Method 18
procedure described in Appendix B for formaldehyde.  To analyze for formaldehyde, the
acetylacetone derivatization/spectrophotometric analysis method is used on an aliquot of the
impinger solution collected according to Appendix B.

3.0  Definitions.  Same as Appendix B.

4.  Interferences.  Same as Appendix B with the following addition: 

Interferences with the formaldehyde analysis can be caused by the presence of sulfur compounds
(i.e. SO2) in the source gas.

5.0  Safety.  Same as Appendix B.

6.0  Equipment and Supplies.  Same as Appendix B with the following addition:

6.1.  Formaldehyde analysis apparatus

6.1.1  Spectrophotometer - A spectrophotometer capable of
measuring absorbance at 412 nm.

7.0  Reagents and Standards.

7.1  Water.  Deionized water is to be used as the impinger collection liquid, and in the
preparation of all standard and spike solutions.

7.2  Pure compound.  Reagent grade 37% formaldehyde solution (formalin) for preparation of
standard and spike solutions.

7.3  Acetylacetone reagent.  Prepare by dissolving 15.4 g of ammonium acetate in about 50 mL
of DI water in a 100 mL volumetric flask.  Add 0.20 mL of acetylacetone to this solution, along
with 0.30 mL of glacial acetic acid.  Mix thoroughly and dilute to 100 mL with DI water.  Store
reagent in a brown glass bottle in the refrigerator.  Reagent is stable for at least two weeks.

7.4  Formaldehyde analysis primary stock solution.  Prepare stock solution by diluting 2.7 mL of
formalin in a 1000 mL volumetric flask with DI water (1000 mg/L formaldehyde).
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7.4.1 Formaldehyde analysis calibration standard solution.  Prepare standard solution by diluting
1.0 mL of primary stock solution in a 100 mL volumetric flask with DI water (10 mg/L
formaldehyde).

8.0  Sample Collection, Preservation, Storage, and Transport.  The sample is collected
according to the procedures in Appendix B.

9.0  Quality Control.  Each field sampling program or laboratory that uses this method is
required to operate a formal quality assurance program.  Laboratory or field performance is
compared to established criteria to determine if the results of analyses meet the performance
criteria of the method.

9.1  Field blank samples.  A field blank sample of water must be prepared to assure that the water
being used in the impingers is not contaminated.  It is made in the field by filling a 40 mL
VOA vial or polyethylene bottle with the same water being used to fill the impingers.

9.2  Field spike sample.  A field spike sample should be prepared by spiking the impinger with a
known amount of analyte before sampling.  The spike solution described in Appendix A should
be used for this purpose.  After the impinger is spiked, a sample bottle
containing DI water should also be spiked.  This provides a check of the spiking solution and
spiking procedure.  The impinger spiking may be done on a duplicate sampling train if
the equipment is available or may be done during a normal sampling run.  This type of spiking is
performed when a check of the complete sampling procedure, sample storage and sample
analysis is desired.

9.3  Laboratory blank sample.  A laboratory blank sample should be analyzed with each batch of
samples.  A batch is considered no more than 10 samples of similar matrix type. 

9.4  Laboratory duplicates.  A replicate injection of one sample in the analytical batch should be
performed.  The results of the duplicate analysis should be within 10% of the mean of the
original and duplicate sample analysis.

9.5  Laboratory matrix spike samples.  A laboratory matrix spike sample may be prepared with
each group of similar matrix type.  Using the mean concentration determined by the replicate
analyses or the background level determined from a single measurement, determine the spiking
level which will give one to four times the background.  If the background sample does
not have detectable levels of analytes, spike the sample at approximately five times the lowest
calibration level of the instrument.  Spike the sample with the determined amount of
the calibration standard/matrix spike solution and proceed to analyze the sample in the normal
manner.  The results can be considered acceptable if the calculated spike recovery is 70 to
130%.  In cases where multiple analytes are present, the analyte with the highest concentration
should govern the acceptance criteria.
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10.0  Calibration and Standardization.  

10.1  Formaldehyde analysis calibration solutions.  A series of calibration standards are made
from the standard solution (Section 7.1.4.1) by adding 0, 0.1, 0.2, 0.4, 1.0 and 1.5 mL of the
standard solution to individual screw-capped vials.  The volume in each vial is adjusted to 2.0
mL with DI water.  This corresponds to 0, 0.5, 1, 2, 5 and 7.5 mg/L calibration solutions.  To
each vial, 2.0 mL of the acetylacetone reagent is added, and the procedure described in Section
11.1 is then followed.

11.0  Analytical Procedures.

11.1  Formaldehyde sample analysis.  Remove a 2.0 mL aliquot of the impinger sample and
transfer to a screw-capped vial.  Add 2.0 mL of the acetylacetone reagent and mix thoroughly.
Place vial in a water bath at 60/C for 10 minutes.  Allow vials to cool to room temperature.  
Transfer the solution to a cuvette and measure the absorbance at 412 nm.  If the sample solution
concentration is above the calibration curve, dilute original sample and repeat entire procedure.  
Do not dilute colored (derivitized) samples.
12.0  Data Analysis and Calculations.

13.0  Method Performance.   [Reserved]

14.0  Pollution Prevention.  [Reserved]

15.0  Waste Management.  [Reserved]

16.0  Alternative Procedures.  [Reserved]

17.0  References.  Same as Appendix B.

18.0  Tables, Diagrams, Flowcharts, and Validation Data.  [Reserved]



Attachment #15



Ms. Mary A. Gade
Sonnenschein Nath and Rosenthal LLP
8000 Sears Tower
238 South Wacker Drive
Chicago, IL 60606

Dear Ms. Gade:

Thank you for your letter of December 10, 2003, to Ms. Walker Smith, Director of Office
of Regulatory Enforcement (ORE), concerning the use of volatile organic compound (VOC)
measurement methods for the corn wet milling industry.  You requested the Environmental
Protection Agency’s (EPA) position on the status of the draft Midwest Scaling Method (which
we now refer to as the Midwest Scaling Protocol, as described below), and also a statement on
EPA’s policy regarding compliance with permit emissions limits that are based on EPA
reference methods and the use of promulgated EPA methods specified in permits.

First and foremost, to comply with the requirements of the New Source Review (NSR)
program or the Title V operating permitting program under the Clean Air Act, the
owner/operator of an emissions source must calculate the total emissions of criteria and
hazardous air pollutants to determine the applicability of these programs.  It is the responsibility
of the owner/operator of the source to do so and to use a protocol that accurately measures the
mass emissions.  With regard to VOC’s, emissions must be calculated on a total VOC mass basis
(“as VOC basis”),  not on the basis of a surrogate such as “mass as carbon” or “mass as propane”
[see definition of VOC at 40 CFR 51.100(s)].  One cannot determine the applicability of a
regulation under NSR and Title V unless the emissions are reported as VOC(s).  In addition, for
the purposes of reporting an annual total VOC emissions to the State or local agencies and the
EPA, the total VOC mass must be identified.

The test methods in 40 CFR 60, Appendix A for measuring VOC emissions (e.g., 
Method 25/25A) do not directly address the issue of reporting VOC emissions “as VOC.”
Furthermore, these methods must be modified or an additional method must be added to measure
the actual mass of VOC’s emitted.  Such modifications or alternative methods are allowed as
specified in the excerpt of the regulation below:

Minor changes in the test methods should not necessarily affect the validity of the results
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1  This procedure, which we originally called the “Midwest Scaling Method,” is now referred to
as the Midwest Scaling Protocol (MSP).  To avoid confusion some have expressed regarding the term
“method.”

and it is recognized that alternative and equivalent methods exist.  Section 60.8 provides
authority for the Administrator to specify or approve (1) equivalent methods, 
(2) alternative methods, and (3) minor changes in the methodology of the test methods.

We developed the draft Midwest Scaling Protocol (MSP)1 to help members of the ethanol
producing industry determine their VOC mass emissions.  The draft MSP is a generally
acceptable protocol based on data and experience from the ethanol producing industry and
contains the steps necessary to convert VOC emissions measured using Method 25 or 25A to “as
VOC” mass emissions.  It is comprised largely of the EPA methods with appropriate
modifications in accordance with 40 CFR Part 60, Appendix A.  The draft MSP is currently
under public review and comment.  It is intended to be advisory in nature.  Owner/operators of
sources for which the draft MSP is applicable may propose to use it when conducting a test for
compliance and applicability determinations.  Assuming a successful test, EPA will generally
accept that the emissions are adequately quantified for regulatory purposes.

There might be other procedures, including scaling methods, that can be used to quantify
the total mass of VOCs emitted from your industry that could also be approved by the EPA.  One
example might be Test Method 320, Measurement of Vapor Phase Organic and Inorganic
Emissions by Extractive Fourier Transform Infrared Spectroscopy (FTIR) (see 40 CFR 63,
Appendix A).  This method uses FTIR to measure certain organic compounds on an individual
basis.  The individually measured organic compounds can then be summed to produce the total
VOC mass, assuming that each VOC in the emissions stream can be measured with FTIR within
adequate limits of detection.  Similarly, EPA Method 18 (40 CFR 60, Appendix A), in which gas
chromatography is used to isolate individual organic compounds prior to measuring them, can be
used to measure total VOCs if the quality assurance steps are sufficient to quantitatively measure
all of the individual organic compounds.  As you are aware, we are currently working with the
Corn Refiners Association (CRA) to investigate the feasibility of a method for that industry.  As
we have suggested with the MSP, a facility may also propose to modify existing test methods or
develop new test methods as alternatives to existing test methods.  If a facility submits an
alternative test method request to your office, you should forward the request to the Office of Air
Quality Planning and Standards for review and approval.

If the owner/operator of a source has used only Method 25 or 25A to determine the
applicability of NSR or Title V without appropriate modifications or use of an additional
approved method to determine the “as VOC” mass emissions, then the VOC emissions may be
substantially underestimated and the owner/operator may not be in compliance with those
programs.  Owner/operators who are in this situation should estimate their “as VOC” mass
emissions as soon as possible.  To the degree that an owner/operator identifies that he or she may
not be in compliance with NSR and/or Title V, then contact should be made with EPA’s
appropriate Regional Office or ORE to resolve any such issues.  As of the date of this letter,
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owners/operators who disclose this information expeditiously will have the same opportunities
as are described in the recent settlements with the ethanol producing industry (see for example,
www.epa.gov/compliance/civil/programs/caa/ethanol).

Regarding the existing emission limits in permits related to Federal or State and local
standards, as noted in 51.100(s)(2), it is appropriate to base those limits and the compliance
method in the permit on the reference method that was used in setting the standard.  Title 40
CFR  section 51.100(s)(2) states: "For purposes of determining compliance with emission limits,
VOC will be measured by the test methods in the approved [SIP] . . . ."  For example, if a
standard specified that Method 25 or 25A should be used to establish the percent reduction of a
control device, it is appropriate to use only Method 25 or 25A as the compliance method in the
permit because estimating the total mass of the VOC emissions is not necessary to judge
compliance with such a standard.  If a compliance method was not specified in the standard, then
an appropriate one must be developed and approved by the permitting authority during the
process of obtaining a permit.  In addition, when permit limits are designed to maintain a
facility’s emissions below an applicable threshold (e.g., NSR), the limits should require the use
of methods that quantify the actual mass of the VOC’s emitted.  Where such information is
needed for applicability determinations and compliance, and an existing permit requires a test
protocol that does not accurately identify mass emissions, the permit-holder should notify the
permit authority and request a change in its test protocol.

I appreciate the ongoing work of the CRA with us on investigating alternative methods
for that industry.  I also appreciate this opportunity to respond to your questions, and I hope this
response answers your questions.  If you have additional questions on the appropriate use of
different test methods, please contact Gary McAlister at (919) 541-1062.  For questions related
to potential compliance issues with NSR or Title V, please contact Mr. Cary Secrest of ORE at
(202) 564-8661.

Sincerely,

Stephen D. Page
                  Director
Office of Air Quality Planning 

  and Standards

/s/ 12/30/2003
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