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ATTACHMENT H 
 

LOWEST ACHIEVABLE EMISSION RATE (LAER) EVALUATION 
 
 
The 1977 amendments to the federal Clean Air Act (CAA) authorized the U.S. Environmental Protection 
Agency (EPA) to require preconstruction permits for facilities in areas not attaining the ambient air 
quality standards. EPA or an authorized state like Pennsylvania may issue a permit to construct a new or 
modified major stationary source in a non-attainment area only if, among other requirements, the 
proposed source complies with the Lowest Achievable Emission Rate (LAER) for the specific pollutant (in 
this case, volatile organic compounds (VOCs)) subject to nonattainment new source review (NNSR). 42 
USC § 7503(a)(2).  Perdue’s proposed soybean solvent extraction facility will be located in an ozone 
transport region and has an estimated potential to emit (PTE) VOC emissions greater than 50 tons/year.  
Therefore, under Pennsylvania’s NNSR regulations, the proposed facility is a new major source of VOC 
emissions and is subject to NNSR requirements under 25 Pa. Code § 127.205 (1).  As such, Perdue is 
required to conduct an evaluation to demonstrate that the proposed facility will comply with LAER.   
 
LAER is defined as that rate of emissions which reflects (A) the most stringent emission limitation for 
such class or category of source which is contained in the implementation plan of the State, unless the 
owner or operator of the proposed source demonstrates that such limitations are not achievable, or (B) 
the most stringent emission limitation which is achieved in practice by such class or category of source, 
whichever is more stringent.  42 U.S.C. § 7501(3) (emphasis added); see also 25 Pa. Code §121.1 
(containing the virtually identical definition of LAER). The burden of proof is on Perdue to demonstrate 
that a given technology is not achievable.  LAER is an “emission rate” determination (i.e., pollutant mass 
quantity per unit of time).  Although LAER can be equated to a performance level achieved by an add-on 
control “technology,” it may also result from a combination of one or more emissions-limiting measures 
such as: 
 

 A change in the raw material processed,  

 A process modification, or  

 Add-on controls.1   
 
Consequently, LAER may be demonstrated through a combination of emission-limiting measures such as 
process modifications to improve solvent recovery and lower potential VOC emissions.  In addition, LAER  
is primarily an emissions unit-by-emissions unit determination, with each emissions unit required to 
achieve the lowest possible emissions rate.  However, once LAER has been identified for each emissions 

                                                           
1
 EPA, New Source Review Workshop Manual; Prevention of Significant Deterioration and Non-Attainment Area 

Permits (Draft) (Oct. 1990) (NSR Manual), Part II Non-Attainment Areas, Chapter G.II.  The NSR Manual was issued 
in draft by EPA's Air Quality Management Division (AQMD) and developed in conjunction with new source review 
workshops and training as a guide to permitting officials.  While it is a “draft” document and is not accorded the 
same weight as a binding EPA regulation, it is widely consulted by the EPA's permitting staff and its Environmental 
Appeals Board as the most current statement of EPA's thinking on BACT and LAER issues.  See In re Inter-Power of 
New York, Inc., PSD Appeal Nos. 92-8 and 92-9, at 6 n. 8 (EAB, March 16, 1994); In re Hawaiian Commercial & Sugar 
Co., PSD Appeal No. 92-1, at 6 (EAB, July 20, 1992); In re Masonite Corp, PSD Appeal No. 94-1, at 558 n. 8 (EAB, 
Nov. 1, 1994); In re City of Palmdale, PSD Appeal No. 11-07 at pp. 40-41 (EAB, Sept. 17, 2012). 
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unit, a "facility-wide" LAER can be considered if it is shown to be more effective than individual emission 
unit control.2 
 
This plan approval application represents the first LAER evaluation of VOC emissions from a soybean 
solvent extraction facility either within the Commonwealth of Pennsylvania or the United States.  This 
determination is based upon an exhaustive review of the EPA’s RACT, BACT, LAER Clearinghouse (RBLC), 
state PSD air permitting actions, knowledge of existing soybean solvent extraction facilities and analysis 
of the potential to transfer technology from other industries.  
 
As part of this LAER evaluation, Perdue reviewed and analyzed numerous types of information sources 
to determine LAER for VOC emissions from soybean solvent extraction facilities.  Because Pennsylvania’s 
State Implementation Plan (SIP) does not contain an emission limitation for the soybean solvent 
extraction source category, Perdue evaluated the following sources of information to identify the most 
stringent emission limitations achieved in practice by soybean solvent extraction facilities: 
 

 EPA’s RBLC, 

 State air permit limitations, 

 EPA’s data and analysis in support of the National Emission Standards for Hazardous Air 
Pollutants: Solvent Extraction for Vegetable Oil Production, 40 CFR Pt. 63, Subpart GGGG 
(Vegetable Oil NESHAP),  

 Negotiated settlements of PSD permitting enforcement actions by EPA/Department of Justice 
(DOJ) against key vegetable oil producers, and  

 State-of-the-art process design/technology from Desmet Ballestra, a global leading vendor of  
oilseed solvent extraction technology. 

 
Each of these information sources and how it pertains to the LAER evaluation will be discussed in more 
detail below.   
 

1.0   Background on the Vegetable Oil Solvent Extraction Industry 

There are more than 100 vegetable oil solvent extraction facilities operating in the United States and the 
majority of the solvent extraction facilities process soybeans.  These solvent extraction facilities operate 
efficiently by recovering over 99.9% of the solvent used within the process.3  All existing vegetable oil 
solvent extraction processes use a hexane-based extraction solvent.4  Typically, the only hazardous air 
pollutant (HAP) contained in such solvent is n-hexane, which can be present in varying percentages. 
Within the vegetable oil solvent extraction industry, the average n-hexane content in the extraction 
solvent is around 64% by volume.  Perdue proposes to use an extractive solvent with a 50% by volume 
n-hexane content.5  The remaining portion of the solvent consists of hexane isomers which are classified 
as VOC, but not as HAPs. The entire hexane solvent mixture (all isomers of hexane, including n-hexane) 
is classified as VOC. Therefore, any actions taken to reduce VOC emissions from a vegetable oil solvent 

                                                           
2
 See EPA, Transfer of Technology in Determining Lowest Achievable Emission Rate (LAER), memorandum from 

John Calcagni, EPA AQMD, to David Kee, EPA Region V (Aug. 29, 1988.). 
3
  Bailey’s Industrial Oil and Fat Products: Processing Technologies. Oil Extraction. 

4
 EPA, National Emission Standards for Hazardous Air Pollutants: Solvent Extraction for Vegetable Oil Production; 

Proposed Rule, 65 Fed. Reg. 34,251, 34,254 (May 26, 2000), EPA Docket No.  A-97-59 (Vegetable Oil NESHAP 
Proposal), Section I.A. 
5
 Vegetable Oil NESHAP Proposal, Section I.A. 
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extraction facility will also reduce the HAP emissions of n-hexane in the same proportion as the n-
hexane content of the solvent. 
 
There are operations associated with soybean oil extraction facilities that emit VOC both upstream and 
downstream of the solvent extraction and desolventizing portions of the process. For example, 
upstream, the hexane storage tanks are sources of VOC emissions, and downstream, the meal dryer 
vent, the meal cooler vent, and the fugitive emissions from residual solvent in the soybean meal are 
sources of VOC.  As noted in the Preamble to the Vegetable Oil NESHAP Proposal, the following VOC 
emission points exist at a typical soybean oil extraction facility: 
 

 Exhaust from the mineral oil scrubber system final vent; 

 Exhaust from the meal dryer cyclone stack; 

 Exhaust from the meal cooler cyclone stack; 

 Fugitive residual losses from crude soybean meal; 

 Fugitive residual losses from crude soybean oil; 

 Fugitive evaporative losses from equipment leaks; 

 Fugitive breathing and working losses from the hexane storage tanks; 

 Fugitive evaporative losses from process wastewater collection; and 

 Fugitive losses from process startup and shutdowns. 
 
Historically, the primary emission control strategy at all soybean oil solvent extraction facilities has been 
the implementation of improved process equipment designs aimed at improved solvent recovery 
operations to minimize the solvent loss (i.e., VOC emissions) from the overall facility.6  In general, the 
magnitude of VOC emissions from a soybean solvent extraction facility is directly related to the facility’s 
efficiency in removing residual solvent from the processed soybean meal.  As soybean meal enters the 
desolventizer-toaster (DT), the meal contains 30% to 35% solvent by weight; as a result of  
desolventizing efficiencies, the meal exiting the DT contains less than 0.05% solvent by weight.  By 
minimizing the residual solvent content in the processed soybean meal, there will be a corresponding 
reduction of VOC emissions resulting from both the meal dryer and cooler vents and of fugitive VOC 
emissions resulting from the release of residual solvent in processed soybean meal during subsequent 
meal handling operations.  The industry as a whole has implemented a combined series of pollution 
prevention techniques such as improved process design and enhanced solvent recovery.  The continued 
improvement of process design has resulted in more than a 78% reduction in VOC emissions from 
typical soybean solvent extraction performance levels of 0.89 gal/ton in 1979 to less than 0.20 gal/ton in 
the 2000’s.7 Thus, the soybean solvent extraction industry has been successful in continually minimizing 
VOC emissions through effective and demonstrated process modifications.  Furthermore, the proposed 
facility will implement the latest process modifications, representing LAER, which will decrease overall 
facility-wide VOC potential emissions by approximately 27.5% from the Maximum Achievable Control 
Technology (MACT) performance levels in the Vegetable Oil NESHAP.8   Although the proposed design of 
the soybean solvent extraction facility does not incorporate add-on control devices, other than the 
mineral oil scrubber, for the reasons discussed later, the proposed process modifications combined with 

                                                           
6
 Bailey’s Industrial Oil and Fat Products: Processing Technologies. Oil Extraction. 

7
 EPA, Emission Factor Documentation for AP-42, Section 9.11.1; Vegetable Oil Processing Final Report, (AP-42) 

Table 4-3. 
8
 Perdue is proposing a facility-wide VOC emission limit of 0.140 gal/ton which is 30% lower than the facility-wide 

MACT VOC emission limit of 0.20 gal/ton in the Vegetable Oil NESHAP. 
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the mineral oil scrubber do represent the lowest achievable emission rate and result in real VOC 
emission reductions beyond those achieved by the top-performing soybean solvent extraction facilities.  
 
Unlike VOC emissions at other stationary sources such as organic chemical manufacturing facilities that 
are commonly controlled at individual point sources (i.e., process vents) through the use of add-on VOC 
abatement devices, the soybean solvent extraction industry is not well-suited for end-of-pipe treatment 
of VOC emissions.  In the 12 years since the promulgation of the Vegetable Oil NESHAP, which applies 
MACT standards to all new and existing soybean solvent extraction facilities, the use of a mineral oil 
scrubber on the DT main vent remains the exclusive add-on control industry–wide.  All demonstrations 
of compliance with the MACT emission limitations have been through the implementation of new or 
updated process equipment with various enhanced solvent recovery capabilities and enhanced work-
practices to minimize fugitive emissions. 
 
Soybean oil solvent extraction facilities differ from other manufacturing facilities that emit VOCs (e.g. 
printing, particle board, wood surface coating, cement) in that the key raw material (i.e., soybeans) is an 
agricultural product subject to wide variability in its quality and characteristics and the finished product 
(i.e., soy protein meal and vegetable oil) must satisfy strict nutritional benchmarks for consumption by 
humans and livestock.  As an agricultural product, the quality and characteristics of the soybeans, 
including the size of the beans, moisture content, oil content, age of the bean since harvest, and the 
amount of debris and fines, vary from year to year or even within a year.  These fluctuating 
characteristics are influenced by variables such as soil conditions where the soybeans are grown, 
weather conditions during the growing season, and age of the soybeans.9  In this sense, soybean solvent 
extraction is analogous to wine-making.  The characteristics of wine grapes and soybeans are influenced 
by many variables such as when, where, and how they are grown.  For example, if weather conditions 
during a soybean growing season are adverse, there may be adverse changes in the quality of the 
soybeans, which, in turn, may impact process efficiencies in oil extraction and solvent recovery.  This is 
because the extraction of soybean oil with solvent occurs at the cellular level of the soybean.  Hexane 
penetrates the membranes of soybean oil cells to extract the oil.10  Fluctuations in moisture content and 
the condition of the soybean oil cells can have a significant impact on solvent retention at the cellular 
level.  The vegetable oil industry has experienced fluctuating facility-wide VOC emission rates over time 
at existing, well-established facilities, even where there have been no changes in facility equipment, 
operational staff, or other known parameters impacting VOC emissions.  These VOC emission rate 
fluctuations could be attributed only to soybean shipments of varying quality.   
 
The chart below shows the monthly variability of seven soybean solvent extraction facilities that EPA 
studied in developing the Vegetable Oil NESHAP.11 

                                                           
9
 Brown, S., The Effect of Environment on Seed Composition of Tofu and Natto Soybean Cultivars, Master’s Thesis, 

University of Missouri (December 2006). 
10

 EPA, AP-42, p. 2-10. 
11 EPA, Variability in Overall Facility Solvent Loss Ratio, June 23,1997 memorandum from C. Zukor and P. Humphry, 

AGTI to Vegetable Oil NESHAP Project File, Vegetable Oil NESHAP  Docket No.  A-97-59, Document II-B-005 

(attached as Exhibit 1). 
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In addition to product variability impacting VOC emissions, processing conditions impact the product 
quality.  Soybean processing, temperature, time, and moisture content greatly influence the nutritional 
value of the meal.  Excessive heat or drying of soybean meal will severely impact the protein content 
and will result in inferior product quality.12 
 
Historically, limitations on VOC emissions from soybean solvent extraction facilities have been 
represented in air permitting actions as an overall, facility-wide solvent-loss ratio (SLR) expressed as 
gallons of solvent lost per ton of soybeans crushed (gal/ton).  The SLR emission rate is determined by 
calculating a mass balance between the consumption (i.e., loss) of solvent and the quantity of soybeans 
crushed over a period of time.  The SLR is an accurate and comprehensive method to account for “all” 
solvent loss from “all” of the above listed potential sources of emissions from solvent extraction 
vegetable oil facilities.  Since the operation of a soybean solvent extraction facility is dynamic, there are 
numerous process variables (e.g., thickness of flaked meal, vacuum level over the extractor, solvent 
carry-over into the desolventizer, meal residence time in the desolventizer, condenser temperatures in 
solvent recovery systems, and soybean quality characteristics) that can affect the solvent recovery 
performance. These effects on solvent recovery, in turn, can have a direct and variable effect on VOC 
emission rates from the individual potential emission sources.  Due to these dynamic process variables 
and fluctuating VOC emission rates from the individual emission sources, the facility-wide SLR emission 

                                                           
12

 Mustakas, et al., Critical Factors In Desolventizing-Toasting Soybean Meal Feed, Journal of American Oil 
Chemists’ Society, Vol. 58. No. 3 (March 1981); Lee, D.J., et al, Variation in the Digestibility of Amino Acids in 
Soybean Meal from a Single Processing Plant, Swine Day 2000. 



 

6 | P a g e     

rate is the benchmark for comparative VOC emissions from this industry as shown by VOC emissions 
rate limits in:  
 

 Virtually every state air permit for a vegetable oil solvent extraction facility,  

 The Vegetable Oil NESHAP, and 

 Consent Decrees between EPA/DOJ and vegetable oil extraction facilities operated by the 
largest soybean solvent extraction companies in the industry:  Archer Daniels Midland (ADM), 
Cargill, and Bunge.    

 

2.0   LAER Approach for Solvent Extraction Soybean Facilities 

As noted above in the introduction, this is the first VOC LAER analysis for a soybean solvent extraction 
facility in either the Commonwealth of Pennsylvania or the United States.  No prior historical record or 
decision-making relating to LAER for VOC emissions from a soybean extraction facility is available.  As a 
result, Perdue identified numerous other information sources to develop its LAER evaluation for VOC 
emissions from the proposed soybean solvent extraction facility.  The key information sources included: 
 

 EPA’s RBLC, 

 State air permit limitations, 

 EPA’s data and analysis in support of the Vegetable Oil NESHAP,  

 Negotiated settlements of PSD permitting enforcement actions by EPA/DOJ against key 
vegetable oil producers, 

 State-of-the-art process design/technology from Desmet Ballestra, a global leader in oilseed 
solvent extraction technology, and 

 Engineering judgment based upon accumulated experience in operating three other Perdue 
soybean solvent extraction facilities over a number of years and knowledge of the operations of 
other soybean solvent extraction facilities. 

 
Perdue reviewed and evaluated the available VOC emission rate information for existing soybean 
solvent extraction facilities.  From this evaluation, Perdue observed two distinct trends in the VOC 
emissions data for soybean solvent extraction facilities: 
 

 The application of a mineral oil scrubber on the desolventizer main vent stack remains the 
exclusive add-on VOC control technology at all soybean solvent extraction facilities operating in 
the United States.   
 

 All soybean solvent extraction facilities measure VOC emissions for purposes of compliance with 
air quality permits through the use of a facility-wide VOC SLR expressed in gallons of solvent loss 
per ton of soybeans crushed, determined monthly on a 12-month rolling total or daily on a 365-
day rolling total. 

 
The following subsections identify and discuss the available VOC emissions data from each of the key 
LAER information sources. 
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2.1 EPA’s RBLC and State Air Permits 

Perdue reviewed the soybean processing facility permits in the EPA RBLC and emission limit information 
for other facilities compiled by the Missouri Department of Natural Resources (MO DNR) in connection 
with its review of permit applications to construct soybean processing facilities.  Perdue also reviewed 
applicable EPA/DOJ Consent Decrees, and applicable air permits for known well-performing facilities.  
The RBLC, air permits issued in states other than Pennsylvania, and industry information indicates that a 
condensing/mineral oil scrubber system is the exclusive VOC control technology utilized in the 
extraction and DT segment of the soybean oil extraction process. 
 
The condensing/mineral oil scrubber system is identified throughout the RBLC as VOC control for solvent 
extraction soybean processing facilities. The industry does not consider these systems to be solely 
control devices, as the systems also function to recover and reuse solvent product. The soybean 
processing industry recovers hexane to the maximum extent possible and reuses it due to its cost, which 
currently ranges from around $3.50/gallon to $3.80/gallon.13  Operators have a strong incentive to 
design and operate a solvent recovery system that minimizes VOC emissions from solvent losses to the 
maximum extent possible. Regarding the meal dryer and meal cooler VOC emissions, no control 
technologies for these sources were identified in the RBLC or in the available information collected by 
MO DNR. 
 
Table 1 and Exhibit 2 provide a summary of the relevant data from all the gathered data sources and 
includes the facility name, location, process type, control method (if known), permitted VOC emission 
limit, and permit issuance date.  
 

TABLE 1.  SUMMARY OF EMISSIONS DATA FROM BEST PERFORMING PLANTS  

     Comparative  

Category: Soybean   Permitted Maximum Solvent Loss  

   Solvent Loss Solvent at Crush Rate  

 Facility Crush Limit Loss of 1,500 tpd Date of 

Facility Location TPD (gal/ton) (gal/yr) (gal/yr)**** Air Permit 

Central Soya Co. Bellevue, OH 2,000 0.200 140,000 105,000 11/28/2003 

Cargill Lafayette, IN 2,000 0.200 140,000 105,000 8/28/2006 

MN Soybean Processors Brewster, MN 3,000 0.200 210,000 105,000 12/19/2002 

Cenex Harvest States Fairmont, MN 3,000 0.200 210,000 105,000 11/30/2001 

Cargill** KC, MO ** 6,063 0.165 350,138 86,625 8/26/2006 

Bunge North America Cairo, IL 3,740 0.160 209,440 84,000 11/21/2007 

Bunge North America Emporia, KS unkwn 0.160 --- 84,000  

Bunge North America * Morristown, IN * 2,271 0.160 127,164 84,000 4/19/2011 

Bunge North America Council Bluffs, IA 6,740 0.160 377,425 84,000 5/25/2010 

Bunge North America Decatur, IN 3,750 0.150 196,875 78,750 7/9/2010 

Archer Daniels Midland Mexico, MO 2,100 0.150 110,250 78,750 10/5/2010 

Archer Daniels Midland Mankato, MN 4,616 0.150 242,363 78,750 7/30/2009 

                                                           
13

 Platts Petrochemicals, Solventswire, Volume 35, Issue 44, October 30, 2012. 
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American Energy Produc Tina, MO 3,000 0.145 152,250 76,125 1/22/2009 

Ag Processing St. Joseph, MO 3,600 0.145 182,700 76,125 5/16/2007 

Ag Processing Sergeant Bluff, IA 3,128 0.145 158,746 76,125 5/22/2012 

Cargill Oil Seeds Sidney, OH 4,500 0.143 225,225 75,075 3/19/2013 

Louis Dreyfus *** Claypool, IN *** 6,169 0.141 304,461 74,025 4/10/2013 

Perdue Conoy Twp, PA 1,500 0.140 73,500 73,500 TBD 

* Bunge's plant in Morristown, IN is permitted with a VOC SLR limit of 0.19 gal/ton, but is actually adhering to a VOC SLR 
limit of 0.16 gal/ton per Bunge's USEPA Consent Decree. 
** Cargill's plant in Kansas City, MO has an alternate VOC SLR limit of 0.14 gal/ton when operating capacity is <90% of 
design. 

*** Louis Dreyfus' plant in Claypool, IN has a current permitted VOC SLR limit of 0.141 gal/ton (April 10, 2013). 

****Does not account for higher relative fugitive loss rate of smaller plants.  
Note 1: USEPA's RBLC listed ConAgra as having a soybean solvent extraction facility in Morristown, IN.  However, it was 
never constructed per MO DNR and further substantiated by the 1998 Title V permit not being renewed, thus the permit 
has expired.  Thus, it is not considered in the LAER analysis. 
Note 2: Prairie Pride was identified as having a soybean solvent extraction facility in Deerfield, MO.  Discussions with 
Missouri DNR confirmed that the plant was issued a synthetic minor permit in 2007 but did not consistently operate until 
2012, after ADM purchased the facility out of bankruptcy.  A lack of reliable information confirming the facility achieves a 
0.125 gal/ton SLR excluded the facility from the LAER analysis. 

 
2.2 Vegetable Oil NESHAP 

 
Perdue also reviewed the MACT standard applicable to soybean solvent extraction facilities.  Section 
112(d) of the Federal Clean Air Act (CAA) defines MACT for new affected sources as: 
 

the maximum degree of reduction in emissions that is deemed achievable for new 
sources is a category or subcategory [that] shall not be less stringent than the emission 
control that is achieved in practice by the best controlled similar source, as determined 
by the Administrator.  42 U.S.C. §7412(d)(3). 
 

In the hierarchy of pollution control for criteria pollutants, MACT standards are generally more stringent 
than New Source Performance Standards (NSPS) issued under CAA Section 111. 
 
EPA promulgated the Vegetable Oil NESHAP on April 12, 2001.  It applies to all new and existing soybean 
solvent extraction facilities.  The Vegetable Oil NESHAP established emission limitations for all affected 
oilseed types as a facility-wide SLR (i.e., actual rule language refers to the SLR as a “solvent loss factor,” 
or SLF).  For a new (conventional) soybean facility, the Vegetable Oil NESHAP requires a VOC SLR of 
0.20 gal/ton, determined monthly as a 12-month rolling average.  This performance level was based 
upon the performance level corresponding to the top ranking source.14  
 
The Vegetable Oil NESHAP was the product of more than five (5) years of regulatory development work 
by EPA, which included (1) collection of VOC/HAP emissions and control technology information from all 
potentially affected sources under Section 114 of the CAA; (2) multiple site visits to vegetable oil 
production facilities; (3) meetings with the global-leading vendors of solvent extraction equipment used 
by the industry; and (4) dozens of meetings with stakeholders (e.g., individual affected vegetable oil 
production facilities, industry trade organizations, state agencies, and USEPA staff).15 Based upon a 

                                                           
14

 Vegetable Oil NESHAP Proposal, at 34,254. 
15

 Id.  
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comprehensive review of emissions control achieved in practice by the best controlled soybean solvent 
extraction facilities, EPA determined that MACT consisted of various process design improvements and 
enhanced solvent recovery technologies that would achieve a 20% reduction of hexane emissions.16 
Specifically, EPA determined that the addition of more desolventizing trays to an existing desolventizer 
would be MACT because the additional desolventizing trays would increase the extraction residence 
time and lower the residual solvent concentration in the soybean meal exiting the desolventizer.  By 
lowering the residual solvent concentration in soybean meal exiting the desolventizer, there would be a 
proportional decrease in solvent emissions from both the soybean meal dryer and cooler vents, as well 
as a reduction in fugitive solvent losses from the meal during subsequent handling and processing.  Of 
note, EPA concluded that:  
 

It is not practical from a cost standpoint to quantify losses of HAP from the individual 
emission points. However, total HAP emissions from the entire source can be determined 
using records of deliveries and inventories of solvent and oilseed. Thus, the regulatory 
format for the proposed rule was selected as an emission limit expressed in terms of 
gallons of HAP lost per ton of oilseed processed.17  

 
EPA selected the SLR approach because it accurately accounted for the total quantity of VOC/HAP 
emissions from the soybean solvent extraction process, including all sources of vented and fugitive VOC 
emissions, as well as any residual VOC leaving the soybean facility as part of the soybean oil or soybean 
meal products.  According to EPA, quantifying and monitoring VOC emissions from individual sources of 
VOC emissions within the soybean solvent extraction process was impractical.  Furthermore, EPA 
determined that compliance with an emission limit expressed as a facility-wide SLR of gallons of 
VOC/HAP lost per ton of oilseed processed can be demonstrated accurately and clearly through a review 
of monitoring records of solvent inventory levels/solvent loss and soybean inventory/ consumption 
rates.  
 
EPA also evaluated an “above-the-MACT floor” control option consisting of the installation of a fabric 
filter followed by a catalytic incinerator on the combined meal dryer and cooler vents.18  For the model 
conventional soybean solvent extraction facility (i.e., design crush capacity of 2,200 tons of soybeans per 
day), the potential annual VOC/HAP emissions from the combined meal dryer/cooler vent were 
estimated to be 129 tons and 83 tons, respectively.  Based on the model plant design and assigned 
emission characteristics, the corresponding VOC concentration in the combined meal dryer/cooler vents 
was approximately 61 ppmv.  Due to the relatively low VOC concentration in a high volumetric flow 
stream (i.e., approximately 47,000 scfm), the maximum potential VOC outlet concentration that could 
be demonstrated was 20 ppmv.  The potential reduction in VOC emissions from the combined meal 
dryer/cooler vents was approximately 67%, corresponding to potential annual VOC/HAP emissions 
reductions of 87 tons and 56 tons, respectively.   
 

                                                           
16

 Id.  
17

 Id.  
18

 Vegetable Oil NESHAP Proposal, at 32,256; EPA, Final Model Plant Cost Estimates for Above the MACT Floor 
Control Technique, memorandum from C. Zukor and B. Riddle, AGTI to Vegetable Oil NESHAP Project File (Sept. 9, 
2000), Vegetable Oil NESHAP Docket Item No. A-97-59, IV-B-2 (attached as Exhibit 3). 
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This above the MACT floor control option was rejected by EPA in part because it was not deemed cost-
effective for the incremental reduction in annual VOC/HAP emissions (i.e., approximately $20,000/ton of 
VOC and $30,000/ton of HAP).19  EPA also noted that the: 
 

costs associated with the above the MACT floor control option could be higher than the 
costs listed in Table 1 of this preamble.  Site-specific conditions at each source may result 
in additional design, operating, and safety requirements that were not included in the 
above model costs.20 (emphasis added). 

 
EPA cited several additional reasons beyond cost uncertainty for rejecting catalytic incineration as a 
viable VOC control technology, including (1) uncertain reductions of HAP emissions; (2) increased power 
usage to operate the catalytic incinerator and the fabric filter; (3) the large quantity of natural gas 
required to operate the catalytic incinerator; (4) the emissions of pollutants such as sulfur oxides, 
carbon monoxide and particulate matter associated with the increased energy consumption; and (5) the 
emissions of greenhouse gases including carbon dioxide, nitrogen oxides and methane.21  EPA’s “above-
the-MACT floor” control option analysis was a simple cost analysis of potentially applicable control 
technology transfer. It did not explore potential technical, operational, or safety issues associated with 
the transfer of this control technology to the vegetable oil solvent extraction industry in general or the 
combined meal dryer/cooler vent in particular.  Since the additional control costs, additional energy 
consumption, and secondary impacts associated with the above the MACT floor control option were 
deemed unacceptable, EPA did not undertake a detailed analysis to document potential issues relating 
to the infeasibility of implementing the above the MACT floor option, such as particulate matter 
plugging and fouling the catalyst bed of the incinerator.  These issues are analyzed in detail in Sections 
5.0 and 6.0, below. 
 
Importantly, while EPA rejected catalytic incineration as a viable add-on VOC abatement control, the 
Agency recognized that further process design improvements for enhanced solvent recovery could be 
employed to achieve emission reductions equivalent to catalytic incineration:   
 

The EPA recognizes that some facilities could expand the use of MACT floor control 
techniques to achieve emission reductions equivalent to the design catalytic incinerator.  
However, information is not available to support whether these techniques are 

                                                           
19

 Vegetable Oil NESHAP Proposal, at 32,256,  Table 1 Summary of National Impacts for the Floor and Above-the-
Floor Control Scenarios; EPA, Final Model Plant Cost Estimates for Above the MACT Floor Control Techniques,  
memorandum from C. Zukor and B. Riddle, AGTI to Vegetable Oil NESHAP Project File,  Vegetable Oil NESHAP  
Docket No.  A-97-59, Document IV-B-002; EPA, Final Summary of Emission Reductions and Control Costs Associated 
with Achieving the MACT Floor and a Control Option Above the MACT Floor, memorandum from C. Zukor and B. 
Riddle, AGTI to Vegetable Oil NESHAP Project File, Vegetable Oil NESHAP  Docket No.  A-97-59, Document IV-B-003 
(attached as Exhibit 4); Summary of Environmental and Energy Impacts for the ‘Above the MACT Floor’ Regulatory 
Option, memorandum from C. Zukor and B. Riddle, AGTI to Vegetable Oil NESHAP Project File, Vegetable Oil 
NESHAP  Docket No.  A-97-59, Document IV-B-004 (attached as Exhibit 5). 
20

 Vegetable Oil NESHAP Proposal, at 32,256. 
21

 EPA, Public Comments and EPA Responses to the Proposed NESHAP for Solvent Extraction for Vegetable Oil 
Production (Nov. 8, 2001), p. 8. 
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universally applicable in achieving the additional ‘above the MACT floor’ reductions at all 
plants.22   
 

As part of the MACT analysis, the EPA also evaluated a number of additional controls options beyond 
installation of additional desolventizing trays, including: 
 

 Installation of a completely new, counter-current desolventizer, 

 Installation of an oil dryer in the oil distillation system to reduce the residual solvent content in 
the oil product, 

 Installation of a refrigerated condenser on the main vent to recover solvent vapors in the 
exhaust, 

 Venting standing and working losses from fixed-roof storage tanks to the existing solvent 
recovery system, and 

 Implementation of a leak detection and repair (LDAR) program for fugitive equipment leaks.23 
 

Section 2.4, below, describes the state-of-the-art process design improvements for enhanced solvent 
recovery that are proposed by Perdue which are projected to achieve an additional 30% facility-wide 
reduction in VOC emissions from the Vegetable Oil NESHAP standards. 
 

2.3 EPA/DOJ Consent Decrees 

Perdue reviewed the information and data contained in the EPA/ DOJ settlements with the three largest 
soybean solvent extraction companies, ADM, Cargill, and Bunge, for violations of PSD preconstruction 
permitting requirements.  The settlements with ADM (April 9, 2003), Cargill (September 1, 2005), and 
Bunge (October 26, 2006) encompassed well over 50% of the soybean processing facilities in the United 
States covering the following jurisdictions: Alabama, Arkansas, Georgia, Indiana, Illinois, Iowa, Kansas, 
Louisiana, Minnesota, Missouri, Nebraska, North Carolina, North Dakota, Ohio, South Carolina, Texas, 
Shelby County Tennessee, and City of Memphis.  EPA’s enforcement actions followed comprehensive 
assessments of soybean processing plants, included site inspections of certain of the plants, review of 
permitting history and emissions data, and analysis of other relevant information obtained from the 
three companies concerning construction and operation of the facilities.   
 
Each of the Consent Decrees resulted in requirements for additional VOC emission reductions at 
affected corn processing and soybean solvent extraction facilities.  With regard to corn processing 
facilities, the Agency required ADM and Cargill to invest hundreds of millions of dollars to install 
regenerative thermal oxidizers (RTOs) to reduce VOC emissions.24  However, EPA did not require 
soybean processing facilities to install add-on VOC abatement controls, presumably due to the technical, 
safety, and cost concerns and the VOC emission reductions that could be achieved through proven 

                                                           
22

 Vegetable Oil NESHAP Proposal, at 32,256; Final Model Plant Cost Estimates for Above the MACT Floor Control 
Technique, memorandum from C. Zukor and B. Riddle, AGTI to Vegetable Oil NESHAP Project File (Sept. 9, 2000), 
Vegetable Oil NESHAP Docket Item No. A-97-59, IV-B-2 (attached as Exhibit 3). 
23

EPA, Economic Impact Analysis for the Proposed Vegetable Oil Processing NESHAP (Jan. 2001), pp. 3-4, Table 3-1 
Summary of Control Technologies Assigned to Model Plants.  
24

 See, United States v. Archer Daniels Midland Co., U.S.D.C. Central Dist. Illinois, Civil Action No. 03-2066, April 9, 
2003, Consent Decree, Attachments 8-12, Facility Specific Control Technology Plans for Corn Processing Plants; 
United States v. Cargill, Inc., U.S.D.C. Minn., Civil Action No. 05-2037, September 1, 2005), Consent Decree, 
Appendix H, Corn Processing VOC Emission Control Plan. 
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process design improvements.25  Each Consent Decree required annual VOC emission reductions 
equivalent to a facility-wide VOC SLR emission limit of 0.175 (gal/ton), as determined on a 12-month 
rolling basis (i.e., consistent with the Vegetable Oil NESHAP) for the affected soybean solvent extraction 
facilities.  The Consent Decree VOC SLR emission limit of 0.175 (gal/ton) was more stringent than the 
corresponding VOC SLR emission limit of 0.2 (gal/ton) required under the Vegetable Oil NESHAP. 
 
The Consent Decree VOC emission rates were then adjusted by applying a capacity-weighted average for 
the respective, affected soybean solvent extraction facilities.  An individual, fixed SLR of 0.175 gal/ton 
was not uniformly applied to each affected facility because the EPA/DOJ recognized that solvent loss 
characteristics vary among soybean solvent extraction facilities.  
 
EPA’s enforcement decision to not require ADM, Cargill, and Bunge to install additional VOC controls 
was not the first time EPA had decided that end-of-pipe VOC control technology was not feasible at 
soybean solvent extraction facilities due to the variability of VOC emissions coupled with inherent safety 
and operational problems posed by the waste stream.  In June 1978, EPA published a Control Technique 
Guideline (CTG) for the manufacture of vegetable oils (Control of Volatile Organic Emissions from 
Manufacture of Vegetable Oils, EPA-450/2-78-035) that recommended as Reasonably Available Control 
Technology (RACT) installation of a mineral oil scrubber on the main vent and a VOC control device on 
the dryer/cooler vent (e.g. a carbon adsorber or incinerator) downstream of the desolventizing 
equipment.  Less than a year later, in a somewhat unusual action, EPA rescinded the CTG and asked the 
states to defer imposing these controls after finding that measured VOC data was significantly more 
variable than had been anticipated.26  The inherent difficulty with deploying carbon absorption or 
incineration at the dryer/cooler vent was described by the National Soybean Processors Association in 
comments submitted to EPA: 
 

The proposed RACT controls of carbon absorption and incineration on the post-DT vents 
will add significant fire and explosion hazards to the extraction process.  NSPA members 
have worked for years with professional and technical associations and with the National 
Fire Protection Association to develop and institute plant design features and operating 
practices which will enhance plant safety.  Extraction process for oil seeds has special 
safety problems (not present in, for example, a petroleum refinery) because of the 
requirement to introduce, and later remove, large volumes of solids (prepared soybeans) 
into and from process vessels containing a flammable and explosive solvent.  If required 
to be added to the present process, carbon adsorption or incineration would greatly 
increase the risk of fires or explosion in the plant and would likely result in loss of life or 
property in some cases. In the process of carbon adsorption, heat is generated when the 
solvent vapor adsorbs on the carbon.  A plant upset in the main process could 
momentarily send a high concentration of solvent vapors into the adsorbers, resulting in a 
possible fire or explosion in the adsorber which could then propagate backwards in the 
main process.  With regard to incineration, you should be aware that the incineration of 

                                                           
25

  Id., U.S. v. ADM (Attachment 9, VOC Control Technology Plan for ADM’s Oilseed Plants (specifying installation of 
condenser upgrades to reduce overall VOC emissions to achieve a total solvent loss capacity weighted average of 
0.175 gal/ton)) and U.S. v. Cargill (Appendix E, Cargill Extraction VOC Emission Control Plan—Soybean Processing 
Plants (specifying a total solvent loss capacity weighted average of 0.175 gal/ton)). 
26

 See Initial Results of Emission Testing of Volatile Organic Compounds from Vegetable Oil Manufacturing 
Operations, memorandum from Walter Barber, Director of the Office of Air Quality Planning & Standards to 
Regions 1-10 (June 22, 1979) (attached as Exhibit 6). 
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post-DT vents is not allowed by the National Fire Protection Association due to special 
hazards involved.  Even ducting these vapors to a point 100 feet from the extraction 
building does not sufficiently reduce the hazard.27 

 
After rescinding the CTG, EPA proceeded with an attempt to develop NSPS for particulates and VOC 
emissions from soybean solvent extraction plants.  In 1980, EPA ceased all work on this regulation 
because, in EPA’s own words, “no demonstrated control technology could be identified.”28  In 1992, EPA 
published another CTG for “Volatile Organic Compound Emissions from Stationary Sources.”  Once 
again, the CTG did not recommend additional VOC controls beyond desolventizers, noting that:  
 

both carbon adsorption and incineration have been investigated as control devices, but 
the National Soybean Processors Association (NSPA) doesn’t *sic+ consider either of these 
devices to be acceptable due to fire hazard.  However, several well-operated modern 
soybean processing plants that have reduced fugitive emissions and reduced the amount 
of hexane in the meal leaving the DT report operating at an overall hexane loss of 1.4 
kilograms per metric ton of soybeans processed.29 

 
Thus, since 1979, EPA has decided on several occasions that additional VOC control beyond a mineral oil 
scrubber on the main vent is not feasible due to the unusual characteristics of the gas stream. 
 

2.4 State-of-the-Art Process Design from Control Technology Vendor Desmet Ballestra 

Desmet Ballestra, a global leader in oilseed solvent extraction technology and the manufacturer of the 
proposed soybean solvent extraction system analyzed the sources of VOC emissions at the proposed 
Perdue facility in a March 28, 2013, letter that is provided as Exhibit 8.  For each potential source of VOC 
emissions in the proposed soybean facility, Desmet Ballestra has identified the latest and most efficient 
solvent recovery process technology that can be implemented.  The technology proposed by Desmet 
Ballestra represents the lowest achievable VOC emission rate, as compared to technologies currently 
used within the soybean solvent extraction industry.  Table 2 provides a side-by-side comparison of 
Desmet Ballestra’s state of the art process technology to process technology typically used at soybean 
solvent extraction facilities by emission source: 
 

 DT/Main Vent, 

 Meal Dryer and Cooler Vents, 

 Residual fugitives from meal,  

 Residual fugitive from oil,  

 Residual fugitives from process water, and 

 Hexane storage tanks.   
 
 

                                                           
27

 Letter from National Cottonseed Products Association to EPA (July 19, 1979) (quoting comments from National 
Soybean Processors Association) (attached as Exhibit 7). 
28

 EPA, Control Techniques for Volatile Organic Compound Emissions from Stationary Sources, Section 4.4.2 
Vegetable Oil Processing, December 1992, p. 4-74, citing “Recommendation Memorandum—New Source 
Performance Standards for Soybean Extraction Plants,” memorandum from Jack Farmer to Don Goodwin, EPA, 
(July 2, 1980).  
29

 Id. p. 4-75. 
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TABLE 2. COMPARISON OF CURRENT AND PROPOSED LAER SOLVENT RECOVERY TECHNOLOGIES 

DT/Main Vent 

Current Industry Technology Proposed LAER Technology 
The typical technology utilized today is a vent condenser cooled with cooling 
tower water.  Condensed solvent is recovered and ultimately returned to the 
process. 
 
Non-condensables from the condenser pass through to a packed column 
scrubber using countercurrent mineral oil flow to absorb as much solvent as 
possible from the departing process air stream.  The packed column scrubber is 
typically single stage and supplied with a common size packing throughout.  
 
 
The mineral oil is typically stripped under atmospheric pressure to 
approximately 0.5% residual moisture and volatiles before being flowed back 
across the scrubber packing.  
 
The mineral oil is typically cooled via cooling tower water. 

A vent condenser which is cooled by a Freon chiller is proposed for the Conoy 
Township facility.  Freon chilled vent condenser reduces the solvent concentration in 
the air stream to allow the downstream scrubber to be more effective. 
 
Non-condensables from the condenser pass through to a packed column scrubber 
using countercurrent mineral oil flow to absorb as much solvent as possible from the 
departing process air stream. The packed column scrubber is two-stage and supplied 
with coarser packing in the initial lower stage and finer packing in the final upper 
stage to optimize absorption of the solvent from the air stream.  
 
The mineral oil is stripped at over 0.5 atmosphere vacuum to approximately 0.2% 
residual moisture & volatiles before being flowed back across the scrubber packing.  
 
The mineral oil is cooled using water from a Freon chiller.  Cooler mineral oil also 
helps scrub out additional solvent. The combined approach of the Freon water chilled 
vent condenser followed by the two-stage mineral oil scrubber represents LAER 
control technology that does not present a potential fire and explosion safety hazard. 

Meal Dryer/Cooler Vents and Residual Fugitives from Soybean Meal 

Current Industry Technology Proposed LAER Technology 
The typical technology employed today for removal of the solvent from the 
meal is a Schumacher style meal desolventizer. This apparatus is typically 
composed of several pre-desolventizing trays that begin the desolventizing 
process, followed by three trays in series with countercurrent stripping steam to 
remove the remaining solvent.   
 
The perforations in the Schumacher style countercurrent stripping trays typically 
utilize hollow stay-bolts, forcing the redistribution of the stripping steam 
through just 2-5% open area from tray to tray.  
 
 
Meal level control in Schumacher meal desolventizers is typically via fixed open 
chutes, which do not prevent short-circuiting of the stripping steam.  While 
reasonably effective, this technology has its shortcomings. 

A Dimax™ meal desolventizer is proposed for the Conoy Township facility.  This 
apparatus is composed of several pre-desolventizing trays to begin the desolventizing 
process, followed by four trays in series with countercurrent stripping steam to 
remove the remaining solvent. This extra tray in series increases the time under 
stripping steam to further remove solvent.  
 
The perforations in the Dimax™ style countercurrent stripping trays utilize round, 
screened discs, allowing the redistribution of stripping steam through 7-10% open 
area from tray to tray. Increased steam redistribution area improves steam/meal 
contact and further improves stripping of solvent from the meal.  
 
Meal level control in the Dimax™ meal desolventizer is via individual rotary valve 
feeders on each tray, which positively prevent short-circuiting of stripping steam, 
and insure stable level control to insure consistent desolventizing time.  
 
Finally, the Dimax™ meal desolventizer has an additional steam drying tray. This tray 
is held at near atmospheric pressure and allows water vapor and some additional 
solvent to be evaporated and recovered prior to the meal exiting to the meal air 
drying and cooling processes.  These four primary improvements over the technology 
typically employed allow the Dimax™ meal desolventizer to be considered LAER 
control technology. 
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TABLE 2. COMPARISON OF CURRENT AND PROPOSED LAER SOLVENT RECOVERY TECHNOLOGIES (cont.) 

Residual Fugitives from Soybean Oil 

Current Industry Technology Proposed LAER Technology 
The typical technology employed today for removal of the solvent from the oil is 
a disc and donut falling film oil stripper. This technology relies upon a thin film 
of soybean oil to cascade down from disc to donut while being stripped of 
solvent by a rising superheated steam. Residence time under stripping steam is 
typically 1-2 minutes.  
 
When newly installed, this device works as designed. However, the short 
residence time requires that the oil be heated to 240°F which causes it to 
polymerize and foul the apparatus. Once fouled, the solvent stripping efficiency 
degrades, as the oil no longer drops from disc to donut in a thin film. 

A Sieve Tray Oil Stripper is proposed for the Conoy Township facility. This 
technology relies upon the oil being heavily agitated by the rising steam in seven (7) 
deep trays, providing 5-10 minutes of residence time under stripping steam.  
 
 
 
The increased stripping time and efficiency allows the temperature to be dropped to 
205-215°F, which greatly reduces the fouling.  The result is that the sieve tray oil 
stripper technology strips more solvent from the oil and reduces the fouling which 
allows for high performance to continue over time.   
 
The stripped oil exiting the sieve tray oil stripper is then pumped into an additional 
high vacuum oil drying step to further evaporate moisture and solvent, making this 
combined approach the LAER control technology available today. 

Residual Fugitives from Process Water 

Current Industry Technology Proposed LAER Technology 
The process water is the next largest mass flow exiting the solvent extraction 
process. Since hexane has very low solubility in water, this is the simplest 
process stream to desolventize.  The typical approach is to pass the process 
water through an external heat exchanger to warm it and then do the final 
heating and steam injection inside a simple vertical tank.   
 
The vertical tank is typically one-pass with no ability to insure plug flow. 

A two stage combination warming/stripping device is proposed for the Conoy 
Township facility.  Live steam exhaust from a vacuum steam ejector is used to warm 
the process water.  Live steam used for heating increases agitation and the ability to 
pre-strip out solvent.   
 
The second stripping step is with fresh steam, to strip out the final traces of solvent 
using the hottest stripping steam.  
 
The vessel is horizontal with three (3) internal partitions to insure plug flow for 
uniform stripping time.  These design enhancements offer an improvement over 
typical technology employed today, and represent LAER control technology. 

Hexane Storage Tanks 

Current Industry Technology Proposed LAER Technology 
Typically, hexane solvent is stored in tanks with a capacity of 20,000 gallons or 
less.  The storage tanks tend to be fixed roof tanks that vent to atmosphere. 

The two, horizontal fixed roof tanks storing hexane solvent will controlled by the 
previously described mineral oil scrubber and solvent condensing/recovery system 
used for the DT/main vent. 
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Solvent recovery will be achieved at the proposed facility by a distillation, condensation, and mineral oil 
scrubber system. The solvent/soybean oil mixture that leaves the extractor will be desolventized by 
exposure to heat and steam in the distillation system.  The evaporated solvent vapor/steam mixture will 
then be condensed, and the condensed solvent will be separated from the steam condensate and 
reused in the process.  Any hexane that remains after distillation and condensation will be removed in 
the mineral oil scrubber.  The solvent-laden flakes that leave the extractor will be desolventized in the 
DT. Steam will be used to evaporate the solvent contained in the flakes.  The solvent/steam vapor will 
then be condensed, and the condensed solvent will be separated from the steam condensate and 
reused in the process.  Any hexane that remains after condensation will be removed in the mineral oil 
scrubber. 
 
The mineral oil scrubber is a packed tower absorber that uses mineral oil to absorb hexane. The cleaned 
vapor stream will be exhausted to the atmosphere, and the mineral oil/hexane mixture will be routed to 
a steam-stripping column that separates the hexane from the mineral oil. The hexane/steam vapor will 
then be condensed, and the condensed hexane will be separated from the steam condensate and 
reused in the process. The mineral oil will be reused in the mineral oil scrubber. 
 
Some of the unique lowest emissions design specifications that Perdue will implement to minimize VOC 
emissions to the greatest extent include: 
 

 The final vent condenser will be conservatively sized and supplied with chilled cooling water at a 
temperature of less than 60 °F, compared to the industry standard of using cooling tower water 
with a higher temperature of 68°F to 95°F, depending on the cooling water source: ambient 
condition cooling tower or deep, well water. 

 The mineral oil scrubber system will be sized for a flow rate of 20 to 25 gallons per minute and 
the oil cooler will be supplied with chilled cooling water at a temperature of less than 60 °F, 
compared to the industry standard of a flow rates around 10 to 15 gallons per minute and the 
mineral oil cooled to 68°F to 95°F, depending on the cooling water source: ambient condition 
cooling tower or deep, well water. 

 Chilled cooling water will be supplied by using a 21 ton chiller system compared to the industry 
standard of not using a chilled cooling water system and relying on ambient temperature 
differentials with cooling tower water. 

 The DT will be of the latest design representing the next generation of technology.  It will consist 
of four (4) countercurrent trays and a steam drying/vapor recovery tray, compared to the 
industry standard of three (3) countercurrent trays and no additional tray for steam 
drying/vapor recovery. 

 An atmospheric condenser will be installed between the oil extractor and the mineral oil 
scrubber. 

 
Perdue also proposes to further minimize VOC emissions by implementing the following operational 
Best Management Practices (BMPs): 
 

 Maintaining  a -0.1” water column (WC) pressure reading on the oil extractor and a -1” WC 
pressure reading on the DT. 
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 Maintaining a very “tight” system so that the mineral oil scrubber final vent fan exhaust flow 
rate is less than 500 cubic feet per minute (CFM). 

 Monitoring and operating the final oil stripper to achieve volatiles less than 100 parts per million 
(ppmw) in the crude soybean oil. 
 

 Implementing an LDAR program based upon audio, visual and olfactory (AVO) inspections of 
process equipment.  
 

To ensure that the solvent recovery system is functioning properly and that a negative pressure remains 
on system, Perdue will upgrade the process control system to provide continuous monitoring of the 
hexane concentration in the exhaust air stream at the final vent fan to ensure that the hexane 
concentration remains less than 20% of the Lower Explosive limit (LEL). Typical values are less than 5%. If 
levels are found to be above the 20% threshold, immediate action will be taken to ascertain the 
probable cause and necessary corrective action will be taken, including the interruption or shutdown of 
operations. 
 
Based on the proposed Desmet Ballestra equipment designs, Perdue is proposing a VOC SLR emission 
limit of 0.140 gal/ton.  The technical basis for the proposed emission rate is provided in Section 9.7.2. 
 

3.0   Waste Stream Characteristics and Similar Industries 

Perdue next evaluated the potential to apply an emission limitation derived from VOC technologies used 
in industries with comparable waste stream characteristics.  The fact that a control option never has 
been applied to process emission units similar or identical to those proposed does not mean it can be 
ignored in the LAER analysis if the potential for its application exists.   
 
In performing its analysis of potential technology transfer, Perdue followed applicable EPA guidance 
contained in the NSR Manual.  In determining whether a given technology from another industry is 
applicable, Perdue first determined the physical and chemical characteristics of the VOC bearing gas 
streams downstream from the solvent recovery equipment: the main vent, the meal dryer and cooler 
vents, and fugitive losses of residual solvent in the soybean meal.  Perdue compared these 
characteristics to the characteristics of other source types to which the technology has been applied 
previously, namely pulp and paper, wood product oriented strand board (OSB), and printing.  
Deployment of the control technology on an existing source with similar gas stream characteristics 
generally is considered a sufficient basis for finding technical feasibility, unless it is demonstrated that 
there are unresolvable technical difficulties with applying the control that make it technically infeasible, 
such as the size of the unit, the location of the proposed site, or operating problems related to specific 
circumstances of the source.    
 
As generally suggested by EPA, in circumstances such as this, where two or more control techniques 
result in control levels that are similar considering the uncertainties of emissions factors and other 
parameters pertinent to estimating performance, Perdue used its engineering judgment to reasonably 
limit the number of alternatives to be evaluated in detail.  Finally, in assessing technology transfer, EPA 
and PADEP generally do not require an applicant to evaluate redesign of a proposed facility when 
considering available control alternatives.  For example, an applicant proposing to construct a coal-fired 
electric generator is not required as part of its LAER analysis to consider building a natural gas-fired 
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electric turbine even though the turbine may be inherently less polluting per unit product (in this case 
electricity).  Nonetheless, Perdue did evaluate alternative non-hexane soybean extraction technologies. 
 

3.1 Soybean Solvent Extraction Emission Sources 

Before examining VOC control practices in other industries, a characterization of soybean oil extraction 
emission sources, and types of emissions pollution control is in order.  Table 3.1 lists some of the key 
characteristics of VOC emission sources at a soybean oil extraction facilities.  Emission sources at 
soybean solvent extraction facilities can be characterized in general as either low volume high 
concentration (LVHC) or High Volume Low Concentration (HVLC) VOC emission sources depending on 
the emission source as shown below in Table 3.1. 
 

Table 3.1 Soybean Oil Extraction Plant VOC and PM Emission Sources 
 

Emission Source 
Vent 
Temp 

(deg F) 

Moisture 
Content 
(RH%) 

Type of Gas 
Stream 

Volumetric 
Flow Rate 
(ft

3
/min) 

[ft
3
/hr] 

VOC 
Emission 

Rate 
(lb/hr) 

VOC 
Concentration 

(ppmv) 

PM/PM10 
Emission 

Rate 
(lb/hr) 

Main Vent 90 Ambient LVHC 
<500 

[<30,000] 
1.7  Up to 7,200 

 
0 
 

 
Meal Dryer 
 

140 85% HVLC 
23,540 

[1,412,400] 
12.0 54 

10.62 / 
2.66 

 
Meal Cooler 
 

110 70% HVLC 
23,540 

[1,412,400] 
6.0 26 

11.21 / 
2.80 

Meal Fugitives Ambient Ambient HVLC 
28,800* 

[1,728,000] 
19.4 53 

 
0 
 

* Based on building dimensions of 120’ x 80’ x 30’ = 288,000 cubic ft, and ventilation equivalent to 6 volume 
change overs per hour (NFPA Standard 36, Section 5.3.1). 

 
As compared to other industries discussed in this evaluation, the waste stream from soybean extraction 
facilities is unusual in several respects.  For the main vent gas stream, during process shutdowns or 
upsets, the volumetric flow and VOC concentration can increase suddenly as vapors within process 
equipment are ventilated rapidly such that the solvent-laden equipment can pass quickly from above 
the upper explosive level (UEL) of hexane, through the explosive range, and ultimately below the LEL of 
hexane.  The potential for sudden changes in hexane concentrations above its LEL makes the main vent 
gas stream a fire and explosion hazard.  The main vent is characterized as LVHC.   
 
Both the meal dryer and cooler vents are characterized as HVLC.  The particulate matter and moisture 
loading characteristics of the meal dryer and cooler vent streams are unique.  The combined vent 
stream contains approximately 10,000 lb/hour of water, as drying and cooling air is used to remove 
condensed steam from the desolventized meal.  As shown in Table 3.1, the relative humidity of the two 
vent streams are nearly saturated, indicating the temperature of the vent streams are close to their 
respective dew points.  Further cooling of the meal dryer and cooler vents will result in the water vapor 
condensing onto the process equipment.  The particulate matter contained in the meal dryer and cooler 
vent streams is not a dry, granular inorganic material such as soot or silica.  Rather, the fine particulate 
matter is comprised of stray particles of soybean meal – an organic agricultural product consisting of 
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approximately 50% edible proteins.  An unusually high protein content gives soy dust adhesive 
properties not found in any other form of particulate matter and poses unique control challenges.  In 
fact, soy meal powder was widely used as an adhesive in a variety of applications before petroleum-
based adhesives supplanted it due to lower cost and more durability.30  When the fine soybean meal 
particles come in contact with moisture, the proteins in the particles become sticky and glue-like.  It is 
expected that the sticky meal particles will accumulate within process equipment and require periodic 
removal and cleaning. 
 
As the meal exits the dryer and coolers, any residual solvent remaining in the meal will be lost to the 
atmosphere as a fugitive VOC emission source.  The fugitive VOC emissions resulting from soybean meal 
exiting the process is a slow, but eventual process because solvent is just not present on the surface of 
the meal product, but also adsorbed onto and into the cellular structure of the meal product.  The 
soybean meal product is not a uniform expansive surface area allowing the expeditious evaporation of 
the residual solvent.  Rather, the soybean meal texture is characterized as a thick, lumpy layer of protein 
solids and much of the residual solvent may not have direct exposure to the air due to the meal 
clumping together and the depth of the meal product as it is conveyed through subsequent processing 
and handling.   Therefore, the fugitive meal emission source is characterized as HVLC. 
 

3.2 Industries with Similar Emission Sources 

Three other industries that have VOC intensive emissions were reviewed for potential technology 
transfer of incinerator air pollution control processes to the soybean solvent extraction industry.  The 
industries examined included: 
 

 Pulp and paper,  

 Wood product OSB plants, and  

 Printing industry.  
 
These industries were selected for review because they have LVHC and HVLC VOC emission sources. 
 

3.2.1 Pulp and Paper Emission Sources 

Pulp and paper, plants have several VOC emission sources that are controlled with add-on abatement 
devices. Some of these sources emit LVHC VOC and others sources are HVLC VOC emission sources. The 
emissions consist of both inorganic and organic compounds as byproducts from the kraft pulping 
processes. 
 
The emission characteristics of the brown stock washer are comparable to soybean meal dryer and 
cooler vents:  both are high volumetric flow and low VOC concentration vent streams.  However, the 
brown stock washer HVLC stream differs from the soybean meal dryer and cooler streams in that it 
contains minimal particulate matter. 
 

                                                           
30

 Wescott, J. and Frihart, C., Competitive Soybean Flour/ Phenol-Formaldehyde Adhesives for Oriented Strand 
board 38th International Wood Composites Symposium (April 6-8, 2004); Wescott, J., Frihart, C., Traska, A.,  High-
soy-containing water-durable adhesives, J. Adhesion Sci. Technol.,Vol.20, No.8,pp.859–873 (2006); Soy Protein 
Adhesives, McGraw-Hill Yearbook of Science & Technology, pp. 354-356 (2010); Wescott, J.  and Frihart, C., Sticking 
power from soya beans, Chemistry & Industry 7 February 2011.   
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The LVHC pulping emission sources - digesters, and black liquor storage and oxidation- have several 
hundred ppm of noncondensable gas (NCG) and total reduced sulfur (TRS) compounds.  The low 
volumetric flow rates are comparable to the soybean Main Vent emissions and 500 acfm air flow rate. 
The pulping LVHC sources differ from the soybean Main Vent by having minimal variation in the stream 
characteristics and by the controlled pollutants not being categorized as flammable.  Thus, the vent 
stream does not pose nearly as much of fire or explosion risk as the soybean Main Vent gas stream.  
Table 3.2 lists the key kraft pulping VOC emission sources and typical controls. 
 

Table 3.2  Kraft Pulp Mill Plant PM and VOC Emission Sources 
 

Source Description 
Type of Gas 

Stream 
Pollutants Air Pollution Control Options 

Brown Stock Washers HVLC VOC (NCG/TRS)* Recovery Furnace, Power Boiler 

Digesters LVHC VOC (NCG/TRS)* Lime Kiln, Incinerator 

Black Liquor Storage LVHC VOC (NCG/TRS)* Lime Kiln, Incinerator 

Black Liquor Oxidation LVHC VOC (NCG/TRS)* Lime Kiln, Incinerator 

TRS includes: malodorous hydrogen sulfide, methyl mercaptan, dimethyl sulfide and dimethyl disulfide. 

 
Environmental regulations and advancements in pollution control technology have required the U.S. 
pulp mills to continuously reduce the emissions to the atmosphere of particulates and VOCs.  VOC/HAP 
emissions from kraft mills include NCG which are comprised of TRS. The first choice for pollution control 
to dispose of NCG emissions is to incinerate these gases in the lime kiln, power boiler or recovery 
furnace. This is a viable approach if the respective kiln, power boiler or recovery furnace is designed to 
provide the required NCG removal efficiency. Also, the cost effectiveness and feasibility of this approach 
are directly related to the transportation distance from emission source to boiler or kiln and possible 
negative operational effects on the combustion source if the combustion source could handle the 
additional gas flow volume.  Formation of kiln rings and clinker deposits also is an ongoing operational 
issue at some facilities.  
 
For kraft pulp and paper facilities that did not have lime kiln or boilers close by, an end of process 
incineration is the preferred choice to treat NCG/TRS waste gases. The combustion process, whether by 
lime kiln, power boiler, recovery furnace or incinerator, converts the TRS compounds in the NCG to 
sulfur dioxide (SO2) and a small amount of sulfur trioxide (SO3). In those cases where the amount of SO2 

generated exceeds the total allowable amount for the mill, an SO2 scrubber would be required. This 
scrubber will have to be sized for the total flue gas volume from the incineration device. The gas volume 
from a dedicated incinerator is several orders of magnitude smaller than that from a lime kiln or a boiler, 
and, thus, will require a smaller scrubber. 
 
The NCG gas streams are normally collected in two separate systems and directed to two different 
disposal units. HVLC gases from brown stock washers etc. are directed to the recovery furnace or to the 
power boiler, where they replace part of the combustion air. LVHC gases from digesters, blow tanks, 
evaporators, black liquor storage and oxidation tanks are vented to the lime kiln for destruction, where 
their heating value allows reduction of the normal kiln fuel rate. 
 
In mills where other methods are currently working on part of the NCG streams, an incinerator may 
serve as the "back-up" device and be pressed into service only when the primary combustion device 
must be taken out of service.  Normally, back-up incinerators or flares are not equipped with SO2 
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scrubbers and the temporary flow of SO2 to atmosphere must be factored into the mill’s overall 
emission inventory. 
 
Despite the best efforts of pulp and paper pollution control system designers and equipment suppliers, 
problems with dedicated VOC RTOs, incinerators and scrubbing systems can occur.   These include 
capacity and control problems if systems were undersized, high temperature spikes that can damage 
incinerator or RTO refractory material, blowback flashes that can damage pollution control collection 
ductwork, collection fans control wiring, or other pollution control equipment, and quench system 
failures which cause downstream temperature damage to ID fans, controls, and ductwork. 
 
Pulp and paper plants have large combustion devices onsite like power boilers, recovery furnaces and 
lime kilns that can treat HVLC emissions in most circumstances if located sufficiently close to the NCG 
emission sources.  Soybean oil extraction plants do not have large onsite combustion sources to handle 
the HVLC VOC emissions from the soy meal dryer and meal cooler.  Pulp and Paper VOC emission 
sources have low particulate content.  Soybean oil extraction plants have relatively high particulate 
content that will impact the operation of a RTO or incinerator. 
 
Pulp and paper HVLC and LVHC emission streams have steady state flows, temperature, and VOC 
concentrations. Thus, effective pollution control systems have been designed to handle the emissions 
from these streams. The National Council for Air and Stream Improvement (NCASI) the nonprofit 
environmental research group for this industry, has spent millions of dollars and 30 years of dedicated 
research looking at emissions at most of the pulp and paper mills in the US to develop very good 
information that was used to design safe and effective control strategies for treating LVHC, and HVLC 
NCG gas streams from kraft pulping sources.   
 
Soybean desolventizing LVHC VOC emissions are variable in moisture, flow, and hexane concentration 
due to the nature of the extraction process.  This also could create operational and safety problems if 
combined with the meal dryer and cooler exhaust to be routed to one RTO or incinerator device. 
 

3.2.2 Wood Product OSB Emission Sources 

Wood product OSB plants have two key VOC emission sources which are both characterized as LVHC. 
The OSB sources emit organic VOCs that are the result of wood-based VOC compounds and resin 
releases during pressing and drying steps. OSB sources have similar low VOC concentration and 
particulate characteristics to the soybean dryer and cooler sources.  OSB sources differ from soybean oil 
extraction LVHC sources in that they usually have consistent gas stream characteristics (i.e., flow and 
VOC concentrations) compared to the potential surges of hexane emissions to the Main Vent resulting 
from process upsets, startups, and shutdowns. 
 

Table 3.3 Wood Products OSB Plant PM and VOC Emission Sources 
 

Source Description 
Type of Gas 

Stream 
Pollutants Air Pollution Control Options* 

Wood Press LVHC PM, VOC WESP, RTO 

Wood Dryer LVHC PM, VOC WESP, RTO 

* WESP - Wet electrostatic precipitator 
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Wood product OSB plants have two processes that emit HVLC of VOC:  wood dryers which dry flaked 
wood, and wood press operations which press wood flakes together after a resin binder has been mixed 
with the wood flakes.    
 

A.  Wood Dryers: 
 
Wood flakes are dried in rotary dryers.  A hot air stream provides heat to the flakes while they pass 
through the dryers to reduce the moisture content of the wood flakes.  The hot air stream originates in a 
wood fired furnace.  After drying, the wood flakes and fines are conveyed to a high efficiency cyclone for 
material collection, where they are separated from exhaust gases.  The separated dry flakes and fines 
pass from the cyclone through an airlock before transfer to dry storage bins.  In most wood product OSB 
plants, the exhaust stream from the cyclone is directed to WESPs to reduce particulate matter (PM) 
emissions.  The exhaust vents from the WESPs are manifolded together and routed to RTOs that control 
carbon monoxide (CO), VOC and HAP emissions. 
 

B.  Wood Press Operations:  
 
OSB mats, consisting of dried wood flakes and resin, are loaded into a press on a belt conveyor in a 
batch type operation. The press uses heat and pressure to activate the resins, and compresses the wood 
flakes and fines into the final product thickness.  The temperature of the press is approximately 400˚F.   
During pressing, elevated temperatures cause the flakes and binding resin to produce off-gases 
consisting of VOCs.  A portion of these VOC off-gases are produced during the pressing cycle and a 
portion of these VOC off-gases are produced during the press unloading cycle.  The pre-loader, 
unloader, and press are enclosed by a wood products enclosure, which has a design capture efficiency of 
100%.  The enclosure is designed such that all emission points are contained and located at a sufficient 
distance from natural draft openings.  The wood press off-gas emissions have few particulates, so the 
off-gases are collected and routed to an RTO that controls CO, VOC and HAP emissions.  
 
The OSB Press off-gas stream has a relatively low concentration of VOCs and requires a high volume of 
air to transport exhaust gases to the pollution control devices. The OSB gas stream would be classified as 
a HVLC emission source.   
 
The VOC components in the off-gases from the wood dryer and press have a fairly consistent range of 
concentration and volumetric flow rates.  The wood is procured from same types of hard and softwood 
species, the production rates are the same, and the resin application rate is constant.  Thus, the 
consistent VOC concentration and volumetric flow rates for OSB off-gases result in stable operation of 
the RTOs. 
 
OSB dryer and press sources are comparable to soybean meal dryer and cooler sources.  Both are HVLC 
sources.  They both have high exhaust air volumes, some particulate, and low VOC concentrations.  The 
OSB dryer and press sources are not comparable to the soybean desolventizer process emissions 
because of the variable but higher VOC concentration and volume from the soybean desolventizing 
process. 
 

3.2.3 Printing Process Emission Sources 

There are four (4) basic processes in the printing industry:  web offset lithography, web letterpress, 
rotogravure, and flexography.  Significant emissions from printing operations consist primarily of volatile 
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organic solvents.  Such emissions vary with printing process, ink formulation and coverage, press size 
and speed, and operating time.  Table 3.4 lists air pollution control options for the various types of 
printing processes. 
 

Table 3.4  Printing Industry VOC Emission Sources 
 

Source Description 
Type of Gas 

Stream 
Pollutants Air Pollution Control Options 

Rotogravure LVHC VOC 
Carbon Adsorption, Incinerator, 

Waterborne Inks 

Web Offset Lithography LVHC VOC Incinerator 

Web Letter Press LVHC VOC Incinerator 

Flexography Printing LVHC VOC Incinerator, Waterborne Inks 

 
Solvent recovery by carbon adsorption systems has been implemented at a number of large publication 
rotogravure plants. These presses use a single water-immiscible solvent (toluene) or a simple mixture 
that can be recovered in approximately the same proportions used in the ink.   
 

 The magnitude of solvent emissions from printing varies by process configurations, but 
generally, the emission streams can be classified as LVHC sources due to the use of hoods and 
enclosures around printing lines to capture the greatest potential of VOC emissions while 
minimizing the quantity of ambient air captured for treatment through the control equipment.   

 The use of enclosures to trap and concentrate VOC emissions within vegetable solvent 
extraction facilities would create dangerous fire and/or explosion hazards. 

 Emission controls associated with printing operations are designed to capture fugitive VOC 
emissions from thin layers of printing ink evaporating from various paper media.  The VOC 
evaporative loss can occur quickly due to the application of the inks over large open and 
uniform surfaces of the paper media.   

 Furthermore, emissions from printing operations are characterized as only VOC emissions mixed 
in air with little to no particulate matter and only ambient concentrations of moisture.   

 In contrast, fugitive VOC emissions resulting from soybean meal exiting the process is a slow, 
eventual process because solvent is not only present on the surface of the meal product, but 
also adsorbed onto and into the cellular structure of the meal product.  The soybean meal 
product is not a uniform smooth surface texture and does not allow the expeditious  
evaporation of residual solvent.  Rather, the soybean meal is a thick, lumpy layer of protein 
solids and much of the solvent may not have direct exposure to the air due to the meal clumping 
together and the depth of the meal product as it is conveyed through subsequent processing 
and handling.    

 
Thus, printing operations are not very similar to the characteristics of HVLC, high moisture, and high 
particulate emissions associated with soybean oil extraction dryer and cooler sources.   
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4.0   Top-Down LAER Analysis 

The NSR Manual recommends that evaluation of LAER follows a “top down” process.  In this approach, 

the applicant identifies the best-controlled similar source on the basis of controls required by regulation, 

permit, or controls achieved in practice.  The highest level of control is then evaluated.  The basic steps 

of a top-down LAER analysis include the following. 

 

Step 1:  Identify potential control technologies (See Section 5). 

The first step is to identify potentially “available” control options for each emission unit and for each 

pollutant under review.  Available options should consist of a comprehensive list of those technologies 

with a potentially practical application to the affected emission unit.  The list should include LAER 

technologies, innovative technologies, and controls applied to similar sources (technology transfer). 

 

Step 2:  Eliminate technically infeasible options (See Section 6). 

The second step is to eliminate technically infeasible options from further consideration.  To be 

considered feasible, a technology must be both available and applicable.  It is important in this step that 

any presentation of a technical argument for eliminating a technology from further consideration be 

clearly documented based on physical, chemical, engineering, and source-specific factors related to the 

safe and successful use of the controls. 

 

Step 3:  Rank the remaining control technologies by control effectiveness (See Section 7). 

The third step is to rank the technologies not eliminated in Step 2 in order of descending control 

effectiveness for each pollutant of concern.  If the highest ranked technology is proposed as LAER, it is 

not necessary to perform any further technical evaluation. 

 

Step 4:  Select LAER (See Section 8). 

The fourth and final step is to select as LAER the most effective of the remaining technologies under 
consideration for each pollutant of concern.  LAER must, at a minimum, be no less stringent than the 
level of control required by any applicable NSPS, NESHAP, or state regulatory standards applicable to the 
emission units included in the permits. 
 
Information gathered and evaluations performed by Perdue under each of these steps are discussed in 
more detail in Sections 5 through 8 of this document. 
 

5.0   LAER – Identification of Potential Control Technologies 

As part of its LAER Evaluation, Perdue has also evaluated the potential for control technologies used in 
other industries to be transferred and applied to emission point sources within the soybean solvent 
extraction process, including: 
 

 Biofiltration, 

 Carbon Adsorption,  

 Incineration (Regenerative Thermal Oxidizer (RTO) or Catalytic Oxidizer), 

 Flares, 



 

25 | P a g e    

 Adsorption (Mineral Oil Scrubber),  

 VOC Concentrators, 

 Wet Scrubbers,  

 Fabric Filters, and 

 LDAR. 
 
Each of these VOC emission control technologies was selected for LAER consideration because each 
technology has been demonstrated (to varying degrees) as technically feasible to reduce VOC emissions 
from point sources in other industries, such as organic chemical manufacturing.  Thus, the control 
technology could theoretically be transferred and applied to point sources within the soybean oil 
extraction industry. 
 
This section of the LAER Evaluation will document whether any or all of the above add-on control 
technologies are technically feasible to reduce VOC emissions from the following point sources at the 
proposed soybean solvent extraction facility: 
 

 Exhaust from the mineral oil scrubber/main vent, 

 Exhaust from the meal dryer cyclone, and 

 Exhaust from the meal cooler cyclone. 
 

5.1 Biofiltration 

Biofiltration technology encompasses a wide range of pollution control systems that utilize a fixed 
matrix of biological films to oxidize VOCs in an exhaust stream. Biofiltration systems have been under 
development, especially outside of the United States, for the last several years. They have been used for 
agriculture fume control and also in some VOC control applications in the printing industry.  The 
application of biofiltration technology beyond bench-scale and pilot plant operations has been very 
limited, and biofiltration is still not widely considered to be a proven VOC control technology.  Based on 
a search of the RBLC and an internet search of available permits, no soybean processing facilities in the 
United States use biofiltration to reduce VOC emissions. 
 
The thermodynamic, physical, and chemical treatment methods that form the basis for conventional 
methods of VOC emissions control are typically energy intensive.  In contrast, biological VOC emissions 
control systems employ the natural degrading abilities of microorganisms to biochemically oxidize 
organic contaminants at normal temperatures and pressures.  Thus, biological systems typically require 
a smaller energy input. The key drawback of a biofilter is that it is, essentially, a “living” control system. 
As such, the system is vulnerable to changes in the inlet gas stream composition or changes in the 
physical operating conditions of the system.  This vulnerability can lead to wide fluctuations in the 
destruction efficiencies provided by such systems. 
 
All biofilters use some type of material to support a microbial film.  The most common types of materials 
used are soils or a high organic content material such as compost and peat.  In either case, the waste gas 
is drawn through a packed bed arrangement of the support material.  Contaminants in the waste gas 
then diffuse into the microbial films growing on the support material.  Given a suitable growth 
environment, including adequate quantities of dissolved oxygen and inorganic nutrients, organisms in 
the films can utilize the VOC contaminants as energy sources.  End products of the biofilter reactor 
consist of new biological cell mass, carbon dioxide, water, and mineral salts. 
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5.1.1 Advantages of Biofilters 

 Less complex, as they are simply a biofilter media bed and have no moving parts. 

 Work well when used as a Best Management Practice (BMP) for odor or VOC control where 
there are no enforcement consequences if the biofilter fails or the biofilter experiences VOC 
destruction performance problems. 
 

5.1.2 Disadvantages of Biofilters 

 Adherence to firm, “not to exceed” emission limits is difficult due to unpredictable levels of VOC 
destruction efficiencies. 

 Potentially high particulate matter loading from the meal dryer and cooler sources could 
accumulate inside the biomedia creating a barrier preventing the degradation of VOC/HAP 
emissions by the microorganisms.  Also, the particulate matter could accumulate and block 
some inlet surfaces of the biomedia and cause flow channeling resulting in reduced contact with 
the biomedia and decreased VOC degradation efficiency. 

 Vent streams prone to high temperatures (i.e., above 130 degrees F) could kill or seriously 
impair the ability of the biomedia to effectively reduce VOC emission loadings.  Biomedia works 
well in treating vent streams with temperatures up to 95 degrees F.  The VOC degradation 
efficiency of the biomedia decreases significantly as vent stream temperatures rise above 120 
degrees F. 

 A biofilter would require a relatively large site footprint to treat a 47,000 cfm process vent 
stream.  It is estimated that approximately 1 square foot of area is necessary for each cubic foot 
of gas stream treated.  Thus, a biofilter with up to 47,000 square feet of filter surface area would 
be required for effective VOC control, which equates to a 217’ x 217’ foot print, or more than 1 
acre in area.   

 Retention time for optimal biofiltration is between 0.5 and 2.0 minutes, an interval of time that 
is not available with the high volume nature of the soybean solvent extraction process. 

 Biomedia VOC treatment performance is based on very site-specific vent stream characteristics.   
Designing and implementing a biofiltration system requires lengthy bench-scale and pilot tests 
to determine the type and quantity of biofilter media that would be required.  Because this is 
essentially a trial and error process, there is no certainty that the pilots tests would scale linearly 
to full-scale operation without a loss of VOC degradation performance. 

 The applied technology relies on an active and healthy biological system for destruction of VOC 
emissions loading.  It could be difficult to consistently monitor and distribute required nutrients 
or required chemicals to ensure the long-term health of the biomedia considering potential VOC 
concentration fluctuations associated with soybean solvent extraction sources. 

 Biofilter bed life is unpredictable, varying from three (3) months to four (4) years depending on 
organic loading and bed contamination by particulate matter. 

 Biofilters would not work well as a LAER control technology because predictable, high VOC 
destruction efficiencies are necessary, and performance requires continuous demonstration of 
compliance. 
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 Failure or repairs to the biofilter would require additional downtime of the production 
process(es), resulting in increased VOC/HAP emissions from the increased number of process 
startups and shutdowns.  
 

5.1.3 Use of Biofilters by Other Industries 

Biofilters have been used primarily for odor control in the following industries:  
 

 Tobacco  

 Wastewater treatment 

 Landfill gas treatment 

 Flexographic printing 

 Composting 

 Agriculture Manure Management 
 
Biofilters have not been widely used for demonstrating VOC/HAP emissions control where consistently 
high VOC/HAP destruction efficiencies must be achieved to comply with federally enforceable emission 
limitations, and the use of biofilters by these industries primarily for nuisance odor control cannot be 
applied to VOC removal at soybean solvent extraction facilities. 
 

5.2 Carbon Adsorption 

Adsorption is the mechanism by which molecules of gaseous contaminants pass through a bed of solid 
particles (e.g., activated carbon) and migrate to the surface of the solid particles where they are held by 
physical attraction. This allows clean air to exit the control device with only minimal gaseous 
contaminants remaining. The adsorptive capacity of the solid material for the gaseous contaminants will 
generally increase with the gas phase concentration, molecular weight, diffusivity, polarity, and boiling 
point. Carbon adsorption is used to remove VOC from relatively low to medium VOC concentration 
exhaust streams when a strict exhaust outlet concentration must be attained and/or recovery of the 
VOC is desired.  
 
There are various types of adsorbents that can be used, depending on the type of process to which it is 
being applied.  The possible adsorbents include activated carbon, synthetic zeolite, silica gel, and 
activated alumina. There are also various types of adsorption equipment used in collecting gases, and 
these include fixed regenerable beds and canister types of units. For the control of VOC from exhaust 
streams, the most common adsorbent is activated carbon and the most common adsorber is the 
regenerable fixed bed adsorber. This combination is effective for VOC emissions control, with control 
efficiencies typically ranging from 95 to greater than 99 percent. 
 
When the adsorptive capacity of the activated carbon is approached, the adsorbed VOC must be 
removed from the carbon. For this reason, many operations are equipped with a two-bed, continuous 
operating system, one bed being on-line while the other bed is off-line and being regenerated. This 
regeneration or desorption can be accomplished either by using steam or by a combination of a high 
vacuum and purged air stripping.  Once the VOC is removed from the bed, the carbon’s ability to adsorb 
VOC vapors is restored, and the bed can be placed back on-line. Carbon adsorption units are designed to 
take into consideration site-specific conditions such as the mass flow rate of VOC vapors, the inlet VOC 
concentration, the desired VOC concentration at the outlet, the adsorption time, and the working 
capacity of the activated carbon. 
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5.2.1 Advantages of Carbon Adsorption 

 Carbon adsorption can achieve a high VOC removal efficiency (i.e., 95% to 99%). 

 Carbon adsorption can be effective when applied to low VOC concentration vent streams. 

 Carbon adsorption can also accommodate some variability in vent stream characteristics such as 
volumetric flow rates and VOC concentrations without much impact on VOC removal efficiency. 

 
5.2.2 Disadvantages of Carbon Adsorption 

 High particulate matter loading in the vent streams from the meal dryer and cooler could bridge 
and block the flow of vent gas through the carbon beds. Although cyclones remove  greater 
than 90% of the particulate matter emissions from the meal dryer and cooler vents, the 
remaining particulate matter loading would still quickly accumulate and block the carbon beds, 
unless additional and more efficient particulate matter emission controls are installed after the 
cyclones.   

 Carbon adsorption control technology was used in the 1940s and 1950s in this industry but was 
discontinued due to plugging and channeling problems within the carbon beds. 

 Carbon adsorption technology can accommodate some fluctuations in vent stream 
characteristics, but rapid increased VOC concentrations pose significant safety and fire hazard 
concerns.  During process upsets or shutdowns, the VOC concentrations can increase rapidly 
and significantly.  The sudden increase in VOC loading into a carbon adsorption system presents 
safety and fire hazards from the rapid build-up of exothermic heat resulting from the heat of 
adsorption onto the carbon media. 

 Large volumes of adsorption material would be necessary for the proper sizing of vent gas 
streams on the order of 47,000 cfm.  Furthermore, there will be considerable increased costs 
associated with maintaining two redundant adsorption systems: one system would be available 
for receiving the continuous vent stream, while the other system would be off-line for 
regeneration. 

 Carbon adsorption systems also have a history of requiring more frequent replacement of 
adsorption media than anticipated.  Significant costs can arise from the replacement, transport, 
and disposal of spent adsorption media.  However, if the adsorption media is regenerated on-
site, additional add-on costs would result from the thermal regeneration equipment necessary 
to desorb the adhered VOC and thermal destroy the desorbed materials. 

 Failure or repairs to the carbon adsorption system would require additional downtime of the 
production process(es), resulting in increased VOC/HAP emissions from the increased number 
of process startups and shutdowns.  
 

5.2.3 Use of Carbon Adsorption by Other Industries 

Carbon adsorption has been used for VOC and HAP control in the following applications: 
 

 Environmental remediation clean-up projects 

 Gasoline dispensing operations 
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 Paint booths 

 Printing operations 
 

These industries have used carbon adsorption for VOC control, but they are not directly comparable to 
the applications required for soybean solvent extraction facilities.  The affected gas vent streams at a 
soybean solvent extraction facility also include high levels of particulate matter and moisture.  The 
industrial applications listed above have applied carbon adsorption to gas vent streams containing only 
VOC emissions with little to no particulate matter loading and little to no moisture content. 
 

5.3 VOC Concentrators 
 
Vapor concentrators or accumulators are intended to raise the concentration of VOCs in a vent stream 
to provide more economical treatment in a smaller sized combustion or condensation device.  Vapor 
concentrators are used in situations where a high volumetric flow vent stream has a low VOC 
concentration.  VOC concentrators are a subset of adsorption-type air pollution control devices that 
have been discussed previously in the LAER analysis. VOC concentrators allow the lower concentrations 
of VOCs to be collected on an adsorption media and then the VOCs are desorbed into a smaller volume 
vent stream, thus yielding a vent stream with a VOC concentration 10 times greater or more. 
 
There are two general types of VOC concentrators:  rotary and stationary bed.  Rotary concentrators use 
a rotating adsorbent wheel to continuously remove VOCs from the contaminated vent stream.  The 
adsorbent is mounted in a rotating wheel and the contaminated vent stream flows axially through the 
sectors in the wheel. The adsorbent is located in relatively shallow beds and compartmentalized in 
sectors of the wheel. The adsorbent can be zeolite, a mixture of zeolite with carbon, a mixture of zeolite 
with polymer adsorbents, or either carbon or polymer adsorbent beds with zeolite beds downstream. 
Typically 75% of the wheel is used for adsorption and remaining 25% of the wheel is being regenerated 
by hot air.  A low volume of hot air, heated by an incinerator, is passed through a sector of the rotating 
wheel to regenerate the adsorbent.  This sector is isolated by seals which allow the VOC to be 
recaptured and sent to the incinerator at a higher concentration than was present in the input vent 
stream. This allows the VOC to have a greater heating value per cubic foot and, therefore, less additional 
fuel is required by the combustion control device. The VOC stream is incinerated and provides the 
heated air for regeneration of the adsorbent bed. 
 
Stationary bed concentrators use several beds of adsorbent to remove organics from the contaminated 
streams.  The vent gas stream is first routed into one of the stationary adsorption units (two are usually 
used, but any number above two may be used), while one of the adsorption beds is being thermally 
regenerated. For regeneration, a lower volume of hot air flows into one of the adsorption units to 
desorb the VOCs from the adsorption media. The concentrated VOC vent stream may now be processed 
for thermal destruction at a higher concentration rate, lower flow rate, and higher inlet temperatures. 
 
Regardless of the VOC concentrator design, it is important for safety that the maximum VOC 
concentration remains below 25% of the LEL.  Therefore, the VOC concentration ratio should be 
carefully monitored to assure the VOC concentration remains below 25% of the LEL.  The limit of 25% of 
the LEL is imposed by Occupational Safety and Health Administration (OSHA) and the National Fire 
Prevention Association (NFPA) for fire and explosion safety. 
 
VOC accumulators are excellent add on devices to improve RTO fuel efficiency for VOC gas streams with 
no particulate.  Less RTO combustion fuel is needed when the VOC gas stream can be concentrated.   
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5.3.1 Advantages of VOC Concentrators for Meal Dryer and Cooler Vents 
 

 VOC concentrator systems provide a unique approach to pollution control in their ability to 
minimize operating costs of pollution control devices.   

 Able to effectively increase the VOC concentration in dilute, large flow rate vent streams. 

 Able to handle high volumetric flow rates. 

 The accumulator system uses adsorption technology in combination with oxidation technology 
to achieve the low RTO energy costs through reduced supplemental fuel requirements. 

 
5.3.2 Disadvantages of VOC Concentrators for Meal Dryer and Cooler Vents 

 

 Soybean particulate matter in the combined meal dryer and cooler vents will rapidly blind, or 
bridge over the surface of adsorption media. 

 The exhausts from the combined meal cooler and dryer vents are high moisture (i.e., 80% to 
90% Relative Humidity) and will still contain quantities of fine sticky soybean particulate.  The 
soybean particulate has a 50% protein content which becomes sticky and glue-like when it 
contacts moisture.  Historically, soy-based adhesives were used before World War II until 
replaced by oil based adhesives due to economics of production. 

 The bridging of the adsorption media with soybean protein particulate could create irregular 
adsorption of the VOCs as the exhaust gas steam will be blocked from flowing through all of the 
media bed. High velocity short circuits may develop that route most of low concentration VOC 
exhaust air around the media bed directly to the RTO. 

 The bridging of particulate on the adsorption media, will create difficulties for the purging 
mechanism to extract concentrated hexane. The mat of particulate will block the desorption 
cycle in some or all sections of the adsorption media, which may lead to channeling, and very 
ineffective hexane extraction. 

 Hexane is sensitive to static discharge.  The 350 degree hot air purge air cycle from an RTO could 
create static electricity when moving across the mat of particulate that will accumulates on the 
media bed, which could create sparking and start a fire in the adsorption media bed. 

 Use of VOC concentrators for the meal dryer and cooler exhausts would require several 
redundant concentrator systems as at least two units would be down at any given interval to 
remove bridged material.   

 LAER pollution control technologies need to have high removal efficiencies and also to have high 
uptime availability.  The pollution control technology is of limited utility if the accumulators are 
down for frequent cleaning maintenance.  VOC concentrators are not a recommended 
technology for the soybean extraction meal dryers and coolers due to the sticky, glue-like nature 
of the soybean particulate in the exhaust streams. 

 
5.4 Incineration (RTO and Catalytic Incineration) 

Incineration control devices are effective in destroying VOC vapors in process exhaust streams in a 
variety of industries such as chemical manufacturing, petroleum refining, gasoline bulk terminals, 
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printing operations, wood products, and pulp and paper mills. A RTO is an incinerator with a set of 
refractory beds (packing) that store heat. It is common to use three ceramic beds in an RTO. One bed is 
used to pre-heat the waste gas stream, one bed is used to store heat from the treated gas stream, and 
one bed is in a purge cycle. Pre-heating the gas stream reduces supplemental fuel requirements, as 
compared to an incinerator without heat exchangers. Final combustion chamber temperatures are 
typically in excess of 1,300 degrees Fahrenheit (°F) to ensure complete combustion of the VOC in the 
incoming gas stream. 
 
Catalytic incinerators are similar to thermal/recuperative incinerators, with the primary difference being 
that the exhaust gas, after passing through the flame area, passes through a catalyst bed. The catalyst 
has the effect of increasing the oxidation reaction rate, thus enabling oxidation to occur at a lower 
reaction temperature than normal thermal oxidation units. Catalysts typically used for VOC incineration 
include platinum and palladium. Outlet temperatures for catalytic incinerators are dependent on the 
concentration of VOC, but are typically below 1,000 °F. Commercially available RTOs or catalytic 
incinerators can achieve VOC destruction efficiencies that exceed 95 percent, depending on the 
particular installation and process being controlled. 
 

5.4.1 Advantages of RTOs and Incinerators 

 Incinerators, RTOs and Catalytic Incinerators have high VOC removal efficiency (above 95%) if 
designed properly and used in proven industrial applications. 
 

5.4.2 Disadvantages of RTOs or Incinerators 

 The high moisture content of the soybean oil extraction solvent recovery, meal dryer and meal 
cooler streams may build up and plug the RTO heat recovery media.  

 The potentially high particulate content of the meal dryer and meal cooler gas streams could 
also cause build ups and plug the RTO inlet and heat recovery media. The heat recovery media 
can be washed out on a frequency that keeps the RTO pressure drop in an acceptable range for 
the Induced Draft Fan to handle, but if washouts have to be done on a frequent basis this will 
generate wastewater that either must be pumped to a wastewater treatment plant or to an on-
site wastewater treatment system.  The proteinaceous wastewater would be very difficult to 
treat due to its high BOD concentration.  There is no available local/municipal wastewater 
treatment to handle the wastewater, as the Elizabethtown WWTP  is over six miles away.  The 
Perdue site does not have a wastewater treatment system as part of its design, nor is there any 
area available on the site to install a wastewater treatment system.   

 If the heat recovery media cannot be cleaned by burnouts or wash outs, then the media must be 
replaced at whatever frequency is necessary for the RTO to continue to handle the exhaust gas 
flow from the three soybean oil extraction sources. 

 If an RTO were used for only the solvent extraction gas stream, the waste gas could at times be 
too rich, resulting in high RTO combustion chamber temperatures that could damage the 
refractory material.  Most RTOs are designed for a waste gas no richer than 25% of the LEL, 
which would make design of an effective RTO difficult because of the variable nature of the 
solvent recovery processes and exhaust stream. 
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 If the soybean oil extraction exhaust gas streams contain sulfur compounds, the stack gas may 
form acid droplets if cooled enough.  Special stainless steel components would be required that 
would drive up capital and maintenance costs. 

 RTOs and incinerators are capital and operating cost intensive, especially if overdesign is 
required to handle high volume, low concentration VOC gas streams from meal dryer and cooler 
sources.  Extra natural gas fuel is needed to keep the combustion temperature above the 
minimum VOC destruction temperature.  Outside air must be introduced to keep steady state 
air flow into the RTO or incinerator, which adds to the fuel cost. 

 A less frequent RTO failure mode results from the build-up of condensed organic particles on 
the cold inlet surfaces of the RTO or incinerator.  Build-ups in these areas can result in 
performance failures due to poor valve sealing or more extreme failure due to uncontrolled 
fires. 

 Several wood product OSB plants have added WESPs upstream of RTOs to minimize particulate 
matter going to the RTOs.  WESPs are effective in removing larger particulates but the 
condensed organics still pass through.  Also, the WESPs have the same buildup and plugging 
problems that RTOs experience and must be periodically inspected and cleaned, or the buildup 
will result in unacceptable pressure drops and a carryover of larger particulate that will 
eventually plug the RTO.  Addition of a WESP upstream of an RTO would make this pollution 
control option very expensive, both from capital and operating cost perspectives.  It would also 
require a wastewater treatment system capable of handling 40 gpm of proteinaceous high 
concentration BOD from the wet scrubber (blow down).  This is equivalent to 239 tons of water 
per day.  The closest WWTP is six miles away and the Perdue site has no area available to install 
a wastewater treatment system. 

 The gas flows from wood products, printing and pulp plants are steady state which makes design 
and operation of WESPs and RTOs/incinerators straightforward.  The gas flow, moisture, and 
variable hexane concentration from the desolventizing mineral oil scrubber may create 
operational and safety problems from sparks coming into contact with large slugs of hexane.   

 Thermal incinerators are subject to problems caused by rapidly varying VOC concentrations and 
gas flow rates.  The soybean oil extraction solvent extraction emission source has varying VOC 
concentrations and gas flow rates.  These variations change the fuel requirements necessary to 
maintain a stable outlet temperature.  A sudden decrease in the VOC/hexane concentration 
coupled with increased exhaust gas flow can lead to short term periods of lower than desirable 
combustion chamber operating temperatures and a resulting increase in VOC emissions.  A 
sharp increase in the VOC concentrations, along with a decreased gas flow rate, can lead to 
short-term excursions above the maximum temperature limits of the combustion chamber 
which can damage refractory and valve seals.  

 Replacement or repair of the RTO or incineration system would require additional downtime of 
the production process(es), resulting in increased VOC/HAP emissions from the increased 
number of process startups and shutdowns.  

 
5.4.3 Disadvantages with Catalytic Incinerators 

 Catalytic incinerators are vulnerable to thermal aging which is the gradual recrystallization of 
the outer “noble” metals that provide the catalyst reaction because of their exposure to hot 
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combustion products.  All catalysts must eventually be replaced with fresh catalysts, typically 
after three (3) to five (5) years of operation, which make this an expensive cost option for the 
proposed project. 

 Thermal volatilization is the sudden vaporization of the catalyst compound from the support 
matrix that makes up the catalyst bed in catalytic incinerators.  The variable VOC concentration 
from the solvent extraction exhaust could cause temperature excursions that could vaporize the 
surface catalyst.  The catalyst bed must be replaced if significant volatilization has occurred. 

 Catalytic incinerators can “mask” which inhibits catalytic activity by preventing contact between 
the vapor phase organic compounds and the surface of the catalytic material.  This problem can 
result from deposition of particulate material on the catalyst bed or from soot formation in the 
preheater burner.  The meal dryer and cooler emission sources have particulate that could 
deposit on the catalyst surface.  The masking film must then be cleaned, and the catalyst coating 
can wear off if the masking film must be cleaned too often. 

 Failure of or repairs to the catalytic incineration system would require additional downtime of 
the production process(es), resulting in increased VOC/HAP emissions from the increased 
number of process startups and shutdowns.  

 
5.4.4 Use of RTOs and Incinerators by Other Industries 

The following industries have used RTOs and Incinerators for VOC control: 
 

 Pulp and Paper 

 Wood Products 

 Printing – Web Offset, Web Letterpress, Rotogravure 
 
Refer to the industry-specific discussions provided in Section 3.2 of this document. 
 

5.5 Flares31 

Flaring is a combustion control process for VOC in which the VOCs are piped to a remote, usually 
elevated, location and burned in an open flame in the open air using a specially designed burner tip, 
auxiliary fuel, and steam or air to promote mixing for nearly complete (> 98%) VOC destruction.  
Completeness of combustion in a flare is governed by flame temperature, residence time in the 
combustion zone, turbulent mixing of the components to complete the oxidation reaction, and available 
oxygen for free radical formation.  Combustion is complete if all VOCs are converted to carbon dioxide 
and water.  The flaring process can produce some undesirable by-products including noise, smoke, heat 
radiation, light, sulfur oxides (SOx), nitrogen oxides (NOx), carbon monoxide (CO), and an additional 
source of ignition where not desired.  
 
The major factors affecting flare combustion efficiency are vent gas flammability, autoignition 
temperature, heating value (Btu/scf), density, and flame zone mixing.  The flammability limits of the 
flared gases influence ignition stability and flame extinction. The flammability limits are defined as the 
stoichiometric composition limits (maximum and minimum) of an oxygen-fuel mixture that will burn 
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Triangle Park, NC. January 2002. 
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indefinitely at given conditions of temperature and pressure without further ignition. In other words, 
gases must be within their flammability limits to burn.  When flammability limits are narrow, the interior 
of the flame may have insufficient air for the mixture to burn.  A lower heating value produces a cooler 
flame that does not favor combustion kinetics and is also more easily extinguished. The lower flame 
temperature also reduces buoyant forces, which reduces mixing.  Poor mixing at the flare tip is the 
primary cause of flare smoking when burning a given material.  Streams with high carbon-to-hydrogen 
mole ratio (greater than 0.35) have a greater tendency to smoke and require better mixing for 
smokeless flaring.   
 
In most flares, combustion occurs by means of a diffusion flame.  A diffusion flame is one in which air 
diffuses across the boundary of the fuel/combustion product stream toward the center of the fuel flow, 
forming the envelope of a combustible gas mixture around a core of fuel gas. This mixture, on ignition, 
establishes a stable flame zone around the gas core above the burner tip. This inner gas core is heated 
by diffusion of hot combustion products from the flame zone.  Cracking can occur with the formation of 
small hot particles of carbon that give the flame its characteristic luminosity. If there is an oxygen 
deficiency and if the carbon particles are cooled to below their ignition temperature, smoking occurs.  
 
Elevating the flare can prevent potentially dangerous conditions at ground level where the open flame 
(i.e., an ignition source) is located near a process unit. Further, the products of combustion can be 
dispersed above working areas to reduce the effects of noise, heat, smoke, and objectionable odors.   
 

5.5.1 Advantages of Flares 

 Flares are capable of achieving 98% destruction efficiency for a wide variety of gaseous vent 
streams. 

 Flares are tolerant of fluctuations in vent gas stream characteristics, such as volumetric flow and 
VOC concentrations, as long as the vent stream characteristics remain below the LEL to minimize 
risk of fire or explosion. 

 

5.5.2 Disadvantages of Flares 

 Flares are used for controlling gaseous vapor streams and should not be used in applications 
with liquids or particulate matter which form larger particles that are only partially combusted.  
Incomplete combustion of material in the flame zone will lead to smoking of the flare indicating 
the destruction efficiency of the flare is less than 98%. 

 Vent gas streams with low net heating values will require large quantities of supplemental fuel, 
such as natural gas, to continuously increase the net heating value of the vent gas stream.  
Consumption of large quantities of natural gas is expensive and also creates secondary emission 
impacts from combustion products (i.e., NOx, CO, and VOC). 

 Within the soybean solvent extraction industry, there are no known applications of flare to 
reduce VOC emissions.   
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5.6 Absorption (Mineral Oil Scrubber) 

Absorption is a surface phenomenon where components of a gas phase mixture (pollutants) are 
selectively transferred to a relatively non-volatile liquid, usually water.  Sometimes, organic liquids such 
as mineral oil or non-volatile hydrocarbons are suitable absorption solvents.  The choice of solvent 
depends on the cost and solubility of the pollutant in the solvent.  As a part of its analysis, Perdue will 
consider a mineral oil scrubber to control VOC emissions from the main vent stream from the DT 
extraction and condensing system by absorbing hexane emissions in a mineral oil packed bed.   
 

5.7 Fabric Filters 

A fabric filter unit consists of one or more isolated compartments containing rows of fabric bags in the 
form of round, flat, or shaped tubes, or pleated cartridges. Particle laden gas passes up (usually) along 
the surface of the bags then radially through the fabric.  Particles are retained on the upstream face of 
the bags, and the cleaned gas stream is vented to the atmosphere. The filter is operated cyclically, 
alternating between relatively long periods of filtering and short periods of cleaning. During cleaning, 
dust that has accumulated on the bags is removed from the fabric surface and deposited in a hopper for 
subsequent disposal. 
 
Fabric filters collect particles with sizes ranging from submicron to several hundred microns in diameter 
at efficiencies generally in excess of 99 or 99.9%. The layer of dust, or dust cake, collected on the fabric 
is primarily responsible for such high efficiency.  The cake is a barrier with tortuous pores that trap 
particles as they travel through the cake.  Gas temperatures up to about 500 oF, with surges to about 
550 oF can be accommodated routinely in some configurations. Most of the energy used to operate the 
system appears as pressure drop across the bags and associated hardware and ducting. Typical values of 
system pressure drop range from about 5 to 20 inches of water. Fabric filters are used where high-
efficiency particle collection is required.  Limitations are imposed by gas characteristics (temperature 
and corrosivity) and particle characteristics (primarily stickiness) that affect the fabric or its operation 
and that cannot be economically accommodated.  Important process variables include particle 
characteristics, gas characteristics, and fabric properties. The most important design parameter is the 
air- or gas-to-cloth ratio (the amount of gas in ft3/min that penetrates one ft2 of fabric) and the usual 
operating parameter of interest is pressure drop across the filter system. The major operating feature of 
fabric filters that distinguishes them from other gas filters is the ability to renew the filtering surface 
periodically by cleaning.  Common furnace filters, high efficiency particulate air (HEPA) filters, high 
efficiency air filters (HEAFs), and automotive induction air filters are examples of filters that must be 
discarded after a significant layer of dust accumulates on the surface. These filters are typically made of 
matted fibers, mounted in supporting frames, and used where dust concentrations are relatively low. 
Fabric filters are usually made of woven or (more commonly) needle punched felts sewn to the desired 
shape, mounted in a plenum with special hardware, and used across a wide range of dust 
concentrations.   
 

5.7.1 Advantages of Fabric Filters 

 Fabric filter are one of the most efficient means of separating particulate matter from a gas 
stream.  

 Fabric filters are capable of maintaining high mass collection efficiencies up to 99%. 
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 Fabric filters are tolerant of variable stream characteristics, such as volumetric flow rates and 
particulate matter concentrations. 

5.7.2 Disadvantages of Fabric Filters 

 The particulate matter contained in combined meal dryer and cooler vents is not a dry, granular 
inorganic material such as soot.  Rather, the fine particulate matter is stray particles of soybean 
meal – an organic agricultural product consisting of approximately 50% edible proteins.  When 
the soybean fines come in contact with moisture, the particles become sticky and glue-like.   

 Vents with excess moisture near its dew point will cause condensation onto the fabric filters.  
Thus, it is expected that the sticky soybean meal particles will rapidly accumulate and blind all 
the filter bags within a baghouse.   

 Within the soybean solvent extraction industry, there are no known applications of fabric filters 
to reduce particulate matter emissions from meal dryer and cooler vents.   

 
5.8 Wet Scrubbers32 

A wet scrubber is an air pollution control device that removes PM and acid gases from waste gas 
streams of stationary point sources.  The pollutants are removed primarily through the impaction, 
diffusion, interception and/or absorption of the pollutant onto droplets of liquid.  The liquid containing 
the pollutant is then collected for disposal.  Collection efficiencies for wet scrubbers vary with the 
particle size distribution of the waste gas stream.  In general, collection efficiency decreases as the PM 
size decreases.  Collection efficiencies also vary with scrubber type. Collection efficiencies range from 
greater than 99% for venturi scrubbers to 40-60% (or lower) for simple spray towers.  Improvements in 
wet scrubber designs have increased collection efficiencies in the sub-micron range.  Wet scrubber 
systems have some advantages over electrostatic precipitators (ESPs) and baghouses.   
 

5.8.1 Advantages of Wet Scrubbers 

 Wet scrubbers are smaller and more compact than baghouses or ESPs.   

 They have lower capital cost and comparable operation and maintenance (O&M) costs.   

 Wet scrubbers are particularly useful in the removal of PM with the following characteristics: 
o Sticky and/or hygroscopic materials (materials that readily absorb water); 
o Combustible, corrosive and explosive materials; 
o Particles which are difficult to remove in their dry form; 
o PM in the presence of soluble gases; and 
o PM in waste gas streams with high moisture content. 

 

5.8.2 Disadvantages of Wet Scrubbers 

 The primary disadvantage of wet scrubbers is that increased collection efficiency comes at the 
cost of increased pressure drop across the control system.   
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 Another disadvantage is that they generate waste in the form of a sludge which requires 
treatment and/or disposal.   

 Lastly, downstream corrosion or plume visibility problems can result unless the added moisture 
is removed from the gas stream. 

 
5.9 LDAR  

At this time, no Federal LDAR programs apply to fugitive equipment components at soybean solvent 
extraction facilities.  In addition, neither the Vegetable Oil NESHAP nor the EPA/DOJ Consent Decrees 
required the implementation of any type of LDAR monitoring program.  As a safety and fire hazard 
Standard Operating Procedure, the industry implements a LDAR program consisting of daily inspections 
of equipment components in solvent service based on AVO.33  Both EPA and PA DEP have accepted AVO 
LDAR as an effective methodology for low-odor threshold fugitive VOC emission reduction.  For 
example, EPA has determined that as-observed olfactory observation is a very effective method for 
identifying and correcting leaks in natural gas systems due to the odor threshold of mercaptan, 
particularly if the AVO program is conducted at specific intervals.34 Because the odor threshold for 
hexane is only between 65 and 130 ppmv35, equipment components with potentially small leak rates 
(i.e., less than 500 ppmv) readily can be detected and identified by smell.  Equipment to be checked on 
the daily inspection includes:  storage tanks, pumps, piping, duct work, enclosed conveyors, valves, 
flanges, seals, sight glasses and process equipment including: the extractor, DT, dryer-cooler, distillation 
equipment, condensers, and heat exchangers.   
 

6.0   Eliminate Technically Infeasible Options 

Table 6.1 provides a summary of the control technologies identified in Section 5 and ranked by 
anticipated pollutant control efficiency (i.e., higher to lower control efficiency).  In addition, Table 6.1 
lists whether control technology was determined to applicable or technically infeasible with a brief 
supporting basis.  Specific details on whether a control technology is technically infeasible are provided 
in the sections below. 

 
6.1 Biofilter Feasibility 

A biofilter system is dynamic, since the system continually changes with changes in the microbial 
growths it contains. Knowledge of the behavior of dynamic biofilter systems over extended operating 
periods is not available, and, as a result, there is no basis on which to establish the long-term reliability 
of such systems.  Additionally, the absence of reliable, long-term performance information for the 
systems makes it impossible to design for or predict the destruction efficiency that could be achieved for 
a soybean processing facility. 
 
Destruction efficiencies in biofilter systems are largely governed by gas residence time in the biofilter 
bed and the degradability of the contaminant to be treated. Hexane does have a relatively high degree  
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 Air permits for ADM’s plant in Mankato, MN and ADM’s plant in Mexico, MO. 
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 See, EPA, Statement of Basis, Draft GHG PSD Permit for the Chevron Phillips Chemical Company, Cedar Bayou 
Plant, Permit No. PSD-TX-748-GHG, (Oct. 2012), p. 29; EPA Region 6, Draft Prevention of Significant Deterioration 
Permit No. PSD-TX-748-GHG, Chevron Phillips Chemical Company, LP (Nov. 14, 2012); PA DEP, Bureau of Air 
Quality, General Permit BAQ-GPA/GP-5 Natural Gas Compression and/or Processing Facilities (Feb. 2013). 
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 U.S. Occupational Safety and Health Administration, Occupational Safety and Health Guide for n-Hexane. 
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Table 6.1  Control Technology Ranking and Feasibility 
 

Evaluated Control 
Technology 

Target 
Pollutant 

Control 
Efficiency 

Main Vent 
Meal Dryer Vent 
Meal Cooler Vent 

Incineration – 
RTO 

VOC 98-99% 
Infeasible 

Variable flow above LEL/Fire-Safety 

Infeasible 
Excess PM blocks and fouls beds, 

Excess water condensation, 
soybean PM becomes glue-like 

Incineration – 
Catalytic Oxidizer 

VOC 95-99% 
Infeasible 

Variable flow above LEL/Fire-Safety 

Infeasible 
Excess PM blocks and fouls beds, 

Excess water condensation, 
soybean PM becomes glue-like 

Flares VOC 98% 
Infeasible 

Variable flow above LEL/Fire-Safety 

Infeasible 
Excess PM, incomplete 

combustion, non-smokeless 
operation 

Carbon 
Adsorption 

VOC 95-99% 
Infeasible 

Variable flow above LEL/Fire-Safety 

Infeasible 
Excess PM blocks and fouls beds, 

Excess water reduces carbon 
effectiveness, more frequent 

carbon changeouts 

Adsorption 
(Mineral Oil 
Scrubber) 

VOC 95% Applicable 
Infeasible 

Excess PM/Low VOC 
concentrations 

VOC Concentrator VOC 95% 
Infeasible 

Variable flow above LEL/Fire-Safety 

Infeasible 
Excess PM blocks and fouls beds, 

Excess water reduces carbon 
effectiveness, more frequent 

carbon changeouts 

Biofiltration VOC 90-95% 

Infeasible 
No long-term reliability, 

Unpredictable Control Efficiency, 
Variable VOC concentrations 

Infeasible 
No long-term reliability, 

Unpredictable control efficiency 
Excess Equipment Size, Excess PM, 
Excess temperature kill organisms  

Fabric Filters PM 95% N/A for this source 

Infeasible 
Excess water condensation, 

soybean PM becomes glue-like 
and blocks and fouls filters 

Wet Scrubbers PM 85-90% N/A for this source 

Infeasible 
Lowers vent stream temperature, 

excess water condensation, 
wastewater generation with high 

BOD levels, and PM and VOC 
removal requirements 

Leak Detection 
and Repair 

VOC 97% Applicable to equipment components not in vacuum service. 
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of biodegradability, but the bed volume required to provide even a few seconds of residence time would 
be prohibitively large.   Optimal VOC destruction in biofilters requires a retention time of between 30 
seconds and two minutes, a period of time far longer than would be available in a soybean solvent 
extraction application.36   At this stage in biofilter development, the application of biofiltration for 
control of the VOC in the mineral oil scrubber, meal dryer, and meal cooler exhaust streams would be 
technically infeasible, primarily due to the 47,000 cfm gas flow rate to be treated at the proposed 
soybean processing facility.  This could require up to a 47,000 square foot filter surface area for effective 
VOC removal (i.e., equivalent to a 217 ft x 217 ft footprint, which is more than one full acre of land).  
Also the 140 oF temperature of the meal dryer exhaust could severely slow down or even eliminate the 
biofilter media removal efficiency, as it operates most effectively where media temperatures are less 
than 95 oF. 
 
Since biofiltration is not a technically feasible proven control method for VOC emissions from solvent 
extraction plants, biofiltration has been eliminated from further consideration as LAER for the extraction 
process mineral oil scrubber, meal dryer, and meal cooler. 
 

6.2 Carbon Adsorption Feasibility 

6.2.1 Feasibility for the Mineral Oil Scrubber/Main Vent: 

No soybean solvent extraction facilities use carbon adsorption to control VOC emissions due to technical 
and safety reasons.  Carbon adsorption systems were applied rather widely to the final vent emissions 
stream from solvent extraction plants in the late 1940s and early 1950s. The aerosol oil in the mineral oil 
scrubber exhaust and the particulate matter (PM) in the meal dryer and meal cooler exhausts causes 
fouling of the carbon bed. Also, soybeans naturally contain small amounts of sulfur compounds, which 
also cause fouling of the carbon bed. Although the PM concentration in the meal dryer and meal cooler 
exhausts can be greatly reduced by a cyclone, the aerosol oils and sulfur compounds cannot be similarly 
removed. As a result, in the late 1950s, mineral oil scrubber systems began to replace carbon adsorption 
units. 
 
Carbon adsorbers are not considered a feasible VOC control option for soybean oil extraction facilities 
because they create a risk of fire and/or explosion. The adsorption of hexane onto carbon is an 
exothermic reaction. Increases in the VOC concentration of the inlet stream will cause additional heat to 
build up in the carbon bed. Under optimum conditions, the air movement through the bed will remove 
the heat via convection. However, if channeling occurs in the carbon bed, or if the increase in VOC 
concentration is too large (as in an upset condition), the bed can overheat to the point of auto-ignition.  
 
Good design and controls can eliminate overheating of the carbon bed under normal operating 
conditions.  However, during an upset or when the equipment or controls fail, the vent gas stream 
characteristics (hexane concentration and volumetric flow rates) may suddenly and significantly change.   
A sudden influx of hexane solvent loading into a carbon adsorber could result in overheating the carbon 
bed.  Under these conditions, a carbon adsorber unit becomes a potential source of ignition. The carbon 
adsorber unit would be directly connected to the process by ductwork, which would allow a flame path 
back to the process. The highest probability of a fire occurring in the adsorber is during process upsets 
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when solvent vapor fills the duct connecting the process to the absorber unit. A flame front could 
potentially flow back into the process from the adsorber creating a fire and explosion hazard. The 
inherent presence of highly flammable fugitive hexane vapors at the facility may also lead to 
catastrophic results under such adverse conditions.  
 

6.2.2 Feasibility for the Meal Dryer and Cooler Vents 

Carbon adsorption has not been used as a control technology to reduce VOC emissions from the meal 
dryer or meal cooler vents at soybean solvent extraction facilities.  As discussed previously, the meal 
dryer and cooler vents are generally characterized as having relatively low VOC concentrations (i.e., less 
than 100 ppmv) and relatively high volumetric flow rates (i.e., approximately 23,540 scfm each).  In 
order to size a carbon adsorption control system to properly account for process variations and safety 
concerns, the required volume of carbon for a dual-carbon bed control system would be quite large.  In 
addition, carbon adsorption systems also have problems due to frequent carbon change-outs, and 
maintenance, which can affect the proper operation of the process equipment by possibly requiring 
more frequent process shutdowns in order to address higher maintenance requirements for carbon 
adsorption systems.  More frequent process shutdowns will also lead to higher solvent losses from the 
soybean solvent extraction process. 
 
Another technical reason for not using carbon adsorption on the meal dryer and cooler vents is rapid 
plugging and fouling of the carbon beds from the estimated 21.8 pounds/hours of particulate matter 
from the meal dryer and meal cooler cyclone exhausts. The particulate matter would not only quickly 
block the carbon adsorption pore sites but also begin to accumulate in the void spaces of the carbon 
media itself, thus impeding the gas flow from the meal dryer and cooler vents through the carbon beds 
and rendering the application of this control technology useless. 
 
High moisture and humidity in the meal dryer and cooler vents also interferes with carbon absorption.   
When the soybean meal exits the DT, the meal has been in contact with large amounts of steam in order 
to remove residual solvent from the meal.  When the soybean meal enters the meal dryer and cooler, 
large quantities of air are blown through the meal in order to remove the excess condensed steam in 
the meal and to also cool the meal to ambient conditions.  Air exhausted from both the meal dryer and 
cooler vents has relatively high humidity levels.  The high moisture content in the vent gas will compete 
with the VOC emissions for adsorption onto the carbon pore sites.  Although the high moisture levels in 
the vent gas will not render the carbon adsorption technology infeasible, it will significantly diminish the 
VOC capture efficiency of the carbon beds. 
 
Based on a search of the RBLC and an internet search of available permits, carbon adsorption is not 
being used for VOC control at any soybean solvent extraction facilities in the United States. Because of 
technical feasibility and safety concerns, carbon adsorption is eliminated from further consideration as 
LAER for the extraction process mineral oil scrubber, meal dryer, and meal cooler. 
 

6.3 VOC Concentrator Feasibility 

No soybean solvent extraction facilities use VOC concentrators to control VOC emissions due to 
technical and safety reasons.  VOC concentrators suffer from the same flaws as carbon adsorbers and 
are not considered a feasible VOC control option for soybean oil extraction facilities because they create 
a risk of fire and/or explosion. See discussion on feasibility of carbon absorbers, above.  
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6.4 Incineration Feasibility 

RTOs and incineration systems are not used to control VOC emissions in soybean oil extraction facilities 
for both technical and safety reasons.  A key technical concern is the potential failure of the control 
system resulting from soybean particles (i.e., particulate matter) in the exhaust stream going to an RTO 
or incinerator.  The particulate matter will accumulate and plug the inlet area of the RTO or incinerator 
when sufficient particulate matter is not captured by the upstream product cyclones.  The failure 
mechanism for the control system can be chronic or acute, but would result in unacceptable loss of flow 
to the control system.  Furthermore, the accumulation of particulate matter inside the control devices  
will require the wash or bake-out of the RTO.  Wash-outs of the RTO will result in the generation of large 
quantities of wastewater that would have to be treated and disposed. 
 
Another key technical concern is the potential failure of the RTO from the build-up of sub-micron 
particles on the hot surfaces of the RTO heat exchange media bed.  As the sub-micron particles deposit, 
these materials tend to melt and fuse to the heat exchange media surface.  Upon melting, these 
particles could react with the silica compounds of the media and potentially destroy its structural 
integrity.  The heat exchange media bed could crumble and compact with the consequence of an 
unacceptable increase in RTO pressure drop.  Regular wash-outs of the heat exchange media beds might 
work to prevent failure of the heat exchange media bed.  If the particulate matter buildup does not 
wash off, which is distinctly possible given the high protein content of the meal dust, very costly media 
bed replacement will be required on a frequency that would impact the uptime of a soybean oil 
extraction facility which operates continuously, except for infrequent maintenance outages.  
 
Yet another RTO potential technical failure is from the build-up of condensed organic particles on the 
cold inlet surfaces of the RTO or incinerator.  Particulate build-up in these areas can result in control 
system performance failures due to poor valve sealing or more extreme failure due to uncontrolled fires. 
 
A number of OSB plants have added WESPs prior to the RTOs in order to minimize particulate matter 
loading from entering the RTOs.  The WESPs are effective in removing the larger particulates but 
condensed organic materials still pass through and accumulate inside the control system.  Also, WESPs 
are susceptible to the same particulate matter buildup and plugging problems experienced by RTOs.  
Thus, WESPs must be periodically inspected and cleaned, or the buildup will result in unacceptable 
pressure drops and a carryover of larger particulate that will eventually plug the RTO. 
 
The LVHC gas flows from OSB plants are steady state which makes design and operation of WESPs and 
RTOs/incinerators straightforward. The gas flow rate, moisture content, and variable hexane 
concentration from the desolventizing mineral oil scrubber may create operational and safety problems 
from sparks coming into contact with large slugs of hexane. 
 
Soybean desolventizing processes are not steady state and periodically have surges of hexane going to 
the mineral oil scrubber.  The mineral oil scrubber control device is very forgiving of process variation.  
Power boilers, RTOs and incinerators are not as amenable to sudden surges in hexane concentrations, 
gas flow rates, or gas moisture content, which would present serious design problems to safely engineer 
relief and bypass systems that meet National Fire Protection Association (NFPA), OSHA, and insurance 
requirements. 
 
Finally, Perdue has direct, first-hand experience with performance problems of an RTO in a protein-
based high-particulate, high-moisture wastestream.  In 2001, Perdue AgriRecycle, LLC, a subsidiary of 
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Perdue AgriBusiness, constructed a poultry waste recycling facility in Blades, DE.  The $18 million facility 
was constructed to assist Delaware poultry farmers to manage excess nutrient loadings within the 
Chesapeake Bay watershed.  To control odors and particulates, Perdue spent $3.4 million on a 
particulate scrubber and a RTO designed to  remove nitrogen from the air stream coming from the dryer 
discharge vapors which also contained fine particulates and 15-30% moisture.  The particulate had a 
relatively low bulk density.  To remove the particulates from the gas stream entering the RTO, the 
system used a quad pack of multi-cyclones (36 cyclones in total) and then a core separator.  Even with a 
vendor performance guarantee on the removal efficiency of the cyclones, the RTO experienced 
excessive particulate loadings that caused repeated plugging of the media bed and forced shut-down of 
the facility every two to three weeks, on average.  Each shut-down resulted in a three-day plant outage 
as the RTO required one day to cool down, one day to remove and clean the media, and one day to 
reheat the unit.  The frequency of plant shut-down became so excessive that in 2009 Perdue obtained 
approval from the Delaware Department of Natural Resources and Environmental Control (DNREC) to 
remove the odor control system and replace it with a wet scrubber system.  Based upon Perdue’s 
experience with the RTO at the Blades, DE facility, Perdue estimates that the RTO at the soybean solvent 
extraction facility will have to be taken-down at least once every three weeks to clean the media.  
 
In summary, while RTOs and incinerators are viable pollution control technologies for the pulp and 
paper and wood products OSB industries for treatment of their steady state VOC exhaust streams, the 
differences in emission parameters between the two industries makes the transfer of the technology to 
the soybean oil extraction industry for use on combined desolventizer, meal dryer, and meal cooler 
emission sources questionable. 
 

6.4.1 Specific Safety Issues 

Incineration is also not feasible for safety reasons.  Since hexane is highly flammable, it poses a 
significant fire and/or explosion safety risk.  Two of hexane’s physical properties- flash point and vapor 
density- make it ideally suited for vegetable oil solvent extraction, but these properties also present 
significant safety concerns.  The flash point of hexane is –15°F and its boiling point is 156°F, making 
hexane a Class IB Flammable Liquid.37  Thus, the industry-wide concern over fire and/or explosion 
hazards stems from the fact that the temperatures at which the solvent extractor and desolventizer 
normally operate are near the boiling point of the extraction solvent.  In addition, the vapors of hexane 
are about three times (3X) denser than air.  Thus, denser hexane vapors have the tendency to flow 
across surfaces and collect in low spots and confined areas, creating potential fire and/or explosion 
hazards. 
 
NFPA Standard 36 for Solvent Extraction Plants notes certain inherent hazards in the combining and 
separating of agricultural solids and flammable solvents that are unique to the vegetable oil solvent 
extraction industry.  The complicating problems at soybean solvent extraction facilities are not only the 
potential dust explosion hazard in some areas of the typical plant, but also fire or explosion hazards 
associated with the flammable vapor-laden atmospheres of key processing equipment. 
 
NFPA Standard 36 does not expressly prohibit the use of incineration processes for VOC control, but the 
requirements of the standard effectively do.  The standard imposes strict requirements regarding 
minimum distance from the extraction process to ignition sources, placement of vapor barriers between 
the extraction area and ignition sources, flashback prevention, etc. The inherent presence of highly 
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 NFPA,  “NFPA 36:  Standard For Solvent Extraction Plants.” 2001 Edition, Appendix B. 
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flammable fugitive hexane vapors at the facility, along with the presence of an open flame in an 
incineration control device creates a risk of fire and/or explosion.  Relevant excerpts from the 2001 
version of NFPA Standard 36 address these issues:   
 

“5.4 Ignition Sources and Heating. 
5.4.1 Except as provided in 2.1.5.4 and 5.1.5, no ignition sources shall be used within 
the building or within 100 ft (30.5 m) of the process unless the unit and building are 
purged.” 
 
“5.8 Process Equipment. 

 5.8.1.8 Flares or burners from process vents shall be prohibited within the restricted [50 
feet of extraction process] and controlled areas [100 feet of extraction process]. Flares or 
burners, if installed outside these areas, shall be equipped with approved devices to 
prevent flashbacks in the vent piping.” 

 
In addition to fugitive hexane vapors, variations in flow and solvent concentrations during normal 
operation, normal shutdown procedures, process upsets, and malfunctions may result in near LEL 
conditions at the final vent exhaust and increase the risk of explosion.  The most dangerous time for a 
soybean solvent extraction plant is during start-ups and shut-downs when the LEL threshold is crossed.  
It is during this time that plant equipment is in a solvent-rich environment and the risk of fire is highest.   
 

6.4.2 RTO Removed from Prairie Pride Permit Due to Safety Concerns 

An evaluation of the EPA’s RBLC did not identify any permits for soybean processing facilities in the 
United States that authorized incineration as a VOC control technology.  However, based on information 
from the MO DNR, a construction permit (No. 022007-004) was issued to Prairie Pride, Inc., a soybean 
solvent extraction facility located in Deerfield, MO in February 2007 that included a VOC control 
requirement for the mineral oil scrubber.  Special Condition 2.A. of the Prairie Pride permit required the 
use of a thermal oxidizer for control of VOC emissions from the mineral oil scrubber.  The potential 
permitted emissions of VOC for the Prairie Pride facility, were below PSD major source levels, and 
therefore, a BACT analysis was not required.  Prairie Pride proposed an RTO for VOC control to lower the 
proposed facility’s total potential VOC emissions sufficiently to avoid triggering PSD requirements.  Thus, 
the use of an RTO was not the result of a BACT determination for the mineral oil scrubber.  However, in 
September 2007, prior to facility construction, Prairie Pride requested that MO DNR remove the 
requirement for installing a RTO on the mineral oil scrubber/main vent.  The rationale for removal of the 
RTO was as follows: 
 

Since the submittal of the last application (November 2006), PPI experienced a change in 
the engineering firm responsible for plant design.  After further discussion with current 
design engineers, National Fire Protection Association (NFPA) board members and 
experts in the soybean processing industry, PPI had been convinced that the safety 
hazards presented by the RTO outweigh the minimal VOC reduction that would be 
achieved … process upsets and malfunctions, in addition to normal shutdown procedures 
can result in near lower explosive limit (LEL) conditions at the RTO…38 
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 “Construction Permit Amendment, Prairie Pride, Inc., Permit 022007-004,” letter from Mike Van Cleave, 
Aquaterra Environmental Solutions, to Kendall Hale, Missouri Department of Natural Resources (September 7, 
2007) (attached as Exhibit 10). 
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In June 2008 (i.e., 16 months after the initial permit issuance to Prairie Pride), the MO DNR issued an 
amended permit (No. 062008-006) that superseded all the special conditions in the 2007 permit and 
removed the requirement to install and operate a thermal oxidizer to control VOC emissions from the 
mineral oil scrubber.  Thus, the thermal oxidizer was never installed on the mineral oil scrubber at the 
Prairie Pride facility and is not a basis for further technical evaluation of LAER.  
 

6.4.3 Feasibility for the Meal Dryer and Cooler Vents 

RTOs and incineration systems are not used to control VOC emissions in soybean oil extraction facilities 
for both technical and safety reasons.  While oxidizer systems such as RTOs and catalytic incineration are 
used to abate VOC emissions in many different industries, including organic chemical manufacturing, 
these other industrial applications typically do not involve process exhaust streams with high particulate 
matter and high moisture contents, such as those at soybean solvent extraction facilities.  Many 
emission vent streams at soybean solvent extraction facilities contain some quantity of particulate 
matter, and these particles will foul the ceramic or catalyst beds, degrade control performance, and 
potentially cause dangerous and destructive fires.  For example, a portion of particulate matter that 
enters the RTO will collect on the cold face of the media bed.  Depending on the design of the media, 
the particulate buildup can rapidly lead to plugging of the media bed.  Plugging causes several significant 
problems.  Blocking airflow results in a rise in pressure drop, forcing the induced draft fan to work 
harder and consume more electricity.  The capacity of the RTO is reduced, as the media bed becomes 
less effective at transferring heat, because “dead zones” mean reduced surface area exposed to the air 
stream and less media mass available to retain heat energy.  Furthermore, a build-up of particulate 
matter within the media bed presents a serious potential fire hazard.   
 
Analogously, for catalytic incineration, particulate matter in the exhaust from the meal dryer and cooler 
vents will lead to the rapid plugging and fouling of the catalyst beds from particulate matter fines 
passing through the cyclones installed on these vent stacks.  The particulate matter fines would not only 
quickly block the catalyst bed pores, but also small quantities of sulfur in the particulate matter would 
act as a catalyst “poison” and pre-maturely deactivate the catalyst.  Thus, the particulate matter and 
corresponding sulfur contaminants from the meal dryer and cooler vents would rapidly render 
application of this control technology ineffective. 
 
Because of these technical feasibility and safety concerns, incineration is eliminated from further 
consideration as LAER for the extraction process mineral oil scrubber, meal dryer, and meal cooler. 
 

6.5 Flares Feasibility 

For the main vent, the volumetric flow and VOC concentration can increase suddenly during process 
shutdowns or upsets as vapors within solvent-laden process equipment are ventilated rapidly.  The vent 
gas stream entering the main vent may increase suddenly from less than 20% of the LEL for hexane and 
approach the LEL range.  The potential for sudden changes in hexane concentrations above its LEL 
makes the main vent gas stream a greater fire and explosion hazard if being discharged to a VOC 
combustion control device.   
 

For the meal dryer and cooler vents, a flare is not technically feasible to minimize VOC emissions.  A 
flare works best on completely gaseous vent streams, i.e., no liquids and no particulate matter.  Most, if 
not all, flare systems include a knock out pot to trap and condense entrained liquids prior to being fed to 
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the flare burners.  When liquids, or droplets of organic liquids are burned in a flare, they tend to cause 
the flare to smoke as a result of incomplete combustion of the liquid or organic droplets.  The same 
results would be valid for particulate matter.  The particulate matter will not be small enough to allow 
complete combustion of the particles within the combustion flame zone of the flare.   Incomplete 
combustion of organic matter will cause smoke, or opacity, from the flare.  The EPA has imposed an 
operating requirement that flares be operated in a “smokeless” manner in order to demonstrate that 
the flare is achieving a VOC destruction efficiency of 98%.39  Furthermore, the particulate matter 
emissions in the meal dryer and cooler vents will get trapped in the small ports on the flare burner ring 
and prevent the flare burner system from working and creating a safety hazard.  The particulate matter 
will accumulate and plug the flare burner ports, causing increased maintenance and more frequent 
shutdowns of the soybean solvent extraction process.  Thus, a flare is not a technically sound option for 
the meal dryer and cooler vents. 
 
One operating parameter necessary for demonstrating a flare’s 98% VOC destruction efficiency is 
maintaining the minimum net heat content of the vent gas stream greater than 200 Btu/scf for a non-
assist flare or 300 Btu/sch for a steam- or air-assisted flare.40  For vent gas streams with small 
concentrations of VOCs, supplement fuel – most typically natural gas - must be added to the vent gas 
stream in order to achieve the minimum net heating value for proper combustion in the open flame.  
The net heating value for the combined meal dryer and cooler vent is less than 1 Btu/scf.41  Thus, one 
cubic foot of natural gas, with a net heating value of 1,000 Btu/scf, will be required for every 2 to 4 cubic 
feet of vent gas stream sent to a flare.  Considering that the volumetric flow rate of the combined meal 
dryer and cooler vents is approximately 47,000 cfm, the amount of natural gas required would range 
from 11,725 to 23,500 cfm, or consuming more than 700 MMBtu/hour.  Combusting this magnitude of 
natural gas would actually generate a far larger quantity of secondary emissions of NOx, CO, and VOC 
than the potential quantity of VOC emissions reduced from the vent gas stream itself.  Thus, using a flare 
to control the combined meal dryer and cooler vent is not technically feasible. 
 

6.6 Absorption (Mineral Oil Scrubber) Feasibility 

For the main vent, there are no known technical or safety factors precluding the use of absorption to 
minimize VOC emissions.  A mineral oil scrubbing system is the exclusive application of control 
technology within the soybean solvent extraction industry.  Virtually, every main vent is equipped with a 
mineral oil scrubber to minimize VOC emissions. 
 
For the meal dryer and cooler vents, a mineral oil absorption system is not technically feasible to 
minimize VOC emissions.  A mineral oil absorption system works best on vent streams with high VOC 
concentrations, such as in the thousands of ppmv range.  Based on the VOC emission characteristics of 
the meal dryer and cooler vents, the estimated total VOC concentration in the exhaust vent stream is 
around 100 ppmv or less.  Thus, a mineral oil absorption system will not be effective in further reducing 
the VOC concentrations in the meal dryer and cooler vents.  Furthermore, the particulate matter 
emissions in the meal dryer and cooler vents will get trapped in the recirculating mineral oil creating a 
safety hazard.  The contaminated mineral oil will require extensive filtration, experience plugging and 
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 Flare performance criteria under 40 CFR 60.18 (NSPS) and 40 CFR 63.11 (NESHAP). 
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 Vegetable Oil NESHAP Proposal, at 32,256; Final Model Plant Cost Estimates for Above the MACT Floor Control 
Technique, memorandum from C. Zukor and B. Riddle, AGTI to Vegetable Oil NESHAP Project File (Sept. 9, 2000), 
Vegetable Oil NESHAP Docket Item No. A-97-59, IV-B-2 (attached as Exhibit 3). 
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fouling of the mineral oil recirculation system, preventing the safe operation of the equipment, and 
causing more frequent shutdowns of the soybean solvent extraction process.  Thus, a mineral oil 
absorption system is not a technically sound option for the meal dryer and cooler vents. 
 

6.7 Fabric Filters Feasibility 

Fabric filters are not a VOC emission control technology, but rather a particulate matter control 
technology for possible use to reduce particulate matter emissions from the meal dryer and cooler vents 
prior to sending the vent gas stream to a VOC control device.  Within the soybean solvent extraction 
industry, there are no known applications of fabric filters to reduce particulate matter emissions from 
meal dryer and cooler vents.  The particulate matter and moisture loading characteristics of the meal 
dryer and cooler vent stream pose key design concerns with a fabric filter system.  The particulate 
matter contained in this gas vent stream is not a dry, granular inorganic material such as soot.  Rather, 
the fine particulate matter is composed of stray particles of soybean meal – an organic agricultural 
product consisting of approximately 50% edible proteins.  When the soybean fines come in contact with 
moisture, the particles become sticky and glue-like.  It is expected that the sticky soybean meal particles 
will rapidly accumulate and blind all the filter bags within a baghouse.  From a technology perspective, 
fabric filters will not be technically feasible for use on the meal dryer and cooler vents for reducing 
particulate matter.   
 
As discussed below, Perdue secured a quote from an air pollution control vendor, Nestec, which 
proposed to install two sets of fabric filters for additional particulate matter removal prior to entering a 
proposed RTO control system.42  The second set of fabric filters is planned as a redundant design 
element.  Only one set of fabric filters will be used at any given time, ensuring that one set of fabric 
filters are available at all times when the meal dryer and cooler vent stream is routed to the proposed 
RTO control system.  Although Nestec has proposed the use of fabric filters for the meal dryer and 
cooler vent stream, they do not have any historical knowledge or experience concerning whether this 
technology will actually succeed in this application.  Furthermore, Nestec would not provide a 
performance guarantee on the proposed fabric filters.  Lastly, the soybean solvent extraction equipment 
vendor, Desmet Ballestra, has expressed serious concerns on the technical feasibility of installing and 
operating fabric filters on the meal dryer and cooler vents because of its historical process knowledge 
that the meal particulate forms a sticky, glue-like substance.  Therefore, since there is no demonstrated 
successful application of this technology to the meal dryer and cooler vents, it is considered technically 
infeasible based on the above discussion. 
 

6.8 Wet Scrubbers Feasibility 

Wet scrubbers are not a VOC emission control technology, but rather a particulate matter control 
technology for reducing particulate matter emissions from the meal dryer and cooler vents prior to 
sending the vent gas stream to a VOC control device.  The RTO vendor, Nestec, explored the use of a wet 
scrubber instead of applying fabric filters to reduce particulate matter loading prior to entering the RTO. 
After researching wet scrubber designs, Nestec independently determined that wet scrubber technology 
was not feasible for this proposed project for a number of reasons.  The first reason, the manufacturer 
of the wet scrubber would only guarantee a 85-90% particulate capture efficiency for particles 10 
microns in size or greater.  The wet scrubber particulate capture efficiency is less than the proposed 
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 Nestec, Inc., Proposal No. 013-04RTO-461-R1 for Regenerative Thermal Oxidizer (RTO) (May 8, 2013) (attached 
as Exhibit 11.) 
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fabric filters and would only further increase the particulate loading of the vapor stream routed to the 
RTO.  Thus, the RTO would require more frequent shutdowns for “bake-out” cleanings of the thermal 
energy recovery beds.  Additionally, the scrubber water used in the wet scrubber would further reduce 
the temperature vapor stream, closer to the vent steam’s dew point, allowing potential moisture 
condensation within the ductwork. Thus, additional energy would be required to warm the vapor stream 
to a temperature well above the stream’s dew point.  Another reason is the wet scrubber blow down 
could produce up to 40 gpm of wastewater contaminated with both the organic solvent hexane and the 
proteinaceous soybean meal particles. This is equivalent to 239 tons of wastewater with a high 
concentration of Biological Oxygen Demand (BOD) per day.  The proposed soybean solvent extraction 
facility has no wastewater treatment system and there is no area available on the proposed construction 
site to install a wastewater treatment system.  In addition, the proposed facility site has no access to 
local municipal wastewater treatment, with the nearest treatment facility being in Elizabethtown, over 
six miles away. 
 

6.9 LDAR Feasibility 

For minimizing fugitive VOC emissions from equipment components, a variety of LDAR programs are 
being successfully implemented in a wide range of industries.  There are no known technical or safety 
factors precluding the use of an LDAR program to minimize fugitive VOC emissions from equipment 
components. 
 

6.10 Alternative Control Options/Inherently Lower-Emitting Processes Deemed Infeasible 

In assessing technology transfer and available control alternatives, Perdue did not engage in a detailed 
evaluation of a redesign of the facility to implement non-solvent alternative technologies for extracting 
soybean oil.  Historically, EPA and PADEP do not require an applicant to redefine the design of the 
source when considering available control alternatives.  The NSR Manual, for example, notes that an 
applicant proposing to construct a coal-fired electric generator is not required as part of its LAER 
analysis to consider building a natural gas-fired electric turbine even though the turbine may be 
inherently less polluting per unit product (in this case electricity).43  Nevertheless, Perdue reviewed 
alternative non-hexane soybean extraction technologies, each of which was determined to be infeasible. 
 

6.10.1 Mechanical Pressing (Including Cold Pressing) 

Mechanical extraction involves the application of heavy pressure to the soybean in order to extract the 
oil. The heavy pressure is usually applied via an expeller (screw) press that is tightened until it crushes 
the soybean and causes the oil to run. This method provides yields of only 70% to 80% of the oil, 
depending on the equipment and the soybean quality. In fact, due to the poor yields of oil from 
mechanical extraction, there are companies that utilize the mechanical process and then attempt to 
extract the remaining oil using the solvent extraction process (Tzia, C. and Liadakis, G., Extraction 
Optimization in Food Engineering (2003)). Mechanical pressing is an energy intensive process due to the 
high pressures that are required as part of the process. Typically, electricity costs for mechanical 
pressing are on the order of three (3) times more than that for hexane solvent extraction. Based on 
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 See In re Pennsauken County, New Jersey, Resource Recovery Facility, PSD Appeal No. 88-8 (Adm’r, Nov. 10, 
1988) (rejecting petitioner’s demand that PSD permit applicant evaluate as an alternative to the proposed 
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Perdue’s knowledge and operation of both types of processes, the energy consumption for mechanical 
pressing is typically on the order of 3.0 kilowatt hours (kWh) per bushel of soybeans processed, and the 
energy consumption for hexane solvent extraction is typically between 0.7 and 1.0 kWh per bushel of 
soybeans processed. The more energy intensive nature of the process equates to increased air 
emissions at the point of energy production, and there is also the electrical transmission inefficiency 
from power plant to electrical consumer to consider. 
 
Because of the application of high pressures, high temperatures are created during the pressing. The 
high temperatures can change the flavor of the oil, thus making the oil undesirable in certain 
applications. To address this flavor concern, some companies employ “cold pressing” to maintain a 
temperature below 90°F when pressing the oil. In Europe, the term “cold pressed” is regulated and oils 
cannot exceed the 90°F temperature. However, in the U.S., there is no such regulation; the term “cold 
pressed” could mean any temperature less than 400°F. 
 
Prior to the widespread use of hexane solvent extraction, mechanical pressing was the method of 
choice. However, there are a number of reasons that hexane solvent extraction replaced mechanical 
pressing for soybean processing during the 1940s. First, hexane solvent extraction provides higher yields 
of oil. While mechanical pressing systems recover only 70% to 80% of the oil present in the soybean 
(leaving 4% to 6% oil in the remaining presscake), hexane solvent extraction systems are able to recover 
more than 95% of the oil (leaving only 0.5% to 1% in the meal). Second, hexane solvent extraction 
systems have a larger processing capacity. To utilize mechanical pressing for a continuous, high capacity 
process such as Perdue’s operation would require a prohibitively large number of machines since 
expeller presses typically range in capacity from less than 1 ton to 50 tons per day (Mechanical 
Extraction Processing Technology for Biodiesel, March 26, 2012). For comparison, Perdue’s facility is 
sized for 1,500 tons per day. Third, hexane solvent extraction systems, run at relatively high capacities, 
produce oil and meal at lower cost, largely due to lower labor and overhead costs. Fourth, hexane 
solvent extraction systems use less energy in comparison to mechanical pressing systems. Fifth, hexane 
solvent extraction systems produce oil that is considered to be superior in quality since it has superior 
bleaching qualities, lower refining losses, reduced susceptibility to rancidity, and better retention of fat-
soluble vitamins (Soyinfo Center, Lafayette, California, 2007). 
 
In addition to the reasons discussed above, mechanical pressing is not a viable option for large capacity, 
continuous processing operations that produce relatively large quantities of oil and low fat, high protein 
meal. Current mechanical expeller pressing operations in the U.S. are geared towards natural and health 
food trades for human consumption (Soyinfo Center, Lafayette, California, 2007) and operate at lower 
capacities than more efficient solvent extraction operations. 
 

6.10.2 Supercritical CO2 

Supercritical carbon dioxide (CO2) is a fluid state of carbon dioxide where the chemical is held at or 
above its critical temperature and critical pressure. The chemical essentially adopts properties between 
a gas and a liquid (i.e., a supercritical fluid). The relatively low temperatures associated with a CO2 
extraction process and the stability of CO2 allow certain compounds to be extracted with little damage 
to, or contamination of, the extracted compounds. 
 
Currently, no large scale oilseed processing facility is utilizing supercritical CO2 extraction. Supercritical 
CO2 extraction is used in small scale extractions of “high value” products such as hops, essential oils, and 
perfumes which typically process less than 50 tons per day of material. No large scale oilseed processing 
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facilities–typically those processing over 1,000 tons per day of material–utilize supercritical CO2 
extraction (Desmet Ballestra, North America, Marietta, Georgia, 2013). The main reason for this is that 
supercritical CO2 is only fully miscible with edible oil at pressures reaching 5,000 psig. By comparison, 
hexane solvent is fully miscible with edible oil at atmospheric pressure. 
 
The required wall thickness of vessels to operate at 5,000 psig is extraordinary when they become large 
in scale. For this reason, it is not economically feasible to consider supercritical CO2 extraction for large 
commodity oilseed processing.  Also, for continuous supercritical CO2 extraction to be possible, a device 
is needed to continuously feed the extractor, with 0 psig pressure in and 5,000 psig pressure out, and 
another device is needed to continuously discharge the extractor with 5,000 psig in and 0 psig out. Few 
feeding or discharging devices can work continuously and, at the same time, seal against a 5,000 psig 
pressure differential, especially at large capacity. If the feeding and discharge devices do not form an 
adequate seal, then CO2 escapes, and the working pressure is lost. The larger the feeding devices 
become for high product flow rates, the more difficult it is to form such a high pressure seal. As a result, 
supercritical CO2 extraction is restricted to relatively low feed rates of oilseeds which can be extracted in 
high pressure, batch extractors where the feeding and discharging devices can be relatively simple and 
robust open/close devices such as valves. 
 
Desmet Ballestra, one of the largest suppliers of process equipment to extract edible oils, and several 
other equipment providers conducted research on utilizing screw presses as continuous feeding and 
discharge devices for supercritical CO2 extraction. These screw presses could not safely and continuously 
provide a 5,000 psig pressure differential to seal the extractor inlet and outlet. The best that could be 
achieved was approximately 1,000 psig to 3,000 psig. In those cases, the CO2 was liquid but not 
supercritical.  This allowed the CO2 to displace some oil with liquid CO2 but not truly solvent extract the 
oil.  The residual oil content in the meal continuously extracted could only be reduced to about 3%, not 
nearly down to the levels of 0.5% to 1.0% readily achievable with hexane solvent extraction, or with true 
batch supercritical solvent extraction. As a result, the supercritical CO2 extraction process could not 
meet the commodity meal specifications required for low fat, high protein meal. 
 
As part of the supercritical CO2 extraction process, there is also the question of how to handle the CO2 
vapor from the oil and meal streams leaving the process as they de-pressurize. The electrical energy 
required to purify the CO2 and recompress it is cost prohibitive for a commodity product. In fact, the 
operating cost to capture, purify, and recompress the CO2 gas is in the same magnitude as the cost to 
perform the CO2 extraction process itself (Desmet Ballestra, North America, Marietta, Georgia, 2013). 
 
As such, supercritical CO2 extraction remains limited today to batch operations used for relatively low 
throughputs on high value products, and, therefore, is unsuitable for a larger capacity, continuous 
processing operation producing relatively large quantities of oil and low fat, high protein meal. 
 

6.10.3 Non-Hexane Solvent Extraction 

Over the years, interest in non-hexane solvent extraction has led to investigation of the use of primarily 
alcohol-based solvents, such as ethanol, isopropyl alcohol, n-propanol, and alcohol/water mixtures. 
Although these alternatives contain no HAPs, the solvents are still VOCs. The desire to reduce VOC and 
HAP emissions must be balanced with the numerous process disadvantages of using alcohol-based 
extraction solvents. 
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The family of alcohol solvents has a number of shortcomings when compared to hexane solvent. First, 
alcohol solubility with soybean oil is lower, and alcohol absorbs water from the soybean flakes, making 
the alcohol even less oil soluble. Therefore, it is not possible to achieve an oil yield comparable to 
utilizing hexane solvent. Second, the alcohols extract a portion of the sugars from the soybean, and 
therefore, the soybean oil stream becomes contaminated with sugars. Separating sugars from the oil is 
capital and energy intensive, degrades the oil quality, and reduces yield due to separation inefficiencies. 
Third, alcohol causes the soybean flakes to swell which tends to physically plug the extractor equipment. 
Fourth, alcohol has a higher level of solvent retention when the meal leaves the extractor, thus 
increasing the energy required to desolventize the meal. Fifth, alcohol has a much higher latent heat of 
vaporization and a higher specific heat, thus increasing the energy required to desolventize both the 
meal and the oil. Sixth, separating alcohol from process water requires energy intensive rectification, 
whereas hexane and water are separated by simple gravity decantation, thus alcohol has a much higher 
solvent recovery energy cost (Desmet Ballestra, North America, Marietta, Georgia, 2013). In summary, 
the use of alcohol solvent has many processing disadvantages and is much more energy intensive than 
the use of hexane solvent. The more energy intensive nature of the process equates to increased air 
emissions at the point of energy production, whether that energy source be located on-site, co-located, 
or be a power plant supplying electricity for site operations. 
 
Due to the above disadvantages in comparison to hexane solvent extraction, no soybean facility would 
be able to effectively use alcohol as a solvent and remain competitive with similar soybean facilities 
utilizing hexane as a solvent. 
 
Hexane solvent extraction technology has sufficient virtues to maintain credibility while it continues to 
be improved upon in a competitive soybean market. Widespread use and familiarity with hexane 
assures that many people and resources will continue to improve on solvent loss prevention to optimize 
the hexane solvent extraction process. There is also the advantage of well understood industry 
expectations for performance, the availability of trained personnel, and established standards for safe 
use. Any proposed hexane solvent replacement would need to exceed hexane’s basic advantages 
discussed above. 
 

6.10.4 Send Vent Gas Streams to LCSWMA 

Perdue evaluated as an alternative control option sending vent gas streams from the soybean solvent 
extraction process to the Lancaster County Solid Waste Management Authority (LCSWMA) for 
combustion in the RRF.  Vent gas streams such as the meal dryer and cooler vents were considered for 
use as supplemental combustion air in the municipal waste incinerator at the RRF.  
 
Several technical issues associated with this alternative control option make it infeasible to implement.  
First, the high moisture content in the combined meal dryer and cool vents would result in Perdue 
sending more than 80 tons of water per day to the LSCWMA RRF for incineration.  The RRF would have 
to burn additional fuel in order to effectively vaporize the water received in the combined meal dryer 
and cooler vents.  The additional moisture surcharge in the RRF exhaust would cause the facility’s fabric 
filter baghouse to “blind” or become encrusted with deposits that cannot be easily removed thereby 
impacting on the removal of particulate matter.  Second, the temperature of the proposed vent gas 
stream is already very close to its dew point and conveyance of the vent stream next door to LSCWMA 
would allow the vent stream to cool further and moisture from the vent stream will condense inside the 
duct work.  To ensure any condensate that forms within the duct work would drain to the RRF instead of 
returning to the Perdue facility, the duct work transferring the vent gas stream must be designed to 
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include a sufficient angled slope.  Considering the distance between the two facilities, the originating 
height of the sloped duct work would be prohibitively tall at the Perdue site.  In addition, the duct work 
would have to be heavily insulated and constructed of 304 stainless steel to combat corrosivity of the 
moist vent stream.  Steam tracing, in an effort to keep the vent gas stream above its dew point, cannot 
be used on the duct work.  As discuss previously, the fine particulate matter in this combined vent gas 
stream becomes sticky and glue-like once in contact with water.  Therefore, soybean meal particulate 
fines will begin to accumulate within the duct work.  If steam tracing were applied to warm the 
ductwork, there will a fire hazard of overheating the soybean particulate matter that has accumulated 
within the duct work. 
 

6.10.5 Capture of Fugitive VOC Emissions from Meal Handling 

As the meal exits the dryer and coolers, the meal is conveyed back to the meal preparation building for 
further processing and handling.  Any residual solvent remaining in the meal at this point, will be lost to 
the atmosphere as a fugitive VOC emission source.  The meal preparation building has estimated 
dimensions of 120’ long x 80’ wide x 30’ high, equating to an air volume of 288,000 cubic feet.  The air 
change method for ventilation derives the ventilation rate from the volume in cubic feet of the space to 
be ventilated multiplied by the number of total air changes in one hour.  NFPA Standard 36, Section 
5.3.1, recommends a minimum of six (6) air changes per hour for extractor buildings.  Using this method 
and six (6) air changes per hour results in a exhaust design CFM requirement of 28,800 cfm.  Dilution of 
the fugitive VOC emission in a 28,800 cfm air stream would result in a low VOC removal efficiency from 
an RTO, boiler, or incinerator at a high fuel energy cost for the transport fan horsepower plus the fuel 
used in the RTO or incinerator.  
 
Hoods and enclosures could be implemented around soybean meal processing and handling operation 
in an attempt to capture the greatest potential of VOC emissions while minimizing the quantity of 
ambient air captured for treatment through the control equipment.  However, the use of enclosures to 
trap and concentrate the highly flammable solvent emissions within vegetable solvent extraction 
facilities would create a dangerous hazard of potential fire and/or explosion.  NFPA Standard 36, 
recommends multiple air changes per hour for the extractor buildings to provide ample ventilation to 
the building and prevent the accumulation of highly flammable vapors.  Furthermore, the fugitive VOC 
emissions resulting from residual solvent in the soybean meal is a slow, but eventual process.  The 
solvent is just not present on the surface of the meal product, but it is also adsorbed onto and into the 
cellular structure of the meal product.  The soybean meal product is not a uniform expansive surface 
area and does not allow the expeditious evaporation of the residual solvent.  Rather, the soybean meal 
texture is characterized as a thick, lumpy layer of protein solids and much of the residual solvent may 
not have direct exposure to the air due to the meal clumping together and the depth of the meal 
product as it is conveyed through subsequent processing and handling.  Therefore, there are both 
technical and safety concerns in trying to capture and concentrate fugitive VOC emissions from residual 
solvent in the meal.  Based on Perdue’s review of emission controls implemented within the soybean 
solvent extraction industry, not one facility has been identified as successfully using hoods and 
enclosures to capture fugitive VOC emissions from residual solvent loss from meal processing and 
handling operations.   
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7.0   Rank Remaining Control Technologies by Control Effectiveness 

7.1 Main Vent Ranking 

The only remaining technically feasible technology, after considering fire and safety issues, is a 

absorption system comprised of a mineral oil scrubber. 

 

7.2 Meal Dryer and Cooler Vents Ranking 

The only remaining technically feasible technology is the proposed Dimex meal desolventizer which will 

minimize the amount of residual solvent in the meal, and, thus minimize the amount of solvent released 

through the meal dryer and cooler vents. 

 

7.3 Meal Residual Solvent Fugitives Ranking 

The only remaining technically feasible technology, after considering fire and safety issues, is the 

proposed Dimex meal desolventizer which will minimize the amount of residual solvent in the meal, as 

well as minimize the amount of solvent released through the subsequent meal processing and handling. 

 

7.4 Fugitive Equipment Components Ranking 

A LDAR program based on the AVO detection method that is performed once every 4 hours has been 
determined to result in emission reductions ranging from 97% for light liquid/vapor valves, 93% for light 
liquid pumps, and 97% for light liquid/vapor connectors/flanges.44 
 
A LDAR program based on EPA Method 21 monitoring method such as NSPS Subpart VV or Texas 
Commission on Environmental Quality (TCEQ) LDAR program 28VHP, has been determined to result in 
emission reductions ranging from 97% for light liquid/vapor valves, 85% for light liquid pumps, and 30% 
for light liquid/vapor connectors/flanges.45 
 

8.0   Cost Infeasibility of Control Technologies 

While Perdue has rejected incineration as technically infeasible for the reasons described above, 
because EPA identified an RTO as a potential control option in the proposed Vegetable Oil NESHAP, 
Perdue elected to conduct a detailed cost analysis of RTO control.  This analysis concluded that even if a 
RTO control is technically feasible the estimated cost of such a system is prohibitively expensive and 
therefore such control is not achievable.  While cost plays less of a role in LAER determinations than in 
BACT determinations, cost may be considered if emission limits based on levels achievable only with the 
subject control technology would be so expensive that no new plants could be built in that industry.46  
As is precisely the case here, for example, if a given control technology requires “a series of two or more 
baghouses or a control system whose cost greatly exceeds that of the base facility...,” such that a typical 

                                                           
44

TCEQ, Air Permits Division.  Air Permit Technical Guidance for Chemical Sources:  Equipment Leak Fugitives. Draft 
October 2000. Pg 57. 
45

 Id. 
46

 EPA, Guidance on Determining Lowest Achievable Emission Rate (LAER) (February 28, 1989) 
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source could not reasonably be built, then the control technology is not “achievable” for purposes of 
LAER.47   
  
According to EPA, LAER is not considered “achievable” if the cost of control is so great that a major new 
source could not be built or operated.  This applies generically, i.e., if no new plants could be built in 
that industry if emission limits were based on a particular control technology.  If some other plant in the 
same (or comparable) industry uses that control technology, then such use constitutes evidence that the 
cost to the industry of that control is not prohibitive.  Thus, for a new source, LAER costs are considered 
only to the degree that they reflect unusual circumstances which in some manner differentiate the cost 
of control for that source from control costs for the rest of the industry.48  When discussing costs, the 
NSR Manual instructs applicants to compare control costs for the proposed source to the costs for 
sources already using that control.  The process that generates a volatile organic compound (VOC) laden 
gas stream, for example, is immaterial.  What matters is whether the gas stream characteristics, such as 
composition and VOC concentration, are sufficiently similar to a stream from which incineration 
technology, for example, may be transferred. 
 

8.1.1 Nestec RTO Proposal 

In order to estimate the costs of the installation of an RTO on the dryer/cooler vent, Perdue obtained a 
quote from a leading air pollution control equipment vendor, Nestec, Inc., a full service equipment 
design firm specializing in regenerative, catalytic, and recuperative thermal oxidation systems.  Nestec 
had never encountered a gas stream with the unusual characteristics of soybean solvent extraction.  
Nestec proposed a permanent total enclosure of the mineral oil scrubber main vent (7.24 tpy VOC), 
meal dryer cyclone stack (50.42 tpy VOC), and meal cooler cyclone stack (25.21 tpy VOC) routed to a 
fabric filter system and a natural gas-fired RTO.  The Nestec quote was based on the waste stream 
characteristics for the combined meal dryer and cooler vents, as shown in Table 8.1.  
 

Table 8.1  Summary of Waste Stream Characteristics for Proposed RTO Design 
 

Design Parameter Design Value 

Vent Type Continuous 

Volumetric Flow Rate (acfm) 42,175 

VOC (hexane) Loading  (lb/hr) 38 

Particulate Matter Loading (lb/hr) 22 

Water Content (lb/hr) 10,000 

 
In order to meet the minimum 98% by weight VOC emission reduction requirement and the technical 
challenges of the waste stream’s moisture and particulate loading characteristics, Nestec proposed an 
RTO control system design with the following features: 

                                                           
47

 See EPA, Huntsville Incinerator - Determining Best Available Control Technology (BACT) (Memo from Gary 
McCutchen to Bruce P. Miller, April 22, 1987) (explaining that if the cost of a control option is so far above the 
norm that it would objectively prevent the construction of any new source then the control technology is not 
BACT); EPA, Guidance on Determining Lowest Achievable Emission Rate (LAER) (Memo from John Calcagni to David 
Kee, Feb.. 28, 1989) (acknowledging that EPA’s guidance on marginal cost analysis set forth in its April 22, 1987 
memo, “Huntsville Incinerator - Determining Best Available Control Technology (BACT)” also applies to LAER 
determinations). 
48

 EPA, Guidance on Determining Lowest Achievable Emission Rate (LAER). 
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 Two sets of fabric filters for removal of additional particulate matter prior to waste gas entering 
the RTO system, 

 Insulated, ductwork with steam tracing to combat moisture condensation, 

 Forced draft fan capable of handling a maximum dry air volumetric flow of 60,000 cfm, 

 Two heat recovery chambers for pre-heating the waste stream prior to treatment in the 
treatment combustion chamber, 

 A natural gas-fired RTO burner with a maximum heat input of 6 MMBtu/hour, 

 A treatment combustion chamber operated at 1,500 oF with a residence time of 1 second, and 

 Two thermal energy recovery (TER) beds comprised of 2-inch ceramic saddles and a 40-cell heat 
recovery block capable of achieving up to 95% heat recovery. 

All equipment contacting the waste stream will be constructed of 304 stainless steel to minimize the 
corrosion potential from the high moisture characteristics of the proposed waste stream.  Both the 
particulate matter and moisture loading characteristics of the proposed waste stream pose key design 
concerns with the RTO control system.  As previously discussed, particulate matter can severely impact 
the efficient operation of a RTO control system by adhering and accumulating within the heat transfer 
beds.  The particulate matter contained in this waste stream is not a dry, granular inorganic material 
such as soot.  Rather, it consists of stray particles of soybean meal—an organic agricultural product 
consisting of approximately 50% edible proteins—which lends a sticky characteristic to the particulate 
matter.49  Thus, the particulate matter in the waste stream will: 
 

 Accumulate within the heat transfer beds, 

 Reduce the face velocity within the heat transfer beds from blocked pathways, 

 Create potential channeling of waste gas flow in the heat transfer beds, 

 Increasing the pressure drop across the RTO system requiring the forced draft fan to work 
harder and consume more electricity, 

 Require more frequent clean-outs and maintenance on the heat transfer beds resulting in more 
frequent shutdowns of the RTO system and soybean solvent extraction facility. 

 
Each time that the solvent extraction process is shutdown or starts-up, the concentration of solvent 
vapors inside process equipment pass from above the upper explosive level (UEL) of hexane, through 
the explosive range, and ultimately below the lower explosive level (LEL) of hexane.  During such 
transitional periods, the potential risk of fire and explosions are greatest.  Thus, add-on VOC abatement 
technologies will increase the frequency in which the proposed soybean solvent extraction facility will 
have to transition back and forth through regimes of explosive environments. 
 
In an attempt to address the particulate matter impacts listed above, Nestec has proposed to install two 
sets of fabric filters for additional particulate matter removal prior to entering the RTO control system.  
The second set of fabric filters is proposed as a redundant project design element.  Only one set of fabric 

                                                           
49

 In fact, an unusually high protein content gives soy dust adhesive properties not found in other forms of 
particulate matter and poses a unique treatment challenge.  Soy meal was widely used as an adhesive in a variety 
of applications in the 1920’s and 1930’s  before petroleum-based adhesives supplanted soy due to lower cost and 
more durability.  For further background on the adhesive properties of soy meal, see footnote 33 and referenced 
sources. 
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filters will be used at any given time, ensuring that one set of fabric filters are available at all times when 
the continuous waste stream is vented to the RTO control system.   
 
Nestec was also concerned that the high moisture content in the waste stream would condense onto 
the individual fabric filters, trapping excess particulate matter, and clogging the filters.  Thus, a 
redundant particulate matter filtration system would allow one filtration system to operate while the 
other filtration system is possibly shut down for repairs and/or maintenance.  Since the exhaust 
temperature and dew point of the waste stream are close to each other, moisture in the waste stream 
could condense within portions of the RTO control system.  To minimize this potential situation, Nestec 
has proposed to route some of the RTO exhaust gases through the fabric filters.  The RTO exhaust gases 
would increase the temperature of the waste steam and subsequently increase the dew point. 
 
While the redundant bag house system costs more than $1.5MM, Nestec would not guarantee the 
system would remove all of the fine particulates.  Instead, Nestec recommended that Perdue conduct a 
pilot test of this bag house design and the protein meal particulate to determine the consistency and 
efficiency of the bag house to work under the difficult constraints of the wastestream. 
 
Notwithstanding the lack of a performance guarantee on the bag house system, the efficient operation 
of which the performance of the RTO depends, Perdue moved forward with estimating the cost of the 
system.  A copy of Perdue’s cost spreadsheet is provided in Exhibit 12.  As directed by EPA’s NSR 
Manual, Perdue used the levelized annual cost approach to derive the "Total Annual Cost" (TAC) of the 
Nestec proposal.  TAC consists of three elements: "direct costs” (DC), "indirect costs" (IC), and "recovery 
credit" (RC), which are related by the following equation: 
 

TAC = DC + IC - RC 
 
In estimating the TAC, Perdue relied upon the vendor proposal and cost factors set forth in EPA’s Air 
Pollution Control Cost Manual (6th Ed.) (2002).  Direct costs are the costs for the labor and materials to 
install the equipment and includes site preparation, foundations, supports, erection and handling of 
equipment, electrical work, piping, insulation and painting.  Indirect installation costs consist of 
engineering, construction and field expense, lost production, contractor fees, start-up costs, 
performance tests, and contingencies.  Recovery credits are the materials or energy recovered by the 
control system, which may be sold, recycled to the process, or reused elsewhere at the site.  Since the 
RTO adds nothing to the efficiency of operations and purely is intended to destroy VOCs there would be 
no recovery credits.  The TAC for the RTO system is $8,184,000, as summarized below. 
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TABLE 8.1.1  TOTAL CAPITAL COST FOR RTO SYSTEM 
 

Direct Costs $6,926,000 $4,057,000 equipment price (Nestec quote) 

$1,217,000 installation cost (EPA Cost Manual) 

$1,653,000 site preparation & CEMS building cost, including 
the cost of the natural gas and electrical infrastructure to 
operate the system (Nestec est. and UGI quote50) 

Indirect Costs $1,258,000 $405,646 Engineering (EPA Cost Manual)  

$202,823 Construction and field expenses (EPA Cost 
Manual)  

$405,646 Contractor fees (EPA Cost Manual) 

$81,129 Start-up (EPA Cost Manual) 

$40,565 Performance test (EPA Cost Manual) 

$121,694 Contingencies (EPA Cost Manual) 

TOTAL CAPITAL COSTS $8,184,000  

 
 

TABLE 8.1.2  TOTAL ANNUAL COSTS FOR RTO SYSTEM 
 

Direct Annual Costs $1,673,000 $89,600 Operator  (EPA Cost Manual) 

$13,440 Supervisor (EPA Cost Manual) 

$126,000 Maintenance (EPA Cost Manual) 

$126,000 Materials (EPA Cost Manual) 

$69,600 Baghouse Filter (Nestec) 

$884,000 RTO cleaning, including lost production and 
maintenance (Perdue est. based upon experience) 

$219,912 Natural Gas consumption (Nestec est.) 

$144,480 electricity (Nestec est.) 

Indirect Annual Costs $2,177,000 $785,215 Overhead  (60%, per EPA Cost Manual) 

$163,678 Administrative Charges (EPA Cost Manual) 

$81,839 Property Taxes  (EPA Cost Manual) 

$81,839 Insurance (EPA Cost Manual) 

$1,063,907 depreciation (EPA Cost Manual) 

TOTAL ANNUAL COSTS $3,850,000  

 
 

TABLE 8.1.3  TOTAL COST-PER-TON VOC/HAP REMOVAL 
 

VOC (83 tpy) $46,454/ton 

n-Hexane (HAP) (41 tpy) $92,908/ton 

 

                                                           
50

 The feasibility of operating an RTO is further hampered by the fact the proposed greenfield site does not have 
any natural gas fuel supply lines nearby.  Perdue has obtained a cost estimate from UGI Energy Services, Inc. to 
extend a natural gas supply line to the proposed facility location.  The capital cost of extending the natural gas line 
alone is more than $1.2 million.  This cost for extending the natural gas supply line would be in addition to the 
corresponding capital, operating, and maintenance costs for installing and maintaining an RTO.  
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Perdue evaluated the economic impact of adding an annual cost of $3,850,000 to the operation of the 
proposed facility.  Layering this incremental annual cost onto its soybean processing would increase its 
soybean processing cost, currently projected to be around 43 cents/bushel, by an additional 21.8 cents, 
or 48% overall.  In turn, the projected gross crush margin from the facility would be reduced by 21.8 
cents per bushel, roughly 25% of the average crush margin within the industry between 1990-2011.51  In 
sum, the additional cost associated with the operation of an RTO would preclude Perdue or any rational 
actor in the soybean processing industry from moving forward with construction of the plant. 
 
Investment decisions in soybean processing facilities are based mostly on the predicted “gross crush 
margin” (GCM) for the facility.  The GCM is the difference between the price a soybean processor must 
pay farmers for soybeans and the price the processor can obtain for the soybean meal and soybean oil it 
produces.  GCM is the most important factor in deciding whether to build a new soybean solvent 
extraction facility.52  The gross crush margin includes all costs of processing the soybeans into a product 
and co-products, the return on investment, the risk, normal profits, plus other factors.  In turn, the price 
which farmers receive for soybeans is determined by: (1) the price users will pay processors for soybean 
oil and soybean meal; (2) the processing margin (i.e. the amount that processors are able to obtain for 
their services); and (3) transportation and other handling costs on beans and products.  Soybeans 
therefore are worth the value of the oil and meal less all transportation, handling, and processing costs 
from the local bean market until the oil and meal are processed and sold by the processor.53   
 
Perdue’s business model for the Pennsylvania facility is premised on the assumption that it will be able 
to pay Pennsylvania soybean farmers more than they currently receive for their soybeans, most of which 
are shipped to Midwestern solvent extraction facilities, such as ADM and Cargill, that are much larger 
than the planned facility and consequently have lower cost of production due to economies-of-scale.  It 
is vital that Perdue maintain its ability to pay more for soybeans than current pricing so that it is able to 
divert a sufficient flow of soybeans from these solvent extraction plants in the Midwest by offering 
farmers more than they currently receive from Midwestern producers.  In order to pay farmers more for 
their soybeans, Perdue must maximize its GCM by reducing its selling expense, which is approximately 
45 cents/bushel.  The proposed facility’s only cost advantage over Midwestern soybean processors is its 
location in the heart of the soybean production and end use regional market which yields lower 
transportation costs.  Other than this transportation cost advantage, the proposed facility will be at a  
processing cost disadvantage in relation to Midwest competitors because of its smaller production 
capacity which is dictated by the size of the marketplace.  Soy processing margins and competiveness is 
based on the narrowest of margins, with almost every metric being measured to the narrowest of scope.  
Adding 21.8 cents per bushel to the existing cost to process the soybeans of 45 cents per bushel would 
reduce Perdue’s gross crush margin by this same amount and would eliminate any advantage of locating 
and constructing a soy processing plant in Pennsylvania.  In short, these additional costs would erase 
Perdue’s freight advantage over competitors in the Midwest, forcing Perdue to pay farmers less for their 
soybeans and jeopardizing the viability of locating a soybean processing facility in Pennsylvania.  For this 
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 U.S. Department of Agriculture, Economic Research Service, Soybeans: Monthly value of products per bushel of 
soybeans processed, and spot price spread, U.S., 1990/91-2010/11 (Price Spread between value of products and 
soybean price), available at www.ers.usda.gov/datafiles/Oil_Crops_Yearbook_2013/table9.xls  
52

 U.S. Soybean Export Council, How the Global Oilseed and Grain Trade Works, (2008), p. 32-33; Plato, G., The 
Soybean Processing Decision Exercising a Real Option on Processing Margins, US Department of Agriculture, 
Technical Bulletin 1897;  Fink, R. , New Generation Cooperatives: Case Studies South Dakota Soybean Processors, 
Illinois Institute for Rural Affairs (2001), p. 4-5. 
53

 Jordan, G., What Determines Soybean Prices, University of Illinois Agricultural Experiment Station, Bulletin No. 
546 (March 1951). 
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reason, if processing costs were to increase by 48%, Perdue would not move forward with the facility 
because the business model for Perdue’s proposed facility would not sustain these costs.   
 

9.0   Perdue’s Proposed LAER Selection 

As mentioned previously, this is the first VOC LAER analysis for a soybean solvent extraction facility in 
either the Commonwealth of Pennsylvania or the United States.  Since Pennsylvania’s SIP does not 
contain an emission limitation for the soybean solvent extraction source category, numerous types of 
information sources were reviewed and analyzed to determine LAER for VOC emissions from soybean 
solvent extraction facilities.   
 
Perdue is proposing a series of process modifications for enhanced solvent recovery for each emission 
source that achieves the lowest possible emission rate.  After implementation of the enhanced solvent 
recovery technologies at each emission source, Perdue determined that the remaining VOC emission 
characteristics were affected such that additional VOC control is not required for demonstrating LAER.  
LAER for an emission source does not require necessarily the installation of add-on pollutant abatement 
controls.  According to EPA, a source may implement as LAER alternative process materials and/or 
process modifications to reduce emissions: 
 

Sources are required to meet LAER as defined in the Act, which is essentially a waste gas 
stream limit.  For a coating operation, this may mean low (or no) VOC solvent coatings, 
high transfer efficiencies, an add-on control device on the gas stream, or some 
combination of these.  Of course, use of either of the first two will affect gas stream 
concentrations, which in turn can influence decisions on whether additional control is 
needed to meet the intent of LAER requirements. 54 

 
Perdue’s proposed LAER determinations for each emission source are listed below: 
 

9.1 DT/Main Vent 

 

The following are Perdue’s proposed LAER requirements for the DT/main vent: 

 

 A vent condenser which is cooled by a Freon chiller is proposed.  The Freon chilled vent 
condenser reduces the solvent concentration in the air stream to allow the downstream 
scrubber to be more effective. 

 Non-condensables from the condenser pass through to a packed column scrubber using 
countercurrent mineral oil flow to absorb as much solvent as possible from the departing 
process air stream. The packed column scrubber is two-stage and supplied with courser packing 
in the initial lower stage and finer packing in the final upper stage to optimize absorption of the 
solvent from the air stream.  

 The mineral oil is stripped at over 0.5 atmosphere vacuum to approximately 0.2% residual 
moisture and volatiles before being flowed back across the scrubber packing.  
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 EPA, Guidance on Determining Lowest Achievable Emission Rate (LAER), memorandum from John Calcagni, EPA 
AQMD, to David Kee, EPA Region V (Feb. 28, 1989). 
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 The mineral oil is cooled using water from the Freon chiller.  Cooler mineral oil also helps scrub 
out additional solvent. The combined approach of the Freon water chilled vent condenser 
followed by the two-stage mineral oil scrubber represents LAER control technology that does 
not represent a potential fire and explosion safety hazard. 

 The Freon chilled vent condenser and vacuum-assist mineral oil scrubber will remove and 

reduce solvent (i.e., hexane) concentrations to less than 7,200 ppmw,  or 20% of the LEL,  with a 

VOC recovery efficiency of more than 95%. 

 
9.2 Residual Fugitive Emissions from Meal 

 

The following are Perdue’s proposed LAER requirements for VOC emissions from residual solvent in the 

meal, which directly affects the potential VOC emissions from the Meal Dryer Vent, Meal Cooler Vent, 

and fugitive emissions from post-desolventizing meal handling: 

 

 A Dimax™ meal desolventizer will be installed and include several pre-desolventizing trays to 
begin the desolventizing process, followed by four trays in series with countercurrent stripping 
steam to remove the remaining solvent. The fourth extra tray in series increases the time under 
stripping steam to further remove solvent.  

 The perforations in the Dimax™ style countercurrent stripping trays utilize round, screened 
discs, allowing the redistribution of stripping steam through 7-10% open area from tray to tray. 
Increased steam redistribution area improves steam/meal contact and further improves 
stripping of solvent from the meal.  

 Meal level control in the Dimax™ meal desolventizer will be via individual rotary valve feeders 
on each tray, which positively prevent short-circuiting of stripping steam and insure stable level 
control to insure consistent desolventizing time.  

 The Dimax™ meal desolventizer will have an additional steam drying tray. This tray will be held 
at near atmospheric pressure and allow water vapor and some additional solvent to be 
evaporated and recovered prior to the meal exiting to the meal air drying and cooling processes.  
These four primary improvements over the technology typically employed allow the Dimax™ 
meal desolventizer to be considered LAER control technology.  The Dimax™ meal desolventizer 
will remove and reduce residual solvent (i.e., hexane) concentrations in the soybean meal to less 
than 300 ppmw. 

 
9.3 Residual Fugitive Emissions from Oil 

 
The following are Perdue’s proposed LAER requirements for fugitive emissions from the oil: 
 

 A Sieve Tray Oil Stripper is proposed for the facility. This technology relies upon the oil being 
heavily agitated by the rising steam in seven (7) deep trays, providing 5-10 minutes of residence 
time under stripping steam.  

 The increased stripping time and efficiency allows the temperature to be dropped to 205-215°F. 
which greatly reduces fouling within the stripper.  The result is that the sieve tray oil stripper 
technology strips more solvent from the oil and reduces the fouling, which allows for high 
performance to continue over time.   
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 The stripped oil exiting the sieve tray oil stripper is then pumped into an additional high vacuum 
oil drying step to further evaporate moisture and solvent, making this combined approach the 
LAER control technology available today.   

 The oil stripping/drying process will remove and reduce residual solvent (i.e., hexane) 

concentrations in the soybean oil to less than 100 ppmw. 

 
9.4 Residual Fugitive Emissions from Process Water 

 
The following are Perdue’s proposed LAER requirements for fugitive emissions from process water: 
 

 Perdue plans to install a two-stage combination warming/stripping device.  Live steam exhaust 
from a vacuum steam ejector will be used to warm and agitate the process water with the 
ability to pre-strip out solvent.   

 The second stripping step will use fresh steam, to strip out the final traces of solvent using the 
hottest stripping steam.  

 The stripping device will be a horizontal vessel with three (3) internal partitions to insure plug 
flow for uniform stripping time.   

 The process water warming/stripping device will remove and reduce residual solvent 
(i.e., hexane) concentrations in process water to less than 15 ppmw. 

 
9.5 Hexane Storage Tanks 

 

The following are Perdue’s proposed LAER requirements for hexane storage tanks: 

 

 The two fixed roof tanks storing hexane solvent (20,000 gal each) will be controlled by the 
proposed mineral oil scrubber and solvent recovery system. 

 The control efficiency of the mineral oil scrubber system for the storage tanks is conservatively 
estimated at 90% in reducing VOC emissions. 

 
9.6 Fugitive Emissions from Equipment Components 

 
The following are Perdue’s proposed LAER requirements for fugitive emissions from equipment 
components:        
 

 Perdue will develop and implement a sensory detection LDAR program based on the AVO 
sensory detection method that is performed once every 4 hours.  AVO LDAR programs with 
defined monitoring frequency have been determined to result in emission reductions ranging 
from 97% for light liquid/vapor valves, 93% for light liquid pumps, and 97% for light liquid/vapor 
connectors/flanges.55  Plant personnel will check equipment that contains hexane on a daily 

                                                           
55

 See Texas Commission on Environmental Quality (TCEQ), Air Permits Division, Air Permit Technical Guidance for 
Chemical Sources:  Equipment Leak Fugitives, Draft October 2000, p. 57.  Both EPA and PA DEP have accepted AVO 
LDAR as an effective methodology for low-odor threshold fugitive VOC emission reduction.  See, e.g., EPA, 
Statement of Basis, Draft GHG PSD Permit for the Chevron Phillips Chemical Company, Cedar Bayou Plant, Permit 
No. PSD-TX-748-GHG, (Oct. 2012), p. 29 (noting that as-observed olfactory observation is a very effective method 
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basis for any signs of a leak, based on sight, sound or smell.  Storage tanks, pumps, piping, duct 
work, enclosed conveyors, valves, flanges, seals, sight glasses and process equipment, as well as 
the extractor, DT, dryer-cooler, distillation equipment, condensers, and heat exchangers, will be 
checked as part of the daily inspection. 

 If leaks are observed, the nature and extent of the observed leak will be recorded along with 
documentation regarding corrective actions. 

 Corrective actions for observed leaks will include a first attempt at repair within five (5) days of 
discovering the leak and completing the repair with 15 days of discovering the leak.   

 Perdue will install and continuously operate and maintain fixed-location flammable gas monitors 
in the solvent extraction area.  The fixed-location monitors will be placed in low-lying areas in 
close proximity to likely fugitive emission sources.  Spare monitors will be maintained to ensure 
continuous monitoring.  The flammable gas monitors will be set to audible and visual alarm at 
500 parts per million (ppm) hexane.  Perdue will record a representative reading from each 
monitor at least once per day when the solvent extraction equipment is in operation. 

 Daily inspection observations and representative fixed-location flammable gas monitor readings 
will be recorded in writing and will be signed and dated by the person who conducted the 
inspection/reading. 

 
9.7 Proposed Facility-Wide LAER Emission Limit 

9.7.1 Background for a Facility-Wide LAER 

Due to the variable nature of the process and subsequent variable nature of solvent loss performance 
from each emission source, the results from monitoring each individual emission source would not 
provide information to verify overall compliance with LAER.  Process operations at soybean solvent 
extraction plants are inter-dependent.  The process modifications implemented for enhanced solvent 
recovery at each emission source work in concert with each other, resulting in a cumulative effect of 
lowering VOC emissions.  Therefore, Perdue is proposing a facility-wide, VOC SLR emission limit in 
(gal/ton).  The facility-wide SLR emission limit is a representation of the cumulative solvent loss 
performance achieved by the process modifications implemented at each of the listed emission sources. 
  
The prior discussion under Section 4.0 has identified LAER as a series of process modifications for 
enhanced solvent recovery for each emission source.  These process modifications work in conjunction 
with each other to minimize the overall VOC emissions from the proposed soybean solvent extraction 
facility.  Implementation of LAER on an emission source specific basis introduces a number of technical, 
operational, and safety challenges.  Thus, Perdue is proposing a facility-wide, VOC SLR emission limit of 
0.140 gal/ton, determined on a 12-month rolling total as LAER.  Compliance with a facility-wide, VOC SLR 
emission limit is: 
 

 An accurate accounting of VOC emissions,  

 Easily demonstrated through available documentation, and  

                                                                                                                                                                                           
for identifying and correcting leaks in a natural gas system due to the odor threshold of mercaptan, particularly  if 
the AVO program is conducted at specific intervals); EPA Region 6, Draft Prevention of Significant Deterioration 
Permit No. PSD-TX-748-GHG, Chevron Phillips Chemical Company, LP (Nov. 14, 2012); PA DEP, Bureau of Air 
Quality, General Permit BAQ-GPA/GP-5 Natural Gas Compression and/or Processing Facilities (Feb. 2013). 
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 Representative of the collective performance of process equipment in minimizing VOC 
emissions from all potential emission sources, including fugitive sources. 

 
Attempting to identify, develop, and install monitoring equipment to demonstrate compliance with VOC 
emissions from individual emission sources would pose an enormous technical and operational 
challenge considering the inherent variations associated with the soybean solvent extraction process.  
As discussed previously, numerous operational factors can impact solvent loss performance from 
individual emission sources, as well as the extraction facility as a whole.  These operational factors can 
manifest sudden and significant changes in VOC emission rate potentials from the individual emission 
sources.  For example, excessive moisture content in soybeans can lead to improper solvent drainage in 
the extraction process, which in turn can lead to excess solvent carry-over into the desolventizer which 
would subsequently lower the performance of the solvent recovery condensers and the mineral oil 
scrubber system. In addition, the high moisture content and high particulate matter content associated 
with many of the emission sources would further impose technical challenges posed by plugging of 
monitoring equipment with particulate matter and interferences posed by high moisture in the vent 
streams.  Currently, there are no facilities within the soybean solvent extraction industry that have 
implemented such a comprehensive monitoring system.  If such a comprehensive monitoring system 
were to be designed, implemented, and safely operated, there would still be no guarantee that the 
monitoring system could yield the “lowest achievable emission rate” above what can be achieved by 
implementing a facility-wide VOC SLR emission limit.  Thus, Perdue is proposing a facility-wide, VOC SLR 
emission limit that can be used to clearly, accurately, and definitively demonstrate LAER compliance. 
 
While LAER primarily is an emissions unit determination (i.e., each emissions unit must achieve the 
lowest possible emissions rate),  a permitting authority may assess LAER for an entire building, structure, 
facility, or source, after LAER has been decided for each emissions unit.56  If a more effective LAER exists 
by reason of controlling the entire facility (e.g., the entire building exhaust instead of units within the 
building), then the "facility-wide" LAER should be considered.  
 

9.7.2 Establishing the Facility-Wide LAER 

Perdue has concluded that the lowest achievable rate of emissions for the proposed soybean solvent 
extraction facility is a facility-wide SLR of 0.140 gal/ton (gallons of solvent loss per ton of soybeans 
processed).  The emission rate is based on implementing both the state-of-the-art, solvent recovery 
system design for each emission point developed by Desmet Ballestra and BMPs consisting of an LDAR 
program.57 The proposed solvent recovery system design is based on the latest, proven developments in 
solvent vapor recovery technology from Desmet Ballestra, a global leader in engineering and technology 
for this industry.  The proposed technology, coupled with the implementation of operational BMPs 
designed to minimize VOC emissions, constitutes the most technically feasible VOC control options for 
the proposed soybean facility.  The proposed LAER of 0.140 gal/ton is a not-to-exceed VOC emission rate 
limit for normal operations based on a daily maximum crush rate of 1,500 tons of soybeans per day.  
 

                                                           
56

 EPA, Transfer of Technology in Determining Lowest Achievable Emission Rate (LAER),”), memorandum from John 
Calcagni, EPA AQMD, to David Kee, EPA Region V (Aug. 29, 1988). 
57

  Additional information regarding VOC emissions minimization technology on an emission point basis is provided 
in a letter dated March 28, 2013 from the system manufacturer (Desmet Ballestra) that is attached as Exhibit 8. 
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The proposed facility-wide emission rate of 0.140 gal/ton is “the most stringent emission limitation 
which is achieved in practice by such class or category of source” and therefore is LAER.  42 U.S.C. § 
7501(3); 25 Pa. Code §121.1.  
 
Perdue derived the proposed LAER based on Desmet’s vendor guarantee of 0.132 gal/ton plus a margin-
of-safety of 0.008 gal/ton (about 6% above the Desmet guarantee), representing the average standard 
deviation of solvent loss performance among Perdue’s three operating solvent extraction plants and two 
relatively new, large processing facilities for which historical solvent loss data was publicly available, 
Cargill, Kansas City, MO (2006) and Ag Processing, Sergeant Bluff, IA (2012).  A margin-of-safety above 
the vendor guarantee is necessary because Desmet’s performance guarantee—as is customary in the 
industry—is qualified by several “ideal” operating and soybean quality parameters that do not represent 
day-to-day, “real world” conditions in an operating soybean solvent extraction facility.  Desmet’s 
guarantee has the following feedstock quality conditions representing “perfect” conditions for solvent 
recovery: 

  

 Prime quality soybeans (U.S. Grade 2 or better) which have been dried, tempered, cleaned, 

cracked, dehulled, conditioned and flaked. 

 Soybean flakes wherein the flaking mills have a minimum of 8,830 ft3 of aspiration air per  

ton of soybean seed entering the seed preparation process. 

 Soybean flakes where any random sample taken from the air break conveyor discharge has 

the following quality: 

o No unflaked soybean cracks present; 
o 80% or greater of the flakes in a 0.013-0.015 inches thickness range; 
o 20% or less by weight of particles passing 8 mesh (2.40 mm aperature) in size; 
o 3% or less by weight of particles passing 20 mesh (0.84 mm aperature) in size; 
o 144 to 154°F temperature; 
o 9.5 to 10.0% total moisture by weight; and 
o Absence of condensed vapor surface moisture.   

 
Also, Desmet’s guarantee is measured based upon a single 24-hour performance test that requires 
optimal plant operating conditions when the solvent extraction process is operating continuously 
between 90 and 100% of the rated capacity with no greater than 15 minutes of cumulative downtime. 
 
To address the fact that soybean processing conditions are not always optimal, Perdue added a 0.008 
gal/ton variability factor to the Desmet performance guarantee of 0.132 gal/ton.  This relatively modest 
margin-of-safety above the vendor guarantee is necessary to address solvent loss variability based upon: 
 

 well-documented monthly, seasonal, and annual variability in solvent loss performance; 

 historical solvent loss performance at Perdue’s three soybean solvent extraction facilities 

and at two larger top-performing facilities; and 

 unproven performance history of this brand-new facility. 

 
Soybean solvent extraction facilities experience monthly, seasonal, and annual variability in their solvent 
loss performance due to variations in bean moisture content, bean quality, and other factors beyond 
operator control, as shown in Figure 1.  While local farmers in Pennsylvania produce high-quality 
soybeans, there will be times when the incoming soybeans will not meet Desmet’s feedstock quality 
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conditions, which will have an effect on the solvent loss performance of the facility.  For example, not all 
of the soybeans processed by the facility will be U.S. Grade 2 (or better) “prime quality” soybeans.  The 
moisture content of the soybeans from time-to-time also will exceed 9.5-10% by weight, which also will 
impact solvent loss performance.  In a wet or dry harvest, the moisture content of soybeans can easily 
exceed the grade range of 10% to 9.5%, respectively.  Adverse soybean moisture content impacts the 
solvent drainage in the extraction process, which can lead to fluctuations of solvent carry-over into the 
desolventizer, solvent recovery condensers, and the mineral oil scrubber systems.  The effects of poor 
quality soybeans on process operations have been observed first-hand by Perdue and by Desmet staff 
during shakedown runs of recent process equipment upgrades at Perdue’s Salisbury, MD facility.58  
Soybean solvent extraction is a dynamic process subject to variable operating conditions when solvent 
loss will be higher than the vendor guarantee, which excludes the upsets, malfunctions, equipment 
leaks, shut-downs, and start-ups that are part of the day-to-day operations of a soybean solvent 
extraction plant.   
 
Also, because the proposed facility will be brand-new, comprised entirely of the latest solvent recovery 
technology, there is no current historical data from which Perdue accurately can project a “not-to-
exceed” VOC SLR emission limit for the new equipment.  To derive a statistical prediction of projected 
solvent loss variation, Perdue evaluated historical performance data from its three solvent extraction 
facilities located in Salisbury, MD, Chesapeake, VA, and Cofield, NC, and selected the facility with the 
least amount of solvent loss variation, Cofield, for further analysis.  Perdue also evaluated the historical 
solvent loss data of two relatively new, larger processing facilities for which performance data was 
publicly available, Cargill, Kansas City, MO (2006) and Ag Processing, Sergeant Bluff, IA (2012).  Perdue 
then derived the average variation within a 95% confidence level (i.e. two standard deviations above 
and below the mean solvent loss of all three facilities), which is 0.008 gal/ton (Perdue Cofield--0.0127, 
Cargill Kansas City--0.0047, and Ag Processing Sergeant Bluff--0.005).  A variance of 0.008 was then 
added to Desmet’s performance guarantee of 0.132 gal/ton to derive a SLR of 0.140 gal/ton.   
 
The use of a statistical approach that accounts for solvent loss variability to derive a SLR of 0.140 gal/ton 
is reasonable particularly when no historical operational data is available to support the vendor 
guarantee, which by itself is not sufficient justification that the technology will work precisely at that 
level, particularly when soybean moisture and quality are not optimal.  For example, the Indiana 
Department of Environmental Management (IDEM) recently authorized the Louis Dreyfus, Claypool, IN 
facility (6,200 tpd) to increase its SLR from 0.134 gal/ton to 0.141 gal/ton because the plant was having  
difficulty consistently achieving the limit despite the facility’s efficient use of a modern mineral oil 
scrubber.  Regular unscheduled production upsets, and raw material and process variables, all 
contributed to the difficulty in achieving the SLR.  IDEM concluded from the facility’s overall solvent loss 
ratio over a twelve (12) consecutive month period that the mean (average) and standard deviation for 
the data, plus three standard deviations, was equal to 0.141 gal VOC/ton of soybean.  By utilizing actual 
process data, IDEM determined that a standard deviation approach to a 99% confidence level (the mean 
plus three standard deviations) was a reliable method for determining a solvent loss that was 
“achievable.”59    
 

                                                           
58

 Perdue, “Soybean Quality Effect on Solvent Loss Ratio,” memorandum from Adam Zel, Perdue to Charles Zukor, 
Trinity Consultants (May 1, 2013) (attached as Exhibit 9). 
59

 Indiana Department of Environmental Management, Part 70 Operating Permit Renewal for Louis Dreyfus 
Agricultural Industries LLC, Claypool, IN, Renewal No.T085-29197-00102, State Best Available Control Technology 
(BACT) Analysis (Nov. 11, 2011), p. 795/801. 
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It is accepted and reasonable practice in NSR permitting to establish permit limits that incorporate a 
margin of safety above a vendor guarantee.  According to EPA's NSR Manual:  

 
Vendor guarantees may provide an indication of commercial availability and the 
technical feasibility of a control technique and could contribute to a determination of 
technical feasibility or technical infeasibility, depending on circumstances.  However, EPA 
does not consider a vendor guarantee alone to be sufficient justification that a control 
option will work.… Generally, decision about technical feasibility will be based on 
chemical and engineering analysis in conjunction with information about vendor 
guarantees.60   

 
The proposed emission rate of 0.140 gal/ton clearly is the lowest among any soybean solvent extraction 
facility in the United States, is 30% lower than the new source MACT limit of 0.20 gal/ton for a 
(conventional) soybean plant as specified in the Vegetable Oil NESHAP, and is even 20% lower than the 
capacity-weighted emission limits of 0.175 gal/ton imposed by EPA on ADM, Cargill, and Bunge in the 
Consent Decrees resolving NSR violations.     
 
The proposed SLR of 0.140 gal/ton is the lowest emission rate among the top 12 facilities with the 
lowest VOC SLR emission limits.  Table 1 includes the estimated maximum annual quantity of solvent 
loss (gal/yr) for each of the listed facilities.  These permitted soybean solvent extraction facilities have 
VOC SLR values ranging from 0.141 gal/ton to 0.20 gal/ton with daily soybean processing rates from 
1,500 tons/day (tpd) to over 6,000 tpd.  Based on permitted annual crush capacities (tons/yr) and 
permitted VOC SLR emission limits (gal/ton), the maximum annual quantity of solvent loss for the 
facilities ranged from approximately 110,000 gal/yr to over 350,000 gal/yr.  By comparison, the Perdue 
facility’s maximum annual quantity of solvent loss would be limited to 73,500 gal/yr based on an annual 
crush capacity of 525,000 tons/yr and a permitted VOC SLR emission limit of 0.140 gal/ton.  Thus, the 
proposed Perdue facility will have the lowest annual potential VOC emissions rate of all the listed 
facilities.  
 
Significantly, the proposed facility-wide VOC SLR emission limit of 0.140 gal/ton is the lowest among not 
only the universe of smaller capacity facilities (i.e., less than 3,000 tpd) but even among the universe of 
larger capacity facilities (i.e. greater than 3,000 tpd), which have much lower capacity-weighted fugitive 

                                                           
60

 NSR Manual, Chapter B, Pg B-20; In re Masonite Corp, 5 E.A.D. 551, 566-69 (EAB 1994) (holding that an NSR 
permit emissions level established at a level above a vendor guarantee was not unreasonable because the 
“optimal efficiency” achievable by a control technology typically is not the level at which permit limits are set).  See 
also,  In re Newmont Nev. Energy Inv., LLC, 12 E.A.D. 429, 441-43 (EAB 2005) (noting that “EPA guidance and prior 
decisions recognize a distinction between, on the one hand, measured ‘emissions rates,’ which are necessarily data 
obtained from a particular facility at a specific time, and on the other hand, the ‘emissions limitation’ determined 
to be BACT and set forth in the permit, which the facility is required to continuously meet throughout the facility’s 
life. Stated simply, if there is uncontrollable fluctuation or variability in the measured emission rate, then the 
lowest measured emission rate will necessarily be more stringent than the ‘emissions limitation’ that is 
‘achievable’ for that pollution control method over the life of the facility); In re Steel Dynamics, Inc., 9 E.A.D. 165, 
188 (EAB 2000) (permit writers retain discretion to set BACT levels that “do not necessarily reflect the highest 
possible control efficiencies but, rather, will allow permittees to achieve compliance on a consistent basis.”); 
accord In re Three Mountain Power, L.L.C., 10 E.A.D. 39, 53 (EAB 2001); In re Knauf Fiber Glass, GmbH, 9 E.A.D. 1, 
15 (EAB 2000) (approving use of a “safety-factor” in the calculation of a permit limit to take into account variability 
and fluctuation in expected performance of the pollution control methods as “there is nothing inherently wrong 
with setting an emissions limitation that takes into account a reasonable safety factor.”)  
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emissions.61  The top-performing facilities are much larger than the Perdue facility with soybean 
crushing rates ranging from 3,000 tpd to over 6,000 tpd.  Facilities with soybean crushing rates 
comparable to Perdue’s proposed crushing rate of 1,500 tpd (i.e., facilities with a crushing rate less than 
3,000 tpd), have corresponding VOC SLR emission limits that range from 0.150 gal/ton to 0.2 gal/ton.  
Therefore, the proposed SLR of 0.140 gal/ton by far is the lowest VOC SLR emission limit of the soybean 
solvent extraction facilities with crush rates less than 3,000 tpd.  For example, ADM’s facility in Mexico, 
MO (2010) has a permitted crush rate of about 2,100 tpd and a permitted VOC SLR emission limit of 0.15 
gal/ton.  Bunge’s facility in Morristown, IN (2011) has a permitted crush rate of almost 2,300 tpd and a 
permitted VOC SLR emission limit of 0.16 gal/ton.   
 
In conclusion, based on fugitive solvent losses relative to facility capacity, the maximum total annual 
solvent loss in comparison to other facilities, the vendor guarantee, and the documented variability of 
soybean characteristics, Perdue has concluded that the lowest, continuously achievable emission rate is 
0.140 gal/ton.  This solvent loss ratio is the lowest absolute solvent loss ratio of any soybean solvent 
extraction facility in the United States, even among the universe of large-capacity facilities having four 
times the throughput capacity of the proposed Perdue facility.  
 

9.7.3 Exclusions from the Facility-Wide LAER 

Three facilities identified during the LAER evaluation were excluded from the analysis:  (1) Prairie Pride 
in Deerfield, MO;  (2) ConAgra in Morristown, IN; and (3) Ultra Soy of America in South Milford, IN.   
 

 Prairie Pride, Deerfield, MO: the facility, which includes a biodiesel production operation, was 
initially issued a MO DNR construction permit (No. 022007-004) in February 2007.62  Special 
Condition 2.A. of the permit capped VOC emissions to less than 230 tpy and equated actual 
solvent loss to total VOC emissions.  Special Condition 2.A. required the use of a thermal oxidizer 
for control of VOC emissions from the mineral oil scrubber.  Special Condition 2.B. imposed a 
SLR of 0.115 gal/ton.  In June 2008, prior to the completion of construction of the facility, MO 
DNR amended the Prairie Pride permit by issuing construction permit No. 062008-006, which 
superseded all the Special Conditions in the initial permit and removed the requirement to 
install and operate a thermal oxidizer to control VOC emissions from the mineral oil scrubber.63  
Special Conditions 2.A. and 2.B of the amended permit increased the yearly VOC limit to 237 tpy 
and the SLR to 0.125 gal/ton.  The administrative record indicates that MO DNR removed the 

                                                           
61

 Because larger soybean solvent extraction facilities have larger throughputs, fugitive VOC losses (gal/day) are 
spread over a greater quantity of soybean tonnage and yield a lower solvent loss in relation to tonnage.  This is 
because fugitive losses of hexane from equipment are not directly proportional to plant capacity.  Fugitive losses 
are not proportional to capacity, since all facilities, regardless of capacity, have approximately the same number of 
pipes and connections.  Fugitive losses are attributable to leaks in the periphery of flanges, valves, and other 
components.  These leaks occur at the circumference of the components, and are not related to the area.  As an 
example, where a 4,000 TPD facility would specify a 16” diameter pipe/connector, a 1,500 TPD facility would 
specify a 10” diameter pipe/connector. Therefore, even though a 1,500 TPD facility is 38% as large as a 4,000 TPD 
facility and uses piping which is 39% as large in terms of cross sectional area (78.54 in.

2
 vs. 201.06 in.

2
), the 

circumference where leaks can occur is 63% of that of a 4,000 TPD facility (31.42 in. vs. 50.27 in.). This example 
illustrates the higher relative fugitive VOC loss for a smaller facility as compared to a larger facility. For a smaller 
capacity facility, there are fewer tons of crush capacity (tons/day), resulting in higher fugitive VOC loss in terms of 
gal/ton at a smaller capacity facility such as Perdue’s facility. 
62

 See MO DNR Permit No. 022007-004. 
63

 See MO DNR Permit No. 062008-006. 
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RTO requirement and increased the yearly VOC limit and SLR upon the applicant’s request which 
explained that its engineering firm had determined that the RTO posed an unwarranted safety 
hazard in relation to the minimal 20 tpy reduction of VOC emissions.64 The applicant further 
stated that “*i+f necessary, PPI will limit soybean oil production to remain below the 250 tpy 
cap.”  Thus, Prairie Pride never installed a RTO thermal oxidizer on the mineral oil scrubber at 
the facility.  Shortly after construction, in 2010, the Prairie Pride facility was shut-down and 
entered bankruptcy proceedings.  In 2011, ADM acquired the facility and reportedly re-
commenced operations in July 2011.  Perdue reviewed the most recent (2011) Toxic Release 
Inventory and annual emissions statement reports filed by Prairie Pride to determine whether 
the facility is achieving its permitted SLR of 0.125 gal/ton.  In 2011, the facility only had 28 tpy of 
VOC emissions, roughly 10% of its permitted capacity.  According to the facility’s annual 
emission statement, the facility appears to be taking credit for hexane retained in the meal as 
"Hexane Retained in Soybean Meal," which is designated as a control device (CD-20) with 30% 
control.  The highest reported annual soybean throughput for the facility is less than 40% of its 
design capacity (2,000 tons/day x 365 days/yr = 730,000 tons/yr).  Also, on May 17, 2013, Trinity 
contacted the Permit Section Chief at MO DNR responsible for the Prairie Pride facility, Mr. 
Kendall Hale, who stated that: 

 
o MO DNR does not know whether the facility is achieving its non-RTO VOC SLR emission 

limit of 0.125 gal/ton;  
o The proposed SLR of 0.125 gal/ton equates to annual VOC emissions of 237 tpy and was 

established to avoid PSD major source levels of 250 tpy and to expedite permit issuance; 
o The proposed SLR of 0.125 gal/ton was not based upon a BACT analysis and was not 

required by MO DNR; 
o MO DNR permitting staff had concerns at the outset with the proposed SLR of 0.125 

gal/ton because BACT determinations for two other soybean solvent extraction plants 
performed during the same timeframe as the Prairie Pride permit indicated a SLR of 
0.145 gal/ton was BACT for larger facilities which have lower solvent loss ratios due to 
their greater throughput; and 

o ADM has contacted MO DNR to advise that it will be applying to modify its permit. 
 
Based upon the foregoing information indicating that the Prairie Pride SLR of 0.125 gal/ton was 
not derived from a reliable top-down analysis of achievable control technology but rather was 
derived from an arbitrary throughput limitation of 237 tpy VOC, coupled with information 
indicating that the facility is curtailing its production to stay under the 237 tpy VOC limit, and the 
absence of any information indicating that the facility can meet the SLR under full operations, 
Perdue has excluded the Prairie Pride facility from further consideration.  An SLR of 0.125 
gal/ton has not been shown to be achievable. 
 

 ConAgra Morristown, IN: the Indiana Department of Environmental Management (IDEM) issued 
a PSD construction permit (No. 129-8541-00039) for this planned facility in August 1998, and an 
appeal of the permit was resolved through the issuance of a November 1999 permit (No. 129-
11339-00039).  There has been no other permitting activity for this facility since November 
1999, and the facility does not appear either in EPA or IDEM databases.  According to 
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 Letter from Mike Van Cleave, Aquaterra Environmental Solutions, to Kendall Hale, Missouri Department of 
Natural Resources (September 7, 2007) (attached as Exhibit 10). 
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information provided by IDEM, the facility was never constructed, and presumably, the permit 
expired.  Under these circumstances, the facility was excluded from further consideration.  

 

  Ultra Soy of America, South Milford, IN: the Indiana Department of Environmental 
Management (IDEM) issued a PSD construction permit (No. 087-24953-00069) for this planned 
biodiesel facility in April 2008.  Reportedly, the facility had trouble securing financing and local 
land use approvals and was never constructed.  IDEM lists the facility’s Title V permit status as 
“withdrawn,” as of February 12, 2013.  Under these circumstances, the facility was excluded 
from further consideration. 

 
9.8 Demonstration of Compliance with Facility-Wide LAER 

Compliance with the proposed facility-wide, VOC SLR emission limit of 0.140 gal/ton will be determined 

monthly, as a 12-month rolling total in accordance with the procedures listed in the Vegetable Oil 

NESHAP at: 

 

 §63.2851  What is a plan for demonstrating compliance?  

 §63.2853  How do I determine the actual solvent loss?  

 §63.2855  How do I determine the quantity of oilseed processed?  
 
Most, if not all, of the facilities listed in Table 1 have permit special conditions that reference directly or 
indirectly to the compliance demonstration procedures listed in the Vegetable Oil NESHAP.  In general, 
the VOC SLR emission limit will be determined as a ratio of a 12-month rolling total of facility-wide 
solvent loss (i.e., VOC emissions) divided by a 12-month rolling total of the quantity of soybeans 
processed.  Perdue evaluated the feasibility of a shorter compliance period but concluded that it was 
not feasible due to the large monthly variability of solvent loss ratios.  Due to the large magnitude in 
variability, it would not be feasible for Perdue or any soybean solvent extraction facility to comply with 
an annual average solvent loss ratio on a monthly basis.  Likewise, a three month rolling average also 
exhibits variability in the solvent loss ratios.  As larger time intervals are used in the rolling average, (i.e., 
six, nine, and twelve months), the effects of variability are dampened.  Therefore, Perdue concluded 
that a twelve month rolling average, as required by the Vegetable Oil NESHAP, would be the best 
approach to determine an overall facility solvent loss ratio.65   
 

9.8.1 Compliance Demonstration Plan 

In accordance with the procedures in 40 CFR §63.2851 Perdue will develop and implement a written 
plan for demonstrating compliance that provides the detailed procedures to monitor and record data 
necessary for demonstrating compliance with facility-wide VOC SLR emission limit of 0.140 gal/ton.  
Procedures followed for quantifying solvent loss from the source and amount of oilseed processed vary 
from facility to facility because of site-specific factors such as equipment design characteristics and 
operating conditions.  At Perdue, typical procedures include one or more accurate measurement 
methods such as weigh scales, volumetric displacement, and material mass balances. Because the 

                                                           
65 EPA established the compliance period under the Vegetable Oil NESHAP as a 12-month rolling total due to well-

documented seasonal effects on solvent-loss, among other factors. EPA, Variability in Overall Facility Solvent Loss 

Ratio, June 23,1997 memorandum from C. Zukor and P. Humphry, AGTI to Vegetable Oil NESHAP Project File, 

Vegetable Oil NESHAP  Docket No.  A-97-59, Document II-B-005. 
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industry does not have a uniform set of procedures, Perdue must develop and implement its own site-
specific plan for demonstrating compliance. The plan for demonstrating compliance will be incorporated 
by reference in Perdue’s Title V permit and will be kept on-site and readily available as long as the 
facility source is operational. In the event of changes to the plan, the previous version of the plan will be 
retained for at least five (5) years. The plan for demonstrating compliance will include the following 
items: 

 

 Perdue’s name and address. 

 The physical address of the vegetable oil production process. 

 A detailed description of all methods of measurement the facility will use to determine  solvent 
losses, HAP content of solvent, and the tons of each type of oilseed processed. 

 When each measurement will be made. 

 Examples of each calculation that will be used to determine compliance status, including 
examples of how data measured with one parameter will be converted to other terms for use in 
compliance determination. 

 Example logs of how data will be recorded. 

 A plan to ensure that the data continue to meet compliance demonstration needs. 
 

9.8.2 Procedure to Determine Solvent Loss 

On a daily basis, Perdue will monitor and record solvent inventory levels in the hexane storage tanks to 
determine the change in daily solvent inventories.  Perdue will take the difference between the previous 
current day’s solvent inventory levels to determine an approximate daily solvent consumption (gal/day).  
On a day-by-day basis, changes in solvent inventory levels cannot provide an accurate determination of 
daily solvent consumption because numerous pieces of process equipment operate with continuously 
varying amounts of solvent retained within the equipment.  Thus, by maintaining a written log of daily 
solvent “consumption” and calculating a running solvent “consumption” for the calendar month Perdue 
will be able to determine the consumption of solvent over a larger period of time, such as a calendar 
month.  For example, when shipments of solvent are received, there will be a sudden increase in the 
overall solvent inventory levels across the equipment.  The daily solvent “consumption” value will reflect 
this increase in solvent inventory and the daily value may indicate a daily “creation” of solvent rather 
than a daily “consumption” of solvent.  There is no known system available anywhere to accurately 
monitor and determine a “real-time” consumption of solvent.  As discussed previously in this 
attachment, solvent is entrained throughout many pieces of process equipment (i.e., extractor, DT, 
condenser system, mineral oil scrubber), as well as in intermediate and final soybean products (i.e., 
miscella, crude oil, and crude meal). 
 
On a daily basis, Perdue will monitor and record production records of soybean oil and meal in order to 
determine the daily quantity of soybeans processed (tons/day).  As discussed in the Vegetable Oil 
NESHAP, some soybean solvent extraction facilities do not use “weigh scales” for soybeans entering the 
production process.  Rather, the facility maintains records on production outputs.  The quantities of oil 
and crude meal produced are used with industry standard calculation practices and soybean quality 
characteristics such as moisture and oil contents, to determine the corresponding daily quantity of 
soybeans processed.  The daily quantity of soybeans processed will be recorded in a daily log book.  The 
daily recorded values will be summed for each calendar month for subsequent use in calculating a 12-
month rolling total of solvent loss (gal/month) and quantity of soybeans processed (tons/month).    
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By the end of each calendar month following an operating month, Perdue will determine the total 
solvent loss in gallons for the previous operating month. The total solvent loss for an operating month 
includes all solvent losses that occur during normal operating periods within the operating month. If 
Perdue has determined solvent losses for 12 or more operating months, then Perdue must also 
determine the 12 operating months rolling sum of actual solvent loss in gallons by summing the monthly 
actual solvent loss for the previous 12 operating months. The 12 operating months rolling sum of 
solvent loss is the “actual solvent loss,” which is used to calculate the compliance ratio as described in § 
63.2840. 
 
To determine the actual solvent loss from the proposed facility, Perdue will follow the procedures in its 
plan for demonstrating compliance to determine: 
 

 The dates that define each operating status period during a calendar month. The dates that 
define each operating status period include the beginning date of each calendar month and the 
date of any change in the source operating status. If Perdue maintains the same operating 
status during an entire calendar month, these dates will be the beginning and ending dates of 
the calendar month. If Perdue determines the solvent loss on an accounting month, as defined 
in § 63.2872, rather than a calendar month basis, and has 12 complete accounting months of 
approximately equal duration in a calendar year, it may substitute the accounting month time 
interval for the calendar month time interval. If Perdue chooses to use an accounting month 
rather than a calendar month, it will document this measurement frequency selection in its plan 
for demonstrating compliance and remain on this schedule unless its requests and receives 
written approval from PADEP to use a different measurement frequency. 

 

 Source operating status. The operating status of the facility for each recorded time interval in 
will be categorized in accordance with criteria in Table 1 of § 63.2853. 
 

 Measuring the beginning and ending solvent inventory. Perdue will measure and record the 
solvent inventory on the beginning and ending dates of each normal operating period that 
occurs during an operating month. An operating month is any calendar month with at least one 
normal operating period. Perdue will consistently follow the procedures described in its plan for 
demonstrating compliance, as specified in § 63.2851, to determine the extraction solvent 
inventory, and maintain readily available records of the actual solvent loss inventory, as 
described in § 63.2862(c)(1). In general, Perdue will measure and record the solvent inventory 
only when the facility is actively processing soybeans. When the facility is not active, some or all 
of the solvent working capacity is transferred to solvent storage tanks which can artificially 
inflate the solvent inventory. 

 

 Gallons of extraction solvent received. Perdue will record the total gallons of extraction solvent 
received in each shipment. The gallons of solvent received represent purchases of delivered 
solvent added to the solvent storage inventory.  

 

 Solvent inventory adjustments. In some situations, solvent losses determined directly from the 
measured solvent inventory and quantity of solvent received will not be an accurate estimate of 
the “actual solvent loss” for use in determining compliance ratios. In such cases, Perdue will 
adjust the total solvent loss for each normal operating period and provide a reasonable 
justification for the adjustment.  Situations that may require adjustments of the total solvent 
loss include, but are not limited to: 
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o Changes in solvent working capacity. Perdue will document any process modifications 

resulting in changes to the solvent working capacity in its vegetable oil production 
process. Solvent working capacity is defined in § 63.2872. In general, solvent working 
capacity is the volume of solvent normally retained in solvent recovery equipment such 
as the extractor, DT, solvent storage, working tanks, mineral oil absorber, condensers, 
and oil/solvent distillation system. If the change occurs during a normal operating 
period, Perdue will must determine the difference in working solvent volume and make 
a one-time documented adjustment to the solvent inventory. 

 
Perdue will use the following equation (Equation 1 of § 63.2853) to determine the actual solvent loss 
occurring from the facility for all normal operating periods recorded within a calendar month: 
 

 
Where: 
 

SOLVB = Gallons of solvent in the inventory at the beginning of normal operating period “i”. 
 
SOLVE = Gallons of solvent in the inventory at the end of normal operating period “i”. 
 
SOLVR = Gallons of solvent received between the beginning and ending inventory dates of normal 

operating period “i”. 
 
SOLVA = Gallons of solvent added or removed from the extraction solvent inventory during normal 

operating period “i”. 
 
n = Number of normal operating periods in a calendar month. 

 
The actual solvent loss is the total solvent losses during normal operating periods for the previous 12 
operating months. Perdue will determine the actual solvent loss by summing the monthly actual solvent 
losses for the previous 12 operating months. Perdue will record the actual solvent loss by the end of 
each calendar month following an operating month and use the actual solvent loss in Equation 2 of 
§ 63.2840 to determine the compliance ratio. Actual solvent loss does not include losses that occur 
during operating status periods listed below:    
 

 Nonoperating periods as described in paragraph (a)(2)(ii) of this section. 

 Initial startup periods as described in § 63.2850(c)(2) or (d)(2). 

 Malfunction periods as described in § 63.2850(e)(2). 

 Exempt operation periods as described in paragraph (a)(2)(v) of this section. 
 
If any one of these four operating status periods span an entire month, then the month will be treated 
as nonoperating and there will be no compliance ratio determination. 
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9.8.3 Procedure to Determine Quantity of Soybeans Processed 

All oilseed measurements will be determined on an as received basis, as defined in § 63.2872. The as 
received basis refers to the oilseed chemical and physical characteristics as initially received by Perdue  
and prior to any oilseed handling and processing. By the end of each calendar month following an 
operating month, Perdue will determine the tons as received of each listed oilseed processed for the 
operating month. The total oilseed processed for an operating month includes the total of each oilseed 
processed during all normal operating periods that occur within the operating month. If Perdue has 
determined the tons of oilseed processed for 12 or more operating months, then it will also determine 
the 12 operating months rolling sum of each type oilseed processed by summing the tons of each type 
of oilseed processed for the previous 12 operating months. The 12 operating months rolling sum of each 
type of oilseed processed will be used to calculate the compliance ratio as described in § 63.2840. 
 
To determine the tons as received of soybeans processed, Perdue will follow the procedures in its plan 
for demonstrating compliance to determine the items below: 
 

 The dates that define each operating status period. The dates that define each operating status 
period include the beginning date of each calendar month and the date of any change in the 
source operating status. If, prior to the effective date of this rule, Perdue determines the oilseed 
inventory on an accounting month rather than a calendar month basis, and it has 12 complete 
accounting months of approximately equal duration in a calendar year, it may substitute the 
accounting month time interval for the calendar month time interval. If Perdue chooses to use 
an accounting month rather than a calendar month, it will document this measurement 
frequency selection in its plan for demonstrating compliance, and will remain on this schedule 
unless it has requested and received written approval of a different schedule from PADEP. The 
dates on each oilseed inventory log will be consistent with the dates recorded for the solvent 
inventory. 

 

 Source operating status. Perdue will categorize the source operation for each recorded time 
interval. The source operating status for each time interval recorded on the oilseed inventory for 
each type of oilseed will be consistent with the operating status recorded on the solvent 
inventory logs as described in § 63.2853(a)(2). 

 

 Measuring the beginning and ending inventory for each oilseed. Perdue will measure and record 
the oilseed inventory on the beginning and ending dates of each normal operating period that 
occurs during an operating month. An operating month is any calendar month with at least one 
normal operating period. Perdue will consistently follow the procedures described in its plan for 
demonstrating compliance, as specified in § 63.2851, to determine the oilseed inventory on an 
as received basis and maintain readily available records of the oilseed inventory as described by 
§ 63.2862(c)(3). 

 

 Tons of each oilseed received. Perdue will record the type of oilseed and tons of each shipment 
of oilseed received and added to its on-site storage. 

 

 Oilseed inventory adjustments. In some situations, determining the quantity of oilseed 
processed directly from the measured oilseed inventory and quantity of oilseed received is not 
an accurate estimate of the tons of oilseed processed for use in determining compliance ratios. 
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For example, spoiled and molded oilseed removed from storage but not processed will result in 
an overestimate of the quantity of oilseed processed. In such cases, Perdue will adjust the 
oilseed inventory and provide a justification for the adjustment. Situations that may require 
oilseed inventory adjustments include, but are not limited to, the situations listed in 
§ 63.2862(a)(5)(i) through (v): 

 
o Oilseed that mold or otherwise become unsuitable for processing. 

o Oilseed that is sold before it enters the processing operation. 

o Oilseed destroyed by an event such as a process malfunction, fire, or natural disaster. 

o Oilseed processed through operations prior to solvent extraction such as screening, 
dehulling, cracking, drying, and conditioning; but that are not routed to the solvent 
extractor for further processing. 

o Periodic physical measurements of inventory. For example, some sources periodically 
empty oilseed storage silos to physically measure the current oilseed inventory. This 
periodic measurement procedure typically results in a small inventory correction. The 
correction factor, usually less than 1 percent, may be used to make an adjustment to 
the source's oilseed inventory that was estimated previously with indirect measurement 
techniques. Perdue’s plan for demonstrating compliance will provide for such an 
adjustment. 

 
Perdue will use the following equation (Equation 1 of § 63.2855) to determine the quantity of soybeans 
processed at the proposed facility during normal operating periods recorded within a calendar month: 
 

 
 Where: 
 

SEEDB = Tons of oilseed in the inventory at the beginning of normal operating period “i”. 
 
SEEDE = Tons of oilseed in the inventory at the end of normal operating period “i”. 
 
SEEDR = Tons of oilseed received during normal operating period “i”. 
 
SEEDA = Tons of oilseed added or removed from the oilseed inventory during normal operating 

period “i”. 
 
       n = Number of normal operating periods in the calendar month during which this type oilseed 

was processed. 
 
The quantity of soybeans processed is the total tons of soybeans processed during normal operating 
periods in the previous 12 operating months. Perdue will determine the tons of soybeans processed by 
summing the monthly quantity of soybeans processed for the previous 12 operating months. Perdue will 
record the 12 operating months quantity of soybeans processed by the end of each calendar month 
following an operating month and use the 12 operating months quantity of soybeans processed to 
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determine the compliance ratio as described in § 63.2840. The quantity of soybeans processed does not 
include oilseed processed during the operating status periods listed below: 
 

 Nonoperating periods as described in § 63.2853 (a)(2)(ii). 

 Initial startup periods as described in § 63.2850(c)(2) or (d)(2). 

 Malfunction periods as described in § 63.2850(e)(2). 

 Exempt operation periods as described in § 63.2853 (a)(2)(v). 

 If any one of these four operating status periods span an entire calendar month, the calendar 
month will be treated as a nonoperating month and there will be no compliance ratio 
determination for that month. 
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DATE: June 23,1997 

SUBJECT: Variability in Overall Facility Solvent Loss Ratio 

FROM: Chuck Zukor and Paul Humphrey 
Alpha-Gamma Technologies, Inc. 

TO: Vegetable Oil NESHAP Project File 

The purpose of this memorandum is to document the impact of rolling averages on the 
variability of solvent loss ratios of the best performing vegetable oil facilities. This 
analysis is based on data provided by each facility in response to Section 114 
questionnaires. The ability of selected facilities to comply with an overall MACT floor 
solvent loss ratio is presented for several averaging periods. The supporting 
information includes a series of charts showing solvent loss ratio variability over 
monthly increments. The data presented in these charts are for the best performing 
facilities in each of three preliminary oilseed process operations. The "solvent loss 
ratio" (gal/ton) used in this analysis was previously determined by simply dividing the 
total annual quantity of solvent utilized in the process (gal/yr) by the total annual 
quantity of all oilseeds processed (tons/yr), as follows: 

Facility Solvent Loss Ratio - Z ^Solvent Utilized> 
1 (Seed Processed) 

The figures attached to this memorandum document the variability of facility solvent 
loss ratios as determined as rolling averages. This analysis evaluated rolling averages 
for the following time intervals: one month, three months, six months, nine months, and 
twelve months. 

Summary of Findings 

To obtain the best possible representation of each facility's solvent loss variability, 
Alpha-Gamma investigated solvent loss ratios of the best performing facilities based on 
rolling averages over various time intervals. Figures 1 through 15 summarize these 
rolling averages for each oilseed process operation based on one, three, six, nine, and 
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twelve month rolling averages. The general equation used for determining each rolling 
average is shown below: 

Solvent Loss Ratio=-
^(Solvent Utilizedmonth 1 +...+ Solvent Utilized)month „ 

I(Seed Processedmonth, +...+ Seed Processed)monthn 

where, n = number of months used in rolling average. 

As shown in each of the one month rolling average graphs (Figures 1 through 3), there 
is a large monthly variability of solvent loss ratios especially for small non-soybean 
facilities. Due to the large magnitude in variability, it would be difficult for facilities to 
comply with an annual average solvent loss ratio on a monthly basis. Likewise, the 
three month rolling averages exhibit variability in the solvent loss ratios, but to a lesser 
degree. As larger time intervals are used in the rolling average, (i.e., six, nine, and 
twelve months), the effects of variability are dampened. 

It appears that a twelve month rolling average would be the best approach to determine 
an overall facility solvent loss ratio. This is due to several factors. First, a twelve month 
rolling average takes into account each month of the year, thus accounting for any 
seasonal effects. Secondly, facilities may schedule one or more shutdowns each year. 
Typically, a facility will exhibit a higher than normal solvent loss ratio in the month 
following a shutdown. A twelve month rolling average would account for these 
shutdowns regardless of which month they occurred. 

However, only twelve months of data are available in the vegetable oil database. To 
give a better representation of the variability of a twelve month rolling average solvent 
loss ratio, a second year of data is required. 
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1 Month Rolling Average 



Figure 1 

Solvent Loss Ratio Variability Of The Best Performing Soybean Processing Facilities 
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Figure 2 

Solvent Loss Ratio Variability Of The Best Performing Non-Soybean Processing Facilities 
< 125,000 tons/yr 
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Figure 3 

Solvent Loss Ratio Variability Of The Best Performing Non-Soybean Processing Facilities 
> 125,000 tons/yr 
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3 Month Rolling Average 
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Figure 4 

Solvent Loss Ratio Variability Of The Best Performing Soybean Processing Facilities 
(3 Month Rolling Average) 
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Figure 5 

Solvent Loss Ratio Variability Of The Best Performing Non-Soybean Processing Facilities 
< 125,000 tons/yr (3 Month Rolling Average) 
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Figure 6 

Solvent Loss Ratio Variability Of The Best Performing Non-Soybean Processing Facilities 
> 125,000 tons/yr (3 Month Rolling Average) 
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Figure 7 

Solvent Loss Ratio Variability Of The Best Performing Soybean Processing Facilities 
(6 Month Rolling Average) 
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Figure 8 

Solvent Loss Ratio Variability Of The Best Performing Non-Soybean Processing Facilities 
< 125,000 tons/yr (6 Month Rolling Average) 
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Figure 9 

Solvent Loss Ratio Variability Of The Best Performing Non-Soybean Processing Facilities 
> 125,000 tons/yr (6 Month Rolling Average) 
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Figure 10 

Solvent Loss Ratio Variability Of The Best Performing Soybean Processing Facilities 
(9 Month Rolling Average) 
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Figure 11 

Solvent Loss Ratio Variability Of The Best Performing Non-Soybean Processing Facilities 
< 125,000 tons/yr (9 Month Rolling Average) 
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Figure 12 

Solvent Loss Ratio Variability Of The Best Performing Non-Soybean Processing Facilities 
> 125,000 tons/yr (9 Month Rolling Average) 
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Figure 13 

Solvent Loss Ratio Variability Of The Best Performing Soybean Processing Facilities 
(12 Month Rolling Average) 
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Figure 14 

Solvent Loss Ratio Variability Of The Best Performing Non-Soybean Processing Facilities 
< 125,000 tons/yr (12 Month Rolling Average) 
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Figure 15 

Solvent Loss Ratio Variability Of The Best Performing Non-Soybean Processing Facilities 
>125,000 tons/yr (12 Month Rolling Average) 
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Exhibit 2 

 



Comparative

Category: Soybean Permitted Maximum Solvent Loss

Solvent Loss Solvent at Crush Rate

Facility Crush Limit Loss of 1,500 tpd Date of

Facility Location TPD (gal/ton) (gal/yr) (gal/yr)**** Air Permit

Central Soya Co. Bellevue, OH 2,000 0.200 140,000 105,000 11/28/2003

Cargill Lafayette, IN 2,000 0.200 140,000 105,000 8/28/2006

Minnesota Soybean Processors Brewster, MN 3,000 0.200 210,000 105,000 12/19/2002

Cenex Harvest States Coop Fairmont, MN 3,000 0.200 210,000 105,000 11/30/2001

Cargill** Kansas City, MO ** 6,063 0.165 350,138 86,625 8/26/2006

Bunge North America Cairo, IL 3,740 0.160 209,440 84,000 11/21/2007

Bunge North America Emporia, KS unkwn 0.160 --- 84,000

Bunge North America * Morristown, IN * 2,271 0.160 127,164 84,000 4/19/2011

Bunge North America Council Bluffs, IA 6,740 0.160 377,425 84,000 5/25/2010

Bunge North America Decatur, IN 3,750 0.150 196,875 78,750 7/9/2010

Archer Daniels Midland Mexico, MO 2,100 0.150 110,250 78,750 10/5/2010

Archer Daniels Midland Mankato, MN 4,616 0.150 242,363 78,750 7/30/2009

American Energy Producers Tina, MO 3,000 0.145 152,250 76,125 1/22/2009

Ag Processing St. Joseph, MO 3,600 0.145 182,700 76,125 5/16/2007

Ag Processing Sergeant Bluff, IA 3,128 0.145 158,746 76,125 5/22/2012

Cargill Oil Seeds Sidney, OH 4,500 0.143 225,225 75,075 3/19/2013

Louis Dreyfus Ag. Ind. *** Claypool, IN *** 6,169 0.141 304,461 74,025 4/10/2013

Perdue Conoy Twp, PA 1,500 0.14 73,500 73,500 TBD

****Does not account for higher relative fugitive loss rate of smaller plants. See discussion below. 

Category: Soybean <2500 tpd Permitted Maximum

Solvent Loss Solvent

Facility Crush Limit Loss

Facility Location TPD gal/ton gal/yr

Central Soya Co. Bellevue, OH 2,000 0.200 140,000

Cargill Lafayette, IN 2,000 0.200 140,000

Bunge North America Morristown, IN 2,271 0.160 127,164

Archer Daniels Midland Mexico, MO 2,100 0.150 110,250

Perdue Conoy Twp, PA 1,500 0.14 73,500 = best in category

Category: Soybean >2500 tpd Permitted Maximum

Solvent Loss Solvent

Facility Crush Limit Loss

Facility Location TPD gal/ton gal/yr

Minnesota Soybean Processors Brewster, MN 3,000 0.200 210,000

Cenex Harvest States Coop Fairmont, MN 3,000 0.200 210,000

Bunge North America Council Bluffs, IA 6,740 0.160 377,425

Cargill Kansas City, MO 6,063 0.165 350,138

Archer Daniels Midland Mankato, MN 4,616 0.150 242,363

Cargill Oil Seeds Sidney, OH 4,500 0.143 225,225

American Energy Producers Tina, MO 3,000 0.145 152,250

Ag Processing St. Joseph, MO 3,600 0.145 182,700

Louis Dreyfus Ag. Ind. Claypool, IN 6,169 0.141 304,461 = best in category

Note 2: Prairie Pride was identified as having a soybean solvent extraction facility in Deerfield, MO.  Discussions with Missouri DNR confirmed that the plant 

was issued a snythetic minor permit in 2007 but did not consistently operate until 2012, after ADM purchased the facility out of bankruptcy.  A lack of 

reliable information confirming the facility achieves a 0.125 gal/ton SLR excluded the facility from the LAER analysis.

TABLE 1.  SUMMARY OF EMISSIONS DATA FROM BEST PERFORMING PLANTS

* Bunge's plant in Morristown, IN is permitted with a VOC SLR limit of 0.19 gal/ton, but is actually adhering to a VOC SLR limit of 0.16 gal/ton per Bunge's 

USEPA Consent Decree.

** Cargill's plant in Kansas City, MO has an alternate VOC SLR limit of 0.14 gal/ton when operating capacity is <90% of design.

*** Louis Dreyfus' plant in Claypool, IN has a current permitted VOC SLR limit of 0.141 gal/ton (April 10, 2013).

Note 1: USEPA's RBLC listed ConAgra as having a soybean solvent extraction facility in Morristown, IN.  However, it was never constructed per MO DNR and 

further substantiated by the 1998 Title V permit not being renewed, thus the permit has expired.  Thus, it is not considered in the LAER analysis.



Mass Balance (1500 tpd soybean)

Measurable Loss Points

Meal Residual Conc. 1104 tpd 300 ppm 0.331 tpd 0.0803

Oil Residual Conc. 267 tpd 100 ppm 0.027 tpd 0.0065

Air (Mineral Oil Scrubber) 15 tpd 7200 ppm 0.108 tpd 0.0262

Process Water 80 tpd 15 ppm 0.001 tpd 0.0003

Other (fugitive) 0.131 tpd 0.0318

TOTAL 0.598 tpd 0.145 = best in category

Mass Balance (4,000 tpd soybean)

Measurable Loss Points

Meal Residual Conc. 2944 tpd 300 ppm 0.883 tpd 0.0803

Oil Residual Conc. 712 tpd 100 ppm 0.071 tpd 0.0065

Air (Mineral Oil Scrubber) 40 tpd 7200 ppm 0.288 tpd 0.0262

Process Water 213 tpd 15 ppm 0.003 tpd 0.0003

Other (fugitive) 0.305 tpd 0.0278

TOTAL 1.551 tpd 0.141 = best in category

REASONING FOR DIFFERENTIAL IN FUGITIVE LOSSES

Fugitive losses are not proportional to capacity as the plants have the same number of pipes and connections.

Fugitive losses come from leaks in the periphery of flanges, valves, etc. 

These leaks occur at the circumference and are not related to the area.

Pipe Pipe

Plant Capacity Piping Diameter Area (in
2
) Circumfrence (in)

1500 tpd plant 10" pipe 78.5 31.4

4000 tpd plant 16" pipe 201.0 50.2

1500/4000 = 38% Capacity Ratio 39% :Area Ratio 63% :Circumfrence Ratio

Therefore, even though a 1500 tpd plant is 38% as large as a 4000 tpd plant, and uses pipes which are 39% as large in area, 

the circumference where leaks can occur is 63% of that of a 4000 tpd plant. Thus, the ratio of 63%/39% = 1.62 indicating a higher leak surface in a 

1500 tpd plant relative to a 4000 tpd plant.

Thus, 1.62 x 0.0278 gal/ton of "Other fugitive" loss at a 4000 tpd plant would (=) equate to a corresponding value of 0.0450 gal/ton of "Other fugitive"

 loss at a 1500 tpd plant. At a 1500 tpd plant with a VOC SLR limit of 0.145 gal/ton, the corresponding "Other fugitive" loss is 0.0318 gal/ton which is 

less than the 0.0450 gal/ton value shown above.  This example helps to explain a higher relative fugitive loss for a 1500 tpd plant compared to a 

4000 tpd plant.

Solvent Loss

Loss (gal/ton)

Mass of VOC Solvent

Loss (gal/ton)

Mass of VOC VOC Mass VOC Solvent

Processed Material Concentration Solvent Loss

Concentration

VOC

Processed Material

VOC Mass
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PHONE:  (757) 377-3986    
Email: adam.zel@perdue.com 

  
 
       
Date:  May 1, 2013 
 
To:   Charles Zukor, Trinity Consultants 
 
From : Adam Zel, Plant Supervisor 
 
Subject:   Soybean Quality effect on Solvent Loss Ratio 
 
 

Desmet’s performance guarantee is based on a number of quality parameters; most of which pertain to 
the incoming feedstock quality into extraction.  Many of these can be controlled by operations, but a 
couple of the parameters relate specifically to the quality of the raw beans coming into the plant: 

• Prime quality soybeans (U.S. Grade 2 or better) which have been dried, tempered, cleaned, 
cracked, dehulled, conditioned, and flaked. 

• 9.5-10% total moisture by weight 
 
The United States Department of Agriculture has grading standards and defines a No. 2 soybean as 
having the following characteristics: 
 

Grading Factor Maximum Percent Limits of 
Damaged Kernels  
      Heat (part of total) 0.5 
            Total 3.0 
Foreign Material 2.0 
Splits 20.0 
Soybeans of other colors 2.0 

 
Because the facility is designed to receive beans from local farmers, there will be times when the 
incoming beans do not meet U.S. grade 2 specifications, which will have an effect on the solvent loss 
ratio.  Furthermore, the time of year (namely harvest) can have an impact on soybean grade.   
 
Moisture is not one of the characteristics used to classify soybean grade, but it also has a major impact 
on solvent loss ratio.  In a very wet harvest, bean moisture contents could easily exceed 10% going to 
extraction.  In a dry harvest or in the case when beans may have been in storage for a long period of time 
before the plant received them, bean moistures could be less than 9.5%.  Both of these conditions will 
have an impact on the solvent drainage in the extractor; which will subsequently overload the mineral oil 
system, leading to a higher solvent loss ratio.   
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. September 7, 2007 

Mr. Kendall Hale, P.E. 
Missouri Department of Natural Resources 
Air Pollution Control Program 
1659 E. Elm 
Jefferson City, MO 65101 

Re: 	 Construction Permit Amendment 

Prairie Pride, Inc. 

Permit 022007-004 


Dear Mr. Hale: 

On behalf of Prairie Pride, Inc. (PPI) Aquaterra Environmental Solutions, Inc. (Aquaterra) is 
submitting the enclosed application for amendment to Construction Permit 022007-004 for 
construction of a 2,000 ton per day soybean processing facility with an integrated 33 million 
gallon per year biodiesel production plant. Enclosed are two copies of the application 
package and a check for the $100 filing fee. 

The application is prompted by several design changes to the soybean processing facility, 
which is currently under construction. Per previous discussions with your staff, the 
application package consists of appropriate revisions to the entire application under which 
permit 022007-004 was issued. The primary design changes are described below: 

1. 	 Removal of Regenerative Thermal Oxidizer (RTO) to control VOC emissions from the 
Mineral Oil Scrubber (MOS) within the soybean oil extraction process. Since the 
submittal of the last application (November 2006), PPI experienced a change in the 
engineering firm responsible for plant design. After further discussion with current design 
engineers, National Fire Protection Association (NFPA) board members and experts in 
the soybean processing industry, PPI has been convinced that the safety hazards 
presented by the RTO outweigh the minimal VOC reduction that would be achieved 
through its use on the MOS vent (approximately 20 tons per year). NFPA standards for 
extraction plants require that any flame operations be located at least 100 feet away from 
the processing area. PPl's plant design under which permit 022007-004 was issued met 
this requirement. However, process upsets and malfunctions, in addition to normal 
shutdown procedures can result in near lower explosive limit (LEL) conditions at the RTO 
vent exhaust. 



Mr. Kendall Hale 

September 7, 2007 

Page 2 


PPI is committed to minimizing hexane emissions from the extraction process as much as 

possible, and has made this commitment evident to its members. PPI will continue to 

explore innovative technologies and methods for vec reduction within a soybean 

extraction plant. To that end, PPI is also committed to maintaining plant-wide VOC 

emissions below 250 tons per year (tpy). If necessary, PPI will limit soybean oil 

production to remain below the 250 tpy cap. 

Based on this change, PPI requests removal of special conditions 1B, 2A, 8A and 

appropriate modification to condition 2C in permit 022007~004. 

2. 	 Removal of duct burners associated with HRSG and addition of a backup boiler. PPI has 

determined that a backup boiler will serve more efficiently than equipping the HRSG with 

duct burners. Based on this change, PPI requests removal of special conditions 5 and 8C 

in permit 022007-004. 

3. 	 Removal of bag houses to control Dryer/Cooler (DC) discharge emissions (EP-16 & EP

17). PPI has determined that the moisture content of the exhaust streams from the dryer 

and cooler discharge cyclones prohibits the use of baghouses as control devices. These 

emissions will be routed to a common stack, now referred to as the DC stack (EP-16). 

4. 	 The DC stack change (and various other changes to PM10 estimates), altered the PM10 

emission inventory, requiring additional dispersion modeling to verify compliance with 

PM10 standards. Modeling was conducted using the AERMOD system; 

We sincerely appreciate your continued efforts on this project. Please feel free to contact me 


if you have any questions regarding this submittal. 


Sincerely, 


Aquaterra Environmental Solutions, Inc. 


Mike Van Cleave, P.E. 


Project Manager 


cc: 	 John Nelson, PPI 

Kevin McClayland, A-Lert Construction 

Enclosures 
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Corporate Office:  

21 Unionville Road 
P.O. Box 568 

Douglasville, PA 19518 
Bus 610-323-7670 
Fax 610-323-7672 

www.Nestecinc.com 

 

Wisconsin Field Office 
 Suite C-Upper 

Wales, WI 53183 

Bus:  610-323-7670 

Fax:  610-323-7672 

Email: RHablewitz@NestecInc.com 

 May 8, 2013 

Mr. Preston Waller 

Preston Waller & Associates, Inc. 

4510 Coulbourn Mill Road 

Salisbury, MD    21804 

PHN: (410) 546-2861 

E-Mail: plwaller@comcast.net 

Subject:  Proposal No. 013-04RTO-461-R1 for Regenerative Thermal Oxidizer (RTO) 

Dear Mr. Waller, 

NESTEC, Inc. is pleased to provide you with the enclosed proposal for a Regenerative Thermal Oxidizer 

(RTO) system to control hexane along with PM10 and PM2.5 emissions within a gas stream containing 

10,000 #/Hr water all in the exhaust stream at volume of 42,175 SCFMwet.  Relative to this revised 

proposal, we have now provided a total airflow of 60,000 SCFMdry.  

Our intent in managing this application is a three pronged approach:  First, provide upstream to the RTO a 

bag house to minimize concerns and maintenance associated with the PM loading; second, on all wetted 

parts regarding the RTO equipment provide insulated inlet manifold manufactured of 304 Stainless Steel 

to minimize concerns associated with both condensation and long term corrosion; finally, provide a 95% 

thermal energy recovery (TER) Regenerative Thermal Oxidizer (RTO) system to treat and destroy up to 

99% (requires minimum of 1,000 ppm loading at the inlet) of the hexane emissions.  Further, the inlet 

manifold and cold-face support grids will be designed for ease of clean-out and wash down when 

required.  From this perspective, the NESTEC designed equipment offers minimal maintenance, long 

term high destruction efficiencies and high thermal efficiencies. 

The NESTEC, Inc., RTO is a versatile, reliable and economic system with the capability to treat a variety 

of flow rates, VOC and organic loadings to a continuous high degree of destruction efficiency.  The 

system operates by alternately passing the gas stream through two heat recovery chambers prior to 

treatment in the 1,500ºF combustion chamber where the hydrocarbons are completely oxidized. 

Thank you for the opportunity in allowing NESTEC, Inc. to submit our design solution for this 

application. 

If we can be of any further assistance in your decision process, please do not hesitate to contact us. 

 

Sincerely,   

Nestec, Inc. 

 
Robert B. Hablewitz  

Applications Manager 

 

 

 

Copies: James L. Nester - NESTEC, Inc. 

 Kevin Nesbitt - NESTEC, Inc.



Preston Waller & Associates May 8, 2013 

Salisbury, MD Proposal No. 013-04RTO-461-R1 

 

 

 

TABLE OF CONTENTS 

1.0 SCOPE OF SUPPLY  .........................................................................................  2-3  

2.0 WORK BY OTHERS  ........................................................................................  4  

3.0 PROCESS DESIGN CONDITIONS ..................................................................  5-6  

4.0 PRICING  ...........................................................................................................  7  

5.0 SCHEDULE  ......................................................................................................  8  

6.0 FUEL, POWER AND EXHAUST CALCULATIONS  ....................................   9-11  

7.0 PERFORMANCE GUARANTEE/WARRANTY  ............................................  12-13  

8.0 EQUIPMENT DESCRIPTION  .........................................................................  14-23  

9.0 TERMS AND CONDITIONS  ...........................................................................  24-26  

10.0 DRAWINGS AND PHOTOS  ...........................................................................  27-30  



Preston Waller & Associates May 8, 2013 

Salisbury, MD Proposal No. 013-04RTO-461-R1 

 

2 

1.0 SCOPE OF SUPPLY 

Scope of Supply Included Excluded Optional 

 RTO housing including transition, recovery and 

combustion chamber. 
X   

 Oxidizer ceramic blanket internal insulation X   

 Heat recovery media as required for 95% TER X   

 304 SS two-way fast action poppet valves with 

pneumatic actuators 
X   

 40’ high Exhaust stack with test ports X   

 304 SS forced draft fan and motor X   

 Variable frequency drive  X   

 304 SS inlet manifold and cold-face  X   

 Galvanized Dipped Access Platforms & Ladders X   

 Natural Gas Burner System @ MMBTUH 6.0 X   

 Fresh Air inlet Damper X   

 Main control panel with PLC - pre-wired and 

shop tested 
X   

 O&M manuals (3) X   

 Foundation  X  

 304 Stainless Steel Process Isolation damper(s)  X  

 304 Stainless Steel Process Ductwork to RTO  X  

 304 SS Bag House for PM10/2.5 particulate 

removal 
  X 

 Mechanical and Electrical Installation   X 

 Start-up and operator training – Included with 

installation option 
  X 

 Shipping to project site   X 
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1.1 VALUE ADDED FEATURES OF THE NESTEC RTO 

Heated Valves:  The poppet valves on the Nestec RTO are configured such that the valve 

blade is always hotter than the incoming air stream.  This makes them perfect for your 

application, greatly reduces condensing onto the valve which can cause a reduction in 

destruction efficiency and valve life. 

 

Bake-Out Feature:  The system acts like a self-cleaning oven to remove any organic 

material than may get entrained in the heat recovery media. 

 

Inspection Ports:  There are several inspection doors located at various points on the Nestec 

RTO.  The most notable is the hinged access door with four easy opening davits at the burner 

chamber.  It allows for visual of the burner tile, heat recovery media, and internal insulation (see 

the photo in section 8.1 of this proposal.)  Doors are also located at the valves, allowing easy 

inspection for visual inspection and entry into the valve area (both sides), the inlet duct, the 

outlet duct, and FULL access to the cold face support (the structural support for the heat 

recovery media.) 

 

Ground access:  One of the most underrated features, but much appreciated when service is 

required.  All of the major components are located at ground level.  No need to climb a ladder 

with tools in hand – this is a real time saver. 

 

Puff/Pressure Reduction Control Technology:  Many RTOs require the addition of 

extra chambers, valves, fans and motors to eliminate the puff associated with valve switching, 

but not so with the Nestec RTO.  Through careful engineering, the Nestec RTO minimizes the 

size and frequency of the puff before it becomes a problem.  This feature also enhances the flow 

of the process into and out of the unit, thereby reducing pressure fluctuations and increasing 

performance. 

 

Cushioned Valve Stops:  The Nestec RTO uses two vertical, fast acting poppet valves 

designed and manufactured by Nestec.    Our valve provides the tightest seal of any RTO valve, 

always providing high destruction efficiency.  The pneumatically operated valve moves very 

quickly, but does not “slam” into its seat.  Just prior to the valve seating, the cushioned stops 

engaged, the valve slows down and seals tightly.  Maintenance on the valve is extremely low. 

 

Off-The-Shelf Components:  The Nestec RTO utilizes readily available, off the shelf 

components making it easy to obtain stare parts.  Although the valve is designed by Nestec, all of 

the components can be purchased or fabricated locally. 

 

Fewest moving parts:  Less parts = less maintenance:  The valves on the Nestec 

RTO have the fewest number of components when compared to a three chamber RTO or a rotary 

valve oxidizers (which could total over 124 internal, hidden parts). 
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2.0 WORK BY OTHERS 
 

The Buyer will provide the following services and equipment.   The scope of supply will include, 

but not be limited to the following: 

 Furnish and install service power with one (1) 480 volt, 3 phase, 60 hertz feed to 

the VFD location and all motor starter locations. 

 Furnish and install service power with one (1) 120 volt, 60 hertz, 1 phase feed to 

the Main Control Panel location. 

 Supply natural gas at 6.0 MMBTU/HR @ 5.0 psi (min), to the gas train 

connection point adjacent to the oxidizer.  

 Supply 55-60 SCFM of compressed air @ 90-100 psi (min) @ -40ºF dew point 

to the oxidizer location.  Supply volume and pressure requirements as provided 

are necessary for pulse jet cleaning of bag house equipment. 

 Process exhaust ductwork from the to the connection point on the RTO.  

 Process isolation damper assemblies. 

 Concrete foundation to support the system.  Loading drawings and 

specifications provided by NESTEC, Inc. 

 Compliance testing by independent third party to establish hydrocarbon 

destruction efficiency.  

 Provide field supervisor office facility, with phone line. 

 Provide any and all local, state or federal agency permits or special clearance 

requirements. 

 Provide adequate down time for tie-in of the oxidizer system. 

 External insulation on incoming ductwork to the RTO or Bag House 

 All sales, state and local taxes, customs and duty charges if required. 

 Freight to jobsite. 

 



Preston Waller & Associates May 8, 2013 

Salisbury, MD Proposal No. 013-04RTO-461-R1 

5 

3.0 PROCESS DESIGN CONDITIONS 

The equipment will be designed to operate reliably and consistently in accordance with the 

design information provided.  A summary of the design conditions are given below: 

 

DESIGN CONDITIONS 

 DESIGN CONDITION 

Process exhaust volume (SCFMwet) 42,175 

Gas Exhaust Temperature (ºF) 120 

Estimated Moisture Content (% by volume) 9.55 (approximate) 

VOC Concentration (#/hr) 36.0 

VOC Constituents Hexane 

Average VOC Net Heating Value (BTU/#) 20,700 

Total Particulate Matter (#/hr) 

23.0 

PM 10 @ 25% 

PM2.5 @ 4.25% 

Required Destruction Efficiency (%) 98% 

Oxidation Temperature (ºF) 1,500 – 1,650°F  

Oxidizer Thermal Energy Recovery (%) 95 

Elevation (allowed) Ft ASL 500 
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3.1 PROCESS DESIGN CONDITIONS 

 
NESTEC, Inc.

Douglassville, PA Proposal Number 013-05RTO-461

Airflow Maximum Average Minimum

Volumetric flow rate 60,000 52,632 15,000 DSCFM

Humidity ratio 0.038 0.058 0.058 #H2O/#air

Elevation 500 500 500 Ft ASL

Temperature 120 120 120 O
F

Contaminant Rate 36.0 36.0 9.0 #/hr

Contaminant Concentration 45 27 18 PPMw  as VOC

Average higher heating value 20,700 20,700 20,700

Lowest autoignition temperature 437 O
F

Average molecular weight 86.2 # / #-mole

71055.00 64,184 18,293

Contaminants  Rate (#/hr)    AIT (
o
F) 

Inorganic Compounds

Oxygen 61,402 32.0 - - 0 0

Nitrogen 203,375 28.0 - - 0 0

Water Vapor 10,260 18.02 - - 0 0

Carbon Dioxide 121 44.0 - - 0 0

Sulfur Dioxide 0 64.1 -    

Combustion Air 3,988 28.95 - - 0 0

VOC and HAP Compounds 279,146

1 Hexane 36 86.2 86.18 437 20,700 745,200

Natural Gas Input 36

Methane 0 16.0 0.00    

0

VOC Totals 36 86.18 437 20,700 745,200

Properties of process air: 63760.84 57,595 16,415

Actual volumetric flow rate 71,055 64,184 18,293 ACFM

Water moisture, standard 3,761 4,964 1,415 SCFM(H2O)

Specific volume 15.79 16.26 16.26 Ft3 moist air

Total SCFM(w et) 63,761 57,595 16,415 SCFM(w et)

Pressure at inlet of oxidizer: Note; Includes desired drop for Bag House -8.0 -8.0 -8.0 inches w.c.

Oxygen content 19.7% 19.7% 19.7% (by volume)

Utility Conditions Maximum  Average  Minimum 

Hours per year of operation 8,400 0 0

Natural Gas higher heating value 1,000 Btu/Ft3

Fuel cost 4.500$          per MM Btu's

Electric cost 0.060$          per kW

Particulate

  Molecular Weight   Heat of Combustion (Gross)

Preston Waller & Associates

May 8, 2013

Section 2.0

System Design Basis
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4.0 PRICE OF EQUIPMENT 

 

Item Description Price 

8.1-8.20, 

(excluding 

items below) 

One (1) 60,000 SCFM NESTEC Regenerative Thermal 

Oxidizer (RTO) system with exhaust recirculation and 600 

HP 304 Stainless Steel forced draft fan as described in this 

proposal ....................................................................................  
     

$   1,868,250 

OPTIONAL ITEMS 

8.18-8.19 Mechanical and Electrical Installation – NESTEC  designed 

RTO equipment with redundant Bag House and 

supplemental pre-heat burner box @ 6.0 MMBTUH ..............  $      743,675 

8.21 Manufactured Bag House (fully insulated) as A36 

Galvanized carbon steel construction-fully .............................  $      656,935 

8.21 CAMCORP manufactured Bag House (fully insulated) as 

304 Stainless Steel construction ...............................................  $      897,425 

 Estimated Freight to facility location .......................................  $        28,000 

   
 

Payment Terms: 

 15% due upon receipt and acceptance of purchase order. 

 15% due upon submittal of approval drawings. 

 40% due upon release for fabrication. 

 20% due prior to shipment, or NESTEC’s ability to ship 

 5% due upon completion of installation, or within ninety days of the shipment, or 

NESTEC’s ability to ship, whichever occurs first. 

 5% due upon satisfactory testing or 180 days from shipment, whichever occurs first. 

 

Invoices will be submitted upon completion of each of the milestones listed above. As required 

by the payment schedule, the first invoice shall be paid upon receipt. The remaining invoices 

shall be paid within 30 days of the invoice date.  It is very important to us that our bills be paid 

within thirty (30) days of their receipt.  Interest at the rate of 1.5% per month will be added to 

unpaid balances after sixty (60) days following the date of the bill. In all cases, we reserve the 

right to stop work if our bills are not paid within sixty (60) days of receipt. 
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5.0 PROJECT SCHEDULE 
 

Task Weeks/Task* Completion 

Project Review Meeting 1 1 

Engineering / System Design 8 9 

Approval Drawing Submittal 3 12 

Buyer Review / Return 2 13 

Purchase of System Buy-Outs 4 17 

Manufacture  16 33 

Shipment of System Components 2 35 

Mechanical Installation 4 39 

Electrical Installation 4 43 

System Start-Up 3 46 

Owner Training 1 47 

Owner Compliance Testing / Turnover 1 48 

 * After acceptance of Purchase Order, including receipt of initial progress payment. 
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6.0 FUEL AND POWER CONSUMPTION 
Fuel and power consumption calculations are based on the design criteria as outlined in Section 

1.0 of this proposal.  Performance calculations are for comparison purposes only and will vary 

based on process conditions, ambient conditions and burner settings. 

 

Power Consumption: 

If any of the assumptions are incorrect, calculation values will change and new fuel and 

power consumption calculations should be performed. 

 
NESTEC, Inc.

Douglassville, PA

Process volume into oxidizer: 71,055 ACFM 64,184 ACFM 18,293 ACFM

Process temperature into oxidizer: 120 O
F 120 O

F 120 O
F

Process water vapor rate into oxidizer: 10,260 lbs/hr 13,737 lbs/hr 3,915 lbs/hr

Dry air rate into oxidizer: 60,000 DSCFM 52,632 DSCFM 15,000 DSCFM

Oxidizer energy recovery: 95% 95% 95%

Oxidizer purification temperature: 1,525 O
F 1,525 O

F 1,525 O
F

Oxidizer exhaust temperature: 190               O
F 190               O

F 190             O
F

Temperature increase, with no contaminants: 70                 O
F 70                 O

F 70               O
F

Net energy required: 4,872,220      Btu/Hr 4,421,624      Btu/Hr 1,260,163    Btu/Hr

Contaminant rate: 36.00             Lbs/Hr 36.00             Lbs/Hr 9                 Lbs/Hr

Heat release from contaminants at 20,700 BTU/#: 670,680         Btu/Hr 670,680         Btu/Hr 167,670       Btu/Hr

Net fuel energy required: 4,201,540      Btu/Hr 3,750,944      Btu/Hr 1,092,493    Btu/Hr

190.25 190.25 190.25

87.0% 87.0% 87.0%

Gross fuel energy required: 4,826,811      Btu/Hr 4,309,157      Btu/Hr 1,255,077    Btu/Hr

Hourly fuel use at 1,000 Btu/Ft3: 4,826.81        Ft3/Hr 4,309.16        Ft3/Hr 1,255.08      Ft3/Hr

Hourly fuel use at 4.50$      MM/Btu: 21.72$           /Hr 19.39$           /Hr 5.65$          /Hr

8,400 Hrs / Yr 0 Hrs / Yr 0 Hrs / Yr

182,453$       per year -$              per year -$            per year

182,453$       

Available energy (latent and sensible heat loss

correction factor):

Annual operation

Annual fuel cost

Total annual fuel cost: per year

May 8, 2013

Section 5.0

Thermal Oxidizer Fuel Consumption Data

Preston Waller & Associates

Average MinimumMaximum

The above fuel analysis is for comparison purposes only and will vary depending on burner adjustment and radiation losses.
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6.0 FUEL AND POWER CONSUMPTION (Continued) 

 

Fuel and power consumption calculations are based on the design criteria as outlined in Section 

1.0 of this proposal.  Performance calculations are for comparison purposes only and will vary 

based on process conditions, ambient conditions and burner settings. 

 

Power Consumption: 

If any of the assumptions are incorrect, calculation values will change and new fuel and 

power consumption calculations should be performed. 

 

NESTEC, Inc.

Douglassville, PA

Process volume into oxidizer: 71,055 ACFM 64,184 ACFM 18,293 ACFM

Pressure at oxidizer inlet: -8.0 " w.c. -8.0 " w.c. -8.0 " w.c.

Oxidizer energy recovery:

Oxidizer purification temperature: 1,525 O
F 1,525 O

F 1,525 O
F

Oxidizer exhaust temperature: 190              O
F 190              O

F 190              O
F

Oxidizer exhaust fan location:

Pressure drop across oxidizer 20.8 " w.c. 17.0 " w.c. 1.4 " w.c.

Process volume at fan inlet 71,055          ACFM 64,184          ACFM 18,293          ACFM

Fan efficiency

Brake Horsepower required 290.4 BHP 214.0 BHP 5.0 BHP

Net electrical energy required: 214.9 kW/hr 158.4 kW/hr 3.7 kW/hr

Hourly fuel electrical use at 0.060$   /kWhr: 12.89$          /hr 9.50$           /hr 0.22$           /hr

Annual operation 8,400 hrs/yr 0 hrs/yr 0 hrs/yr

Annual electrical cost 108,312$      /yr -$             /yr -$             /yr

Total annual electrical cost 108,312$      

95%

May 8, 2013

Preston Waller & Associates

Section 5.0

Maximum Average Minimum

Thermal Oxidizer Electrical Consumption Data

95% 95%

80%

The above electrical analysis is for comparison purposes only and will vary depending on power factor and motor efficiency.

Inlet Inlet Inlet

80% 80%
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6.0 ESTIMATED EXHAUST EMISSIONS TABLE 

Below listed information is for estimating purposes with actual emissions depending strongly on 

operating conditions along with the average temperature in combustion chamber, rate of burner 

fire, type of burner design, and if running with X% excess air for combustion.  Relative to CO 

and NOx emissions and based on information received direct from Maxon (preferred burner 

vendor), we best can estimate CO and NOx emissions as below. 

 

CO2 H2O O2 N2 SO2 HCl HF HBr SiO2

5.3 572.3 1,944.0 7,369.0 0.0 0.0 0.0 0.0 0.0

Outlet Composition - by Compound, #-moles/hr

 

44.01 18.01 32.00 28.01 64.06 20.01 20.01 36.46 20.01

232 10,310 62,204 206,434 0.00 0.00 0.00 0.00 0.00

34 3685 12516 47444 0.00 0.00 0.00 0.00 0.00 63,678

0.1% 5.8% 19.7% 74.5% 0.00% 0.0% 0.0% 0.0% 0.0% 100.0%

0.0 0.0 0.0 0.0 0.0

Totals
```

Mass Rate (#/hr)

Percent, by vol

Flow (SCFM)

Concentration, PPMv  

Note:  NOx emissions estimated at 0.04 pounds (or less) per MMBTUH firing rate. 

            CO emissions estimated at 0.01 pounds (or less) per MMBTUH firing rate. 
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7.0 PERFORMANCE GUARANTEE/WARRANTY 

The thermal oxidation system offered in this proposal is guaranteed to reduce the following 

emissions: 

 

♦ VOC emissions emanating from Buyer’s process by 99% (on a methane free 

basis) 

 

These guarantees are based on the following provisions: 

 

1. The equipment is operated in accordance with Seller’s written operating and 

maintenance instructions. 

2. The equipment is operated within the design conditions as specified in Section 

1.0 of this proposal. 

 

Testing to determine if the equipment offered is in compliance with the terms of the guarantee 

described above may be conducted by Buyer.  Such testing shall be conducted in accordance 

with the following: 

 

1. The testing methods to be used to show compliance are as follows: 

VOC US EPA Method 25A 

Methane US EPA Method 18 

2. Testing shall be performed by an independent test firm that meets the approval 

of both the Buyer and Seller. 

3. Seller shall be notified at least 10 days in advance of the testing and shall be 

permitted to have a field service engineer present during the test.  The field 

service engineer shall have the opportunity to adjust the equipment prior to 

testing in order to obtain optimum performance. 

4. At least three, one hour performance test runs shall be conducted.   

5. Testing shall be conducted within 60 days of start-up contingent upon the 

availability of an approved local testing firm to perform the tests. 

 

The equipment shall be considered to be in compliance with the terms of the guarantee if: 

 

1. The average of the three outlet performance tests conducted shows that the 

emissions are reduced by 99%, exclusive of methane or are reduced to less 

than 10 ppm (as propane), and, 

2. Buyer does not conduct the performance test within the time frames described above. 

If the equipment, when tested, does not meet the terms of the performance guarantee as specified 

herein, Seller shall have a maximum of 6 months to make whatever modifications and 

improvements that are necessary to meet the performance guarantee. 
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PERFORMANCE GUARANTEE/WARRANTY (Continued) 

After such time that Seller has made such modifications and improvements, a second series of 

tests shall be performed to determine if the equipment is within the terms of the guarantee.  

Seller shall pay for this second series of tests. 

 

If, after this second series of tests, the equipment still fails to meet the terms of the performance 

guarantee as specified above then Seller and Buyer shall agree on adjustments to the selling price 

or on a course of action including necessary additional improvements, which are fair and proper. 

 

WARRANTY 

 

Seller warrants that the equipment offered in this proposal shall be free of defects in materials 

and workmanship for a period of twelve months from start-up or 18 months after delivery of 

equipment. 

 

If any part of the equipment supplied is found to have a defect in material or workmanship, 

Seller will replace said part at no cost to Buyer. 

 

This warranty does not apply to equipment failure due to normal wear and tear, abrasion, 

corrosion or negligence in operating the equipment on the part of Buyer or Buyer’s sub-

contractor(s). 
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8.0 EQUIPMENT DESCRIPTION 
8.1 OXIDATION CHAMBER 

One (1) oxidation chamber will be provided.  The oxidation chamber will be comprised of three 

sections, located above the heat recovery chambers.  The combustion chamber itself will be sized 

at approximately 25’-0”L x 23’-0”W x 8’-6” H, and designed appropriately to provide a nominal 

1.0 second retention time at 1,500F. 

 

 

 

 

 

 

The oxidation chamber will be fabricated from a minimum 1/4” carbon steel plate with structural 

reinforced flange and stiffeners.  The section’s flange connections will be bolted and gasketed in 

the field during installation to assure airtight construction.   

 

The oxidation chamber will be provided with a hinged access door with easy opening davits for 

routine inspection of the burner and internal insulation. 

 

 

Oxidation Chamber Access Door 

8.2 HEAT RECOVERY CHAMBER 

Two (2) heat recovery chambers, internally insulated with Thermal Ceramics, or equal, 

insulation, will be provided.  Each chamber will be approximately 23’-0”L X 11’-0”W x7’-0”H 

and be fabricated from a minimum 1/4" carbon steel plate with structural reinforced flanges and 

stiffeners (similar in design to the oxidation chamber). 

 

Due to the high volume of moisture within this application, the recovery chamber sections will 

be installed on a galvanized dipped structural steel support, bolted and gasketed to the oxidation 

chamber to assure airtight construction. 

 

The recovery chamber also includes a 304 Stainless steel or equivalent grid designed to support 

the heat recovery media.  The support grid is designed for a maximum continuous operating 

temperature of 900ºF. 

= ( X

= Ft3

= ACFM @ 1525 Deg F

=

Ft2  )

Internal Volume:
24Ft2  + 25 Ft

4,004

157

248,127

Retention Time:

Seconds0.97
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Oxidation, Heat Recovery Chamber and Base Steel 

 3,500 SCFM RTO shown 
Alloy Support structure 

45,000 SCFM RTO shown 
8.3 INLET/OUTLET TRANSITION 

An inlet and outlet transition ducting arrangement will be provided.  Due to the high moisture 

content in the exhaust stream within this application, all wetted parts within the scope of 

responsibility of NESTEC are to be constructed of 304 stainless steel.  The inlet/outlet transitions 

are located directly below the heat recovery chambers.  As mentioned and for this application, 

the transition sections will be fabricated from 304 stainless steel. 

The transition section is designed to allow uniform air distribution into the bottom of the 

recovery chamber beds.  This design helps to maintain high VOC destruction efficiencies and 

maximize thermal efficiency, while minimizing the discharge of un-oxidized air which occurs 

during valve cycling.  The oxidizer housing is shop assembled and match marked to the 

maximum extent possible minimizing field installation time. 

 

8.4 HEAT RECOVERY MEDIA 

Many forms of heat recovery media are available.  For this application, the regenerative heat 

recovery chambers will be filled with 2” ceramic saddles at not to exceed 2’-0” high.  Above the 

ceramic saddles will be 5’-0” of 40 cell block heat recovery media.  The ceramic saddles are 

provided to assist with proper airflow distribution into the heat recovery beds.  The media is 

chemically and thermally stable for rapid heat up and cool-down of the system.  The heat 

exchange area is sized to yield 95% thermal energy recovery with a 3 minute cycle time.   

 

 

Many forms of media are available 
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8.5 INTERNAL INSULATION 

One (1) lot of internal thermal insulation will be provided. The recovery and oxidation chamber 

will be internally insulated with Thermal Ceramics, or equal, insulation.  Each module is a soft 

ceramic blanket fiber with 304 stainless steel reinforcement and mounting hardware.  All internal 

insulation is shop installed and inspected prior to shipment.  The ceramic insulation is 6" thick, 

8# density in the recovery chamber and 6” thick, 10# density block in the combustion chamber. 

The insulation is capable of operating at 2,400ºF. 

The internal insulation is designed to provide a 150ºF skin temperature while operating at 

1,500ºF.  (Skin temperature is based on 5-mph wind velocity and 70ºF ambient temperature.) 

 

8.6 INLET AND OUTLET MANIFOLD 

Process air will be supplied to and from the oxidizer through the inlet and outlet manifolds.  Due 

to the high level of moisture within this application, the inlet manifold will be constructed from 

3/16” thick 304 stainless steel.  The outlet manifold system will be fabricated from 3/16” thick, 

carbon steel, companion angle all weld construction.  The manifold system will be structurally 

reinforced for temperature and pressure requirements. 

 

8.7 PROCESS AIR FLOW CONTROL VALVES 

The NESTEC oxidizer utilizes one (1) vertical blade type, dual seat flow control valve located 

under each heat recovery chamber to control the direction of flow of the process air into and out 

of the oxidizer.  The valves include pneumatic actuators that are controlled by the Allen-Bradley 

PLC. The valves cycle the airflow, alternating the airflow direction through the oxidizer to 

maintain optimum heat recovery effectiveness during normal operation.  

Due to the high moisture content within this exhaust stream, the valve disc seats, housing and 

shaft are fabricated from 304 stainless steel. The valve components are precision machined and 

assembled prior to shipment. Each valve will include a Neumatics, or equal, pneumatic actuator 

with mufflers and integral limit/position switch which provides a control signal to the Allen-

Bradley PLC.  

 

 

 

 

 

 

 

 

 

 

 

 
Large bolt-on access door allows easy         

inspection of the valve, cold face support and 

manifold ducts.     
 

 
Easy access to all pneumatic components from 

ground level.  Large pin shown is for lockout/tag out.                                   
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8.8 EXHAUST STACK 

The outlet manifold will be connected to the main exhaust stack. The stack will be 62” diameter 

x 40’ tall, fabricated from carbon steel, in accordance with the local building code for the region.  

The stack is a freestanding design and will include two (2) 90° separated EPA sampling ports.  

Access to the stack test ports will be from the extended burner platform. 

 

8.9 FORCED DRAFT FAN AND MOTOR 

The oxidizer will be supplied with an arrangement 4, forced draft fan as manufactured by Fan 

Equipment Co, Chicago Blower or equal. The fan wheel will be direct coupled to the motor 

eliminating the need for external bearings and couplings.  The fan includes bolted inlet and outlet 

flanges, inspection door, split housing for wheel removal, and drain.  The fan will be fabricated 

from 304 stainless steel housing with 304 stainless steel shaft sleeve in the air stream.  The 

housing and motor will be mounted to a common structural base. 

Based on initial sizing, the fan will be provided with “test-block” conditions at 600 HP 

480V/3ph/60 Hz electric motor suitable for inverter duty. 

 

8.10 VARIABLE FREQUENCY DRIVE 

The process flow will be controlled by an Allen Bradley, ABB, or equal, variable frequency 

drive system.  The VFD will be supplied in a NEMA 1 enclosure for indoor installation. 

The VFD controls the fan speed to maintain a preset inlet pressure to the fan.  As process 

conditions change the Setra, or equal, pressure sensor located upstream of the fan senses any 

change in inlet pressure and signals the drive system to adjust fan speed and maintain set point. 

 

8.11A OXIDIZER FRESH AIR DAMPER 

A fresh air inlet damper with actuator will be provided for use during start-up of the RTO 

equipment. The valve includes proof-of position switches. 

The fresh air damper will be carbon steel and provided with a two-position actuator to provide a 

source of clean, non-hazardous air during the oxidized purge and start-up cycle.  The valve will 

be provided with proof-of-open and closure switches that will be interlocked with the purge 

permissive control circuit in the RTO. 

 

8.11B OXIDIZER PROCESS ISOLATION DAMPER – BY OTHERS 

By others; not provided in this proposal.  To be manufactured from 304 stainless steel and 

provided with a two-position actuator to provide a positive separation between the process 

exhaust and the RTO when the RTO is not in service and during the purge and start-up cycle.  

The valve will be provided with proof-of-open and closure switches that will be interlocked with 

the purge permissive control circuit in the RTO. 

 

8.11C OXIDIZER EXHAUST RECIRCULATION  

To be manufactured from insulated corten steel and provided with a multi-position actuator to 

provide a positive modulating control for preheat requirements of the process exhaust leading to 

the two (2) bag house arrangements.  The valve will be provided with proof-of-open and closure 

switches that will be interlocked with the purge permissive control circuit in the RTO. 
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8.12 CONTROLS 

 

8.12a Main Control Panel 
The main control panel is pre-wired, labeled, shop tested and prepared for connection to the plant 

power source before shipment.  The control panel is a NEMA 4 enclosure for indoor or outdoor 

installation and is completely pre-wired to terminal strips within the cabinet. 

All wiring is identified at both ends with designations corresponding to the diagrammatic wiring 

drawings.  All wiring will be stranded copper with 600-volt insulation type MTW, THHN, or 

THWN.  Minimum wire size will be #14 AWG.  The main panel will be mounted and prewired 

to the RTO skid. 

The panel will consist of the following components: 

 Allen-Bradley Compact Logics PLC model 1769-l32E 

 PanelView Plus Compact PC 10” Color Touch Screen 

 Fireye Burner Management System  

 Honeywell Chart recorder 

 Honeywell UDC(2) 

 Key Lock 

 E-stop Button 

 1 KVA Transformer 

 Wiring trough 

 Breakers 

 Terminals 

 

8.12b Transformer Panel 

A small enclosure is located near the burner to house the ignition transformer.    The panel is a 

NEMA 4 enclosure for outdoor installation. 

 

8.12c Field Mounted Devices 

Seller will also supply necessary field components to ensure a safe and reliable system.  

Additional components include: 

 Proof of flow pressure switch 

 Pressure transmitter 

 Flow control valve with solenoid and pressure regulator 

 Pneumatic air accumulator manifold with pressure relief valve 

 Pneumatic air low pressure switch 

 (8) Thermocouples for temperature monitoring at the inlet (1), each media bed (2), each cold 

face (2), burner chamber (2), and exhaust stack (1).  Thermocouples shall be dual element 

type K for a total of 16 signals 

 All safety component supplied with IRI/FM approvable gas train 

 (1) Fire-Eye UV self-checking scanner 
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The following human machine interface (HMI) full color touch screens are provided: 

 

                     Welcome Screen                                     Start-Up Screen 

          System Overview Screen                   Temperature Profile Screen                                                                                     

           Process Control Screen                        First-Out / Alarm Screen                
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8.13 BURNER AND FUEL TRAIN 

One (1) Maxon/Hauck, or equivalent burner, sized to provide 8.0 MMBTUH at maximum 

capacity will be provided.  The burner and fuel train is designed to be fired on a natural gas with 

a heat content of approximately 1,000 BTU/Ft3.  All components will be shop wired in to the 

Burner Control Panel, as described in 8.12b.  

The combustion blower will be provided with a nominal 10.0 HP, TEFC, 3600 RPM 480V/60/3 

electric motor. 

8.14 ACCESS PLATFORMS 

The RTO will be provided with a full length access platform, 4’-0” wide x approximately 30’-0” 

long and will allow access to the burner, combustion chamber access door, and extend to the 

exhaust stack  for access to the two (2) 90° separated EPA sampling ports.  The walkway will be 

provided with galvanized walkway grating, 4” toe plate, handrails and access ladder.  The toe 

plate, handrails, and access ladder will be painted “safety yellow”. 

 

 
Typical Burner and Stack Platform  

 

8.15 STRUCTURAL STEEL 

The RTO will be installed on a structural steel base that will support the heat recovery chambers, 

combustion chambers and access platform.  It will be fabricated from galvanized dipped A-36 

grade carbon steel. 

 

8.16     PAINT 

All mild steel will receive a light sandblast and be painted with one (1) coat of primer and one 

(1) coat of high temperature paint prior to shipment.  All OEM equipment will retain their 

factory finish. 

 

 

 

 

 

 

 

 



Preston Waller & Associates May 8, 2013 

Salisbury, MD Proposal No. 013-04RTO-461-R1 

 

21 

 

8.17 SHOP TESTING (PANEL CHECK) 

The RTO panels will be tested within the limits of the assembly.  The Main and Burner panels 

will receive a point-to-point wire check to insure there are no direct shorts.  Any problem will be 

corrected at that point.  After the panels pass this test, the panels will be powered on 

120VAC/60/3 electrics.  Each device will be exercised to insure it is performing properly.  Once 

this test has been completed, the PLC program will be installed and checked for proper 

operation.  At that time, the customer will be invited to sign off on the equipment, and any 

deviations to the contract will be corrected. 

 

 
 

8.18 TECHNICAL SERVICES 

The following table lists the technical services that are offered for this project.  The status 

indicates if it is included in the base price or will be billed as an extra to the project:  

Description Status Location Days/Trips Included 

a. Hazardous Operations review: Included Tele-Con 4 hrs 

b. Submittal Review: Extra Site May be purchased at the lists rates 

c. Shop Inspection: Included Fab. Shop as required 

d. Shop Testing Included Fab. Shop 1 week 

e. Installation Supervision1: Optional Site May be purchased at the lists rates 

f. Installation Check-out1: Optional Site May be purchased at the lists rates 

g. Startup1: Optional Site 2 Weeks 

h. Training: Included Site 2 Days 

i. Commissioning w/ process: Extra Site May be purchased at the lists rates 

j. Additional Engineering or    

Plant modification: 

Extra Site May be purchased at the lists rates 

1 This item is included with installation purchase from NESTEC Inc. 
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8.18 TECHNICAL SERVICES (Continued) 

If additional time, travel or services are required they will be billed at the following rates: 

Monday – Friday $155.00/hr 

Monday – Friday Emergency $170.00/hr 

Saturdays $190.00/hr 

Sundays, Holidays $250.00/hr 

Expenses  Cost plus 10% 

Materials, Parts & Subcontracts Quoted separately 

Travel Time (including overnight stays) Straight time ($95.00/hr) 

All work and travel will be performed during normal working hours (Monday thru Friday) unless 

arranged otherwise in advance.  Work and travel performed outside of normal hours, during 

weekends or holidays, will be subject to a premium rate.  Nestec rates are stated above and will 

apply to all Nestec personnel involved in the scope of work described herein (service technician, 

installation supervision, engineering or project management support as required, etc.).   

Nestec pricing is exclusive of any applicable taxes, duties, permits or fees associated with the 

work described herein. 

 

8.19 MECHANICAL INSTALLATION (OPTIONAL) 

Seller offers a complete mechanical installation of all of the items listed above.  Installation shall 

include the following services: 

 Off loading and setting of oxidizer equipment including the 

recovery and combustion chambers, poppet valves, manifolds, 

exhaust stack, structural support steel, and interconnecting 

ductwork integral to the RTO. 

 Install all ancillary items for the required mechanical 

connections, i.e., expansion joints, burner piping, access 

platforms (if purchased), etc. 

 Supply and install supplemental preheat burner box for 

additional heating concerns associated with low outside 

temperatures and potential freezing of the bag house bags. 

8.20 ELECTRICAL INSTALLATION (OPTIONAL) 

Seller offers a complete electrical installation from the main control panel to all 

field devices.  This includes the following services: 

 Installation of all conduit and wire 

 All electrical connections from the main control panel to 

exhaust fan, combustion blower, instrumentation and field 

control devices (i.e., preheat burner box).  
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8.21 OPTIONAL EQUIPMENT ITEMS 

Two (2) CAMCORP Model 34TR12X544 Pulse-Jet BAG HOUSE Dust Collector. 

 -8” WC pressure drop design basis (test block design basis) 

 3” thick insulated all welded #12 Gauge Carbon Steel, Heavy Duty construction 

 Equipment dimensions: 12’-0” W x 24’-6” L x 27’-0” H 

 Two-position isolation damper arrangement for use when maintenance is required on one 

or the other of the bag houses. 

 External surfaces primed and finish painted with “white” industrial enamel. 

 (544) 6” diameter x 12’ long PFE laminated 16oz. felt acrylic filter bags, snap band no-

tool design.  Provides total filter area of 10,445 ft2. 

 (544) Heavy duty #11 gauge galvanized carbon steel (12) wire filter bag cages with 

integral venturi. 

 Reverse /pulse cleaning system operating @ 50 SCFM at 90-100 PSIG 

 Clean air plenum w’ quick opening, clamped doors for access to filter bags & cages. 

 Dirty air housing 

 Trough hopper with 60° side slope and 18” diameter bolted cleanout port 

 One (1) 9” diameter x 20’ long 5 HP screw conveyor  

 Structural supports providing 4’ clearance below hopper discharge 

 Ladder, cage, and plenum roof railing 

 

8.22 OPERATION AND MAINTENANCE MANUALS 

Three copied of complete “as-built” O&M manuals will be issued approximately 4 weeks after 

start-up.  The manuals will be organized into sections that are easy to use and will include all cut 

sheet for all buyout items.  The manuals will be issued on CDs organized in PDF format 

complete with bookmarks and tabs. 

8.23  NOTES PERTAINING TO SCOPE 

Engineering: 

All dimensions outlined in this proposal are approximate and subject to final engineering.  

Drawings can be provided electronically in AutoCAD 2000. 

Future Design Changes: 

In the interest of maintaining state-of-the-art reliability and performance in our equipment, Seller 

reserves the right to revise or make design changes to system components and software to allow 

adoption of the latest advancements and developments in design from both our in-house 

engineering group and outside vendors.  

Safety Controls: 

All safety controls incorporated into our system are generally approved by insurance standards.  

Any additional safety controls required due to local codes or regulations shall be paid for by the 

Buyer. 

Sound Abatement: 

Noise levels from our system can only be estimated.  It is estimated that the noise emitting from 

the RTO will not exceed 85dBa at 5 feet.  If noise levels from the oxidizer system or a 
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combination of noise levels with other existing equipment exceed local code requirements, the 

Seller can provide additional sound abatement equipment at an additional cost. 
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9.0 TERMS AND CONDITIONS 
Term of Proposal.  Unless otherwise provided, this Proposal is subject to acceptance by Buyer within sixty (60) days from the Proposal date.  

2. Proprietary & Confidential Materials.  A.  All drawings, patterns, specifications and information included in Seller’s Proposal or Contract, and all other 

information otherwise supplied by Seller as to design, manufacture, erection, operation and maintenance of the equipment, shall be the proprietary and 
confidential property of Seller and shall be returned to Seller at its request.  Buyer shall have no rights in Seller’s proprietary and confidential property 
and shall not disclose such proprietary and confidential property to others or allow others to use such property, except as required for the Buyer to obtain 
service, maintenance, and installation for the equipment purchased from the Seller.  Specifically, Buyer agrees that no drawings, specifications or 
information included in Seller’s Proposal or Contract shall be used by Buyer for competitive bidding or similar purposes without Seller’s consent and 
Buyer shall not reproduce or build assemblies or process systems per Seller’s design drawings without explicit approval by Seller.  B.  Buyer shall hold in 
confidence and shall not disclose, divulge, or publish to any person, or use or copy any trade secret, process, record, plan, projection, information 
pertaining to customers or prospective customers, financial information, marketing strategies, or any other confidential or proprietary information of 
Seller (including the terms and conditions of this Contract or any other agreement between Buyer or Seller) acquired or in connection herewith, or 
disclosed or transmitted by Seller or any of its agents, employees, or affiliates, except as authorized in writing by Seller, and Buyer shall keep, and shall 

require its officers, directors, employees, and agents to keep such information confidential. C. This clause shall survive the termination of this Contract 
and be in effect as long as Buyer has possession of any of Seller’s proprietary or confidential information.  

3. Taxes, Permits, Licenses and Bonds.  Unless otherwise provided, any tax or import duty imposed by any federal, state, local or municipal Authority arising 

out of either the sale, manufacture or installation of the equipment or performance covered by this Contract, is not included in the price as quoted in the 
Proposal, and will be made an additional charge to be paid by Buyer.  All building, erection or other licenses or permits necessary or related to the work, 
shall be secured and paid for by the Buyer; and should the Seller be required to furnish any bond or bonds on account of the execution or fulfillment of 
this Contract, the cost shall be added to the quoted price. 

4. Delivery.  Unless otherwise provided, all shipments of materials and equipment shall be made Seller F.O.B. destination. Title and risk of damage to or 

loss of goods shall pass to Buyer upon delivery by Seller to the carrier.  Seller assumes no responsibility for loss or damage to the equipment or 
machinery after delivery to carrier. No claim will be allowed unless made by Buyer within 7 days from receipt of shipment. This Contract is based on 
current freight rates and the price is subject to adjustment in the event that a change in such rates affects Seller’s cost of performance hereunder. Prices 
quoted are for furnishing and shipping complete, or in accordance with the delivery schedule specified, the quality or quantities listed for each item. 
Should shipping releases or schedules be changed for any reason beyond Seller’s control, Seller reserves the right to invoice according to quantities or 
equipment shipped. If Buyer declines or is unable to take delivery at the time(s) specified in the proposal or contract, Seller will have the equipment 
stored for Buyer at Buyer’s risk and account, and the materials shall be considered “shipped.” Buyer shall pay storage, handling and re-handling charges 
and continue to make payments according to the payment terms contained herein. 

5. Price Adjustment.  All shipping dates are approximate, based on prompt receipt by Seller of all necessary information and are subject to change by reason 

of conditions beyond Seller’s reasonable control as stated in Article 17. Should Buyer request delay in shipment of the equipment, or after shipment the 
installation thereof is delayed by Buyer or for any cause beyond Seller’s reasonable control, the entire purchase price, less the amount estimated for 
installation, or any incomplete part thereof or the price of any other incomplete work, shall be due and payable within 30 days after shipment, or if not 
shipped, 30 days from the date the equipment is ready for shipment. In the event Buyer requires Seller to delay engineering, fabrication, shipment, 
installation, or start-up of the equipment and/or machinery under this Contract, Seller shall be entitled to full reimbursement for all costs incurred as a 
result of such delay. 

6. Installation.  In the event installation work is a part of this Contract, the equipment and/or machinery shall be assembled, erected and installed under the 

personal direction of an employee or the agent of the Seller.  Buyer shall furnish sufficient electricity, water, air, light, heat, sanitary facilities, and fire 
protection as well as adequate all-weather storage space, ingress and egress to job site and other items that may be listed under Buyer’s responsibilities.  
The site is to be prepared for installation personnel to work in a normal fashion with no extra equipment or procedures required due to construction or 
production interferences.  Unless otherwise stated, installation shall be performed only during Seller’s normal working hours and any overtime work 
required for any reason shall be requested by and paid for by Buyer. 

7. Changes and Differing Conditions.  A.  In the event there are changes requested by Buyer, or changes in site conditions or installation requirements 

subsequent to issuance of the Purchase Order, the parties shall renegotiate the price quoted herein to reflect all expenses caused by said changes.  B.  
Buyer, by written order accepted by Seller, may make reasonable changes in the scope of work subject to equitable adjustments in the Contract price and 
schedule, including an allowance for increased overhead and profit.  Seller is not obligated to incur any expense or do any work in excess of that 

reasonably anticipated unless Buyer issues a written order for such expense and work with mutually acceptable terms and conditions.  C.  Seller reserves 
the right to make changes, subject to Buyer’s approval, in design or material which in Seller’s judgment are for improvement in the equipment and/or its 
operation.  D.  In the event Seller is installing equipment and any site conditions or installation requirements at the time of erection differ materially 

from those evident at the time of Seller’s pre-bid site visit, Buyer’s representations, and conditions ordinary to similar projects, then any additional costs 
caused by the differing site conditions or installation requirements shall be subject to equitable adjustment to the Contract price and schedule.  E.  In the 
event activities or operations at the site by parties other than Seller interfere with the execution of the work, an equitable adjustment shall be made to the 
Contract price and schedule. 

8. Safety Devices.  Seller will supply such safety devices or fire protection equipment as is specified in the Proposal.  If Buyer desires or requires through 

local, state, or insurance underwriter’s specifications or regulations, other additional safety devices or equipment, Seller will undertake, without being 
obligated therefore, to furnish same at Buyer’s cost. 

9. Material/Workmanship Warranty.  Seller warrants that all equipment and machinery which it manufactures and furnishes and work provided will be 

free from defects in materials and workmanship for a period of twelve (12) months after the first item is shipped.  Seller’s sole obligation hereunder is to 
repair or replace, at Seller’s option, any part or component which, after Seller’s inspection, proves to be defective.  This warranty does not apply to 
consumable, replaceable parts or components normally subject to wear and replacement. 

Seller’s obligations hereunder are subject to the following conditions: 

a) Receipt from Buyer of immediate written notice of any defect containing a full description thereof. 

b) Buyer shall not without Seller’s approval have attempted to correct the defect. 

c) Buyer shall have installed (if applicable), operated and maintained the equipment strictly in accordance with Seller’s operating and maintenance instructions, including, but 
not limited to, the use of only those materials specified in the Proposal and in the inlet quantities stated in the Proposal. 

d) The defect has been caused solely by faulty materials or workmanship for which Seller is responsible, and is not due to such things as erosion, corrosion, or deterioration 
resulting from the manner in which the equipment is operated, accident (including damage during shipment), neglect, misuse or abuse, or exposure to conditions beyond 
the environmental power or operating constraints specified by Seller. 

 To the extent that the materials and equipment furnished consist of products manufactured by other parties, such manufacturer’s warranty is hereby assigned to Buyer, and 
Seller’s responsibility with respect to any such products shall not extend beyond the manufacturer’s warranty with respect thereto.  It is understood that Seller’s warranty 
with respect to such products is limited to repair or replacement at Seller’s option and does not include labor, costs to repair or replace components or travel unless specifically 
provided otherwise. 

10. Patent Warranty.  Seller shall defend at its expense any suit or proceeding brought against Buyer based on any claim that the equipment covered herein, 

except for equipment or material manufactured or designed to Buyer’s specifications, infringes any U.S. patent issued as of the date of this Proposal, and 



Preston Waller & Associates May 8, 2013 

Salisbury, MD Proposal No. 013-04RTO-461-R1 

 

26 

 

pay any court imposed damages and costs finally awarded against Buyer, but not to exceed the amount theretofore paid to Seller by Buyer hereunder 
provided:  a) Seller is promptly notified by Buyer in writing of such claim; and b) Seller is given full authority, information, & assistance by Buyer which 
Seller deems necessary for the tests (if applicable) in accordance w/applicable standard procedures as specified in the proposal & in conduct of such 
defense. 

 Seller shall have the right and option at any time in order to avoid such claims or actions and minimize potential liability to:  a) procure for the Buyer the right to use the 
equipment; or b) modify the equipment so that it no longer infringes; or c) replace the equipment with non-infringing equipment. 

11. Performance Guarantee.  Seller’s sole guarantees are those contained in its Proposal to Buyer.  These guarantees are contingent upon the correctness & accuracy of the in-
formation provided by Buyer & are based upon the operating conditions specified in Seller’s Proposal & operation & maintenance by properly trained personnel. These 
guarantees will be deemed satisfied by successful completion of performance effect on the date of this proposal. Performance tests shall be conducted by the Buyer, (unless 
otherwise specified in Seller’s proposal), & witnessed by Seller, at its option, w/in ninety (90) days of initial operation of the equipment.  In the event the said tests are not 
conducted within ninety (90) days of initial operation or within six (6) months of shipment, whichever is earlier, & through no fault of Seller, the equipment shall be deemed 
accepted by the Buyer and in compliance with all contractual requirements. Seller makes no warranty whatsoever as to the inclusion of the equipment supplied by Seller into 
Buyer’s process (if applicable), Seller’s warranty being limited solely to the performance of its equipment in accordance w/the specifications therefore.  In the event the 
equipment fails to meet the Contract performance guarantees, Seller will supply at its sole option, repaired or replacement parts pursuant to the delivery terms of the Proposal 
subject to the limitations stated in Article 15. 

12. IMPLIED WARRANTIES/GUARANTIES DISCLAIMER.  THE WARRANTIES AND GUARANTIES FURNISHED BY SELLER, AS EXPRESSLY INCLUDED 
HEREIN, CONSTITUTE THE SELLER’S SOLE OBLIGATION HEREUNDER AND ARE IN LIEU OF ANY OTHER WARRANTIES OR GUARANTIES, 
EXPRESS OR IMPLIED, INCLUDING WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. 

13. Disclaimer of Consequential Damages.  Seller, its subsidiaries, affiliates, agents, or employees shall not be liable to Buyer for incidental, indirect, special, 
liquidated or consequential damages, including, but not limited to, loss of profits or revenue, loss of use of equipment, costs of replacement or substitute 
goods or product, costs of capital, additional expenses incurred in the use of equipment or facilities, or claims of third parties.  This disclaimer shall 
apply to consequential damages based upon any cause of action whatsoever asserted against Seller, including one arising out of any breach of warranty, 
express or implied; guarantee; products liability, negligence; tort; or any other theory of liability. 

14. Indemnification by Buyer.  Buyer shall indemnify Seller for, & hold Seller harm-less from, all costs & expenses incurred by Seller, including, without 

limitation, costs of investigation, attorney’s fees, & amounts paid in settlement or satisfaction of claims, proceedings, or judgments, in connection w/all 
claims & proceedings against Seller based upon claimed defects in design in any equipment or material manufactured for Buyer by Seller to Buyer’s 
specifications or design. 

15. Limitation of Liability.  In no event will Seller’s liability to the Buyer for any and all claims, including property damage and personal injury claims, 
allegedly resulting from breach of contract, tort, or any other theory of liability exceed the amount of the initial purchase price paid to Seller by Buyer. 

16. Buyer’s Negligence and Insurance.  Seller shall not be responsible for losses or damages arising out of the negligence of the Buyer, its employees, agents 

or architects or those of third parties whom Seller is not responsible, or losses for which the Buyer has agreed to provide insurance.  In the event that 
both Seller and the Buyer are negligent and the negligence of both is approximate cause of the accident, then in such event each party will be responsible 
for its portion of the liability or damages (excluding consequential or indirect damages which are disclaimed by Seller) resulting there from equal to such 
party’s comparative share of the total negligence. 

17. Delays and Damages - Force Majeure.  A.  In the event of delays in the performance of the obligations hereunder or damages due to conditions beyond 
Seller’s reasonable control, including, but not limited to acts of God, acts of Buyer, or Buyer’s customer or of other contractors employed by Buyer, acts of 
civil or military authority, governmental restrictions, prohibitions and regulations, priorities, fire, storms, strikes, floods, epidemics, quarantine 
restrictions, war, riot, delays in transportation, car shortages, or Buyer’s inability to obtain necessary labor, materials, or manufacturing facilities, the 
Contract dates shall be extended by an equitable period of time and Seller shall be entitled to an equitable adjustment in the Contract price.  B.  
Acceptance of the equipment by Buyer shall constitute a waiver of all claims for damages.  C.  Seller’s shipping dates are approximate.  Seller will not be 

responsible for loss or damage arising from delays caused by lack of correct or complete dates from Buyer.  D.  This Section shall in no event be 
construed to relieve Buyer from the obligation to pay for goods shipped by Seller. 

18. Cancellations.  In the event of any cancellation by Buyer for any reason at any time after Seller has received a purchase order (or other authorization) for 

any equipment, parts, or services or any combination thereof, Buyer shall pay to Seller within 30 days of such cancellation, all contract costs and other 
expenses incurred by Seller prior to receipt of the request for cancellation (including, but not limited to, engineering expenses, and overhead, costs of 
expended material, direct labor with factory burden, and all commitments to Seller’s suppliers, subcontractors and others), plus cancellation charges of 
20% of the Contract price to cover general and administrative expenses plus 10% of the Contract price to cover profit lost by reason of cancellation. 

19. OSHA – Federal, State, & Local.  Seller agrees to comply with the Federal OSHA requirements in effect as of the date of this proposal relative to the work 

performed hereunder.  Seller’s sole responsibility is limited to modification or replacement of the equipment cited as violating such standards.  OSHA 
requirements with respect to noise are specifically excluded.  Where state, local or Buyer’s health & safety requirements differ from the Federal OSHA 
requirements, modifications or changes in design to meet such requirements will be incorporated at Buyer’s request.  Additional costs arising from such 
requests & from erection procedures required by state, local or Buyer’s health & safety regulations which deviate from Federal OSHA requirements will 
be for Buyers’ acct. 

20. Hazardous Materials.  If the Buyer’s facilities contain hazardous materials, including asbestos bearing materials and any such materials are encountered, Seller shall have 
no obligation to remove or remediate them in the absence of a separate agreement that includes separate consideration to Seller for such work.  If Seller or any of its 
subcontractors is required to perform work within or immediately adjacent to any facilities that are determined to contain hazardous materials and/or asbestos, and the said 
work must be interrupted to allow for the remediations or removal of such materials by others, Seller shall be entitled to any and all costs & other expenses associated with 
such interruption in work.  Buyer shall fully defend, hold harmless and indemnify Seller & its agents from & against any claim arising out of exposure to such hazardous 
&/or asbestos bearing materials. 

21. Credit and Payment.  A.  Unless otherwise agreed, payment shall be as outlined in the Proposal and payments shall be made in current funds of the U.S. 

at par within 30 days of presentation of an invoice.  Payments not received by the due date shall be subject to a monthly interest charge at the rate of 2% 
per month or the maximum amount allowed by law, whichever is less, due and payable until the payment is received.  B.  Buyer shall also pay all 
collection costs of Seller on any delinquent amounts including but not limited to court costs and attorney fees.  In the event that Seller in its sole and 
absolute discretion, shall deem Buyer’s financial condition to be unsatisfactory, Seller shall have the right to (a) limit the amount of credit that Seller may 
extend to Buyer for the purpose of goods hereunder, and delay manufacture or shipment of Buyer’s orders based upon said limitations; (b) require full or 
partial payment in advance; (c) ship goods to Buyer C.O.D., or require payment to be secured by letters of credit; (d) require written guarantees of 
payment satisfactory to Seller; or (e) cancel or refuse to accept or fill any order from Buyer then outstanding or thereafter placed. 

21.1 Default in Payment.  A.  If any payment due Seller is more than 30 days past due, Seller shall have the right at its sole option to accelerate the payment of all 
outstanding amounts, including, but not limited to, amounts previously retained pursuant to the Contract, by notifying Buyer in writing that all outstanding amounts 
are immediately due and presenting Buyer with an invoice for said amount.  Seller shall also have the right in such event to discontinue all work on the project without 
incurring any liability to Buyer for such action.  B.  In the event the total aggregate amount of delinquent payments exceeds at any point during the term of the 
agreement ten (10%) percent of the total contract amount, Buyer shall provide at Seller’s request, additional collateral including but not limited to irrevocable letters of 
credit, sufficient to secure payment of all contract amounts.  C.  The foregoing remedies of Seller are in addition to all other remedies Seller may have at law or in equity, 
including but not limited to the right to obtain liens on Buyer’s assets through legal or equitable proceedings. 

21.2 Security Agreements.  A.  Buyer hereby grants to Seller a security interest in the equipment or materials sold hereunder to secure the purchase price of same.  Buyer 
shall execute any financing or other statements or filings which in Seller’s sole judgment are necessary or appropriate to evidence or perfect such security interest, which 
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shall thereafter be filed by Buyer with the appropriate recording officer.  This Contract shall constitute the security agreement between the parties and is intended to and 
shall afford the Seller all rights of a secured party under Article 9 of the Uniform Commercial Code.  B.  Until Buyer has paid the full amount due and owing for any 
equipment or materials purchased hereunder, Buyer shall be prohibited from transferring such equipment or materials to any creditor of Buyer other than Seller, unless 
Seller provides its prior written consent to such transfer, such consent not to be unreasonably withheld.  C.  In the event Buyer becomes insolvent, files for bankruptcy, 
or goes into receivership or liquidation, Buyer agrees to use its best efforts and to provide all assistance requested by Seller in order to secure Seller’s position as a 
preferred creditor with respect to all amounts due to Seller. 

21.3 Payment of Retained Amounts.  A.  If this Contract permits Buyer to withhold final payment, and acceptance is not based upon performance tests, such final 
payments shall be due and payable within 30 days after the equipment is ready for operation.  B.  If such deferred payment is contingent upon tests and such tests are 
delayed through no fault of Seller for more than 30 days after the equipment is first ready for operation, final payment shall be due and payable upon expiration of such 
30-day period. 

22. Other Contractors.  Seller shall not have any duty or authority to direct, supervise or oversee any contractors of Buyer of their work or to provide the means, methods or 
sequence of their work or to stop their work.  Seller’s services and/or presence at a site shall not relieve others of their responsibility to Buyer or to others.  Seller shall not be 
liable for the failure of Buyer’s contractors or others to fulfill their responsibilities, and Buyer agrees to indemnify, hold harmless and defend Seller against any claims arising 
out of such failures. 

23. Escalation.  Seller and Buyer will agree on a fair and equitable escalation arrangement to compensate for uncontrollable inflation factors in the event the 
Contract exceeds the time frame contemplated by the parties. 

24. Assignment/Subcontracts.  This Contract shall be binding upon and inure to the benefit of the parties, their successors, and assigns provided that Buyer 
may not assign the Contract without prior written consent of Seller.  Seller may subcontract any portion of the work. 

25. Disputes.  In the event of a dispute arising hereunder, the parties will confer & attempt to amicably resolve the dispute.  If after good faith negotiation, 
the parties cannot reach agreement, then the matter will be finally resolved in any court having jurisdiction. 

26. Contract Interpretation.  If any of the provisions of these General Terms and Conditions of Sale (including statements made in the Proposal) conflict with 

any provisions in Buyer’s documents, the former shall govern unless Seller expressly agrees to the contrary in writing.  Any contract resulting from this 
Proposal shall be construed in accordance with the laws of the State of Florida. All communications written and verbal, between the parties hereto with 

reference to the subject of this Proposal prior to the date of its acceptance are merged herein, and this Proposal, when duly accepted and approved, shall 
constitute the sole and entire agreement and Contract between the parties as to the subject matter thereof.  No change in or modifications of said Contract 
shall be binding upon the parties or either of them, unless the changes or modifications shall be duly accepted in writing by the Buyer and approved in 
writing by Seller. 

27. Severability.  Should any part of this Contract be declared invalid or unenforceable, such decision shall not invalidate the remaining provisions of this 
Contract. 
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Approximate Weight: 279,160 lbs
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Typical Shop Assembly and Testing of a 12,000 SCFM NESTEC Inc RTO for an Ethanol Plant in Keyes, CA 

 

 
 

Partial field Assembly of a 12,000 SCFM NESTEC, Inc. RTO 
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 45,000 SCFM RTO with 316L SS wetted parts 12,000 SCFM RTO Pensacola, FL 
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70,000 SCFM RTO Chemical Manufacturing – Theodore, AL 

High concentration N2 Blanketed Stream 

 



 

 

Exhibit 12 

 



Total Annual Cost = Direct Cost + Indirect Cost $3,849,562

Hexane Losses 82.87 Total Hexane VOC Emissions (Tons) $46,454.01

41.43 n-Hexane HAP Emissions (Tons) $92,908.03



Cost Item Cost

Direct Costs

Purchased equipment costs

Incinerator (EC) + auxiliary equipment $3,437,675

Instrumentation $343,768

Sales Taxes $103,130

Freight $171,884

Purchased equipment costs $4,056,457

Direct installation costs

Foundation & supports $324,517

Handling & erection $567,904

Electrical $162,258

Piping $81,129

Insulation for ductwork $40,565

Painting $40,565

Direct installation costs $1,216,937

Spare 600 Hp motor and SS fan impeller - 8 wk delivery timeframe $130,000

Spare 600 Hp Variable Frequency Drive $32,000

Site preparation $1,455,000

Buildings $36,000

Total Direct Costs, DC $6,926,393

Indirect Costs (installation)

Engineering $405,646

Construction and field expenses $202,823

Contractor fees $405,646

Start-up $81,129

Performance test $40,565

Contingencies $121,694

Total Indirect Costs, IC $1,257,502

Total Capital Investment = DC + IC $8,183,895

Capital Cost For Thermal Recuperative Incenerator



Cost Item Factor/Quanitity Unit Cost Cost

Direct Annual Costs, DC

Operating Labor

Operator 1.0 hours per shift $32 per hour $89,600

Supervisor 15% of Operator cost $13,440

Operating Materials $0

Maintenance

Labor 1.5 hours per shift $30 per hour $126,000

Materials 100% of Labor $126,000

Baghouse 

Filter Replacement $69,600

RTO Bake-out/Cleaning Cost

Lost Production 18 $48,394 $871,092

$0

Maintenance 432 $30 per hour $12,960

Utilities

Natural Gas 4.76MCF per hour $5.50 per MCF $219,912

Electricity 215kW/hr $0.08 per kWh $144,480

Total DC $1,673,084

Indirect Annual Cost, IC

Overhead 60% of (Total Direct Costs - Utilities) $785,215

Administrative Charges 2% TCI $163,678

Property Taxes 1% TCI $81,839

Insurance 1% TCI $81,839

Capital Recovery At 10 year equipment life and 5% interest 0.13 $1,063,907

CRF x TCI

Total IC $2,176,478

Total Annual Cost = DC + IC $3,849,562

Annual Cost For Thermal Recuperative Incenerator



Perdue Grain & Oilseed, LLC Revised June 2013

Plan Approval Application - Potential Emission Calculations

Soybean Processing Facility

Conoy Township, Lancaster County

Facility-Wide Hexane Solvent Loss Calculations :

Total hexane (VOC) solvent loss rate: 0.14 gal total hexane (VOC) solvent loss/ton soybeans processed (from LAER Evaluation)

Typical volume fraction of HAP (n-hexane) in solvent: 0.50 n-hexane gal/total hexane solvent gal (from Citgo Hexane Solvent 19041 MSDS, 08/22/2012)

n-Hexane (HAP) loss rate: 0.070 gal n-hexane loss/ton soybeans processed (0.140 gal/ton x 0.50 = 0.070 gal/ton)

Typical density of hexane solvent: 5.66 lbs/gal (from Citgo Hexane Solvent 19041 MSDS, 08/22/2012)

Maximum soybean processing rate: 525,000 tons soybeans/yr (requested throughput limitation)

Total hexane (VOC) emissions: 208.01 tons/yr (0.140 gal/ton x 525,000 tons/yr x 5.66 lbs/gal x 1 ton/2,000 lbs = 208.01 tons/yr)

n-Hexane (HAP) emissions: 104.00 tons/yr (0.070 gal/ton x 525,000 tons/yr x 5.66 lbs/gal x 1 ton/2,000 lbs = 104.00 tons/yr)

Estimated Emissions per Emission Point :

Estimated Total

Percent Hexane n-Hexane

of Total VOC HAP

Emissions
(1)

Emissions Emissions

Emission Point (%) (tons/yr) (tons/yr)

S204 - Mineral Oil Scrubber Main (Final) Vent 3.48% 7.24 3.62

S205A - Meal Dryer Cyclone Stack 24.24% 50.42 25.21

S205B - Meal Cooler Cyclone Stack 12.12% 25.21 12.61

Z200 - Fugitive Emissions:

     A - Crude Meal 39.25% 81.63 40.82

     B - Crude Oil 12.92% 26.87 13.43

     C - Equipment Component Leaks 7.95% 16.53 8.27

     D - Wastewater 0.05% 0.10 0.05

Total: 100% 208.01 104.00

(1)
 As per AP-42 Section 9.11.1 and 40 CFR Part 63 Subpart GGGG, hexane emissions from solvent utilization are calculated on a facility-wide basis, and Perdue is

     requesting that VOC (hexane) emissions be limited via LAER on a facility-wide basis. In order to attribute hexane emissions to individual sources, estimated

     percentages were developed based on the supporting information presented below.

Supporting Information :

Adjusted

Adjusted Model

Model Model MACT

MACT MACT Plant

Plant Plant Percent

VOC VOC of Total

Emissions
(1)

Emissions
(2)

Emissions

Model MACT Plant VOC Emission Source (tons/yr) (tons/yr) (%)

Main Vent 12 14 3.48%

Dryer Vent 86 98 24.24%

Cooler Vent 43 49 12.12%

Crude Meal 158 158 39.25%

Crude Oil 52 52 12.92%

Equipment Leaks 32 32 7.95%

Storage Tanks 3.9 --- ---

Wastewater 0.2 0.2 0.05%

Startup/Shutdown 19 --- ---

Total: 407 403 100%

(1)
 Vegetable Oil NESHAP Project File - Final Process and Emission Characteristics of Vegetable Oil Production Model Plants, December 20, 2000, A-97-59 IV-B-6

     (EPA Air Docket).
(2)

 Model MACT Plant VOC Emissions were adjusted to reflect the design of the proposed Perdue facility:

        Storage tanks emissions will be controlled by the mineral oil scrubber system and discharged via the main vent. A conservative 90% control was applied 

        to the storage tanks emissions, with the uncontrolled 10% being added to the main vent emissions:

               3.9 tons/yr x (1-0.90) = 0.4 tons/yr.  12 tons/yr + 0.4 tons/yr = 12.4 tons/yr.

        Startup/shutdown emissions will be discharged via the main vent, dryer vent, and cooler vent. The emissions were distributed among the three (3) emission

        points based on the emissions during normal operations:

               Main Vent: 19 tons/yr x (12 tons/yr / 141 tons/yr) = 1.6 tons/yr.  12.4 tons/yr + 1.6 tons/yr = 14 tons/yr

               Dryer Vent: 19 tons/yr x (86 tons/yr / 141 tons/yr) = 12 tons/yr.  86 tons/yr + 12 tons/yr = 98 tons/yr

               Cooler Vent: 19 tons/yr x (43 tons/yr / 141 tons/yr) = 6 tons/yr.  43 tons/yr + 6 tons/yr = 49 tons/yr


