
Application to Modify PTI 38-06 
Powdered Egg Manufacturing 

Crimson Holdings, LLC 
Adrian Michigan 

Project No. 220602 
September 19, 2022 



EGLE 
AUCHIGAN OEPM'IJAENT OF l;tMRO.'IMEJ,'l GREA't LAKES Nm ENERGY 

PERMIT TO INSTALL APPLICATION 
Fot l'Nlfflon..y lO i'!urBt C011$1'nio'. ~'UCt. ,e,1,::,c~. 0,f -."lty ~ -~--~\'1\flO 0.' ft\(l,.ffi ix,-rr:tt,, 4QU~(\'i\' 

.m<ttv Q)l\!.'0/ oq~1~.r Allfflils> 10 cmtaY•'ll ~v11c1 ;;,, a.."rru';lmm-c ,u~ ,:u~l,lflff 1:1 S'ect,'M S60ff « 1P1H PA 

Ple:i.sc type°' Pfint oo.irty. The ·~rcse.on ln$1ructions· and ·rnfo.m;t.()fl ReQulred for an Aflminis,'~-:stivcl)' Completo P-Grmt ro lnsl.8!1 Appliclrtion· ;)re 
available on !he Alt OuaH'N Olylf.lon CAOD) eca:nitWAb P:iqo. 

Pfe-1se cs'I the AOO 81517-899-8262. if ycu h.,·,-o not t)Qen oon~ed witltln 15dar.; of yow .ipp11cabon submill!l 

I flAClLITY OOOES. Stll!C I'"Jietl Nvmt-er (SRN} find ~G<ttt k'.enmn ltd.SlJV err, s-~ INA!CSI 

$Rt~ I E I 8 J 1 : 7 I NAICS I 1 I 1 I 2 I 1 I 2 0 
2. APF1.IC1WT ¢-.\MIE. ('8u$1•~ lice'$& C/:11'116 d CCl'P()r.lU00, Pl111nll1'9"4p r,-.4;;jdu8l Ot."'!er ~AnlA(lcnt)') 

Cr1Qson ~oldings, LU:: 
3 APPI.ICA,>l"f ADDRESS. (N-mbclt .L-.i St-eaQ 

1336 E~st M~umee Street 
l.wt.COCE. 

CITY (Cit/ 'Alllllt Of TC>"n~lp) I STATE ZIPCO!>E: C~• 
Adria!'l Ml ~nn :.enawee 

4 COUIP.li\etn ORPROCESSlOCAOO~ (1''\ifllbE<" «'.d ~ - i dt'rc«:nl L~n llr.> 3} 

CITY (Cltt. '11118;1!! Cf T 00\n!ollu>) ZIPCOOE: CCUNTY: 

.5 G!:NERAI. tlATU'lS OF BUSINESS 
Powdered Egg Manuiactur·~g 

6- EQUIPMENT OR PROCESS OCSCRJP flON: 1/\ Ocr..cnp:on M.IJST ~ P•~ Ht!"t, lndlldc ~k:il Unl IDs A~ addlxn'!l -shoel:!l .r OOCCS$illl)', ni.,~, 8tld 
® In~ pe911 ot Ille aub-dl!:tl.) 
Sp:ray dryer used in manufacturing powdered eggs including a drying chamber, 
powder conveyor, pnel.lflWLiC conveyor, a fabric filter product collector and 
cyclonic product collector . The puq>OS(} of this app:ication is to reference a 
new Huisaoce Odor Management Pl an . 

7 REASON rORAPPUCATION: (Chodc 311 lnA! lj:~) 
D INSTN.LATION I OONSTI\UCTION OF NEW EQUIPMENT OR PRCCfSS 

0 REC01'STRUCTION I MOOCflCA 110..~ I REl.OCATIO.~ Of !;XISTING EQUIPli~tff OR PROCESS - DA TE l~T AUJlO; 
18) OTHER-1>FSCR18f NUlSA!\CE COOR ~UUlJ.\GEMP-NT PI.A~ 

8. lf THE EOUIPtAENT OR PROOl!SS IMAT V/U S= CCWERED 8Y THIS PeflJ.llT TO INSTALL {PTI) IS CURRENTLY C(W~O 8¥ MY ACnVF. Pe.RfAITS, 
llSTTH£PTI NIJ.\IS~S) 38- 06 

0 DOES nos FACIL!lY WM:~ ExtSTING RENEV/A8t.E OPllAA Tltll> PERMIT (RClf')? 18) NOT APPllCA9LE 0 P€NOINGAPPUCATION Q YES 
PE'-'IXHG AM>LICATION OR ROP Nl/f.C8ER· 

10 AIJTHOfllZEO EMPlOYEE. ITn'LE. PHONE t."1MBER; (lndtdt Af~ Cede) 
Daniel Hofbauer :>h:-it Manager 517 . 7.08 . 090~ 

SIGHAT~~t . _V/4/~~ OATE: E-MAJL AOElflESS 

1 • .& / 9· J 'f -,:/0~;}. dbofbaucr@crimsonl, ldg.C-Om 
11 CONTACT llf <Jff&1em ltlan A.ul tlO."'.ltc:d E~9'1 11'.o l)&fbCO lo OOtt:.,C1 V.11/l CJ.UC$UO<°.:l ~n!lng IN$ ~#ea'X>n) PHOtlE NUMBER• (1~8Ar$$ Cod~) 

Lilliirn Woolley, PE 248. 32'1 . 478.:i 
CONTACT AfflUATION 

E•WL ACORESS Fi~hoock ll~liP~@rish'bl!ck.com ,, 
IST'Hf CONTAC'l PERSON AUTlfORJZEO TO NFGOTIATE THL Tl:AMS M<D co»omo►1s OF THC PCJIMll TO INSTAU.? Oves QNO 

FOR i::ru i:: IIC!S: n~u • • r,n 1.1n't' VIRl'TE ei::1 n11, 
OATE OF RECEIPT OF AU. l►IFCRMA.TIO>' REQUIR£0 BY RUU: 200: PERI/IT tlUMi!ER. 

DATE PERMtr TO INSTALL APPRO\IEO: Sl>GNATURE 

DATE IIPPLICATK)N I PTI VOIDED. StGNATURE 

DATE APPLICATION DENIED: Sf<WAT\JRE 

A PERIIMT C£R:TIFtCATE W.1.L 8E tSSUEO UPON APPROVAL OF A.PERMIT TO INSTALL 

... ....... -- J 

https://Ple:s.sc


Application to Modify Permit to Install 38-06 

Powdered Egg Manufacturing 

Crimson Holdings, LLC 

Adrian, Michigan 

September 19, 2022 

Project No. 220602 

39500 MacKenzie Drive, Suite 100 
Novi, M ichigan 48377 

248.324.2090 I flshbeck .com 



Table of Contents Fishbeck | Page i 

1.0 Executive Summary.............................................................................................................................................1 

2.0 Process Overview................................................................................................................................................1 

2.1 Process Description.................................................................................................................................1 

2.2 Air Pollution/Odor Control ......................................................................................................................2 

2.2.1 Air Pollution Control Equipment..............................................................................................2 

2.2.2 Odor Control Equipment..........................................................................................................2 

2.2.3 Odor Control Equipment for the WWTP .................................................................................3 

2.3 Nuisance Odor Management Plan..........................................................................................................4 

3.0 Regulatory Review ..............................................................................................................................................4 

3.1 Michigan Air Pollution Control Regulations............................................................................................4 

3.1.1 Rule 201 – PTI Requirements...................................................................................................4 

3.1.2 Rules 224 to 230 – Air Toxics Requirements ...........................................................................4 

3.1.2.1 Rule 224 – T-BACT Requirement for New and Modified Sources of Air Toxics .....4 

3.1.2.2 Rules 225 To 230 – Health-Based Screening Level Requirement for New or 

Modified Sources of Air Toxics ................................................................................4 

3.1.3 Rule 301 – Standards for Density of Emissions .......................................................................5 

3.1.4 Rule 331 – Emission of Particulate Matter ..............................................................................5 

3.1.5 Rule 702 – VOC BACT ...............................................................................................................5 

3.1.6 Rule 901 – Nuisance Odors and Dust ......................................................................................5 

3.1.7 Part 18 – Prevention of Significant Deterioration ...................................................................6 

3.1.8 EGLE Dispersion Modeling Guidance.......................................................................................6 

3.2 Federal Regulations.................................................................................................................................6 

3.2.1 40 CFR 60 Subpart Dc – NSPS ..................................................................................................6 

4.0 Emission Characteristics .....................................................................................................................................6 

4.1 Criteria Pollutant Emissions ....................................................................................................................6 

4.2 HAP and TAC Emissions...........................................................................................................................7 

5.0 BACT Analysis ......................................................................................................................................................7 

5.1 T-BACT Analysis .......................................................................................................................................7 

5.2 VOC BACT Analysis ..................................................................................................................................8 

6.0 Air Quality Modeling and Air Toxic Evaluation ...................................................................................................9 

6.1 Model Selection.......................................................................................................................................9 

6.2 GEP Stack Height Analysis .......................................................................................................................9 

6.3 Model Input Parameters .........................................................................................................................9 

6.4 Results of Modeling Analysis.................................................................................................................10 

7.0 Summary and Conclusion .................................................................................................................................10 

List of Graphics 

Graphic 1 – Process Flow Diagram.................................................................................................................................2 

List of Figures 

Figure 1 – Location Map 

Figure 2 – Plant Layout 

Figure 3 – Site Plan 

Z:\2022\220602\WORK\PERMITS, AIR\PTI APP\PTIAPP_CRIMSON HLDGS_ADRIAN_2022_0919_FNL.DOCX 



Table of Contents Fishbeck | Page ii 

List of Tables 

Table 1 – Powdered Egg Manufacturing Emissions Summary 

Table 2 – Powdered Egg Spray Dryer Emissions Summary 

Table 3 – Powdered Egg Spray Dryer TAC Emissions Summary 

Table 4 – Powdered Egg Manufacturing Combustion Emissions Summary 

Table 5 – TAC Emissions from Egg Dryer Combustion Equipment 

Table 6 – Odor Neutralizer Emission Estimates 

Table 7 – Main Stack Model Input 

Table 8 – Predicted Ambient Impacts from TAC Summary 

List of Appendices 

Appendix 1 PTI 38-06 

Appendix 2 Information on Milk Drying versus Egg Drying 

Appendix 3 Spray Dryer Information 

Appendix 4 Fabric Filter Dust Collector Information 

Appendix 5 Odor Neutralizer Information 

Appendix 6 Nuisance Odor Management 

Appendix 7 Test Summary 

Appendix 8 Ammonia Cost Summary 

Appendix 9-1 BACT with Catalytic Oxidation 

Appendix 9-2 BACT with Recuperative Thermal Oxidation 

Appendix 9-3 BACT with Regenerative Thermal Oxidation 

List of Abbreviations/Acronyms 

A/C air to cloth ratio 

acfm actual cubic feet per minute 

AERMOD American Meteorological Society/Environmental Protection Agency Regulatory Model 

AQD Air Quality Division 

BACT Best Available Control Technology 

BPIP Prime Building Profile Input Program Prime 

Btu British thermal units 

Btu/hr Btus per hour 

CAA Clean Air Act 

cfm cubic feet per minute 

CFR Code of Federal Regulations 

DAF dissolved air floatation 

DFA Dairy Farmers of America 

°F degrees Fahrenheit 

EGLE Michigan Department of Environment, Great Lakes, and Energy 

EU emission unit 

ft2 square feet 

GEP Good Engineering Practice 

HAP hazardous air pollutant 

hr/day hours per day 

hr/yr hours per year 

IRSL Initial Risk Screening Level 

ITSL Initial Threshold Screening Level 

kg kilogram(s) 

lb pound(s) 

Z:\2022\220602\WORK\PERMITS, AIR\PTI APP\PTIAPP_CRIMSON HLDGS_ADRIAN_2022_0919_FNL.DOCX 



Table of Contents Fishbeck | Page iii 

lb/hr pounds per hour 

lb/MMBtu pounds per million Btus 

lb/month pounds per month 

MACT Maximum Achievable Control Technology 

MDARD Michigan Department of Agriculture & Rural Development 

MMBtu/hr million Btus per hour 

NAAQS National Ambient Air Quality Standards 

NAD83 North American Datum of 1983 

NANSR Nonattainment New Source Review 

NED National Elevation Dataset 

NESHAP National Emission Standards for Hazardous Air Pollutants 

NOX nitrogen oxides 

NOMP Nuisance Odor Management Plan 

NSPS New Source Performance Standards 

NSR New Source Review 

O3 ozone 

O&M operation and maintenance 

PAI predicted ambient impact 

PM particulate matter 

PM2.5 fine particulate matter less than 2.5 microns 

PM10 fine particulate matter less than 10 microns 

PSD Prevention of Significant Deterioration 

PTI Permit to Install 

RCO regenerative catalytic oxidizer 

SCC Source Classification Code 

scf standard cubic feet 

SDS Safety Data Sheet(s) 

SO2 sulfur dioxide 

TAC toxic air contaminant 

T-BACT Best Available Control Technology for Toxics 

tpy tons per year 

µg/m³ micrograms per cubic meter 

µg/m³/lb/hr micrograms per cubic meter per pound per hour 

USEPA U.S. Environmental Protection Agency 

USGS U.S. Geological Survey 

VOC volatile organic compound 

WWTP wastewater treatment plant 

Z:\2022\220602\WORK\PERMITS, AIR\PTI APP\PTIAPP_CRIMSON HLDGS_ADRIAN_2022_0919_FNL.DOCX 



September 19, 2022 Fishbeck | Page 1 

1.0 Executive Summary 

Crimson Holdings, LLC purchased the existing Dairy Farmers of America (DFA) facility in Adrian, Michigan. The 

facility previously produced and stored powdered milk, now it produces powdered eggs; the processes are very 

similar; Crimson Holdings’ owner, OvaInnovations, has purchased and refashioned other facilities in a similar way. 

In a letter dated December 7, 2021, Crimson Holdings notified the Michigan Department of Environment, Great 

Lakes, and Energy (EGLE) of the change in ownership and switch to using liquid eggs as a raw material. Fishbeck 

prepared a Meaningful Change Analysis as described in Permit Exemption for Changes in a Process or Process 

Equipment That Are Not a Meaningful Change or a Meaningful Increase In Toxic Air Contaminants (AQD-025) or 

Rule 285(2)(b) and demonstrated that no meaningful change occurs when switching from manufacturing 

powdered milk to manufacturing powdered eggs. It should also be noted that the previous owners (DFA) modified 

the stack in such a way that it was not compliant with the existing Air Use Permit to Install (PTI) 38-06. The stack 

has been replaced and now complies with the stack requirements in PTI 38-06. The current stack is 49 feet, which 

is the height that was used for the dispersion modeling demonstration. 

Fishbeck has been retained by Crimson Holdings, to prepare and submit a PTI modification, as requested by EGLE, 

to the existing PTI 38-06 (Appendix 1). The Crimson Holdings facility is located at 1336 East Maumee Street in 

Adrian, Michigan. Figure 1 is a Site Location Map, Figure 2 presents a Plant Layout, and Figure 3 provides a Site 

Plan. EGLE has requested that Crimson Holdings incorporate a Nuisance Odor Management Plan (NOMP) into its 

PTI for the existing EU-SPRAYDRYER manufacturing process. It should be noted that the existing EU-SPRAYDRYER 

equipment has not been modified; Crimson Holdings is simply incorporating its NOMP into its PTI, including 

information regarding the odor neutralizer in use. 

2.0 Process Overview 

2.1 Process Description 

For several years, DFA operated a facility to produce powdered milk, which was permitted under PTI 38-06. The 

process used to produce powdered milk in a very similar manner to the current process for making powdered 

eggs as explained in Appendix 2. Liquid eggs are shipped to the site in tankers and totes. Once a tanker or tote is 

emptied, the liquid eggs are transferred to holding tanks which vent inside the facility. If totes cannot be received 

immediately, they are stored at a temperature less than 45°F until they can be emptied. Crimson Holdings is 

installing a reverse osmosis system to remove water from the liquid egg product before it is transferred to the 

spray dryer which will reduce the loading on the dryer system; however, that system is not yet operational. The 

liquid eggs may be pasteurized before entering the spray dryer. The spray dryer atomizes the liquid eggs into a 

hot air stream (350-400°F). By controlling the size of the droplets, air temperature, and air flow, it is possible to 

evaporate nearly all the moisture from the eggs at relatively low temperatures. After the eggs are dried into 

powder, the powder is cooled in a series of cyclones. The spray dryer has a fabric filter to reduce particulate 

emissions and to ensure that food product is not deposited around the plant where it could attract rodents or 

other pests. The powder flows through the dryer and the conveying system in the same way that powdered milk 

would. The powdered eggs are then bagged and shipped for use in pet food. 
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Graphic 1 – Process Flow Diagram 

The spray dryer is fired with burners which are rated at approximately 14 million Btus per hour (MMBtu/hr). The 

facility operates three separate boilers (8.37 MMBtu/hr, 14.645 MMBtu/hr and 20.412 MMBtu/hr) to provide steam 

and heat. The facility also has some small heaters (<100,000 Btu/hr) in a few areas of the plant. Due to their nominal 

size, this combustion equipment could be considered exempt under Michigan Rule 282(2)(b)(i). Appendix 3 provides 

a diagram of the spray dryer that was included in the original PTI Application. 

2.2 Air Pollution/Odor Control 

The facility is equipped with add-on control equipment to address both emissions and odors. 

2.2.1 Air Pollution Control Equipment 

A fabric filter dust collector is an integral part of the spray dryer and the system. The fabric filter dust collector 

was manufactured by Marriott Walker as a part of the spray dryer. It is rated at 28,000 cubic feet per minute 

(cfm) Additional information on the spray dryer and its relationship to the fabric filter dust collector is included in 

Appendix 2. The baghouse has 552 bags that are 6 inches in diameter and 120 inches long for a total area of 

8,671 square feet (ft2). With air flow of 28,000 cfm the A/C ratio is 3.2.:1. The baghouse has an automatic reverse 

pulse jet cleaning system that returns collected material to the drier. Clean air exhausts through the inside of the 

bags. Additional information on the bags is provided in Appendix 4. There is a baghouse within the conveying 

system that exhausts out the elevated structure on the roof. It is rated at approximately 8000 cfm and was 

considered exempt under Rule 284(2)(k). 

2.2.2 Odor Control Equipment 

To mitigate odors, Crimson Holdings purchased a fogging system that can be used to introduce an odor 

neutralizer to the exhaust system. The system sprays the solution with water and the ratio of solution to water 

can vary. The site has tested ratios between 53:1 to 509:1 with total diluted solution used between 12 and 

15 gallons per hour. The spray system uses between 15 and 20 cfm air to assist in the atomizing the solution. 

Crimson Holdings investigated different neutralizers and recently elected to use a Chemtreat product, which 

appeared to give the best results during testing. The Safety Data Sheet (SDS) for this product and additional 

information is provided in Appendix 5. 

Essential oils used in odor control products are extracts from many different fruits, vegetables, and other plant 

material. There are thousands of these oils available and many find their way into perfumes and fragrances, 

solvents, flavor enhancers, cooking oils, and other uses. However, there are a very limited number of these oils 

that are appropriate and effective for odor elimination. It is the choice of these oils and the chemical properties 

they display that makes one product more effective than another. 
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The oils used for odor control display certain critical chemical properties that allow an oil to have a physical or 

chemical effect on odorous compounds. The effect is dependent on the various chemical functional groups that 

an oil may have. For example, the oil may have an ester group or an alcohol group, it may be an aldehyde, or it 

may be strictly an oil. These functionalities are what make an oil effective at eliminating an odor. The 

effectiveness of any odor control product is directly dependent on how well the essential oils are chosen and 

blended to effect the correct chemical or physical reaction on those odorous compounds. 

Crimson Holdings’ goal in selecting essential oils to mitigate odors is to effect change in the odor so that the odor 

is no longer detectable by the human nose. Keep in mind that the nose is more sensitive to odors than most 

testing equipment available. This is especially true with compounds that have a low odor threshold. Essential oils 

in use by Chemtreat can effect change in the odorous compounds by: 

 Modifying the shape (chemical structure) of the odor molecule before it reaches the nose 

 Modifying the numbers and intensities of the molecules reaching the nose 

 Modifying the perception of the odor. 

There have been numerous studies carried out that claim a number of reactions occur to neutralize odors. The 

following five reactions have been identified: 

 Absorption of the malodor 

 Solubilizing the odorous compounds 

 Counteracting odor through antagonistic pairing 

 Acidic malodors plus an alcohol can yield an ester 

 Adsorption of the malodor 

Though all five reactions have been reported, the degree to which each contributes is debatable. We believe the 

first three reactions to be the primary contributors to the elimination of malodor. Although the last two can 

certainly occur, the degree of the contribution to odor elimination is very much smaller than the other reactions. 

The actual chemistry involved utilizes the unique characteristics of each oil in the product to optimize the simple 

reactions. The result is complete odor elimination without harmful byproducts, masking, or the use of hazardous 

chemicals. While there are those who are under the impression that all essential oil technologies are simply 

masking agents or perfumes, not all essential oils are fragrant or are used as fragrances. NovoAir is a blend of oils 

that, though having some fragrance, are not suitable to mask an odor. The products simply do not contain a high 

enough level of fragrance to do so. 

Masking agents, on the other hand, are usually made up of one distinct fragrance that is readily detectable and 

increases in intensity as the dosage is elevated. Masking agents add to the overall odor intensity by introducing an 

odor greater than the offending malodor often resulting in an even greater odorous condition. The Chemtreat 

odor neutralizer was specifically selected because it neutralizes odor and does not mask it. If the odor of the 

essential oils in use becomes evident, it is possible to adjust the dilution ratio to minimize the essential oils odor. 

It may also be possible to ask Chemtreat to adjust the mix of materials to avoid smelling the essential oils or to 

eliminate fallout. 

2.2.3 Odor Control Equipment for the WWTP 

Fugitive odors from the facility’s wastewater treatment plant (WWTP) have been identified by EGLE staff and 

Crimson Holdings has addressed these odors. First, some odors from the dissolved air flotation (DAF) in the 

WWTP were identified; Crimson Holdings has installed a carbon filter on the exhaust fan associated with that area 

of the facility. Crimson Holdings has also operated the DAF on a new schedule and emptied the sludge to the 

sludge storage tank more often to reduce the possibility of odors. While the sludge storage tank already had a 

carbon filter, the casing was replaced and the stack to the tank was replaced. Information on operation and 

maintenance (O&M) of the WWTP is included in the NOMP. 
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2.3 Nuisance Odor Management Plan 

EGLE requested a Nuisance Odor Management Plan (or NOMP) and Crimson Holdings offered to apply for a PTI 

incorporating the new NOMP. The NOMP was submitted to EGLE and is included as Appendix 6. Crimson Holdings 

has incorporated improvements made in odor management as well as some O&M practices to ensure odors are 

adequately controlled. Crimson Holdings has received comments on the proposed NOMP and will revise it to 

address these comments; updates will be provided when they are available. 

3.0 Regulatory Review 

3.1 Michigan Air Pollution Control Regulations 

3.1.1 Rule 201 – PTI Requirements 

Any process or process equipment installed after August 15, 1967, which may emit an air contaminant requires a 

PTI prior to installation, construction, reconstruction, relocation, alteration, or modification unless specifically 

exempt. The proposed temporary portable electric generator will require a PTI. 

3.1.2 Rules 224 to 230 – Air Toxics Requirements 

3.1.2.1 Rule 224 – T-BACT Requirement for New and Modified Sources of Air Toxics 

Rule 224 requires that emissions of toxic air contaminants (TACs) from a new or modified source not exceed the 

maximum allowable emission rate that results from the application of the best available control technology for 

toxics (T-BACT). 

It should also be noted that the definition of air pollution included in Rule 101(h) and in 1994 PA 451, 

MCL 324.5501 to 324.5542, states that Air pollution does not mean those usual and ordinary odors associated 

with a farm operation if the person engaged in the farm operation is following generally accepted agricultural and 

management practices. While Crimson Holdings may not be considered a farm operation, the facility is an 

agricultural processor and has applied for recognition from the Michigan Department of Agriculture & Rural 

Development (MDARD). 

In addition, the definition of toxic air contaminant included in Rule 120(f)(v) specifically excludes Animal or plant 

materials, including extracts and concentrates thereof, used as ingredients in food products or dietary 

supplements in accordance with applicable regulations of the United States food and drug administration. 

Only liquid eggs are dried in the spray dryer. No additional materials are added. The facility has an excellent O&M 

Plan and has voluntarily adopted additional Food and Drug Administration safety standards as outlined in the NOMP. 

It should be noted that the odor neutralizer materials are added to the exhaust and have also been evaluated, 

A T-BACT analysis, including applicable exemptions, is provided in Section 5.1. 

3.1.2.2 Rules 225 To 230 – Health-Based Screening Level Requirement for New or Modified Sources of 

Air Toxics 

Rule 225 requires that emissions of TACs not exceed the maximum allowable emission rate that results in a 

predicted maximum ambient impact above the Initial Threshold Screening Level (ITSL), the Initial Risk Screening 

Level (IRSL), or both. 

For TACs which do not qualify for the Rule 226 exemptions, Rule 227 indicates that compliance with the health-

based screening level provisions of Rule 225 can be determined by any of the following: 

 Pursuant to Rule 227(1)(a), the emission rate of each TAC is not greater than the rates determined from the 

algorithms in Table 21 [of Rule 227]. 
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 Pursuant to Rule 227(1)(b), the emission rate of each TAC is not greater than the rate determined from the 

Ambient Impact Ratio matrix screening methodology in Table 22 [of Rule 227] or determined by any other 

screening method approved by EGLE. 

 Pursuant to Rule 227(1)(c), the maximum ambient impact of each TAC is less than the applicable screening 

level determined using the maximum hourly emission rate in accordance with the air quality modeling 

provisions of Rule 240, 241, or both. 

A dispersion modeling analysis for TACs is provided in Section 6. 

3.1.3 Rule 301 – Standards for Density of Emissions 

Rule 301 establishes limitations for the density of particulate emissions. The proposed changes are not expected 

to have any effect on the ability to comply with the visible emission limitations of Rule 301. Rule 301 limits visible 

emissions as follows: 

 A 6-minute average of 20% opacity, except for one 6-minute average per hour of not more than 27% opacity. 

 A limit specified by an applicable federal Standard for the Performance of NSPS. No such limit applies to the 

powdered egg manufacturing process 

 A limit specified as a condition of a PTI or Permit to Operate. 

Crimson Holdings is confident that the powdered egg manufacturing process will comply with the applicable 

opacity limitations. 

3.1.4 Rule 331 – Emission of Particulate Matter 

Rule 331 stipulates that exhaust systems serving material handling equipment not otherwise listed in Table 31 

shall not exceed an emission rate of 0.10 pound (lb) of particulate per 1,000 lb of exhaust gas. The existing PTI 

further limits emissions to 0.04 lb/1000 lb exhaust and Crimson Holdings is not proposing to change this 

emission limit. 

3.1.5 Rule 702 – VOC BACT 

New sources of volatile organic compounds (VOCs) are subject to Rule 702 which requires an emission limitation 

based upon the application of BACT. New sources are defined in Rule 701 as: 

... any process or process equipment which is either placed into operation on or after July 1, 1979, or 

for which an application for a Permit to Install, pursuant to the provision of Part 2 of these rules, is 

made to the department on or after July 1, 1979, or both, except for any process or process equipment 

which is defined as an existing source pursuant to R336.1601 (Rule 601). 

Good combustion will meet the requirements of Rule 702 for the combustion equipment as it did when the 

equipment was new. Proper operation of the spray dryer will ensure that VOC emissions will remain low. 

Additional information is included in Section 5.2. 

3.1.6 Rule 901 – Nuisance Odors and Dust 

Rule 901 prohibits the emissions of air contaminants in quantities that cause either: 

 Injurious effects to human health or safety, animal life, plant life of significant economic value, or property. 

 Unreasonable interference with the comfortable enjoyment of life and property. 

Crimson Holdings is confident that implementation of the new NOMP will ensure compliance with Rule 901. 
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3.1.7 Part 18 – Prevention of Significant Deterioration 

The primary provisions of the Prevention of Significant Deterioration (PSD) Program require that new major 

stationary sources and major modifications at existing major stationary sources be carefully reviewed prior to onsite 

construction to ensure compliance with the National Ambient Air Quality Standards (NAAQS), the applicable PSD 

Increment provisions, and the requirement to apply Best available Control Technology (BACT) on the project’s 

significant emission increases of New Source Review (NSR)-regulated pollutants. The PSD Program also requires 

evaluation of potential visibility impacts to federally designated Class I areas, evaluation of air quality impacts as a 

result of secondary growth associated with the project, and a minimum 30-day public comment process. 

The Crimson Holdings facility is located in Lenawee County, which is currently in attainment with all NAAQS, 

except ozone (O3) and sulfur dioxide (SO2). Both nitrogen oxides (NOX) and VOCs are regulated for controlling O3 

formation in the ambient air because they both participate in ambient photochemical reactions that result in O3. 

3.1.8 EGLE Dispersion Modeling Guidance 

EGLE, Air Quality Division (AQD) Policy and Procedure AQD-22, Dispersion Modeling Guidance for Federally 

Regulated Pollutants, addresses when dispersion modeling is required as part of a PTI application. This Policy and 

Procedure is intended to ensure that projects do not interfere with the NAAQS or PSD Increment. Pursuant to 

EGLE guidelines, this determination must be made for both major source and minor source applications. 

No changes are being proposed to the particulate matter (PM) or fine PM less than 10 microns (PM10) emission 

rates. As a result, no air dispersion modeling was included for PM10 or fine PM less than 2.5 microns (PM2.5). 

3.2 Federal Regulations 

3.2.1 40 CFR 60 Subpart Dc – NSPS 

The NSPS require that new emission sources emit less pollutants than existing sources. The Standards of 

Performance for Small Industrial-Commercial-Institutional Steam Generating Units 40 CFR 60 Subpart Dc (NSPS) 

applies to boilers manufactured after 1984 larger than 10 MMBtu/hr in size. Of the three boilers, only the boiler 

rated at 20.412 MMBtu/hr is subject to the NSPS. As all three boilers fire only natural gas, only monthly fuel 

records are needed to demonstrate compliance with the NSPS. No provisions of Subpart Dc apply to the 

operation of the dryer. 

4.0 Emission Characteristics 

Operation of the powdered egg manufacturing process results in criteria pollutants and TAC emissions. 

4.1 Criteria Pollutant Emissions 

When the facility was originally permitted, PM emissions from the spray dryer were limited to 0.04 lb/1000 lb 

exhaust and 10.2 pounds per hour (lb/hr) of PM10. Testing was required by EGLE; VOC emissions were measured 

at 0.88 lb/hr. For this Permit Application, the emissions were doubled to 1.76 lb/hr or 7.7 tons per year (tpy) to 

estimate worst case emissions. Combustion emissions from the dryer were estimated using the emission factors 

from USEPA WebFIRE for Source Classification Code (SCC) 1-02-006-02 for natural gas-fired boilers between 

10 and 100 MMBtu/hr. An emissions summary is provided in Table 1. Emissions from the dryer are presented in 

Table 2. Table 3 provides a summary of TAC emissions from the spray dryer. Combustion emissions from the dryer 

are summarized in Table 4. 

If using the odor neutralizer, any emissions resulting from use of the neutralizer must also be considered. A 

complete analysis of the material was provided by Chemtreat and is presented in Appendix 5. If the components 

are added, the sum will be greater than 100% in an attempt to keep the actual mix confidential. While Chemtreat 
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has offered that the material only contains 4% organic material, of which only 0.312% is VOCs, Crimson Holdings 

is assuming that the entire 4% may be emitted as VOCs. 

4.2 HAP and TAC Emissions 

On June 21, 2022, hazardous air pollutant (HAP) and TAC emissions from the spray dryer were measured, the 

results are summarized in Appendix 7. While testing was performed for ammonia and a number of sulfides and 

amines, only ammonia and carbonyl sulfide were detected. Table 3 provides a summary of TAC emissions from 

the spray dryer. TAC emissions from the combustion equipment were estimated using U.S. Environmental 

Protection Agency (USEPA) WebFIRE, based on emission factors for SCC 1-02-006-02 for natural gas-fired boilers 

between 10 and 100 MMBtu/hr. TAC emissions from the spray dryer combustion equipment are summarized in 

Table 5. Odor neutralizer TAC emissions are presented in Table 6. 

5.0 BACT Analysis 

Facilities permitted in Michigan must comply with state-specific requirements for T-BACT and VOC BACT. 

5.1 T-BACT Analysis 

Michigan Rule 224 requires the application of T-BACT for new or modified process or process equipment which 

emits a TAC. As described in Section 3.1.2.2, Rule 224(2) provides certain exemptions from the requirement of 

T-BACT. While engines, turbines, boilers, and process heaters with heat input capacities up to 100 MMBtu/hr and 

which fire natural gas, diesel, or biodiesel are exempt from T-BACT, not all of the combustion equipment has a 

stack that is at least 1.5 times the building height. As a result, we must describe T-BACT as good combustion 

practices which can be demonstrated through periodic combustion tune-ups and a good maintenance program 

described in NOMP. 

Ammonia is a component of the dryer exhaust resulting from drying the liquid eggs. Ammonia gases are most 

effectively treated by packed column or cross-flow scrubbers, with a crossflow scrubber merely being a packed 

column scrubber in which the gas flow is horizontal. Packed column scrubbers are continuous operating vertical 

columns filled with packing material having a large surface area. The countercurrent packed column is the most 

common unit employed for gaseous removal. In this unit, the gas stream ascends through the packing material in 

the column, while the scrubbing liquid moves downward, resulting in the highest efficiency possible. This high 

efficiency results from the decreasing solute concentration in the gas stream as it rises, thereby providing fresher 

solvent for contact. The crossflow scrubber is a horizontal unit in which the gas stream moves horizontally 

through the packing material and the scrubbing liquor moves downward through the unit. Such units have a low 

water consumption and a high airflow capacity at a low pressure drop. Facilities may or may not be required to 

treat their scrubber effluent, depending on the locality. Some areas allow the discharge of such effluents directly 

to the local municipal WWTP without requiring prior treatment of the water by the facility. Other areas require 

the facility to treat its own process water. The disadvantages associated with the use of wet scrubbers include 

possible water disposal issues, the possibility of high pressure drop and horsepower requirements, and corrosion 

of the unit. Because the wet scrubber has a high corrosion potential, the unit is usually made of stainless steel or 

another corrosion-resistant material to prevent this from happening. Control efficiencies up to 99% have been 

demonstrated in actual applications. 

An economic analysis was performed based on an uncontrolled ammonia emission rate of 14.7 tpy. Using a given 

emission reduction of 95%, the CO$T AIR Model was employed to calculate the annualized costs and cost 

effectiveness to operate the control devices. These calculations are summarized in Appendix 8. The complete 

CO$T AIR calculations are provided as Appendix 9 
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Total Annualized Cost ($) 2022 dollars $363,283 

Tons of Ammonia Controlled (tpy) 7 

Cost-Effectiveness ($/ton controlled) $51,637 

The cost of a scrubber to control ammonia, especially considering that the actual emissions are approximately 

half the limit that was evaluated, seem excessive. Proper operation of the dryer equipment and implementation 

of the NOMP represent T-BACT for this source. 

VOC BACT Analysis 

New sources of VOC are subject to Rule 702, which requires an emission limitation based upon the application of 

BACT. Rule 702 requires a new source of VOC to meet all the provisions in the following Subrules: 

a) The maximum allowable emission rate listed by the department on its own initiative or based upon 

the application of the best available control technology. 

b) The maximum allowable emission rate specified by a new source performance standard 

promulgated by the USEPA under authority enacted by Title I, Part A, Section 111 of the Clean Air 

Act (CAA), as amended, 42 U.S.C. §7413. 

c) The maximum allowable emission rate specified as a condition of a permit to install or a permit 

to operate. 

d) The maximum allowable emission rate specified in Part 6 of these rules which would otherwise be 

applicable to the new source except for the date that the process or process equipment was placed 

into operation or for which an application for a permit to install, under the provisions of Part 2 of 

these rules, was made to the department. If the Part 6 allowable emission rate provides for a 

future compliance date, then the future compliance date shall also be applicable to a new source 

pursuant to this subdivision. 

An economic analysis was performed based on an uncontrolled VOC emission rate of 35 tpy. Using a given 

emission reduction, the CO$T AIR Model was employed to calculate the annualized costs and cost-effectiveness 

to operate the control devices. These calculations are summarized in Appendices 9-1, 9-2 and 9-3. The complete 

CO$T AIR calculations are presented as Appendix 9. 

Calculated Costs RCO RTO Catalytic Combustion 

Total Annualized Cost ($) $2,288,977 $470,822 $1,079,698 

Tons of VOCs Controlled (tpy) 8 8 8 

Cost-Effectiveness ($/ton controlled) $288,976 $59,028 $135,365 
RCA regenerative catalytic oxidizer 

RTO regenerative thermal oxidizer 

According to the CO$T AIR Model, the regenerative thermal oxidizer is the most cost-effective approach of 

controlling the VOC emissions from the coating booth, at just under $14,000/ton of VOC emissions reduced. 

Crimson Holdings does not believe that add on VOC emission control equipment is economically feasible. It 

should be noted that the VOC emission estimates include a 100% safety cushion when compared to the stack 

testing. And no additional costs were included for making changes to the existing building that would allow 

placement of a new RTO on the roof. Following the NOMP will ensure that the powdered egg manufacturing 

process operates at the lowest emissions and represents VOC BACT under Rule 702(a). 
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6.0 Air Quality Modeling and Air Toxic Evaluation 

EGLE Rule 225 requires that the ambient impact of the TACs released from a rule subject source be estimated and 

compared to established air quality standards. To estimate the ambient air concentrations, each contaminant 

concentration is calculated at the stack, assuming peak loading conditions. The contaminant loading from the 

stack is then subjected to air dispersion modeling to simulate the effect of local meteorological conditions. The 

ambient concentration at hypothetical ground level receptors is then calculated and compared to the air quality 

screening levels as developed by EGLE. 

6.1 Model Selection 

The model selected for the air dispersion analysis was American Meteorological Society/Environmental Protection 

Agency Regulatory Model (AERMOD), Version 21112. Effective December 9, 2005, AERMOD was established as 

the USEPA preferred air dispersion model for steady state operations. AERMOD is a modeling system which 

incorporates air dispersion based on planetary boundary layer turbulence structure and scaling concepts, 

including treatment of both surface and elevated sources and both simple and complex terrain. 

BEE line software, which incorporates the USEPA algorithm for the AERMOD program, was used. The software, 

referred to as BEEST, Version 12.07, was developed by Providence Engineering and Environmental Group, LLC. 

6.2 GEP Stack Height Analysis 

Prior to running the air dispersion model, the potential for building downwash to affect the plume must be 

evaluated. Building downwash represents the effect that nearby structures have on the air flow near the stack. If 

the stack is within the area of influence of the building, the swirls and eddies caused by obstruction of the air flow 

near buildings can affect the plume dispersion. 

The Good Engineering Practice (GEP) Analysis was performed using software developed by Providence Engineering 

and Environmental Group, LLC. The software includes the USEPA Building Profile Input Program (BPIP) Prime Code 

for calculating projected building widths. This analysis was run for all buildings onsite. The highest calculated GEP 

stack height of any structure was 113.5 feet (34.61 meters). GEP stack height is the greater of GEP formula stack 

height or 65 meters (213.3 feet). The stack height listed in Table 7 is less than the GEP stack height; therefore, 

direction specific building effects calculated for each wind direction were entered into the dispersion model as 

described in the following section. 

6.3 Model Input Parameters 

Table 7 provides the source characteristics used in the model. The input parameter emission rate was 1 lb/hr for 

each stack; therefore, the model output is in units of micrograms per cubic meter per pound per hour (µg/m³/lb/hr). 

The direction specific building dimensions calculated during the GEP stack height analysis were entered into 

the model. 

The modeling area is relatively flat; however, actual terrain data were used in the model. Because the concern is 

odors off of the property, receptors were placed at 25-meter intervals around the property. Dense grids of 

25-meter and 50-meter intervals surround the property out to a distance of approximately 1 kilometer. Maximum 

impacts occur close to the property. 
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Terrain elevations at receptors were obtained using BEE Line Software’s BEEST program and U.S. Geological 

Survey (USGS) National Elevation Dataset (NED) 1/3 arc second data. BEEST implements the AERMAP model 

(Version 18081),1 which includes processing routines that extract NED data to determine receptor terrain 

elevations for air quality model input. The NED data used in the modeling had a resolution of 10 meters (1/3 arc 

second) and North American Datum of 1983 (NAD83). 

The meteorological data used in the model was 1 minute data from near Adrian for year 2021. The 

meteorological data was provided by EGLE via email because of technical difficulties with their website. The data 

was processed using the ADJ_U* option in AERMET (Version 21112).2 The adjust U* option was incorporated in 

Version 12345 of AERMET and adjusts the surface friction velocity under low wind/stable conditions, because 

AERMOD was found to overpredict impacts at these conditions. 

6.4 Results of Modeling Analysis 

The model input parameter emission rate was 1 lb/hr; therefore, the results are in units of µg/m³/lb/hr. A 

summary of the results from the AERMOD model run are presented in Table 7. To estimate the actual predicted 

ambient impact (PAI), the maximum emission rate of each TAC, in lb/hr, is multiplied by the model PAI. 

The actual PAI, in µg/m³, is then compared to the screening level. As demonstrated in Table 9, the PAIs for all TACs 

identified in stack testing are below the applicable air quality screening levels obtained from the EGLE-AQD List of 

Screening Levels. The estimated emission rate of each TAC is presented in Tables 3, 5, and 6. Table 8 includes TACs 

from combustion in the dryer, the powdered egg manufacturing process, and use of the odor neutralizer for 

comparison to the applicable screening level. All PAI are below the applicable screening levels in Table 8. 

7.0 Summary and Conclusion 

Crimson Holdings operates a powdered egg manufacturing facility in Adrian, Michigan. This facility has operated a 

spray dryer for agricultural products since the 1980’s. Prior to Crimson Holdings beginning operation, the original 

stack was modified in such a way that it no longer complied with the PTI 38-06. Crimson Holdings was asked to 

modify its PTI to include a Nuisance Odor Management Plan which is provided in Appendix 6. It will be revised 

based on comments from EGLE and MDARD. An air toxics analysis was prepared and indicates that emissions 

from the powdered egg manufacturing process meet all the health-based standards referenced in Rules 225-230. 

Emissions from the proposed odor neutralizer system were also evaluated and found to be environmentally 

acceptable under Rules 225-230. Costs for additional VOC control equipment were evaluated and found not to be 

cost-effective. Additional odor control equipment was also evaluated and found not to be cost-effective. This PTI 

should be issued with few changes to the PTI conditions except to develop and implement a NOMP as requested 

by EGLE earlier this year. 

1 AERMAP is an AERMOD Terrain Preprocessor 
2 AERMET is an AERMOD Meteorological Preprocessor 
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Table 1 - Powdered Egg Manufacturing Emissions Summary 
Crimson Holdings, LLC - Modification to PTI 38-06 
Adrian, Michigan 

Pollutant 
Dryer 
(tpy) 

Odor 
Neutralizer 

(tpy) 

Dryer 
Combustion Emissions 

(tpy) 
Permit Limit Units Change? 

Facility Total 
(tpy) 

CO 5.02 5.0 
NOX 5.98 6.0 

PM 27.6 0.04 lb/1000 lb exhaust None 27.6 
PM10 44.7 0.45 10.2 lb/hr None 45.1 

PM2.5 44.7 0.45 45.1 

SO2 0.04 0.0 

VOC 7.7 0.4 0.33 8.0 
CO2 7,168 7,168 

CH4 0.13 0.1 

N2O 0.01 0.0 

CO2e 7,175 7,175 

Lead 0.00 0.0 
Fluorides 
H2SO4 -

No fluorides in natural gas. 

Z:\2022\220602\WORK\Permits, Air\PTI App\TBL_PTI_Crimson_2022.xlsx 9/19/2022 



Fishbeck | 1 of 1 
Table 2 - Powdered Egg Spray Dryer Emissions Summary 
Crimson Holdings, LLC - Modification to PTI 38-06 
Adrian, Michigan 

Exhaust Flowrate 30,000 scfm 
Annual Operating Hours 8760 hr/yr 
Dryer Heat Input 14 MMBtu/hr (with combustion emissions) 

Heating Value 1026 BTU/scf 

NSR Regulated Pollutant 
Dryer 

Emission Factor 
Units 

Maximum 
Hourly Emissions 

(lb/hr) 

Annual Emissions 
(tpy) 

Particulate matter (PM) 0.04 
lb/1000 exhaust gas 

(50% excess air) 
6.30 27.6 

Particulate matter (< 10 mm) (PM + 
condensables) 

10.2 lb/hr 10.2 44.7 

Particulate matter (< 2.5 mm) (PM 
+ condensables) 

10.2 lb/hr 10.2 44.7 

Volatile organic compounds (VOCs) * 1.76 lb/hr 1.76 7.7 
Highlighted emissions are current limit. 
* VOC Emissions were measured during stack testing at 0.88 lb/hr. A 100% safety factor was added. 
Current process is permitted at 10.2 lb/hr. 
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Table 3 - Powdered Egg Spray Dryer TAC Emissions Summary 
Crimson Holdings, LLC - Modification to PTI 38-06 
Adrian, Michigan 

Exhaust Flowrate 30,000 scfm 
Annual Operating Hours 8760 hr/yr 

Toxic Air Contaminant CAS Number 
Emission Factor 

(lb/hr) 
Annual Emissions 

(tpy) 

Ammonia 7664-41-7 1.32 5.78 
Carbonyl sulfide 463-58-1 0.28 1.23 
Stack testing was performed in June, 2022. Components above the detection limit, ammonia and 
carbonyl sulfide, were estimated using the test results multiplied by 2 (or with a 100% safety factor).. 
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Table 4 - Powdered Egg Manufacturing Combustion Emissions Summary 
Crimson Holdings, LLC - Modification to PTI 38-06 
Adrian, Michigan 

Exhaust Flowrate 28,000 acfm 
Annual Operating Hours 8760 hr/yr 
Dryer Heat Input 14 MMBtu/hr 

Heating Value 1026 btu/scf 

NSR Regulated Pollutant 
Annual Emissions 

(tpy) 

CO1 84 lb/MMCF 5.0 

NOX 
1 100 lb/MMCF 6.0 

PM1 1.9 lb/MMCF 0.1 

PM10 
1 7.6 lb/MMCF 0.5 

PM2.5 
1 7.6 lb/MMCF 0.5 

SO2 
1 0.6 lb/MMCF 0.0 

VOC1 5.5 lb/MMCF 0.3 

CO2 
2,3 116.89 lb/MMBtu 7,168 

CH4 
2,3 2.2E-03 lb/MMBtu 0.1 

N2O2,3 2.2E-04 lb/MMBtu 0.0 

CO2e2 116.89 lb/MMBtu 7,175 

Lead 5.0E-04 lb/MMCF 0.0 

2 CO2e global warming potential and emission factors obtained from 40 CFR 98 Subparts A 

and C, respectively. The global warming potential for CH4 (25) and N2O (298) are 

consistent with the USEPA published changes on November 29, 2013. 
3 GHG emission factors are from the MDEQ "Greenhouse Gas Title V Permitting Guidance 
for Sources with Fuel Combustion Equipment" 

Emission Factor 
(See Notes) 

1 Emission factors are from Web-fire for SCC 1-02-006-02 for a Boiler with a heat input 
capacity of 10-100 MMBtu/hr. 
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Table 5 - TAC Emissions from Egg Dryer Combustion Equipment 
Crimson Holdings, LLC - Modification to PTI 38-06 
Adrian, Michigan 

Heat Input Capacity (total) MMBtu/hr 14.0 

Heat Input Capacity 1.36E-02 

Annual Operating Hours hr/yr 8,760 

Annual Heat Input Limit or Capacity 122,640 

Fuel Heat Value 1,026 

Toxic Air Contaminant CAS No. Notes 

Maximum 
Short-Term 

Emissions per Unit 
(lb/hr) 

Annual Emissions 
(tpy) 

HAP? 

Formaldehyde 50-00-0 7.50E-02 lb/MMCF 1 1.02E-03 4.48E-03 Yes 
Benzo (a) pyrene 50-32-8 1.20E-06 lb/MMCF 1 1.64E-08 7.17E-08 Yes 
Dibenzo(a,h) anthracene 53-70-3 1.20E-06 lb/MMCF 1 1.64E-08 7.17E-08 Yes 
3-Methylcholanthrene 56-49-5 1.80E-06 lb/MMCF 1 2.46E-08 1.08E-07 Yes 
Benzo (a) anthracene 56-55-3 1.80E-06 lb/MMCF 1 2.46E-08 1.08E-07 Yes 
Dimethylbenz(a)anthracene 57-97-6 1.60E-05 lb/MMCF 1 2.18E-07 9.56E-07 Yes 
Benzene 71-43-2 2.10E-03 lb/MMCF 1 2.87E-05 1.26E-04 Yes 
Acenaphthene 83-32-9 1.80E-06 lb/MMCF 1 2.46E-08 1.08E-07 Yes 
Phenanthrene 85-01-8 1.70E-05 lb/MMCF 1 2.32E-07 1.02E-06 Yes 
Fluorene 86-73-7 2.80E-06 lb/MMCF 1 3.82E-08 1.67E-07 Yes 
Naphthalene 91-20-3 6.10E-04 lb/MMCF 1 8.32E-06 3.65E-05 Yes 
2-Methyl Naphthalene 91-57-6 2.40E-05 lb/MMCF 1 3.27E-07 1.43E-06 Yes 
Toluene 108-88-3 3.40E-03 lb/MMCF 1 4.64E-05 2.03E-04 Yes 
N-Hexane 110-54-3 1.80E+00 lb/MMCF 1 2.46E-02 1.08E-01 Yes 
Anthracene 120-12-7 2.40E-06 lb/MMCF 1 3.27E-08 1.43E-07 Yes 
Pyrene 129-00-0 5.00E-06 lb/MMCF 1 6.82E-08 2.99E-07 Yes 
Benzo (g,h,i) perylene 191-24-2 1.20E-06 lb/MMCF 1 1.64E-08 7.17E-08 Yes 
Indeno(1,2,3-cd)pyrene 193-39-5 1.80E-06 lb/MMCF 1 2.46E-08 1.08E-07 Yes 
Benzo (b) fluoranthene 205-99-2 1.80E-06 lb/MMCF 1 2.46E-08 1.08E-07 Yes 
Fluoranthene 206-44-0 3.00E-06 lb/MMCF 1 4.09E-08 1.79E-07 Yes 
Benzo (k) fluoranthene 207-08-9 1.80E-06 lb/MMCF 1 2.46E-08 1.08E-07 Yes 
Acenaphthylene 208-96-8 1.80E-06 lb/MMCF 1 2.46E-08 1.08E-07 Yes 
Chrysene 218-01-9 1.80E-06 lb/MMCF 1 2.46E-08 1.08E-07 Yes 
Manganese 7439-96-5 3.80E-04 lb/MMCF 1 5.19E-06 2.27E-05 Yes 
Mercury 7439-97-6 2.60E-04 lb/MMCF 1 3.55E-06 1.55E-05 Yes 
Molybdenum 7439-98-7 1.10E-03 lb/MMCF 1 1.50E-05 6.57E-05 No 
Nickel 7440-02-0 2.10E-03 lb/MMCF 1 2.87E-05 1.26E-04 Yes 
Arsenic 7440-38-2 2.00E-04 lb/MMCF 1 2.73E-06 1.20E-05 Yes 
Barium 7440-39-3 4.40E-03 lb/MMCF 1 6.00E-05 2.63E-04 No 
Beryllium 7440-41-7 1.20E-05 lb/MMCF 1 1.64E-07 7.17E-07 Yes 
Cadmium 7440-43-9 1.10E-03 lb/MMCF 1 1.50E-05 6.57E-05 Yes 
Chromium 7440-47-3 1.40E-03 lb/MMCF 1 1.91E-05 8.37E-05 Yes 
Cobalt 7440-48-4 8.40E-05 lb/MMCF 1 1.15E-06 5.02E-06 Yes 
Copper 7440-50-8 8.50E-04 lb/MMCF 1 1.16E-05 5.08E-05 No 
Vanadium 7440-62-2 2.30E-03 lb/MMCF 1 3.14E-05 1.37E-04 No 
Zinc 7440-66-6 2.90E-02 lb/MMCF 1 3.96E-04 1.73E-03 No 
Ammonia 7664-41-7 3.20E+00 lb/MMCF 1 4.37E-02 1.91E-01 No 
Selenium 7782-49-2 2.40E-05 lb/MMCF 1 3.27E-07 1.43E-06 Yes 
Dichlorobenzene, mixed isomers 25321-22-6 1.20E-03 lb/MMCF 1 1.64E-05 7.17E-05 No 

MMcf/hr 

MMBtu/yr 
MMBtu/MMcf 

Emission Factor 
(See Notes) 

1 Emission factors are from Web-fire for SCC 1-02-006-02 because no TAC factors are available for SCC 1-02-006-03. 

Emission Calculation Methods where: 
Using lb/MMCF Emission Factors E ST = Short Term Emissions (lb/hr); 
E ST = C MMCF X EF MMCF E A = Annual Maximum Emissions (tpy); 
E A = E ST X Annual Operating Hours / 2,000 lb/ton C MMCF = Max Fuel Usage (MMCF/hr); and 

EF MMCF = emission factor (lb/MMCF) 
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Table 6 - Odor Neutralizer Emission Estimates 
Crimson Holdings - Odorant Testing 20367.00 lb/yr neutralizer from 9118 
Adrian, Michigan 0.0185185 gallons per gallon solution at 53:1 

8.37 lb/gal - density of solution 
2.325 lb solution/hr (15 gph and 53:1 dilution) 

4% organic content (assumed VOCs) in Concentrate 
814.68 lb/yr VOCs 

Abalyn 8050-15-5 < 0.01% 2.0367 2.3E-04 
Alcohol C-08 111-87-5 < 0.01% 2.0367 2.3E-04 
Aldehyde C-11 EN 112-45-8 < 0.01% 2.0367 2.3E-04 
Aldehyde C-11 UNDECYLIC 112-44-7 < 0.01% 2.0367 2.3E-04 
Amyl acetate 628-63-7 0.01 - 0.10% 20.367 2.3E-03 
Amyl butyrate 106-27-4 < 0.01% 2.0367 2.3E-04 
Amyl cinnamic aldehyde 122-40-7 < 0.01% 2.0367 2.3E-04 
Anethol 4180-23-8 < 0.01% 2.0367 2.3E-04 
Anisic aldehyde 123-11-5 < 0.01% 2.0367 2.3E-04 
Benzaldehyde 100-52-7 < 0.01% 0.0855414 9.8E-06 
Benzyl acetate 140-11-4 0.01 - 0.10% 20.367 2.3E-03 
Butyl cellusolve 111-76-2 0.5-1.00% 203.67 2.3E-02 
Carvacrol tech 6485-40-1 < 0.01% 2.0367 2.3E-04 
Cedarwood texas 68990-83-0 < 0.01% 2.0367 2.3E-04 
Cinnamic aldehyde 104-55-2 < 0.01% 2.0367 2.3E-04 
Citronella ceylon 8000-29-1 0.01-0.10% 20.367 2.3E-03 
Clove leaf oil 8015-97-2 < 0.01% 2.0367 2.3E-04 
Clove terpenes 68917-29-3 0.01-0.10% 20.367 2.3E-03 
Coumarin 91-64-5 < 0.01% 2.0367 2.3E-04 
Cyclamen aldehyde 103-95-7 < 0.01% 2.0367 2.3E-04 
Diethylphthalate 84-66-2 < 0.01% 2.0367 2.3E-04 
Limonene D 5989-27-5 0.1-0.5% 101.835 1.2E-02 
Dipentene PG 68956-56-9 0.01-0.10% 20.367 2.3E-03 
Diphenyl oxide 101-84-8 < 0.01% 2.0367 2.3E-04 
Ethyl acetate 141-78-6 0.01-0.10% 20.367 2.3E-03 
Ethyl butyrate 105-54-4 0.01-0.10% 20.367 2.3E-03 
Eucalyptus 80/85 8000-48-4 < 0.01% 2.0367 2.3E-04 
Eugenol 97-53-0 0.01-0.10% 20.367 2.3E-03 
Geraniol BJ 106-24-1 0.01-0.10% 20.367 2.3E-03 
Hercolyn D 8050-15-5 0.01-0.10% 20.367 2.3E-03 
Igepal CA630 9036-19-5 1.0-6.0% 814.68 9.3E-02 
ISO Bornyl acetate 125-12-2 0.01-0.10% 20.367 2.3E-03 
Lavender spike 8016-78-2 < 0.01% 2.0367 2.3E-04 
Lemongrass Oil 8007-02-1 0.01-0.10% 20.367 2.3E-03 
Linalool Synthetic 78-70-6 < 0.01% 2.0367 2.3E-04 
Methyl anthranilate 134-20-3 0.01-0.10% 20.367 2.3E-03 

Toxic Air Contaminant CAS No. 
Concentration 

Range (%) 

Annual 
Emissions 

(lb/yr) 

Hourly 
Emissions (lb/hr) 
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Table 6 - Odor Neutralizer Emission Estimates 
Crimson Holdings - Odorant Testing 20367.00 lb/yr neutralizer from 9118 
Adrian, Michigan 0.0185185 gallons per gallon solution at 53:1 

8.37 lb/gal - density of solution 
2.325 lb solution/hr (15 gph and 53:1 dilution) 

4% organic content (assumed VOCs) in Concentrate 
814.68 lb/yr VOCs 

Toxic Air Contaminant CAS No. 
Concentration 

Range (%) 

Annual 
Emissions 

(lb/yr) 

Hourly 
Emissions (lb/hr) 

Methyl hexyl ketone 111-13-7 < 0.01% 2.0367 2.3E-04 
Methyl ionone gamma supreme 1335-46-2 < 0.01% 2.0367 2.3E-04 
Methyl salicylate 119-36-8 0.01-0.10% 20.367 2.3E-03 
Musk ketone 81-14-1 < 0.01% 2.0367 2.3E-04 
Orange oil valencia 8008-57-9 < 0.01% 2.0367 2.3E-04 
Phenyl acetic acid 103-82-2 < 0.01% 2.0367 2.3E-04 
Phenyl ethyl alcohol 60-12-8 < 0.01% 2.0367 2.3E-04 
Pimento leaf oil 8006-77-6 < 0.01% 2.0367 2.3E-04 
Rosemary spanish 8000-25-7 < 0.01% 2.0367 2.3E-04 
Styrallyl acetate 93-92-5 < 0.01% 2.0367 2.3E-04 
Terpineol 900 98-55-5 0.1-0.5% 101.835 1.2E-02 
Terpinyl acetate 80-26-2 0.1-0.5% 101.835 1.2E-02 
Unipine 85 8002-09-3 0.01-0.10% 20.367 2.3E-03 
Vanillin 121-33-5 0.01-0.10% 20.367 2.3E-03 
Vertofix 32388-55-9 < 0.01% 2.0367 2.3E-04 
Yara yara 93-04-9 < 0.01% 2.0367 2.3E-04 
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Table 7 - Main Stack Model Input 
Crimson Holdings, LLC - Modification to PTI 38-06 
Adrian, Michigan 

Easting Northing 

Current Stack NW_STACK vertical 747,405 4,642,562 802.7 49 150 28,000 23.77 60.0 1 

Model Results 

1 hr 8 hr 24 hr annual 
Current Stack NW_STACK 168.52437 133.89578 99.60525 6.32612 

Source Model Name 

Model Impact (µg/m3)/(lb/hr) 

Unitized 
Emission Rate 

(lb/hr) 

Exhaust 
Temperat 

ure 
(°F) 

Exit 
Velocity 

(fps) 

Stack 
Diameter 
(inches) 

Exhaust 
Flow Rate 

(acfm) 

Stack 
Height 
(feet) 

Source 
Discharge 

Type 

NAD 83 UTM Coordinates 
(m) Base Elevation 

(feet) 
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Table 8 - Predicted Ambient Impacts from TAC Summary 
Crimson Holdings, LLC - Modification to PTI 38-06 
Adrian, Michigan 

Toxic Air Contaminant CAS No. 

MAX 
Emissions 

(lb/hr) 

Intermittent 
Emission 

Rate 
(lb/hr) 

Model 
Results 

(µg/m3)/ 
(lb/hr) 

PAI 
(µg/m3) 

Screening 
Level 

(µg/m3) 

Averaging 
Period 

(µg/m3) 

Percent of 
Screening 

Level 

Model 
Results 
(µg/m3) 

/ 
(lb/hr) 

PAI 
(µg/m3) 

Screening 
Level 

(µg/m3) 

Averaging 
Period 

(µg/m3) 

Percent of 
Screening 

Level 

Model 
Results 

(µg/m3)/ 
(lb/hr) 

IRSL 
PAI 

(µg/m3) 

Screening 
Level 

(µg/m3) 

IRSL 
Averaging 

Period 

(µg/m3) 

Percent of 
Screening 

Level 
Pass/ 
Fail 

2-Methyl Naphthalene 91-57-6 3.27E-07 6.33 2.07E-06 10 annual 0.0% -- -- -- -- -- -- -- -- -- -- PASS 
3-Methylcholanthrene 56-49-5 2.46E-08 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Abalyn 8050-15-5 2.56E-03 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
Acenaphthene 83-32-9 2.46E-08 6.33 1.55E-07 210 annual 0.0% -- -- -- -- -- -- -- -- -- -- PASS 

Acenaphthylene 208-96-8 2.46E-08 6.33 1.55E-07 35 annual 0.0% -- -- -- -- -- -- -- -- -- -- PASS 
Alcohol C-08 111-87-5 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Aldehyde C-11 EN 112-45-8 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
Aldehyde C-11 UNDECYLIC 112-44-7 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Ammonia 7664-41-7 1.36E+00 168.52 229.81 350 1 hr 65.7% -- -- -- -- -- -- -- -- -- -- PASS 
Amyl acetate 628-63-7 2.33E-03 6.33 0.01 1100 annual 0.0% -- -- -- -- -- -- -- -- -- -- PASS 
Amyl butyrate 106-27-4 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Amyl cinnamic aldehyde 122-40-7 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
Anethol 4180-23-8 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Anisic aldehyde 123-11-5 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
Anthracene 120-12-7 3.27E-08 6.33 2.07E-07 1000 annual 0.0% -- -- -- -- -- -- -- -- -- -- PASS 

Arsenic 7440-38-2 2.73E-06 -- -- -- -- -- -- -- -- -- -- 6.33 1.73E-05 0.0002 annual 8.6% PASS 
Barium 7440-39-3 6.00E-05 133.90 8.04E-03 5 8 hr 0.2% -- -- -- -- -- -- -- -- -- -- PASS 

Benzaldehyde 100-52-7 9.77E-06 -- -- -- -- -- -- -- -- -- -- 6.33 6.18E-05 0.4 annual 0.0% PASS 
Benzene 71-43-2 2.87E-05 6.33 1.81E-04 30 annual 0.0% 99.61 2.85E-03 30 24 hr 0.0% 6.33 1.81E-04 0.1 annual 0.2% PASS 

Benzo (a) anthracene 56-55-3 2.46E-08 -- -- -- -- -- -- -- -- -- -- 6.33 -- -- annual -- PASS 
Benzo (a) pyrene 50-32-8 1.64E-08 99.61 1.63E-06 0.002 24 hr 0.1% -- -- -- -- -- 6.33 1.04E-07 0.001 annual 0.0% PASS 

Benzo (b) fluoranthene 205-99-2 2.46E-08 -- -- -- -- -- -- -- -- -- -- 6.33 -- -- annual -- PASS 
Benzo (g,h,i) perylene 191-24-2 1.64E-08 6.33 1.04E-07 13 annual 0.0% -- -- -- -- -- -- -- -- -- -- PASS 

Benzo (k) fluoranthene 207-08-9 2.46E-08 -- -- -- -- -- -- -- -- -- -- 6.33 -- -- annual -- PASS 
Benzyl acetate 140-11-4 2.33E-03 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Beryllium 7440-41-7 1.64E-07 99.61 1.63E-05 0.02 24 hr 0.1% -- -- -- -- -- 6.33 1.04E-06 0.0004 annual 0.3% PASS 
Butyl cellusolve 111-76-2 2.33E-02 6.33 0.15 1600 annual 0.0% -- -- -- -- -- -- -- -- -- -- PASS 

Cadmium 7440-43-9 1.50E-05 -- -- -- -- -- -- -- -- -- -- 6.33 9.50E-05 0.0006 annual 15.8% PASS 
Carbonyl sulfide 463-58-1 2.80E-01 6.33 1.77 9 annual 19.7% -- -- -- -- -- -- -- -- -- -- PASS 
Carvacrol tech 6485-40-1 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Cedarwood texas 68990-83-0 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
Chromium 7440-47-3 1.91E-05 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
Chrysene 218-01-9 2.46E-08 -- -- -- -- -- -- -- -- -- -- 6.33 -- -- annual -- PASS 

Cinnamic aldehyde 104-55-2 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
Citronella ceylon 8000-29-1 2.33E-03 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Clove leaf oil 8015-97-2 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
Clove terpenes 68917-29-3 2.33E-03 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Cobalt 7440-48-4 1.15E-06 133.90 1.53E-04 0.2 8 hr 0.1% -- -- -- -- -- 6.33 7.25E-06 0.00013 annual 5.6% PASS 
Copper 7440-50-8 1.16E-05 133.90 1.55E-03 2 8 hr 0.1% -- -- -- -- -- -- -- -- -- -- PASS 

1st ITSL 2nd ITSL IRSL 
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Table 8 - Predicted Ambient Impacts from TAC Summary 
Crimson Holdings, LLC - Modification to PTI 38-06 
Adrian, Michigan 

1st ITSL 2nd ITSL IRSL 
Model 

Intermittent Model Results Model IRSL 

MAX Emission Results Screening Averaging Percent of (µg/m3) Screening Averaging Percent of Results IRSL Screening Averaging Percent of 
Emissions Rate (µg/m3)/ PAI Level Period Screening / PAI Level Period Screening (µg/m3)/ PAI Level Period Screening Pass/ 

Toxic Air Contaminant CAS No. (lb/hr) (lb/hr) (lb/hr) (µg/m3) (µg/m3) (µg/m3) Level (lb/hr) (µg/m3) (µg/m3) (µg/m3) Level (lb/hr) (µg/m3) (µg/m3) (µg/m3) Level Fail 

Coumarin 91-64-5 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
Cyclamen aldehyde 103-95-7 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Dibenzo(a,h) anthracene 53-70-3 1.64E-08 -- -- -- -- -- -- -- -- -- -- 6.33 -- -- annual -- PASS 
Dichlorobenzene, mixed isomers 25321-22-6 1.64E-05 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Diethylphthalate 84-66-2 2.33E-04 6.33 1.47E-03 2800 annual 0.0% -- -- -- -- -- -- -- -- -- -- PASS 
Dimethylbenz(a)anthracene 57-97-6 2.18E-07 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Dipentene PG 68956-56-9 2.33E-03 6.33 0.01 0.1 annual 14.7% -- -- -- -- -- -- -- -- -- -- PASS 
Diphenyl oxide 101-84-8 2.33E-04 133.90 0.03 70 8 hr 0.0% -- -- -- -- -- -- -- -- -- -- PASS 
Ethyl acetate 141-78-6 2.33E-03 6.33 0.01 3200 annual 0.0% -- -- -- -- -- -- -- -- -- -- PASS 
Ethyl butyrate 105-54-4 2.33E-03 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Eucalyptus 80/85 8000-48-4 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
Eugenol 97-53-0 2.33E-03 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Fluoranthene 206-44-0 4.09E-08 6.33 2.59E-07 140 annual 0.0% -- -- -- -- -- -- -- -- -- -- PASS 
Fluorene 86-73-7 3.82E-08 6.33 2.42E-07 140 annual 0.0% -- -- -- -- -- -- -- -- -- -- PASS 

Formaldehyde 50-00-0 1.02E-03 99.61 0.10 30 24 hr 0.3% -- -- -- -- -- 6.33 6.47E-03 0.08 annual 8.1% PASS 
Geraniol BJ 106-24-1 2.33E-03 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Igepal CA630 9036-19-5 9.30E-02 6.33 0.59 1.9 annual 31.0% -- -- -- -- -- -- -- -- -- -- PASS 
Indeno(1,2,3-cd)pyrene 193-39-5 2.46E-08 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

ISO Bornyl acetate 125-12-2 2.33E-03 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
Lavender spike 8016-78-2 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
Lemongrass Oil 8007-02-1 2.33E-03 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Limonene D 5989-27-5 1.16E-02 6.33 0.07 6250 annual 0.0% -- -- -- -- -- -- -- -- -- -- PASS 
Linalool Synthetic 78-70-6 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Manganese 7439-96-5 5.19E-06 6.33 3.28E-05 0.3 annual 0.0% -- -- -- -- -- -- -- -- -- -- PASS 
Mercury 7439-97-6 3.55E-06 6.33 2.24E-05 0.3 annual 0.0% 99.61 3.53E-04 1 24 hr 0.0% -- -- -- -- -- PASS 

Methyl anthranilate 134-20-3 2.33E-03 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
Methyl hexyl ketone 111-13-7 2.33E-04 6.33 1.47E-03 6.9 annual 0.0% -- -- -- -- -- -- -- -- -- -- PASS 

Methyl ionone gamma supreme 1335-46-2 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
Methyl salicylate 119-36-8 2.33E-03 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Molybdenum 7439-98-7 1.50E-05 133.90 2.01E-03 30 8 hr 0.0% -- -- -- -- -- -- -- -- -- -- PASS 
Musk ketone 81-14-1 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
Naphthalene 91-20-3 8.32E-06 6.33 5.27E-05 3 annual 0.0% 133.90 1.11E-03 520 8 hr 0.0% 6.33 5.27E-05 0.08 annual 0.1% PASS 

N-Hexane 110-54-3 2.46E-02 6.33 0.16 700 annual 0.0% -- -- -- -- -- -- -- -- -- -- PASS 
Nickel 7440-02-0 2.87E-05 -- -- -- -- -- -- -- -- -- -- 6.33 1.81E-04 0.006 annual 3.0% PASS 

Orange oil valencia 8008-57-9 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
Phenanthrene 85-01-8 2.32E-07 6.33 1.47E-06 0.1 annual 0.0% -- -- -- -- -- -- -- -- -- -- PASS 

Phenyl acetic acid 103-82-2 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
Phenyl ethyl alcohol 60-12-8 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Pimento leaf oil 8006-77-6 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
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Table 8 - Predicted Ambient Impacts from TAC Summary 
Crimson Holdings, LLC - Modification to PTI 38-06 
Adrian, Michigan 

1st ITSL 2nd ITSL IRSL 
Model 

Intermittent Model Results Model IRSL 

MAX Emission Results Screening Averaging Percent of (µg/m3) Screening Averaging Percent of Results IRSL Screening Averaging Percent of 
Emissions Rate (µg/m3)/ PAI Level Period Screening / PAI Level Period Screening (µg/m3)/ PAI Level Period Screening Pass/ 

Toxic Air Contaminant CAS No. (lb/hr) (lb/hr) (lb/hr) (µg/m3) (µg/m3) (µg/m3) Level (lb/hr) (µg/m3) (µg/m3) (µg/m3) Level (lb/hr) (µg/m3) (µg/m3) (µg/m3) Level Fail 

Pyrene 
Rosemary spanish 

129-00-0 
8000-25-7 

6.82E-08 
2.33E-04 

6.33 
--

4.32E-07 
--

100 
--

annual 
--

0.0% 
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

PASS 
PASS 

Selenium 7782-49-2 3.27E-07 133.90 4.38E-05 2 8 hr 0.0% -- -- -- -- -- -- -- -- -- -- PASS 
Styrallyl acetate 93-92-5 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
Terpineol 900 98-55-5 1.16E-02 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Terpinyl acetate 80-26-2 1.16E-02 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
Toluene 108-88-3 4.64E-05 99.61 4.62E-03 5000 24 hr 0.0% -- -- -- -- -- -- -- -- -- -- PASS 

Unipine 85 8002-09-3 2.33E-03 6.33 0.01 10 annual 0.1% -- -- -- -- -- -- -- -- -- -- PASS 
Vanadium 7440-62-2 3.14E-05 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Vanillin 121-33-5 2.33E-03 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
Vertofix 32388-55-9 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 

Yara yara 93-04-9 2.33E-04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- PASS 
Zinc 7440-66-6 3.96E-04 

2-Methyl Naphthalene 91-57-6 3.27E-07 
Polynuclear Aromatic Compounds with a Footnote of 5 

--
6.33 

--
2.07E-06 

--
10 

--
annual 

--
0.0% 

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

PASS 
PASS 
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MICHIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY 
AIR QUALITY DIVISION 

FEBRUARY 9, 2006 

PERMIT TO INSTALL 
· , >Nb;'38106 

DAitt11,Jrii~~~gRIQADNc, , 
ii0i:1iilfiili~D 
\)~~~ j'jf\ST MAU 
·s;cl)pRll"i>l.;>MIGHIGAN 

< '}('\~/~,~,~, £~~y OF 

STATE REGISTRATION NUMBER 
E8117 

The Air Quality Division has approved this Permit to Install, pursuant to the delegation of authority 
from the Michigan Department of Environmental Quality. This permit is hereby issued in 
accordance with and subject to Section 5505(1) of Article 11, Chapter I, Part 55, Air Pollution 
Control, of the Natura! Resources and Environmental Protection Act, 1994 PA 451, as amended. 
Pursuant to Air Pollution Control Rule 336.1201(1), this permit constitutes the permittee's 
authority to install the identified emission unit(s) in accordance with all administrative rules of the 
Department and the attached conditions. Operation of the emission unlt(s) identified in this Permit 
to Install is allowed pursuant to Rule 336.1201 (6). 

DATE OF RECEIPT OF ALL INFORMATION REOU!RED BY RULE 203: 

2/9/2006 

DATE PERMIT TO INSTALL APPROVED: SIGNATURE: 

2/9/2006 

DA TE PERMIT VOIDED: SIGNATURE: 

DATE PERMIT REVOKED: SIGNATURE: 
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Common Abbreviations / Acronyms 
Common Acronyms Pollutant/Measurement Abbreviations 

AQD Air Quality Division Btu British Thennal Unit 

BACT Best Available Control Technology oc Degrees Celsius 

CAA Clean Air Act co Carbon Monoxide 

CEM Continuous Emission Monitoring dscf Dry standard cubic foot 

CFR Code of Federal Regulations dscm Dry standard cubic meter 

COM Continuous Opacity Monitoring op Degrees Fahrenheit 

EPA Environmental Protection Agency g, Grains 

EU Emission Unit Hg Mercury 

FG Flexible Group h, Hour 

GACS Gallon of Applied Coating Solids H,S Hydrogen Sulfide 

GC General Condition hp Horsepower 

HAP Hazardous Air Pollutant lb Pound 

HVLP High Volume Low Pressure• m Meter 

ID Identification mg Milligram 

LAER Lowest Achievable Emission Rate mm Millimeter 

MACT Maximum Achievable Control Technology MM Million 

MAERS Michigan Air Emissions Reporting System MW Megawatts 

MAP Malfunction Abatement Plan ng Nanogram 

MDEQ Michigan Department of Environmental Quality NOx Oxides ofNitrogen 

MSDS Material Safety Data Sheet PM Particulate Matter 

NESHAP 
National Emission Standard for Hazardous Air PM-10 Particulate Matter less than 10 microns diameter 
Pollutants 

NSPS New Source Performance Standards pph Pounds per hour 

NSR New Source Review ppm Parts per million 

PS Performance Specification ppmv Parts per million by volume 

PSD Prevention of Significant Deterioration ppmw Parts per million by weight 

PTE Permanent Total Enclosure psia Pounds per square inch absolute 

PTI Permit to Install psig Pounds per square inch gauge 

RACT Reasonably Available Control Technology scf Standard cubic feet 

ROP Renewable Operating Pennit sec Seconds 

SC Special Condition Number so, Sulfur Dioxide 

SCR Selective Catalytic Reduction THC Total Hydrocarbons 

SRN State Registration Number tpy Tons per year 

TAC Toxic Air Contaminant µg Microgram 

TEQ Toxicity Equivalence Quotient voe Volatile Organic Compound 

VE Visible Emissions y, Year 

• For High Volume Low Pressure (HVLP) applicators, the pressure measured at the HVLP gun air cap shall not exceed ten 
(IO) pounds per square inch gauge (psig). 
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1. The process or process equipment covered by this permit shall not be reconstructed, relocated, or 
modified, unless a Permit to Install authorizing such action is issued by the Department, except to the 
extent such action is exempt from the Permit to Install requirements by any applicable rule. 
(R336,1201(1)J 

2. If the installation, construction, reconstruction, relocation, or modification of the equipment for which 
this pennit has been approved has not commenced within 18 months, or has been interrupted for 18 
months, this permit shall become void unless otherwise authorized by the Department. Furthermore, the 
pennittee or the designated authorized agent shall notify the Department via the Supervisor, Pennit 
Section, Air Quality Division, Michigan Department of Environmental Quality, P.O. Box 30260, 
Lansing, Michigan 48909, if it is decided not to pursue the installation, construction, reconstruction, 
relocation, or modification of the equipment allowed by this Permit to Install. (R336.1201(4)1 

3. If this Permit to Install is issued for a process or process equipment located at a stationary source that is 
not subject to the Renewable Operating Permit program requirements pursuant to R336.1210, operation 
of the process or process equipment is allowed by this permit if the equipment performs in accordance 
with the terms and conditions of this Pennit to Install. (R336.1201(6)(b)] 

4. The Department may, after notice and opportunity for a hearing, revoke this Penn it to lnstall if evidence 
indicates the process or process equipment is not performing in accordance with the terms and 
conditions of this pennit or is violating the Department's rules or the Clean Air Act. [R336.1201(8), 
Section 5510 of Act 451, PA 1994] 

5. The AQD District Supervisor shall be notified, in writing, of a change in ownership or operational 
control of the stationary source or emission unit(s) authorized by this Permit to Install pursuant to 
R336.1219. The notification shall include all of the information required by R336.1219(1)(a) and (b). 
In addition, a new owner or operator must submit a written statement pursuant to R336.1219(l)(c), 
agreeing to and accepting the terms and conditions of this Permit to Install, and shall notify the AQD 
District Supervisor of any change in the contact person for this Pemit to Install. (R336.1219) 

6. Operation of this equipment shall not result in the emission of an air contaminant which causes injurious 
effects to human health or safety, animal life, plant life of significant economic value, or property, or 
which causes unreasonable interference with the comfortable enjoyment of life and property. 
(R336.1901] 

7. The permittee shall provide notice of an abnormal condition, start-up, shutdown, or malfunction that 
results in emissions of a hazardous or toxic air pollutant which continue for more than one hour in 
excess of any applicable standard or limitation, or emissions of any air contaminant continuing for more 
than two hours in excess of an applicable standard or limitation, as required in Rule 912, to the 
Department. The notice shall be provided not later than two business days after start-up, shutdown, or 
discovery of the abnormal condition or malfunction. Written reports, if required, must be filed with the 
Department within 10 days after the start-up or shutdown occurred, within 10 days after the abnonnal 
conditions or malfunction has been corrected, or within 30 days of discovery of the abnormal condition 
or malfunction, whichever is first. The written reports shall include all of the information required in 
Rule 912(5). (R336.1912] 

8. Approval of this pennit does not exempt the permittee from complying with any future applicable 
requirements which may be promulgated under Part 55 of 1994 PA 451, as amended or the Federal 
Clean Air Act. 
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9. Approval of this permit does not obviate the necessity of obtaining such permits or approvals from other 
units of government as required by law nor does it affect any liability for past violations under the 
Natural Resources and Environmental Protection Act, 1994 PA 451. 

IO. Operation of this equipment may be subject to other requirements of Part 55 of 1994 PA 451, as 
amended and the rules promulgated thereunder. 

11. Except as provided in subrules (2) and (3) or unless the special conditions of the Permit to Install 
include an alternate opacity limit established pursuant to subrule (4) of R336.1301, the pennittee shall 
not cause or permit to be discharged into the outer air from a process or process equipment a visible 
emission of density greater than the most stringent of the following. The grading of visible emissions 
shall be determined in accordance with R336. 1303. [R336.1301) 

a) A six-minute average of 20 percent opacity, except for one six-minute average per hour of not 
more than 27 percent opacity. 

b) A visible emission limit specified by an applicable federal new source performance standard. 

c) A visible emission limit specified as a condition of this permit to install. 

12. Collected air contaminants shall be removed as necessary to maintain the equipment at the required 
operating efficiency. The collection and disposal of air contaminants shall be performed in a manner so 
as to minimize the introduction of contaminants to the outer air. Transport of collected air contaminants 
in Priority I and H areas requires the use of material handling methods specified in R336.l370(2). 
fR336.1370) 

13. The Department may require the pennittee to conduct acceptable perfonnance tests, at the permittee's 
expense, in accordance with R336.2001 and R336.2003, under any of the conditions listed in 
R336.200l. fR336.2001) 
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Emission Unit ID Emission Unit Descriotion Stack Identification 
EU-Spray Dryer Milk Spray Drying operation consisting of a drying SY-Spray Dryer 

chamber, a powder conveyor, a pneumatic conveyor, a 
fabric filter product collector, and a cyclonic product 
collector. 

Changes to the equipment described in this table are subject to the requirements of R336.1201, except as 
allowed bv R336.1278 to R336.1290. 

The following conditions apply to; EU-Spray Dryer 

Emission Limits 
Testing/ 

Applicable 
Pollutant Equipment Limit Time Period Monitoring 

Requirements 
Method 

I.la 

0.03 lbs per 
General 

PM EU-Spray Dryer 
1000 lbs of 

Test Protocol Condition R336.1331 
exhaust 
eases* 

No. 13 

I.lb 
10.2 Pounds 

General 
40 CFR 52.21 

PM-10 EU-Spray Dryer 
Per Hour 

Test Protocol Condition 
Subparts (c) & (d) 

No. 13 

* Calculated on a drv gas basis. 

Visible Emission Limits 
1.2 Visible emissions from EU-Spray Dryer shall not exceed a six-minute average of five percent opacity. 

(R336.1301, R336.1331J 

Stack/ Vent Restrictions 
Maximum 

Minimum Height Above Applicable 
Stack & Vent ID Opening, Length x 

Width (inches) 
Ground Level (feet) Requirement 

1.3 SY-Spray Dryer 55 X 53 25 
R336.1901, 

40 CFR 52.21/c) & (d) 

The exhaust gases shall be discharged unobstructed vertically upwards to the ambient air. 
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ith the emergence of food security as 

one of the most important issues of the 

millennium, it has become more crucial 

than ever to develop new methods of food preservation 

to prevent wastage. Dehydration is one such method 

which helps preserve food products, including fruits 

and vegetables, dairy and meat for extended periods of 

time. 

An article in the Persian daily Forsat-e Emrouz focuses 

on investment opportunities in the production of dried 

(powdered) and pasteurized liquid egg. 

Powdered egg is a fully dehydrated egg. It is made by 

using spray drying in the same way that powdered 

milk is made. The major advantages of powdered egg 

over fresh egg are the price, reduced weight per volume 

of whole egg equivalent and the long shelf life. Other 
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advantages include smaller usage of storage space and 

lack of need for refrigeration. Powdered egg has a 

storage life of 5 to 10 years when stored without 

oxygen in a cool environment. Their main application is 

in the baking industries but they can also be mixed with 

water to make food such as omelet. 

In the Middle Ages the Chinese used to air dry egg that 

had been whipped and left in the sun to dry before 

grinding it. China industrialized egg powder production 

in the 1900s to benefit from its abundant egg 

production. Manufacturing powdered egg in its modern 

form was developed in the 1930s by a London-based 

cake manufacturing company, after which many other 

suppliers came into the market notably in the United 

States. Powdered eggs were used in the United 

Kingdom during World War II for rationing. 

Pasteurizing and freezing are other ways of preserving 

egg. Pasteurized liquid and frozen egg is sold either 

as whole or separated egg (white or yolk). These 

products are suitable both for baking purposes as well 

as in places where eggs are needed in large quantities 

such as restaurants. The refrigerated liquid egg has a 

shelf life of about 12 weeks, while frozen egg products 

can be stored for up to a year. 

In some countries that have been processing egg for 

many years, the proportion of egg products' 

consumption has reached up to 40% of total egg 

production. Growing industrialization, tightening of 

health standards related to food safety and evolution of 

the customers' taste are seen as contributing factors to 

the growing demand. 

Tough Competition for Iranian Companies 

Iranian companies have taken special note of egg 

products such as powdered and liquid eggs in recent 
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years, but the products have not yet found their way 

into people's shopping baskets and industries due 

mainly to lack of awareness. This provides for suitable 

investment potential in the industry, given that suitable 

market research is carried out in advance. 

Manager of Telavang Company, Kaveh Momeni believes 

the Iranian manufacturers of liquid and powder egg 

products face tough competition from international 

players who have been in the market for a much longer 

time. But he says entering the global scene is possible 

through comprehensive market research and improving 

competitiveness. 

The report in Forsat-e Emruz estimates that an 

investment of about 300 billion rials ($9 million) is 

required for establishing an egg powder manufacturing 

plant with capacity to produce 500 tons of whole egg 

powder per day. The investment required for building a 

liquid egg production facility with the same capacity is 

substantially lower as it eliminates the need for drying. 

On average, one kilogram of powdered egg requires the 

drying of four kilograms of liquid egg . 

.. INVESTMENT OPPORTUNITIES IN IRAN 

f ~ in O https://fmancialtribune.com/node/20230 iQ 
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OTHER PERFORMANCE FACTORS 
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MARRIOTT WALKER SPRAY DRIERS 
Much 04 lhe sveoo,s of Mottiott Wolker Co1porotion is due lo 
the excellence of 11s horaonlol spray dn()r, whlch teatu1es 
mvllip((} high p1e~,ure product nouie:s a nd 
on efflc!ent bog type poWder colloclOI. The 
A>uslrolion 10 lh8 right $hows the unfomvly o/ 
operollon ob4olneel by tho multiple noule 
orrongement, giving co·mplele drying 1n o ,,o 
stop, wllh maximum woto1 evopo1otion ond 
minimum stock temperatures 

lhG cross section b<llow shOWs the general 
c1rongcmMI ond op&rollng principles of lhe 
flol noor ho,lzontol <Mor. This confl9urolion 
permils ~osv, safe access to, c ieonfng and 
Inspection of lh8 sprav chombe, and in 
o~llon. eoch bagroom comportment hos a 
seporole occess door and olsto, on<1 both inlet und exhaust 
SVS,Cm! have en/Janee do~lorlnspecilon and maintenance. 

TM t.-10rrfo ll V/o!lcQr dllOf permlls sote conlTo!ed drying, not 
onry for doJrv products. but fOt sr.,eciottv tormutoled rood 

stutu. inf<Jnl tormuro. whey p10tefn, co'uee 
.. wriI1ene1 and egg p1oovcts. il'lCluding Qgg 

whites TM 1Qt1Qr 010 portlcularty dlfflcull to dry 
in ordinary driers end Motfiotl Walker lypa 
dusJ re<;c:Ncrv ii\ •$$onHcl to retain this voluo• 
ble prO<lucl 

The elt1¢i$t1I b<>Q type dust collect°', re-• 
turning lhe unsegregol¢d 6MS d ltoclly ro lhe 
drl~r noo,. b essentklllor 1v11 prodvcl recovery 
and maximum relurns In addition. lhc 
boghOU$C du:il COIIOCIOf romoves ~1on
me.nta1 problems associated with cruder 
OU$I conectlon systems. No MorrioO Walker 

drler hos been cited lor atmospheric pollulloo olld m¢1'}' 0( 
them o re local¢d ifl lorgo ci11~s. 

·-----------·. ·---···-------~ 1 - ·••"-·-··-
I CROSS SECTION THROUGH MARRIOTT WALKER SPRAY DRIER 

1 Acllve dfylng zone suspende-d hor1zontolly In 
the center 01 the dtier from loft to r~ht wort 

2 Forced recircvlallon 04 air and d,vl~ po,ticlos 
along the ,001 ond celling or the drier. 

3 Prod\lct $proy noules orroved ho~-zontolly. lhe 
num~<lf<11YIOgWllhlMWidlhondcopocllyo( 
lhc $J:)roy chomb~:. lhe Mated o il l$Odm1Ned 
lhrovgh a k>ng horlz:ontol srot cot19ruent wllh 
the sproy ooul~. 

~ Stolnl~s steer plenum dellvers high tempe,o
lv,10 Inlet ('JI,: lo the $proy hoods. 

5 Sprw h.00<1$ whwo h90lod air l$ lum~<J lo 
enl8f tha drier with sp,oy noules (3). Acee~~ 
<:IOOfS tocllltole 1nspec11on and cleonlog. 

6. Stolritc" wosh tiougt,s. IntogroI with tno 4PfOY 
heads, ~upport lhe spray pipes wi1h o S9Po,o le 
volve ror each si;xoy noule. 

7 Tht? drying cnomber Is o rectangular space 
with inslJIIOled stainless steel llnod wons. 

8 TM powder !Oden oir ,~ lhG SP<OV eMmber 
Ol¢4'g the bock woll ond anlori Into o settling 
chamber below the dust collector. 

9. The--(1usl -collector contains verttcol bOQ$ 
su4pended from on outomallc shoklng 
mr,chon~ m which Is progrommed to shoke 
periodlcal ty, ol which lirn'1 lhe JridMduol cell ~ 
Isolated from tho ott system by o <1omp&1 
orrongement 

4_Ji;=:===7====il 
9 

1.0. 1he exhovsl olr mon_i old collocts ote<1n spent 
olrtrom the lndMduol cell~ a lh8 dUSI colle{:IOI, 
and dlsehorQGS II to atm~phero ov moons or 
on exhaust ton and :slack. 

In Joo Morrt.oll Wolk8f Hor1zonlul TYJ.X,> Sprov Oflcr. 
the dried product tolls to lh8 lk>of ol spray chamber 
and also to the noor ol the ~elltng ehnm~ when 
dropped from lhe bogs by the oulomollc sholce~. 
A $WCQI' eonvo~ the dried product lo one won 04 
the d ri&t, at wl11ch point II ls dlschorged Into on 
ouger conveyor wh ich d lschotgC$ the powder 
through lM drtor oullel ofrk>ck \'O~ Into o .s-~orote 
OOOIG!/¢0(W-O'{Or f/Y&fem 
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SPRAY DRIER PERFORMANCE FACTORS 
Mo r,tott Wolk er horlzontol type drie,s ore nonno!JV expeeted 
to operntc ot o d osl9n capo.cltyol 63 pounds ot powder P8f' 
hour per toot or dtlcr width, under tne toltowtng condltlons: 

1. ConcenlToted feed i1.1pp/Jed 01401. sol'f<ls 

2 Conoeotroted feed ,upplled ot 1.40° F. 

3 Suppfy olr hoo1~ to 320° F. 

4. 1:xhcust a ir diachatged ot 180° F 

5. Dried powder produced ol 34' moisture 

The tofeg()(ng eondltlon s oro ak>ndoJd ro, d.rier copoctty 
comporison purpos$s. The pcrtormanoo roctors o.xpto~ed 
in tho column to the rfght ond tabulated below may be 
u~d 0$ multipliers ( or dl-.tsora) to detetmlne hourly powder 
copocltles fOl driers running under 01h01 condi tions. lhe 
same tobloi moy be used v.Mh our tower drlers. 

SOLIDS FACTORS: Sproydriet$ ort octuallywottt•voporo• 
toR, nenc:e ltte Powd<lf output Will VCllY aumtaF'liollywtth the 
pMcont ot soltds In the teed. Tobie ,t shows drlod product 
(contolnlng 3'- mo&slure) muttlplers ttiot rnov bo usod to 
del~e output ot o dller ot oth91 lhon 4~ sollds feed, 
unoorconalont evopocatlon con<:1,Uona. Tobl81 applies to 
powder output only, do not use u to modify evoporaling 
eopoelly. 

LIQUID TEMPERATURE FACTORS: Tho tompecotore or the 
ooncentroled feed to the dr181 direcl)y lnltue>nce$ drier 
evoporQtlng capocltyos .shown bylhe multi piers In tablo 2. 
This $',"CJP()lafion foct°' la also appllcoble to pr:,wdc/ output 

AIR TEMPERATURE FACTORS: Hotter Inlet olr lemperoJu,es 
and cooler ,tock temQefoh.,,9$ v.fll Increase the evop
oro11ng copoclty ot thesproy d1ie1, and ltio c.0m'$/St rs olso 
ttuc. Actually, the dl1fo1ence ootwoon tt\e$o temp•rotures 
measures the COPacl}y 01 the dr1or as shown In Tab lo 3. This 
$YOJ)Orotion factor Is o1so oppUcoble to Powder outp\J1 

TABLE 1 

Fe&d Copoclty fiMd CoPocrtv f".ood Capacity Foed Copoclty Fe.a Copoci ly 
Solids Mullioler Solids Multtpliet Solids Multipli9' Solids MUUipll•r Solids MultipliGJ 

10,. .164 20~ .370 301, .638 MW. 1.000 50\ 1..516 
11 .182 21 .394 31 .669 4-t t.043 M 1.580 
12 .201 22 A18 32 .702 42 1..086 52 1.646 
13 220 23 .443 33 .735 43 1135 63 1.716 
14 .240 24 A68 34 769 44 1.133 64 1 .769 

i5't. .260 25'1. A95 35\ .804 AS\ 1.233 56!. 1.866 
16 .281 26 .522 36 .841 46 1.28.S 56 1.946 
17 .303 21 .549 37 ~79 47 1.340 57 2.030 
18 .325 26 .578 38 .918 418 1.J96 58 2.1i9 
19 .347 29 .608 39 .958 49 1.46.5 59 2.212 

TABlE 2 

Feed TemP4trot\Jrc "f' 40' 50° 60> 70° ~ 900 1000 1100 1200 ,t30o 1400 1500 1600 1700 1800 

Capacity Multiplier 0.90 0.91 0.92 0 .93 0 .94 0.95 0.96 0.91 0.98 0.99 1.00 i.01 1 .02 1.03 1.04 

TA8LE 3 

Exhaust Inlet AJr JomperoJu,os (0F) 
lemp. 300° 31()/) 3200 3300 340° 35()) 360) 3700 33<)) 390° 4000 
2100 Copoeity 0.786 0 .857 0.929 1.000 i .071 1.143 1.214 1 .286 1.357 
205~ Multfpfi81$ 0.821 0,893 0.964 1.036 '1.107 1.179 1.250 1 .321 1.393 
200> 0.714 0.786 0.857 0.929 1.000 1.071 1.143 1.2<14 1.286 1.357 1.426 
195° 0 760 0.821 0.893 0 .964 1.0U 1.107 1.179 1.250 1.32·1 1.393 1.464 
1900 0.786 0.857 0.929 1.000 1.011 M .43 1.214 i .286 1.357 1A28 1.500 
18So 0.821 0.893 0.964 1.036 1.107 1.179 1.250 1.321 1.393 1.464 1.536 
1800 0.857 0.929 1.000 1.071 1.143 1.214 1.286 i.357 1.428 <1.500 1.571 
1750 0.893 0.964 1 ,036 1107 1.179 i .250 1.321 i .393 1.464 1.536 1607 

1700 0.929 1.000 i .071 1.143 1.214 1.286 1.357 1.428 1 .600 1.571 1643 
1650 0.964 1.036 1.107 1.179 1.250 1.324 1.393 1.464 1.5-36 1.607 1.678 
160° i .000 1.071 1.143 1.214 1.286 1.357 1.428 1.500 1.571 1.643 1,714 
155° i.036 1107 1179 1 250 1.321 i~93 1.464 1.536 1.607 i .678 1750 

150° i .07' 1,1153 1.214 1.286 1.J57 1.428 1.500 1.$71 1.643 1.7i4 1 786 
1416~ 1.10 7 i.179 1.2.50 1.321 1.,393 1.464 1.536 1.607 1.678 1 750 
140) 1.143 t.214 1.286 1.357 1A28 1.500 -1.571 1.643 1.714 Copcelly 
135° 1.179 1.2.SO 1.32-1 1.393 1.464 1.536 1.607 1.678 t .750 Multipliers 

MAAAtOll WAIJClR C~K)J,1 
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Appendix 4 – Fabric Filter Dust Collector Diagram 

This is a diagram that better represents the relationship between the drier, cyclone and baghouse dust collector.  
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As we indicated earlier, the baghouse dust collector was manufactured by the same company that manufactured 

the drier. They were purchased together. The baghouse has 552 bags that are 6” in diameter and 120” long for a 

total area of 8671 ft2. With air flow of 28,000 cfm the A/C ratio is 3.2. It has an automatic reverse pulse jet 

cleaning system that returns collected material to the drier.  Clean air exhausts through the inside of the bags. 

Information on the bags is also included. The bags can be described as follows: 

Filter Holdings style# s/124-22  Filter Media 

16oz Polyester w. Teflon Finish 

Fiber Content : 100% polyester 

Construction : Needle-punched felt 

Surface Finish : Teflon 

Nominal Weight : 16 oz. per square yard 

Air Permeability : 25-35 CFM per square foot 
@ 0.5 inch water gauge 

Operating Temperature : 275°F continuous 

Nominal Efficiency  : 99% for particles for particles 
1 micron and above 

COMFONENlS 
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 The entire system is generally brought down once per week for maintenance and cleaning. Prior to start-up, the 

air pressure to the baghouse dust collector is verified and set to the proper air pressure for cleaning during 

production. The sonic horns air pressure is also set and verified.  After start-up, the following operating 

parameters are monitoring and checked once per hour during production: 

 Air inlet and exhaust temperature 

 Baghouse dust collector pressure drop 

 Dust probe detector 

When the system is brought down at the end of its production run, the following items are inspected (repaired or 

replaced as needed) once per week: 

 Baghouse dust collector reverse pulse system valves 

 Baghouse dust collector air filter 

The inside of dust collector and conveying system is inspected for excessive dust which would indicate a broken 

bag or other problem.  Any brokens are replaced at that time as well as during periodic maintenance. The system 

is also cleaned at that time. 

The facility has also routine preventive maintenance scheduled on a periodic basis. We plan to include additional 

information in the Nuisance Management or Odor Management Plan we are developing. 



Technical Specifications 
Filter Holdings style# s/124-22  Filter Media 

16oz Polyester w. Teflon Finish 

Fiber Content : 100% polyester 

Construction : Needle-punched felt 

Surface Finish : Teflon 

Nominal Weight : 16 oz. per square yard 

Air Permeability : 25-35 CFM per square foot 
@ 0.5 inch water gauge 

Operating Temperature : 275°F continuous 

Nominal Efficiency  : 99% for particles for particles 
1 micron and above 

!!~ F-ILTE:R 
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ODOR CONTROL−ODOR NEUTRALIZER 
OC9118 

GENERAL DESCRIPTION 
CHEMTREAT OC9118 is a highly effective concentrated multicomponent blend of odor neutralizing 

compounds. OC9118 is specifically formulated to eliminate nuisance odors when applied using mist 

spray technology. Unlike masking agents that overwhelm the malodor and actually increase overall 

odor intensity, OC9118 decreases overall odor intensity. 

TYPICAL PHYSICAL PROPERTIES 
Form: Clear, pink liquid 

Odor: Moderate 

Viscosity: < 100 CPS @ 20° C 

pH: ~7.2 

Specific Gravity: 1.003 @ 20°C 

Density: 8.37 lbs/gal 

Freeze Point: 32°F 

*Please see the OC9118 SDS for specifics regarding safety and handling. 

FEEDING, DOSAGE AND CONTROL 

Feed System 
OC9118 is pre-mixed with water and fed at a typical dilution rate of 1 part product to 200–300 parts of 

water. The solution must be delivered through a properly designed feed system to ensure desired 

efficacy. Proper atomization of vapor allows intimate and thorough mixing with the malodor. 

ChemTreat representatives are trained to assist with specific applications. 

– – 



Dosage 
The dosage of OC9118 depends on the level of nuisance malodor. Feed rates should be established with 

the guidance of a ChemTreat representative. Store above freeze point. If OC9118 freezes, then thaw 

and mechanical mixing is required. 

© 2017 ChemTreat, Inc.   
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Product Name: ChemTreat OC9118 
Product Use: Odor Control 
Supplier’s Name: ChemTreat, Inc. 
Emergency Telephone Number: (800)424−9300 (Toll Free) 
Address (Corporate Headquarters): 5640 Cox Road 

Glen Allen, VA 23060 
Telephone Number for Information: (800)648−4579 
Date of SDS: February 7, 2019 
Revision Date: February 7, 2019 
Revision Number: 19020701AN 
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Signal Word: None 

GHS Classification(s): Non−Hazardous Substance 

Hazard Statement(s): Non−Hazardous Substance 

Precautionary Statement(s): No significant health risks are expected from exposures under 
normal conditions of use. 

Prevention: None. 

Response: None. 

Storage: None. 

Disposal: None. 

System of Classification Used: Classification under 2012 OSHA Hazard Communication Standard 
(29 CFR 1910.1200). 

Hazards Not Otherwise None. 
Classified: 

19020701AN 02/07/19 Page 1 of 9 ChemTreat OC9118 
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Component  CAS Registry #  Wt.%
 Components not listed are either non hazardous or in concentration of
 less than 1%

 N/A  N/A 

Comments If chemical identity and/or exact percentage of composition has been 
withheld, this information is considered to be a trade secret. 
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Inhalation: Call a POISON CENTER or doctor/physician if you feel unwell. 

Eyes: Rinse cautiously with water for several minutes. Remove contact 
lenses, if present and easy to do. Continue rinsing. If eye 
irritation persists, get medical advice/attention. 

Skin: Call a poison center or doctor/physician if you feel unwell. 

Ingestion: Rinse mouth. Call a poison center or doctor/physician if you feel 
unwell. 

Most Important Symptoms: N/D 

Indication of Immediate N/A 
Medical Attention and 
Special Treatment Needed, If 
Necessary: 

����������	�
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Flammability of the Product: Not flammable. 

Suitable Extinguishing Media: Use extinguishing media suitable to surrounding fire. 

Specific Hazards Arising from None known. 
the Chemical: 

Protective Equipment: If product is involved in a fire, wear full protective clothing 
including a positive−pressure, NIOSH approved, self−contained 
breathing apparatus. 
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Personal Precautions: Use appropriate Personal Protective Equipment (PPE). 

Environmental Precautions: Avoid dispersal of spilled material and runoff and contact with 
soil, waterways, drains, and sewers. 

Methods for Cleaning up: Contain and recover liquid when possible. Flush spill area with 
water spray. 

Other Statements: None. 
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Handling: Wear appropriate Personal Protective Equipment (PPE) when 
handling this product. Do not get in eyes, or on skin and clothing. 
Wash thoroughly after handling. Do not ingest. Avoid breathing 
vapors, mist or dust. 

Storage: Store away from incompatible materials (see Section 10). Store 
at ambient temperatures. Keep container securely closed when not in 
use. Label precautions also apply to empty container. Recondition 
or dispose of empty containers in accordance with government 
regulations. For Industrial use only. 
Protect from heat and sources of ignition. 
Do not freeze. Store above Freeze Point. If freezes, then 
mechanical mixing is required. 
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Exposure Limits 

Component  Source Exposure Limits 
Components not listed are either non hazardous or in
 concentration of less than 1%

 N/E  N/E 

Engineering Controls: Use only with adequate ventilation. The use of local ventilation is 
recommended to control emission near the source. 
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Personal Protection 

Eyes: Safety glasses are recommended if risk of eye contact. 

Skin: Wear butyl rubber or neoprene gloves. Wash them after 
each use and replace as necessary. If conditions warrant, 
wear protective clothing such as boots, aprons, and 
coveralls to prevent skin contact. 

Respiratory: If misting occurs, use NIOSH approved organic vapor/acid 
gas dual cartridge respirator with a dust/mist prefilter in 
accordance with 29 CFR 1910.134. 
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Physical State and Appearance: Liquid, Pink, Clear 
Specific Gravity: 1.003 @ 20°C 
pH: 7.2 @ 20°C, 100.0% 
Freezing Point: 32°F 
Flash Point: N/A 
Odor: Moderate 
Melting Point: N/A 
Initial Boiling Point and Boiling Range: >212°F 
Solubility in Water: Complete 
Evaporation Rate: N/D 
Vapor Density: N/D 
Molecular Weight: N/D 
Viscosity: <100 CPS @ 20°C 
Flammability (solid, gas): N/D 
Flammable Limits: N/A 
Autoignition Temperature: N/A 
Density: 8.37 LB/GA 
Vapor Pressure: N/D 
% VOC: N/D 
Odor Threshold N/D 
n−octanol Partition Coefficient N/D 
Decomposition Temperature N/D 
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Chemical Stability: Stable at normal temperatures and pressures. 

Incompatibility with Various Strong oxidizers. 
Substances: 

Hazardous Decomposition Oxides of carbon. 
Products: 

Possibility of Hazardous None known. 
Reactions: 

Reactivity: N/D 

Conditions To Avoid: N/D 
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Acute Toxicity 

Chemical Name  Exposure  Type of Effect  Concentration  Species
 ChemTreat OC9118  N/D  N/D  N/D  N/D 

Carcinogenicity Category 

Component  Source  Code  Brief Description
 Components not listed are either non hazardous or in
 concentration of less than 1%

 N/E  N/E  N/E 

Likely Routes of Exposure: N/D 

Symptoms 

Inhalation: N/D 

Eye Contact: N/D 

Skin Contact: N/D 

Ingestion: N/D 

Skin Corrosion/Irritation: N/D 
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Serious Eye Damage/Eye N/D 
Irritation: 

Sensitization: N/D 

Germ Cell Mutagenicity: N/D 

Reproductive/Developmental N/D 
Toxicity: 

Specific Target Organ Toxicity 

Single Exposure: N/D 

Repeated Exposure: N/D 

Aspiration Hazard: N/D 

Comments: None. 
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Ecotoxicity 

Species  Duration  Type of Effect  Test Results
 N/D  N/D  N/D  N/D 

Persistence and N/D 
Biodegradability: 

Bioaccumulative Potential: N/D 

Mobility In Soil: N/D 

Other Adverse Effects: N/D 

Comments: Not tested. 
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Dispose of in accordance with local, state and federal regulations. 
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Controlling
 Regulation  UN/NA#:  Proper Shipping Name:  Technical Name:  Hazard Class:

 Packing
 Group:

 DOT  N/A  COMPOUND, INDUSTRIAL
 WATER TREATMENT, LIQUID

 N/A  N/A  N/A 

Note: N/A 

����������	�
���5��8$�&/�ˆ�������	��!°�˜,
�G	��˘���*�+�,	�
 

Inventory Status 

United States (TSCA): All ingredients listed. 
Canada (DSL/NDSL): All ingredients listed. 

Federal Regulations 

SARA Title III Rules 

Sections 311/312 Hazard 
Classes 

Fire Hazard: No 
Reactive Hazard: No 
Release of Pressure: No 
Acute Health Hazard: Yes 
Chronic Health Hazard: No 

Other Sections

 Component 
Section 313
 Toxic Chemical

 Section 302 EHS
 TPQ  CERCLA RQ

 Components not listed are either non hazardous or in
 concentration of less than 1%

 N/A  N/A  N/A 

Comments: None. 
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State Regulations 

California Proposition 65: None known. 

Special Regulations 

Component  States
 Components not listed are either non hazardous or in
 concentration of less than 1%

 None. 

Compliance Information 

NSF: N/A 

Food Regulations: N/A 

KOSHER: This product has not been evaluated for Kosher approval. 

Halal: This product has not been evaluated for Halal approval. 

FIFRA: N/A 

Other: None 

Comments: None. 
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HMIS Hazard Rating 

Health: 0 
Flammability: 0 
Physical Hazard: 0 
PPE: X 

Notes: The PPE rating depends on circumstances of use. See 
Section 8 for recommended PPE. 
The Hazardous Material Information System (HMIS) is a 
voluntary, subjective alpha−numeric symbolic system for 
recommending hazard risk and personal protection equipment 
information. It is a subjective rating system based on the 
evaluator’s understanding of the chemical associated risks. 
The end−user must determine if the code is appropriate for 
their use. 
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Abbreviations 

Abbreviation  Definition
 <  Less Than
 >  Greater Than
 ACGIH  American Conference of Governmental Industrial Hygienists
 EHS  Environmental Health and Safety Dept
 N/A  Not Applicable
 N/D  Not Determined
 N/E  Not Established
 OSHA  Occupational Health and Safety Dept
 PEL  Personal Exposure Limit
 STEL  Short Term Exposure Limit
 TLV  Threshold Limit Value
 TWA  Time Weight Average
 UNK  Unknown 

Prepared by: Product Compliance Department; ProductCompliance@chemtreat.com 

Revision Date: February 7, 2019 

F$��(�������������� 

Although the information and recommendations set forth herein (hereinafter "information") are presented in good faith and believed to be correct as of the date 
hereof, ChemTreat, Inc. makes no representations as to the completeness or accuracy thereof. Information is supplied upon the condition that the persons receiving 
same will make their own determination as to its suitability for their purposes prior to use. In no event will ChemTreat, Inc. be responsible for damages of any 
nature whatsoever resulting from the use or reliance upon information. No representation or warranties, either expressed or implied, of merchantability, fitness for 
a particular purpose, or of any other nature are made hereunder with respect to information or the product to which information refers. 
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3660 Center Road; #204
Brunswick, OH 44212

330.242.0015 
info@soluti
www.soluti

otek.com
otek.com 

CONFIDENTIAL COMPONENTS CONTRIBUTING TO 
THE TOTAL ORGANIC CHEMICAL CONTENT (OC AND VOC) 

CAS Description Quantity 
8050-15-5 ABALYN <0.01% 
111-87-5 ALCOHOL C-08 (SEE CAPRYL ALC.) <0.01% 
112-45-8 ALDEHYDE C-11 EN <0.01% 
112-44-7 ALDEHYDE C-11 UNDECYLIC <0.01% 
104-61-0 ALDEHYDE C-18 <0.01% 
628-63-7 AMYL ACETATE 0.01 – 0.10% 
106-27-4 AMYL BUTYRATE <0.01% 
122-40-7 AMYL CINNAMIC ALDEHYDE <0.01% 
4180-23-8 ANETHOL <0.01% 
123-11-5 ANISIC ALDEHYDE <0.01% 
100-52-7 BENZALDEHYDE <0.01% 
140-11-4 BENZYL ACETATE 0.01 – 0.10% 
111-76-2 BUTYL CELLOSOLVE 0.5 – 1.00% 
6485-40-1 CARVACROL TECH <0.01% 
68990-83-0 CEDARWOOD TEXAS <0.01% 
104-55-2 CINNAMIC ALDEHYDE <0.01% 
8000-29-1 CITRONELLA CEYLON 0.01 – 0.10% 
8015-97-2 CLOVE LEAF OIL <0.01% 
68917-29-3 CLOVE TERPENES 0.01 – 0.10% 
91-64-5 COUMARIN <0.01% 
103-95-7 CYCLAMEN ALDEHYDE <0.01% 
84-66-2 DIETHYLPHTHALATE 0.01 – 0.10% 
5989-27-5 LIMONENE D 0.1 – 0.5% 
68956-56-9 DIPENTENE PG 0.01 – 0.10% 
101-84-8 DIPHENYL OXIDE <0.01% 
141-78-6 ETHYL ACETATE 0.01 – 0.10% 
105-54-4 ETHYL BUTYRATE 0.01 – 0.10% 
8000-48-4 EUCALYPTUS 80/85 <0.01% 
97-53-0 EUGENOL 0.01 – 0.10% 
106-24-1 GERANIOL BJ 0.01 – 0.10% 
8050-15-5 HERCOLYN D 0.01 – 0.10% 
9036-19-5 IGEPAL CA630 1.0 – 6.0% 
125-12-2 ISO BORNYL ACETATE 0.01 – 0.10% 
8016-78-2 LAVENDER SPIKE <0.01% 

1
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SOLUT10tek 
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8007-02-1 LEMON GRASS OIL (GUATAMALA) 0.01 – 0.10% 
78-70-6 LINALOOL 925 <0.01% 
134-20-3 METHYL ANTHRANILATE 0.01 – 0.10% 
111-13-7 METHYL HEXYL KETONE <0.01% 
1335-46-2 METHYL IONONE GAMMA SUPREME <0.01% 
119-36-8 METHYL SALICYLATE 0.01 – 0.10% 
81-14-1 MUSK KETONE <0.01% 
8008-57-9 ORANGE OIL VALENCIA <0.01% 
103-82-2 PHENYL ACETIC ACID <0.01% 
60-12-8 PHENYL ETHYL ALCOHOL <0.01% 
8006-77-6 PIMENTO LEAF OIL <0.01% 
8000-25-7 ROSEMARY SPANISH <0.01% 
93-92-5 STYRALLYL ACETATE <0.01% 
98-55-5 TERPINEOL 900 0.1 – 0.5% 
80-26-2 TERPINYL ACETATE 0.1 – 0.5% 
8002-09-3 UNIPINE 85 0.01 – 0.10% 
121-33-5 VANILLIN 0.01 – 0.10% 
32388-55-9 VERTOFIX <0.01% 
93-04-9 YARA YARA <0.01% 

2
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1.0 Introduction 

The Crimson Holdings facility is located at 1336 East Maumee Street, Adrian, Michigan. The building is bounded 

by East Church Street to the south. To the west lies a residential neighborhood, and further west is the U.S. Postal 

Service. There is a residential neighborhood along East Maumee Street and East Church Street, which is bounded 

by East Maumee street on the east. To the east and south are various other commercial industries, including 

Anderson Development Company, AGET Manufacturing Company, and Norfolk Southern, as well as the Lenawee 

County Fairgrounds to the north. For several years, Dairy Farmers of America operated the facility to produce 

powdered milk, which was permitted under Air Use Permit to Install (PTI) 38-06. Crimson Holdings purchased the 

facility in December of 2021 and began processing eggs instead of milk. Powdered egg is a fully dehydrated egg, 

which is made in much the same way as powdered milk.1 The PTI was transferred to Crimson Holdings, LLC, when 

the purchased the facility and began operating it in December 2021. 

2.0 Nuisance Odor Plan Development 

The Crimson Holdings facility is an agricultural processing facility covered by the Michigan Agricultural Processing 

Act, MCL 289.821 et seq. Despite implementation of Michigan Department of Agriculture and Rural Development 

(MDARD) established Generally Accepted Fruit, Vegetables, Dairy, Meat, and Grain Processing Practices For Noise 

and Odor by the facility, MDARD and the Michigan Department of Environment, Great Lakes and Energy (EGLE) 

have requested that Crimson Holdings, LLC develop a Nuisance Odor Management Plan (NOMP) to address odor 

complaints received with respect to the facility. The NOMP must contain information on operation and 

maintenance (O&M) practices that will mitigate odors from handling and processing liquid eggs. A procedure to 

accept and respond to complaints is also required. MDARD also requires that agricultural processing operations 

follow generally accepted agricultural and management practices which can also include good housekeeping and 

the use of odor mitigation when necessary. This plan identifies those practices to be followed by the Crimson 

Holdings facility. 

2.1 Michigan Agricultural Processing Act 

Agricultural processing operations must follow Generally Acceptable Processing Practices (GAPP). The MDARD 

Michigan Agricultural Processing Act (MAPA) Program responds to nuisance complaints involving farms and can 

assess a farm operation or process at a farmer's request. 

MDARD’s GAPPs for agricultural processors provides that the development of an Odor Management Plan can 

assist the processor in identification of odor sources and implementation of odor reduction practices. The goal of 

an effective Odor Management Plan is to identify opportunities and propose practices and actions to reduce the 

frequency, intensity, duration, and offensiveness of odors that neighbors may experience in such a way that tends 

to minimize impact on neighbors and create a positive attitude toward the processor. The GAPP also provides 

that a processor experiencing odor concerns from a neighboring property should develop an Odor Management 

Plan in an attempt to avoid neighbor conflicts. The MDARD GAAP indicates that a NOMP should include: 

 Description of Facility 

 Indicate facility type, location, and operational times 

 Identify times of the year during which increased noise and/or odor levels are expected to be greatest due to 

operational changes 

 Schedule for Plan review and evaluation 

 Identify any areas of odor generation that may create a concern for neighboring properties 

1 https://financialtribune.com/articles/economy-domestic-economy/20230/investment-opportunities-in-powdered-egg-production 
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 Determine which practices may be utilized to reduce or eliminate odor concerns 

 Determine the frequency and quantify the intensity of odors to determine appropriate monitoring schedule 

 Document the schedule that will be followed 

 Document the methodology that will be used to determine odor levels (e.g., complaints from neighbors, 

employees, or regular service providers) 

 Keep records 

2.2 Michigan Air Pollution Control Regulations 

Under normal circumstances, a powdered egg manufacturer might be considered exempt from air permitting. A 

PTI was issued to the facility when its operations were manufacturing powdered milk; the PTI was transferred to 

the new owners who manufacture powdered eggs. The PTI references Michigan’s air pollution control rules. 

In Michigan, odors are regulated as a nuisance under Michigan Air Pollution Control Rule (Rule) 901. Rule 901 

states that: 

Notwithstanding the provisions of any other department rule, a person shall not cause or permit the 

emission of an air contaminant or water vapor in quantities that cause, alone or in reaction with other 

air contaminants, either of the following: 

(a) Injurious effects to human health or safety, animal life, plant life of significant economic value, 

or property. 

(b) Unreasonable interference with the comfortable enjoyment of life and property. 

EGLE staff must determine in their professional judgment whether the combined intensity, frequency, and 

duration of the odors in question are sufficient to constitute a violation. Because Rule 901(b) contains the 

qualitative terms …unreasonable interference with the comfortable enjoyment of life and property, the Rule 

implies that some lower threshold or degree of reasonable interference can occur before a violation is deemed to 

exist. In some instances, staff can readily determine that a Rule 901 violation exists during an initial field 

observation, if odors from a process or facility's normal operations are extremely strong or objectionable and are 

not the result of an abnormal operating condition or a process or air pollution control equipment malfunction. 

There are other situations where a complainant believes that a faint to moderate, fleeting, or infrequent odor 

constitutes a violation; this is the type of odor that would be unlikely to unreasonably interfere with one's right to 

comfortably enjoy their property. It should be noted that normal farm or agricultural odors are not considered a 

nuisance under this rule. 

2.3 Air Quality Policy and Procedure 21 

Michigan Air Policy and Procedure 21, Application of Rule 901(b) in the Permit to Install Review Process (AQD-21) 

outlines requirements for reviewing the potential for a nuisance in a prospective project and provides information 

on developing a NOMP. Recommended elements include: 

 Introduction, including process description, permit number, and background information 

 Potential sources of odor and control equipment, if applicable 

 Maintenance schedule 

 Housekeeping measures 

 Odor notification, investigation, and response 
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3.0 Powdered Egg Manufacturing 

Documents required by MDARD and EGLE require a process description as well as a description of air pollution 

control equipment and odor mitigation measures. 

3.1 Process Description 

Crimson Holdings manufactures powdered eggs for the pet food industry. Once a tanker or tote is emptied, the 

liquid eggs are transferred to holding tanks that vent inside the facility. If totes cannot be received immediately, they 

are stored at a temperature less than 45oF until they can be emptied. To dehydrate eggs, the water must be 

removed – spray drying is the most common method used to dry whole eggs Crimson Holdings is installing a reverse 

osmosis system to remove water before it is transferred to the spray dryer; however, that system is not yet 

operational. The liquid eggs are also pasteurized before entering the spray dryer. The eggs are preheated to 140°F, 

then sprayed into a drying chamber through which air is circulated at a temperature between 375–400°F, with the 

dryer exhausting at a temperature between 150° and 175°F. By controlling the size of the droplets, air temperature, 

and air flow, it is possible to evaporate nearly all the moisture from the eggs at relatively low temperatures. The 

powder separates from the air and is continuously removed from the drying chamber in the same manner as 

powdered milk. After the eggs are dried into powder, it is cooled in a system of cyclones. The spray dryer has a fabric 

filter to reduce emissions and to ensure that food product is not deposited around the plant where it could attract 

rodents or other pests. The powder flows through the dryer and the conveying system in the same way that 

powdered milk would. The powdered eggs are then bagged and shipped for use in pet food. Diagram 1 presents the 

process flow of the operation. 

Diagram 1 – Process Flow Diagram 

As previously mentioned, this is a food product; Crimson Holdings conducts quality testing of the material 

received to ensure the final product will be edible. If this is not the case, loads will be – and have been – rejected. 

Additional testing of the final product is performed to ensure its quality. In most cases, this testing is prescribed 

by the customer. 

Crimson Holdings also operates its own wastewater treatment plant (WWTP), which treats wastewater before its 

discharged to the City of Adrian’s publicly-owned treatment works (POTW). A dissolved air flotation (DAF) system 

is used to remove oils, solids, and greases. In fact, the process helps clarify wastewater – and other waters – by 

eliminating different types of suspended matter. The DAF process dissolves air in the water under pressure – then 

releases it at atmospheric pressure. The DAF process takes place in a tank, which is ideal for catching and 

eliminating suspended matter; the released air creates tiny bubbles, which conform to the suspended matter and 

cause it to rise to the surface. Skimmers, or a similar device, then eradicate the substance. Sludge from the DAF 

tank is collected; the sludge tank is emptied approximately three times a week, and the sludge is disposed in an 

environmentally acceptable manner. 
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EGLE has requested that a carbon filter be placed on the exhaust from the room that houses the DAF. In addition, 

a carbon filter is also on the exhaust stack from the sludge tank. 

Air Pollution Control 

As the process of drying and powdering eggs does not involve any additives, the emissions from the process 

contain no hazardous air pollutants (HAPs) or toxic air contaminants (TACs). In fact, the definition of toxic air 

contaminant specifically excludes animal and plant materials used in food products; therefore, it can be 

concluded that the emissions and odors from the process are strictly a nuisance problem. 

Crimson Holdings employs the use of both a cyclone and a baghouse dust collector for air pollution control. 

Because the product is collected with the air pollution control equipment, the control equipment (i.e., baghouse 

dust collector) an integral part of the process, the process cannot be operated without it. Diagram 2 better 

represents the relationship between the drier, cyclone, and baghouse dust collector. 

Diagram 2 – Baghouse Dust Collector, Cyclone, and Dryer 

The baghouse dust collector was manufactured by the same company that manufactured the drier. They were 

purchased together. The baghouse has 552 bags that are 6 inches in diameter and 120 inches long for a total area 

of 8,671 square feet (ft2). With air flow of 28,000 cubic feet per minute (cfm) the A/C ratio is 3.2. It has an 

automatic reverse pulse jet cleaning system that returns collected material to the drier. Clean air exhausts 

through the inside of the bags. Information on the bags is also included. The bags can be described as follows: 

Filter Holdings Style No.: s/124-22 Filter Media 

16 ounce (oz) Polyester with Teflon Finish 

 Fiber Content: 100% polyester 

 Construction: Needle-punched felt 

 Surface Finish: Teflon 

 Nominal Weight: 16 oz. per square yard 

 Air Permeability: 25-35 cfm per ft2 @ 0.5 inch water gauge 

 Operating Temperature: 275°F continuous 

 Nominal Efficiency: 99% for particles for particles 1 micron and above 
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The entire system is generally brought down once per week for maintenance and cleaning. Prior to start-up, the 

air pressure to the baghouse dust collector is verified and set to the proper air pressure for cleaning during 

production. The sonic horns air pressure is also set and verified. After start-up, the following operating 

parameters are monitoring and checked once per hour during production: 

 Air inlet and exhaust temperature 

 Baghouse dust collector pressure drop 

 Dust probe detector 

When the system is brought down at the end of its production run, the following items are inspected once per 

week (and repaired or replaced as needed): 

 Baghouse dust collector reverse pulse system valves 

 Baghouse dust collector air filter 

The inside of dust collector and conveying system is inspected for excessive dust which would indicate a broken 

bag or other problem. Any broken bags are replaced at that time as well as during periodic maintenance. The 

system is also cleaned at that time. 

The facility has also routine preventive maintenance scheduled on a periodic basis. 

3.3 Odor Mitigation 

In 2017, the existing stack was modified by the previous owners, Dairy Farmers of America, to include a horizontal 

discharge. Dispersion significantly deteriorated with the change in stack configuration. In addition, with the 

changes to the stack, the stack no longer met the requirements of PTI 38-06. 

Odors will likely be much reduced when the new stack is installed. Fishbeck has estimated that impacts will be 

reduced as much as 80% with the new stack. Until the new stack is installed, Crimson Holdings has employed the 

use of odor neutralizers. Safety data sheets (SDS) for the two currently in use are included in Appendix 1. Crimson 

Holdings is committed to using an odor neutralizer as needed even after the stack modification. 

The OC9118 (9118) material includes essential oils. Essential oils affect odor in two ways. First, essential oils can 

mask the odor and attempt to replace the unpleasant odor with a stronger, more pleasant odor. Essential oils can 

also interact either physically or chemically with the odorous substances. Essential oils might also: 

 Absorb the odorous materials 

 Solubilize the odorous materials 

 Counteract odors through antagonistic painting 

 React with the odors’ compounds (i.e., acidic malodors react with an alcohol to form an ester) 

 Adsorption of the malodor 

Crimson Holdings has installed a fogging system that can be used to mist the odor neutralizers into the exhaust as 

it leaves the baghouse dust collector. This system will be used as necessary to mitigate odors. It has proven 

effective in neutralizing odors with the existing stack, it will be even more effective with the new stack. 

4.0 Generally Accepted Agricultural Practices 

Odor that arises from the normal and necessary operation of an agricultural processing operation should be 

managed to the extent practical to avoid creating a nuisance condition for neighboring properties. The goal for 

effective odor management is to reduce the frequency, intensity, duration, and offensiveness of odors, and to 

manage the operation in a way that tends to create a positive attitude toward the operation. Because of the 
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range of human sensitivities to certain odors, odor management should consider that some people will be more 

adversely affected by a given odor than others. 

Best Management Practices 

The following management practices provide guidance on how to minimize potential odors from processing 

operations. The principles upon which the most common and effective techniques for odor control are 

based include: 

 reducing the formation of odor-causing gases 

 reducing the release of odorous gases into the atmosphere 

The degree to which these principles can be applied to the various odor sources depends on the level of 

technology and management that can be utilized. 

One main source of odors are those associated with the anaerobic (in the absence of oxygen) decomposition of 

organic material by microorganisms. The intensity of odors depends upon the biological reactions that take place 

within the material, the nature of the material, and the surface area of the odor source. Sources of decomposition 

can include organic materials stored on-site prior to removal. Processors should select and implement those 

practices which are applicable, appropriate, and practical for their operations. Odors may indicate an inefficient 

or improperly operated activity and opportunities may exist to increase operational efficiencies. The following are 

several practices that can be considered in reducing odor concerns: 

 To the extent possible, avoid storing materials which will create odor-forming gases. 

 Consider alternatives for reducing storage of these materials or reusing them in a beneficial manner. 

 Use available weather information to your best advantage. Temperature inversions and hot, humid weather 

tends to concentrate and intensify odors, particularly in the absence of breezes, while turbulent breezes will 

dissipate and dilute odors. 

 Take advantage of natural vegetative barriers, such as woodlots or windbreaks, to help filter and dissipate odors. 

 Establish vegetated air filters by planting conifers and shrubs as windbreaks and visual screens between odor 

sources and residential area. 

 The odor of fermented processing materials, such as waste products or products headed to a secondary 

market, can be minimized by storing them at the appropriate dry matter content (generally no greater than 

33% moisture). 

 Keeping excessive moisture out of the material will reduce the presence of anaerobic bacteria. Use covered 

storage if technically and economically feasible and evaluate ventilation systems to prevent buildup of gases, 

moisture, and heat that may intensify odors. 

 Design, operate, and maintain by-product and waste handling and treatment systems in accordance with 

established good engineering practices and standards. 

 Establish operating procedures for handling and treatment of by-products and wastes. 

 Ensure employees are properly trained in these operational procedures. 

 Frequent removal of spilled materials from outside spaces, coupled with appropriate storage will reduce odor 

potential. 

 To the extent possible, avoid disturbing odor sources (such as dredging storage ponds) during times such as 

holidays and community events. 

 Take advantage of cold weather seasons to complete these activities when feasible. 

 Communicating with landowners as to when these events will occur and the duration of the event can help 

reduce odor concerns. 

 Regularly clean exhaust fans and shutters of dust and debris to maximize warm season ventilation. 

 Maintain equipment in good working order and in accordance with normal management practices. 
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 Maintaining positive community relations will also prevent the occurrence of nuisance complaints. 

 Keeping the facility area esthetically pleasing and participation in community events helps to build positive 

community relations. 

4.2 Exceptions 

Due to the nature of processing, certain odors may increase in intensity for a limited period of time during 

process start-up, shut-down, or product changeover. Other activities integral to agricultural processing, such as 

agitation, cleaning, and maintenance of storage structures or ponds, can occur at various times of the year, 

depending upon the operational needs of the facility. These temporary changes are acceptable under this GAPP 

provided they are normal and necessary to the operation. These activities may increase the intensity of the odors 

but should be relatively short in duration. Some larger facilities, or those with unique circumstances, may require 

a greater period of time for completing these activities in an appropriate manner. When possible, proper planning 

should occur prior to the event. Processors should maintain records of when these events occur and evaluate 

improvements to reduce odors and incorporate those improvements into their Odor Management Plan. Care 

should be taken to minimize offsite odor impacts to avoid creating a violation under the Natural Resources and 

Environmental Protection Act, Public Act 451 of 1994. 

4.3 Documentation and Conformance 

Documenting conformance with odor reduction should include routine olfactory observations made around the 

facility. A processor should evaluate their facility for potential odor sources and determine what practices are 

appropriate for addressing the concerns. Keeping records of odor events noted by employees, service providers, 

and neighbors, and determining the source of the concern will help the processor in addressing future concerns 

and create awareness by the processor of the activities creating potential odor concerns. 

5.0 Odor Control Measures 

The goal for effective odor management is to reduce the frequency, intensity, duration, and offensiveness of 

odors, and to manage the operation in a way that tends to create a positive attitude toward the operation. 

Because of the range of human sensitivities to certain odors, odor management should consider that some 

people will be more adversely affected by a given odor than others. Selection of appropriate technologies and 

odor management practices must be determined on a case-by-case basis considering the source and nature of 

the odors as well as varying human sensitivity. The recommendations in this section are intended to provide a 

variety of responses that can be used to address odor concerns. The following management practices provide 

guidance on how to minimize potential odors from processing operations. 

The principles upon which the most common and effective techniques for odor control are based include 

(1) reducing the formation of odor-causing gases and (2) reducing the release of odorous gases into the 

atmosphere. The degree to which these principles can be applied to the various odor sources depends on the 

level of technology and management that can be utilized. 

5.1 Inspection of Incoming Raw Material 

Liquid eggs are received by trucks in either tanker cars or in totes.  Before the material is unloaded, a checklist is 

completed. The following checks are performed and documented for each load: 

 All loads are temperature checked prior to receiving to ensure that the temperature is below approximately 45°F. 

 An organoleptic inspection is conducted; including visual and smell. The load is inspected to ensure the eggs 

smell fresh and the load is free of floating debris. 
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More recently, Crimson Holdings has been working with suppliers to ensure only fresh liquid eggs are brought to 

the facility for processing. When odors have been rejected and sent back to the originator, Crimson has provided 

feedback on the reason for rejection and offered suggestions to avoid rejecting shipments in the future. When 

this program was first instituted, several loads were rejected; fewer loads are now rejected as suppliers have a 

better understanding of the quality criteria in use at the facility for accepting raw materials. 

5.2 Manufacturing Quality Control Measures 

At a facility like Crimson Holdings’, the primary source of odors would be from the egg drying process. Once the 

process has been brought online, it is operated continuously, generally for approximately six days before being 

brought offline for cleaning and maintenance. It should be noted that FIFO (first in/first out) liquid egg 

management system has been implemented to ensure that the liquid eggs are processed as quickly as possible. 

While in operation, the dryer is monitored for the following on an hourly basis: 

 Air inlet temperature/exhaust temperature 

 Dryer baghouse pressure (measures buildup of baghouse socks) 

 Product receiver baghouse pressure (measures buildup of baghouse socks) 

 Dryer baghouse dust probe (detector) 

 Inspection of the exhaust deodorizer system; operational and solution in tank 

 Dryer sprays are inspected and cleaned every 8 hours, replaced as needed based on wear checks 

 Additional quality and mechanical related items; moisture, pump pressures, temperatures, etc. 

 Supervisor inspection of deodorizer system- verify chemical mixing tip, water valves working properly, 

injection pump rate, chemical inventory 

5.3 Housekeeping 

Effective and consistent housekeeping measures will minimize the potential for odorous emissions. While the 

facility is no longer specifically regulated by the Food and Drug Administration, similar housekeeping techniques 

have been implemented to meet corporate and client requirements. For example, hair nets, booties, and lab 

coats are worn by all employees in the processing area. 

One main source of odors are those associated with the anaerobic (in the absence of oxygen) decomposition of 

organic material by microorganisms. The intensity of odors depends upon the biological reactions that take place 

within the material, the nature of the material, and the surface area of the odor source. Sources of decomposition 

can include organic materials stored on-site prior to removal. Liquid eggs are processed as quickly as possible to 

ensure that they do not site and deteriorate which would cause odors. 

Prior to starting for the week, the liquid side of the operation is verified cleaned/sanitized prior to use: 

 Dryer air inlet is swept and mopped to remove any residual powder buildup 

 Dryer baghouse reverse pulse system air pressure is verified and set to proper air pressure for proper pulse 

cleaning during production 

 Dryer sonic horns air pressure is verified and set to proper air pressure for proper operation during 

production 

 Dryer spray chamber internal surfaces are swept clean, this includes the ceiling, walls, and floors 

 Product receiver reverse pulse system air pressure is verified and set to proper air pressure for proper pulse 

cleaning during production 

 Dryer sprays are cleaned and measured for wear prior to use for production, sprays are replaced based on 

wear indicator 

 Cooling head water valve is verified “ON” to reduce powder buildup, discoloration on the spray chamber wall. 
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In addition, on a daily basis, the egg receiving line and other areas are cleaned nightly. The inedible receiving bay 

floors and drains are cleaned and rinsed nightly and an additional post-op checklist including Good Manufacturing 

Practices is completed each night. 

 Receiving bay floors and drains are cleaned and rinsed nightly/daily, post-op 

 Additional daily post-op checklist items that are GMP (Good Manufacturing Practices) related 

After each week’s production run, the following are completed: 

 All interior dryer surfaces are dry swept clean, including ceiling, walls, floors 

 Inspect, clean, and replace sweep wear strips 

 Dryer baghouse is inspected for excess powder- indication of a broken bag. Replaced as needed 

 Product receiver baghouse inspected for excess powder- indication of a broken bag. Replaced as needed 

 Powder conveying system is inspected for excess powder and removal; this includes the 18” conveyor cooler, 

product receiver product side, and Nu-Con convey system 

 CIP cleaning of related processing equipment; product transfer line, dryer surge tank (tank 17), and dryer 

heater system 

 Related mechanical inspections as part of the post-op inspection 

 Related manual cleaning of equipment as part of the post-op inspection 

By introducing standard operational practices that include efficient, repeatable, safe ways to work, safety and 

environmental incidents can be eliminated. In particular, to best control odors, several specific routine 

housekeeping procedures will be followed including: 

 All raw materials and waste will be stored in their proper covered containers, on spill pallets, as needed 

 Product chemical drums and buckets will be kept closed when not in use 

 Waste will be stored in closed containers and rapidly recycled or disposed 

 Cleanup of any spills or leaks will be handled immediately 

Maintenance 

The maintenance program includes checklists to document work completed. Preventative Maintenance is 

performed weekly during the dryer cleaning process after production includes: 

 Manual inspection of the dryer sweep system, drive chains, system chains, drive coupler alignment, 

and bearings 

 Dryer baghouse reverse pulse system valves 

 Dryer baghouse reverse pulse air filter 

 Product Receiver baghouse reverse pulse system valves 

 Product Receiver baghouse reverse pulse air filter 

 Dryer powder conveyor heating, ventilating, and air conditioning (HVAC) inspection; fan, motor, belts, filters 

 DAF unit transfer pump (WWTP) 

 DAF unit inspection and cleaning (WWTP) 

 Manual cleaning of the DAF room (WWTP) 

 Inspection of the exhaust system and carbon filter 

 Inspection of the sludge tank, exhaust system and carbon filter 

 Additional unrelated mechanical inspections- 

Additional monthly, quarterly, semiannual, and annual plans are also utilized. 
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A Master Sanitation List has been established, which includes defined departmental cleaning tasks and 

frequencies. This includes plant interior non-food contact surfaces, walls, floors, drains, room areas, etc. which 

are cleaned on a weekly or monthly basis based on the area and its use. 

6.0 Addressing Complaints 

While odors will be adequately minimized by complying with the air permit along with this NOMP, odors can be 

subjective, In addition, because activities and raw materials at the facility can vary along with meteorological 

conditions, it is important to have a mechanism for neighbors to notify the facility of complaints as well as the 

ability to communicate changes to complainants. 

To facilitate ready communication with the facility, Crimson Holdings set up a website for neighbors to make 

complaints which can be used by the facility to track complaints as well. It also allows the company to provide 

interested parties with updates regarding odor mitigation activities. The link to the website is: 

https://forms.office.com/r/wHwY9TzZxy 

If a complaint is registered, the following information will be collected from the complainant, where possible: 

 Time of the odor 

 Location of the odor 

 Description of the odor 

 Severity of the odor 

 Return phone number and/or email of the complainant 

Appendix 1 provides a form that can be used to record information on the odor complaint and will allow 

follow-up by Crimson Holdings. Subsequent to the complaint, Crimson Holdings will undergo an internal 

investigation to attempt to validate the complaint and evaluate the need for corrective action(s). This would be 

especially useful in the event that the complaint was also logged by EGLE. 

In the event that complaints are received by Crimson Holdings, a phased approach will be taken in which 

additional measures will be implemented until it appears that the odors have been addressed. 

First, a complete investigation will be initiated for each complaint and results will be documented. The following 

information can be used to assess the odor: 

 Production processes and materials usage at the time of the complaint. 

 Meteorological data at the time of the complaint, such as humidity, wind speed and direction, precipitation, etc. 

 Any unusual projects or work being completed at the time of the complaint. 

 A visual inspection of the stack, wastewater treatment plant system and sludge tank stack. 

 A visual inspection of adjacent properties from public right of ways, to observe if any unusual operations or 

conditions exist. 

In the event that odors are confirmed, several options are available to Crimson Holdings to reduce odors from the 

powdered egg manufacturing. These include improving housekeeping, raising the stack height, upgrading the 

ventilation system, or the use of additional odor neutralizing or masking agents. If necessary, this NOMP will 

be updated. 
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7.0 Malfunction Reporting 

Under Rule 912, Crimson Holdings must have a system to report startup, shutdowns, or malfunctions that result 

in excess emissions. To ensure compliance with Rule 901, Crimson Holdings will monitor the process for a bypass 

or failure of its air pollution control systems. If that bypass or failure lasts more than two hours and results in 

excess emissions, Crimson Holdings will report the malfunction to the EGLE District Office in Jackson 

(517.285.4797; fax: 517.416.5992). This report can be phoned in, emailed, or faxed and should be made as soon 

as possible, and must be made within two days of the incident or discovery. Information regarding the incident 

must include the date, time, and specific process equipment operating, as well as control equipment operating, 

nature of the issue, and corrective measures being taken. Within ten days of the incident or its discovery, a 

written report must be submitted to: 

Michigan Department of Environment, Great Lakes and Energy 

Air Quality Division – Jackson District Office 

301 East Louis Glick Highway 

Jackson, MI 49201 

General phone: 517.285.4797 

24-hour Pollution Emergency Alert System: 800.292.4706 

The report must include: 

 Date and time of incident 

 Probable causes or reasons for the incident 

 Information regarding the process equipment operating at the time of incident and an estimate of excess 

emissions, if possible 

 Summary of actions taken to correct and prevent a recurrence 

8.0 Changes to the NOMP 

8.1 Amending the NOMP 

If the NOMP fails to address, or inadequately addresses, odor management, Crimson Holdings will amend this 

plan within 30 days. Crimson Holdings will also update the plan if new equipment installation may affect odor, or 

if requested to do so by the EGLE Air Quality Department (AQD) District Supervisor. 

8.2 Submitting the NOMP for Approval 

Crimson Holdings will also submit a copy of this NOMP to the EGLE-AQD District Supervisor as part of its PTI 

Application. If the plan is subsequently amended, such amendments will also be submitted to the EGLE-AQD 

District Supervisor. The NOMP will be deemed approved if no notification to Crimson Holdings occurs within 

60 days of submittal. In the interim, between plan submittal and approval, Crimson Holdings will implement 

appropriate corrective measures and operational controls to minimize odors. 
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Basic Chemicals 

Sodium Chlorite 
Chlorine Dioxide Health & Safety 

Introduction 
Chlorine dioxide (ClO2) is an effective 
disinfectant and an oxidant that is widely used in 
water treatment. At ambient temperatures, 
chlorine dioxide is a reactive gas that is 
potentially explosively unstable at 
concentrations above 10% by volume in air. It is 
normally generated on site and used as a dilute 
aqueous solution. 

Chlorine Dioxide Gas 
Chlorine dioxide is a yellow to reddish-yellow 
gas with a pungent, sharp odor similar to that of 
chlorine and ozone It has an odor threshold 
concentration of 0.1-0.3 ppm, and will become 
irritating at concentrations above 0.5 ppm. The 
density of chlorine dioxide gas is about 2.4 times 
that of air, allowing it to collect in low-lying 
areas. 

Health Hazards 
Chlorine dioxide is a severe respiratory and eye 
irritant in humans. It is harmful if swallowed or 
inhaled. 

Inhalation may cause irritation of the mucous 
membranes and respiratory tract. Symptoms 
may include coughing, wheezing, and severe 
breathing difficulties which may be delayed in 
onset. Pulmonary edema is common following 
severe exposure. 

Chlorine Dioxide Exposure Limits 

8 Hour Time-Weighted Average (TWA) 
ACGIH – TLV 0.1 ppm 
OSHA – PEL 0.1 ppm 

Short-term Exposure Limits (STEL) 
ACGIH - STEL (15 min) 0.3 ppm 

Immediately Dangerous to life or health 
IDLH 5 ppm 

Direct eye contact may cause severe irritation 
and possibly burns. Symptoms may include 
tearing, redness and in severe cases, eye 
damage due to burns. 

All users should read the appropriate Chemical 
Fact Sheet or Material Safety Data Sheet 
(MSDS) before handling chlorine dioxide in any 
form. 

Reactivity 
Chlorine dioxide gas is normally stable at 
concentrations up to 10% (v/v) in air, but contact 
with oxidizable materials can cause 
decomposition at lower concentrations. 

Chlorine dioxide gas is explosive at 
concentrations above 10% (v/v) in air and can 
be ignited by almost any form of energy such as 
sunlight, heat or sparks. The reaction is as 
follows: 

ClO2 → ½Cl2 + O2 
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Basic Chemicals 

At concentrations between 10% and 14% the 
reaction is categorized as a low order explosion, 
because the flame propagation is only 1 
meter/second. This decomposition is often 
referred to as a “puff” (figure 2). At 
concentrations of chlorine dioxide in air above 
14% (v/v) there is the potential for sustained 
decomposition and a violent reaction. 

Chlorine Dioxide Dilute Solutions 
Chlorine dioxide gas does not react with water. 
Chlorine dioxide is soluble in water but remains 
as a dissolved gas, which can be removed from 
dilute aqueous solutions by aeration or by heat. 
Its solubility is a function of both temperature 
and pressure following a linear relationship. See 
Figure 1. 

The stability of chlorine dioxide solutions is also 
dependent on the pH of the solution and the 
presence of UV light. Chlorine dioxide is 
decomposed by UV light. Decomposition is a 
function of time and intensity of the UV light 
source. 

-10ClO2 + 5H2O + h → 6ClO3 + 4Cl- + 10H+ + 
3.5O2 

Normally chlorine dioxide solutions are 
generated and used immediately. However, 
acidified aqueous solutions of chlorine dioxide 
(below pH 7) retain their strength for several 
months when stored in a cool, well-ventilated 
place away from heat, extreme cold, ignition 
sources, light and or direct sunlight. Chlorine 
dioxide will decompose in basic solutions (pH 
>8) hydrolyzing to form chlorate and chlorite 
ions. 

2ClO2 + 2OH- → ClO3- + ClO2- + H2O 

Chlorine dioxide may be safely handled in dilute 
aqueous solutions providing: 
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 The solution is maintained at a 
concentration and temperature that the 
partial pressure of the gas is always below 
50 mmHg. This equates to 6-7% (v/v) of 
chlorine dioxide gas in the vapor phase 
(Figure 1). 

 The maximum solution concentration at 
25ºC (77ºF) is below 3.0 g/L (0.3% by 
weight, 3000 ppm). 

Chlorine dioxide solutions should be applied to 
the processing system at a point, and in a 
manner, which permits adequate mixing and 
uniform distribution. The feed point should be 
well below the water level to prevent 
volatilization of the chlorine dioxide. 

For specific information regarding the suitability 
or dosage requirements for your application 
consult the sodium chlorite product label or 
contact your OxyChem representative. 

Storage and Handling Precautions 
Water should always be readily accessible 
whenever chlorine dioxide is used. Safety 
showers and eye wash stations should be close 
by and clearly marked. Portable or temporary 
systems are available and may be used where 
permanent installations are not available. Every 
precaution should be taken to ensure that a 
suitable system is in place and operational 
before generating chlorine dioxide. Only trained 
personnel should be allowed to enter areas 
where chlorine dioxide is generated. 

The following precautions should be followed 
when handling chlorine dioxide solutions: 

 DO NOT store chlorine dioxide solutions at 
temperatures above 100 oF (38 oC).  

 DO NOT expose chlorine dioxide solutions 
to ultra-violet light, as this will reduce 
product strength. 

 Chlorine dioxide gas and concentrated 
solutions will attack some forms of plastic, 

rubber and coatings. Store chlorine dioxide 
ONLY in containers that are approved for 
chlorine dioxide use. 

 DO NOT allow chlorine dioxide gas to come 
into contact with dust and other combustible 
materials such as organic matter and sulfur 
as this may cause fires and explosions. 

 Chlorine dioxide gas is incompatible with 
mercury, carbon monoxide, hydrocarbons, 
fluoramines, and potassium hydroxide, 
phosphorous and sulfur. 

 DO NOT allow chlorine dioxide gas to build 
up in any enclosed space. Ventilation is 
required for all handling operations. 

 DO NOT breathe chlorine dioxide vapors. 
Toxic gases and vapors (such as chlorine 
gas) may be released when chlorine dioxide 
decomposes. 

 DO NOT enter confined spaces such as 
tanks or pits without following proper entry 
procedures. Entry into these spaces must 
be in accordance with 29CFR§1910.146. 
Before entering tanks or opening pipelines 
that have contained chlorine dioxide 
solutions, they should be drained or pumped 
out and thoroughly flushed with water. 
Contact with the liquid draining from the 
equipment should be avoided. 

 Avoid breathing vapors. After handling, 
always wash hands thoroughly with soap 
and water. 

Good housekeeping practices are important 
where chlorine dioxide is used. All spills should 
be contained and immediately recovered or 
flushed with water into a chemical sewer or 
segregated holding tank or pond, which is 
provided for the specific purpose of 
neutralization. Chlorine dioxide solutions must 
NEVER be flushed to a sanitary sewer or other 
outlet, which connects to waterways or 
uncontrolled runoff streams. Contact local and 
federal authorities for applicable regulations. 
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Personal Protective Equiupment 
Personnel working with chlorine dioxide should 
always wear the proper protective equipment.  
OxyChem recommends that employees be 
provided with, and required to use personal 
protective equipment and clothing necessary to 
prevent any possibility of skin or eye contact 
with chlorine dioxide. Remember the use of 
personnel protective equipment is not a 
substitute for safe handling practices.  

Avoid breathing vapors. After handling, always 
wash hands thoroughly with soap and water. 

Where vapor concentration of chlorine dioxide 
exceeds or is likely to exceed 0.1 ppm, a NIOSH 
approved full-face acid gas respirator is 
acceptable. A NIOSH approved self-contained 
breathing apparatus, with full- face piece, is 
required for vapor concentrations above 5 ppm 
and for leaks and/or emergencies. Follow any 
applicable respirator use standards and 
regulations. 

First Aid 
Due to the toxic characteristics of chlorine 
dioxide if someone receives accidental exposure 
it is extremely important to seek first aid 
immediately 

If in eyes: 
 Hold eye open and rinse slowly and gently 

with water for 15-20 minutes. 
 Remove contact lenses, if present, after the 

first 5 minutes, then continue rinsing eye. 
 Call a poison control center or doctor 

immediately for treatment advice. 

If on skin or clothing: 
 Take of contaminated clothing. 
 Rinse skin immediately with plenty of water 

for 15-20 minutes. 

 Call a poison control center or doctor for 
treatment advice if burning or irritation of the 
skin persists. 

If swallowed: 
 Have person drink a glass of water 

immediately if able to swallow. 
 Call a poison control center or doctor 

immediately for treatment advice. 
 Do not induce vomiting unless told to do so 

by the poison control center or doctor. 
 Do not give anything by mouth to an 

unconscious person. 

If inhaled: 
 Move person to fresh air and monitor for 

respiratory distress. 
 If cough or difficulty in breathing develops, 

consult a physician immediately. 
 If person is not breathing, call 911 or an 

ambulance, then give artificial respiration. 
 Call a poison control center or doctor for 

further treatment advice. 

Notes to Physician: If chlorine dioxide vapors 
are inhaled, monitor patient closely for delayed 
development of pulmonary edema, which may 
occur up to 48-72 hours post-inhalation. 
Following ingestion, neutralization and use of 
activated charcoal is not indicated. 

Further Information 
More detailed information on sodium chlorite is 
available on request through the OxyChem 
Technical Service Department.  Call or write: 

Technical Service Department 
OxyChem 
Post Office Box 12283 
Wichita, Kansas  67277-2283 
800-733-1165 option #1 
www.oxy.com 
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whatsoever for the use of or reliance upon this information. While our technical personnel Dallas, TX 75254 
will be happy to respond to questions, safe handling and use of the product remains the 

800-752-5151 responsibility of the customer. No suggestions for use are intended as, and nothing herein 
shall be construed as, a recommendation to infringe any existing patents or to violate any 
Federal, State, local or foreign laws. 

OxyChem 

OX Y Occidental Chemical Corporation 
A "'"""awv 01 Occld Petrdo Corpo, .on 

http://www.oxy.com/
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Product Name: ChemTreat OC9118 
Product Use: Odor Control 
Supplier’s Name: ChemTreat, Inc. 
Emergency Telephone Number: (800)424−9300 (Toll Free) 
Address (Corporate Headquarters): 5640 Cox Road 

Glen Allen, VA 23060 
Telephone Number for Information: (800)648−4579 
Date of SDS: February 7, 2019 
Revision Date: February 7, 2019 
Revision Number: 19020701AN 
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Signal Word: None 

GHS Classification(s): Non−Hazardous Substance 

Hazard Statement(s): Non−Hazardous Substance 

Precautionary Statement(s): No significant health risks are expected from exposures under 
normal conditions of use. 

Prevention: None. 

Response: None. 

Storage: None. 

Disposal: None. 

System of Classification Used: Classification under 2012 OSHA Hazard Communication Standard 
(29 CFR 1910.1200). 

Hazards Not Otherwise None. 
Classified: 
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Component  CAS Registry #  Wt.%
 Components not listed are either non hazardous or in concentration of
 less than 1%

 N/A  N/A 

Comments If chemical identity and/or exact percentage of composition has been 
withheld, this information is considered to be a trade secret. 
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Inhalation: Call a POISON CENTER or doctor/physician if you feel unwell. 

Eyes: Rinse cautiously with water for several minutes. Remove contact 
lenses, if present and easy to do. Continue rinsing. If eye 
irritation persists, get medical advice/attention. 

Skin: Call a poison center or doctor/physician if you feel unwell. 

Ingestion: Rinse mouth. Call a poison center or doctor/physician if you feel 
unwell. 

Most Important Symptoms: N/D 

Indication of Immediate N/A 
Medical Attention and 
Special Treatment Needed, If 
Necessary: 
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Flammability of the Product: Not flammable. 

Suitable Extinguishing Media: Use extinguishing media suitable to surrounding fire. 

Specific Hazards Arising from None known. 
the Chemical: 

Protective Equipment: If product is involved in a fire, wear full protective clothing 
including a positive−pressure, NIOSH approved, self−contained 
breathing apparatus. 
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Personal Precautions: Use appropriate Personal Protective Equipment (PPE). 

Environmental Precautions: Avoid dispersal of spilled material and runoff and contact with 
soil, waterways, drains, and sewers. 

Methods for Cleaning up: Contain and recover liquid when possible. Flush spill area with 
water spray. 

Other Statements: None. 
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Handling: Wear appropriate Personal Protective Equipment (PPE) when 
handling this product. Do not get in eyes, or on skin and clothing. 
Wash thoroughly after handling. Do not ingest. Avoid breathing 
vapors, mist or dust. 

Storage: Store away from incompatible materials (see Section 10). Store 
at ambient temperatures. Keep container securely closed when not in 
use. Label precautions also apply to empty container. Recondition 
or dispose of empty containers in accordance with government 
regulations. For Industrial use only. 
Protect from heat and sources of ignition. 
Do not freeze. Store above Freeze Point. If freezes, then 
mechanical mixing is required. 
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Exposure Limits 

Component  Source Exposure Limits 
Components not listed are either non hazardous or in
 concentration of less than 1%

 N/E  N/E 

Engineering Controls: Use only with adequate ventilation. The use of local ventilation is 
recommended to control emission near the source. 
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Personal Protection 

Eyes: Safety glasses are recommended if risk of eye contact. 

Skin: Wear butyl rubber or neoprene gloves. Wash them after 
each use and replace as necessary. If conditions warrant, 
wear protective clothing such as boots, aprons, and 
coveralls to prevent skin contact. 

Respiratory: If misting occurs, use NIOSH approved organic vapor/acid 
gas dual cartridge respirator with a dust/mist prefilter in 
accordance with 29 CFR 1910.134. 
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Physical State and Appearance: Liquid, Pink, Clear 
Specific Gravity: 1.003 @ 20°C 
pH: 7.2 @ 20°C, 100.0% 
Freezing Point: 32°F 
Flash Point: N/A 
Odor: Moderate 
Melting Point: N/A 
Initial Boiling Point and Boiling Range: >212°F 
Solubility in Water: Complete 
Evaporation Rate: N/D 
Vapor Density: N/D 
Molecular Weight: N/D 
Viscosity: <100 CPS @ 20°C 
Flammability (solid, gas): N/D 
Flammable Limits: N/A 
Autoignition Temperature: N/A 
Density: 8.37 LB/GA 
Vapor Pressure: N/D 
% VOC: N/D 
Odor Threshold N/D 
n−octanol Partition Coefficient N/D 
Decomposition Temperature N/D 
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Chemical Stability: Stable at normal temperatures and pressures. 

Incompatibility with Various Strong oxidizers. 
Substances: 

Hazardous Decomposition Oxides of carbon. 
Products: 

Possibility of Hazardous None known. 
Reactions: 

Reactivity: N/D 

Conditions To Avoid: N/D 
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Acute Toxicity 

Chemical Name  Exposure  Type of Effect  Concentration  Species
 ChemTreat OC9118  N/D  N/D  N/D  N/D 

Carcinogenicity Category 

Component  Source  Code  Brief Description
 Components not listed are either non hazardous or in
 concentration of less than 1%

 N/E  N/E  N/E 

Likely Routes of Exposure: N/D 

Symptoms 

Inhalation: N/D 

Eye Contact: N/D 

Skin Contact: N/D 

Ingestion: N/D 

Skin Corrosion/Irritation: N/D 
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Serious Eye Damage/Eye N/D 
Irritation: 

Sensitization: N/D 

Germ Cell Mutagenicity: N/D 

Reproductive/Developmental N/D 
Toxicity: 

Specific Target Organ Toxicity 

Single Exposure: N/D 

Repeated Exposure: N/D 

Aspiration Hazard: N/D 

Comments: None. 
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Ecotoxicity 

Species  Duration  Type of Effect  Test Results
 N/D  N/D  N/D  N/D 

Persistence and N/D 
Biodegradability: 

Bioaccumulative Potential: N/D 

Mobility In Soil: N/D 

Other Adverse Effects: N/D 

Comments: Not tested. 
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Dispose of in accordance with local, state and federal regulations. 
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Controlling
 Regulation  UN/NA#:  Proper Shipping Name:  Technical Name:  Hazard Class:

 Packing
 Group:

 DOT  N/A  COMPOUND, INDUSTRIAL
 WATER TREATMENT, LIQUID

 N/A  N/A  N/A 

Note: N/A 
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Inventory Status 

United States (TSCA): All ingredients listed. 
Canada (DSL/NDSL): All ingredients listed. 

Federal Regulations 

SARA Title III Rules 

Sections 311/312 Hazard 
Classes 

Fire Hazard: No 
Reactive Hazard: No 
Release of Pressure: No 
Acute Health Hazard: Yes 
Chronic Health Hazard: No 

Other Sections

 Component 
Section 313
 Toxic Chemical

 Section 302 EHS
 TPQ  CERCLA RQ

 Components not listed are either non hazardous or in
 concentration of less than 1%

 N/A  N/A  N/A 

Comments: None. 
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State Regulations 

California Proposition 65: None known. 

Special Regulations 

Component  States
 Components not listed are either non hazardous or in
 concentration of less than 1%

 None. 

Compliance Information 

NSF: N/A 

Food Regulations: N/A 

KOSHER: This product has not been evaluated for Kosher approval. 

Halal: This product has not been evaluated for Halal approval. 

FIFRA: N/A 

Other: None 

Comments: None. 
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HMIS Hazard Rating 

Health: 0 
Flammability: 0 
Physical Hazard: 0 
PPE: X 

Notes: The PPE rating depends on circumstances of use. See 
Section 8 for recommended PPE. 
The Hazardous Material Information System (HMIS) is a 
voluntary, subjective alpha−numeric symbolic system for 
recommending hazard risk and personal protection equipment 
information. It is a subjective rating system based on the 
evaluator’s understanding of the chemical associated risks. 
The end−user must determine if the code is appropriate for 
their use. 
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Abbreviations 

Abbreviation  Definition
 <  Less Than
 >  Greater Than
 ACGIH  American Conference of Governmental Industrial Hygienists
 EHS  Environmental Health and Safety Dept
 N/A  Not Applicable
 N/D  Not Determined
 N/E  Not Established
 OSHA  Occupational Health and Safety Dept
 PEL  Personal Exposure Limit
 STEL  Short Term Exposure Limit
 TLV  Threshold Limit Value
 TWA  Time Weight Average
 UNK  Unknown 

Prepared by: Product Compliance Department; ProductCompliance@chemtreat.com 

Revision Date: February 7, 2019 

F$��(�������������� 

Although the information and recommendations set forth herein (hereinafter "information") are presented in good faith and believed to be correct as of the date 
hereof, ChemTreat, Inc. makes no representations as to the completeness or accuracy thereof. Information is supplied upon the condition that the persons receiving 
same will make their own determination as to its suitability for their purposes prior to use. In no event will ChemTreat, Inc. be responsible for damages of any 
nature whatsoever resulting from the use or reliance upon information. No representation or warranties, either expressed or implied, of merchantability, fitness for 
a particular purpose, or of any other nature are made hereunder with respect to information or the product to which information refers. 
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SAFETY DATA SHEET 

SNiPER® 
IDENTIFICATION June 2018 

Hospital Disinfectant 

SECTION 1: PRODUCT AND COMPANY INFORMATION 

Product Name: SNIPER 

MANUFACTURER / DISTRIBUTOR: 

GLOBAL ENVIRONMENTAL RESTORATION, INC 

P.O. BOX 667 
CARENCRO, LA 70520 

PHONE 
NUMBERS: 

PRODUCT INFORMATION                          877-236-4710 
PRODUCT EMERGENCY(US, CANADA, PUERTO RICO) 800-255-3924 
PRODUCT EMERGENCY (INTERNATIONAL) +01-813-248-0585 

SECTION 2 - HAZARD(S) IDENTIFICATION 

EMERGENCY OVERVIEW 
Colorless liquid with mild fresh odor. Avoid contact with eyes. Keep out of reach of children 
HMIS Rating: 

Health: 0 Flammability: 0 Reactivity: 0 PPE: None 

Potential Health Effects 
Eye Contact: Eye contact may cause mild eye irritation with discomfort 
Skin Contact: Does NOT cause skin irritation and the product is NOT a skin sensitizer 
Inhalation: Does NOT cause any respiratory irritation. If consumer product accidentally contacts 
strong acids in restrictive ventilation area, avoid breathing the vapors, and allow adequate time for the 
vapors to disperse before re-entering the restricted area 
Ingestion: EPA Level IV Toxicity Level Registration (Lowest level) 

This product is non-hazardous according to the OSHA HCS 2012 classification system 

GER Inc PO Box 667 Carencro,  LA 70520  Envi ronmentRestorat ion.com  877.236.4710 

Disinfection Technology 
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Global Environmental Restoration Inc. Safety Data Sheet 
Issued June 2018 PG 2 SNiPER™ 

Carcinogenic Information 
None of the components present in this material at concentrations equal to or greater than 0.1% are 
listed by IARC, NTP, OSHA, and ACGIH as carcinogens 

SECTION 3 - COMPOSITION /INFORMATION ON INGREDIENTS 

COMPONENTS CAS NUMBER WT % 
Chlorine Dioxide (stabilized)……………………………………….10049-04-4 
n-Alkyl (60% C14, 30% C16, 5% C12, 5% C18)

Dimethyl benzyl ammonium chloride……………………….Mixture
n-Alkyl (68% C12, 32% C14)Dimethyl

Ethylbenzyl Ammonium chloride……………………………Mixture
Water ……………………………………………………………………..7732-18-5

0.200 

          0.085% 

           0.085% 
     99.59% 

Inert Ingredients ………………………………………………………….Mixture 
TOTAL

0.040% 
                                       100.00% 

At these concentrations none of the ingredients are known to pose any hazards to human health. 

SECTION 4 - FIRST AID MEASURES 

Inhalation 
Does NOT cause any respiratory irritation. If Consumer product accidentally contacts strong 
acids in restricted ventilation area, avoid breathing the vapors, and allow adequate time for the 
vapors to disperse before re-entering the restricted area. 
Skin Contact 
Does NOT cause skin irritation. In case of contact, flush skin with plenty of water 
Eye Contact
In case of contact, immediately flush eyes with plenty of water for at lease 15 minutes 
Ingestion
Give large amounts of water and consult a physician 

SECTION 5 - FIRE FIGHTING MEASURES 

Flammable Properties: 
Flash Point: Not Applicable (Non Flammable) Burn Rate: Unknown 

Flammable Limits: 
Lower Flammable Limit: Not Established Upper Flammable Limits: Not Established 



Global Environmental Restoration Inc. Safety Data Sheet 
Issued June 2018 PG 3 SNiPER™ 

Flammability Classification: Non-Flammable Liquid 
Autoignition Temperature: Not Established 

Hazardous Combustion Products: Thermal or other decomposition may yield chlorine 
dioxide or chlorine 
Extinguishing Media: N/A (Non-Flammable liquid)
Additional Considerations: None 
FIRE FIGHTING INSTRUCTIONS: Non-Flammable Liquid 

NFPA RATING: 
Health: 0 Flammability: 0 Reactivity: 0 Other Hazards: 0 

SECTION 6 - ACCIDENTAL RELEASE MEASURES 

Spill Clean-Up
No special clean-up measures are required for the consumer product. To avoid the possibility 
of discoloring the spill should be absorbed with paper towels, and the area rinsed with clean 
water 

Accidental Release Measures 
Spills are very slippery and should be cleaned up promptly 

SECTION 7 - HANDLING AND STORAGE 

Handling: Keep away from heat and strong acids. Do not ingest. Keep container closed. Use 
only with adequate ventilation. 

Storage: Keep container tightly closed and sealed until ready for use. Keep container in a 
well-ventilated place. Do not store above 120℉ or near fire of open flame. Store large 
quantities buildings to comply with OSHA 1910.106.  Do not transfer contents of bottles or 
other unlabeled containers. Do not reuse empty containers. Keep out of reach of children. 

Incompatible materials: Strong Acids 

Special Packaging Materials: None 
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SECTION 8 - EXPOSURE CONTROL / PERSONAL PROTECTION 

Engineering Controls
Use in adequately ventilated areas
Personal Protective Equipment
Eye / Face Protection: Not required for consumer product 
Skin Protection: Not required for consumer product 
Respirators: None required for normal use. If consumer product accidentally contacts strong 
acids in restricted ventilation area, avoid breathing the vapors, and allow adequate time for the 
vapors to disperse before re-entering the restricted area. 

Exposure Limits: 
Chlorine Dioxide (Stabilized):

PEL (OSHA): Not Available 
TLV (ACGIH): Not Available 

n-Alkyl Dimethyl Benzyl Ammonium Chloride: 
PEL (OSHA): Not Available 
TLV (ACGIH): Not Available 

n-Alkyl Dimethyl Ethylbenzyl Ammonium Chloride: 
PEL (OSHA): Not Available 
TLV (ACGIH): Not Available 

Water: 
PEL (OSHA): Not Available 
TLV (ACGIH): Not Available 

Inert Ingredients: 
PEL (OSHA): Not Available 
TLV (ACGIH): Not Available 
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Global Environmental Restoration Inc. Safety Data Sheet 
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SECTION 9 - PHYSICAL AND CHEMICAL PROPERTIES 

Appearance: Colorless Liquid 
Odor: Mild Fresh 
Physical State: Liquid 
pH: Approximately 8.5 
Boiling Point (℉): 212 
Melting Point (℉): Not Applicable 
Freezing Point (℉): < 32 
Solubility in Water:  100%  
Vapor Pressure (mm Hg): Not Available 
Vapor Density: Not Available 
Volatile Organic Compounds (VOC): None 
Evaporation Rate: Less than Ether 
Specific Gravity:  1.003@68℉ (20℃)
Density (lb/gal): 8.40 @ 68℉ (20℃)
Viscosity (cP): 0.90 @ 77℉ (25℃) 

SECTION 10 - STABILITY AND REACTIVITY 

Chemical Stability: The product is stable
Incompatibility with other Materials: Strong acids 
Conditions to avoid: Contact with sting acids
Hazardous Decomposition Products: Thermal or other decomposition may yield chlorine 
dioxide or chlorine 
Hazardous Polymerization: Will not occur. 

mailto:1.003@68%E2%84%89
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SECTION 11 - TOXICOLOGICAL INFORMATION 

TOXICITY TESTING – ACUTE Inhalation – Studies with Wistar Albino rats exposed to a 
respirable aerosol made from a solution of SNiPER  2 at a level of 2.08 mg/l for four hours 
resulted in no deaths and no abnormal necropsy observations. Eye Contact – Studies with New 
Zealand white rabbits showed this product is a very mild ocular irritant; mild conjunctival 
irritation was observed, but cleared within 72 hours. Skin Contact – Study of dermal toxicity 
in New Zealand white rabbits showed the product to be non-toxic: Dermal LD50> 5,000 mg/kg
of body weight; Study of dermal irritation in New Zealand white rabbits showed the product is 
not a dermal irritant. In Dermal Sensitization studies, SNiPER was determined not to be a 
sensitizer. Swallowing  - Acute oral toxicity in albino rats: Non-toxic LD50>5,000 mg/kg of 
body weight. 
EPA TOXICITY RATING - IV: This is the lowest category on the scale and is designed for 
substances that are the least hazardous. 

SECTION 12 - ECOLOGICAL INFORMATION 

Environmental Hazards: No data available 
Environmental Fate: No data available 

SECTION 13 - DISPOSAL CONSIDERATIONS 

Waste Disposal: Treatment, storage, transportation, and disposal must be accordance with 
applicable Federal, State/Provincial and Local regulations. 

SECTION 14 - TRANSPORT INFORMATION 

DOT 

Proper Shipping Name: Not regulated for air, ground, or ocean shipments 
Hazards Class: N/A 
Subsidiary Hazard Class: N/A 
I.D. No. (UN/NA): N/A 
Packing Group: N/A 
Special Information: None 
DOT Label(s): None 
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IMO / IMDG 

Proper Shipping Name: 
Hazards Class: 
Subsidiary Hazard Class: 
I.D. No. (UN/NA):
Packing Group: 
Marine Pollutant: 

Not regulated for air, ground, or ocean shipments 
N/A 
N/A 
N/A 
N/A 
No 

Special Information: None 

IATA / ICAO 

Proper Shipping Name: 
Hazards Class: 
Subsidiary Hazard Class: 
I.D. No. (UN/NA): 

Not regulated for air, ground, or ocean shipments 
N/A 
N/A 
N/A 

SECTION 15 - REGULATION INFORMATION 

U.S. Federal Regulations: 

TSCA: All components appear in TSCA Inventory 
OSHA: Refer to Section 8 for exposure limits
CERCLA SARA HAZARD CATEGORY: 

Section 311 and 312: This product has been reviewed according to the EPA “Hazard 
Categories” promulgated under Sections 311 and 312 of the Superfund Amendment and 
Reauthorization Act of 1986 (SARA Title III) and is considered, under the application 
definitions, to meet the following categories: None 

Section 313: This product contains following substances subject to the reporting requirements 
of Section 313 of Title III of the Superfund Amendments and Reauthorization Act of 1986 
and 40 CFR Part 372: None 

State regulations: 
State Right to know information is not provided 

California prop. 65 (no significant risk level): None 
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International Regulations: 
Canadian WHMIS: Not Controlled 
Canadian Environmental Protection Act (CEPA): Additional information available upon 
request 

EU regulations: Risk Phrases R36- Irritating to the eyes(Prolonged contact only)
Safety Phrases: S2- Keep out of reach of children 

S25- Avoid contact with eyes 

EINECS: Additional information available upon request. All components are listed on 
EINECS 

SECTION 16 - OTHER INFORMATION 

The information is furnished without warranty, expressed or implied, except that it is accurate 
to the best knowledge of Global Environmental Restoration, Inc. The Data on this sheet 
related only to the specific material designed herein. G.E.R. Inc. assumes no legal 
responsibility for the use or reliance on this data. 

END OF SDS 
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ODOR COMPLAINT LOGGING FORM 

For internal use only. 

To be completed by the Plant Manager when receiving a complaint 

Date Time of Report Complainant 

Address and Phone Number of Complainant 

Description of Odor 

Time Incident was Detected  a.m./p.m. Duration of Event 

Has this happened before? How often? 

Weather Conditions Sunny/Overcast/Other Temperature Humidity 

Weather Conditions Precipitation Wind Direction/Speed 

Are there weather conditions or times the odor seems more noticeable? 

Are there certain days of the week its more noticeable? 

Plant Conditions 

Current Production 

Materials in Use 

Housekeeping and Maintenance Proper? 

Ventilation System Operating Properly? 

Actions Taken and Time 

Comments or Recommendations 

Form Completed by and date 

Follow-up with Complainant and date 
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Table 1 
Overall Emissions Summary 

EU-Spray Dryer - June 21, 2022 

Method 

CMT-027 
Method 25A 

Pollutant 

Ammonia 
THC, as Methane 

Emission 
Concentration 

(ppmv) 
11.4 ppmv, dry 

14.99 ppmv, wet 

Emission Rate 
(lb/hr) 

0.66 
0.88 

ASTM D5504 COS/SO2 0.604 ppmv, wet 0.142 

Crimson Holdings, LLC Page 11 of 124 CYET Project Number 221644 
EU-Spray Dryer Emissions Test Report August 24, 2022 



Table 2 

EU-Spray Dryer Ammonia Emission Rates 

Client 

Source 

Test Information 

Test Number 

Test Date 

Run Start Time 

Run Finish Time 

Net Traverse Points 

Net Run Time, Minutes 

Meter/Nozzle Information 

Meter Temperature Tm (F) 

Meter Pressure - Pm (in. Hg) 

Measured Sample Volume (Vm) 

Sample Volume (Vm-Std ft3) 

Sample Volume (Vm-Std m3) 

Condensate Volume (Vw-std) 

Gas Density (Ps(std) lbs/ft3) (wet) 

Gas Density (Ps(std) lbs/ft3) (dry) 

Total weight of sampled gas (m g lbs) (wet) 

Total weight of sampled gas (m g lbs) (dry) 

Nozzle Size - An (sq. ft.) 

Isokinetic Variation - I 

Stack Data 

Average Stack Temperature - Ts (F) 

Molecular Weight Stack Gas- dry (Md) 

Molecular Weight Stack Gas-wet (Ms) 

Stack Gas Specific Gravity (Gs) 

Percent Moisture (Bws) 

Water Vapor Volume (fraction) 

Pressure - Ps ("Hg) 

Average Stack Velocity -Vs (ft/sec) 

Area of Stack (ft2) 

Exhaust Gas Flowrate 

Flowrate ft3(Actual) 

Flowrate ft3 (Standard Wet) 

Flowrate ft3 (Standard Dry) 

Flowrate m3 (standard dry) 

Crimson Holdings 

EU-Spray Dryer Exhaust 

1 2 

6/21/2022 6/21/2022 

11:26 15:00 

12:46 16:14 

24 24 

60 60 

100.4 103.5 

29.3 29.3 

42.8 40.7 

38.4 36.2 

1.09 1.03 

4.225 4.130 

0.0726 0.0725 

0.0755 0.0755 

3.10 2.92 

2.90 2.73 

0.000562 0.000562 

100.8 102.6 

162.0 165.3 

29.1 29.1 

28.0 28.0 

0.966 0.966 

9.91 10.24 

0.0991 0.1024 

29.2 29.1 

25.2 23.6 

19.6 19.6 

29,712 27,819 

24,620 22,881 

22,181 20,537 

628 582 

3 

6/21/2022 

17:08 

18:15 

24 

60 

103.4 

29.3 

41.5 

37.0 

1.05 

4.031 

0.0726 

0.0755 

2.98 

2.79 

0.000562 

101.8 

165.4 

29.1 

28.0 

0.966 

9.83 

0.0983 

29.1 

24.2 

19.6 

28,494 

23,434 

21,129 

598 

Average Average 

Runs 1-3 Runs 1 and 3 

Run 2 post leak check QA failed. 

Average results are presented as both 

including and excluding Run 2 

102.4 

29.3 

41.7 

37.2 

1.05 

4.129 

0.0726 

0.0755 

3.00 

2.81 

0.000562 

101.7 

164.2 

29.1 

28.0 

0.966 

9.99 

0.0999 

29.2 

24.4 

19.6 

28,675 

23,645 

21,283 

603 

Total Ammonia Weight (µg) 

Sample Catch (Impinger 1) 

Sample Catch (Impingers 2+3) 

Blank correction 

Total 

Total Ammonia Concentration 

lb/1000 lb (wet) 

lb/1000 lb (dry) 

mg/dscm (dry) 

PPM (dry) 

Total Ammonia Emission Rate 

lb/ hr 

8,800 8,100 

130 150 

0 0 

8,930 8,250 

0.006 0.006 

0.007 0.007 

8.2 8.0 

11.6 11.4 

0.68 0.62 

8,200 

110 

0 

8,310 

0.006 

0.007 

7.9 

11.2 

0.63 

8,367 8,500 

130 120 

0 0 

8,497 8,620 

0.006 0.006 

0.007 0.007 

8.1 8.1 

11.4 11.4 

0.65 0.66 

Revision 1 
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Table 4 

EU-Spray Dryer Speciated Amines Emission Rates 

Client Crimson Holdings 

Source EU-Spray Dryer Exhaust 

Test Information 

Test Number 1 2 3 

Test Date 6/21/2022 6/21/2022 6/21/2022 

Run Start Time 11:31 15:01 17:08 

Run Finish Time 12:31 16:01 18:08 

Net Run Time, Minutes 60 60 60 

Sample Volume Information 

Stack Temperature (F) 162.0 165.3 165.4 164.2 

Stack Pressure - (in. Hg) 29.20 29.14 29.14 29.16 

Pre-test Drycal Flow Rate (L/min) 0.50454 0.52440 0.48969 

Post-test Drycal Flow Rate (L/min) 0.34124 0.48234 0.48631 

Average Flow Rate (L/min) 0.42289 0.50337 0.48800 0.47142 

Measured Sample Volume (Vm- L) 25.4 30.2 29.3 28.3 

Sample Volume (Vm-Std L) 21.0 24.1 23.4 22.8 

Sample Volume (Vm-Std L) (dry) 18.9 21.7 21.1 20.6 

Pre-test Drycal Flow Rate (L/min) 0.58246 0.54681 0.55681 

Post-test Drycal Flow Rate (L/min) 0.56350 0.54333 0.54540 

Average Flow Rate (L/min) 0.57298 0.54507 0.55111 0.55639 

Measured Sample Volume (Vm- L) 34.4 32.7 33.1 33.4 

Sample Volume (Vm-Std L) 28.5 26.9 27.2 27.5 

Sample Volume (Vm-Std L) (dry) 25.7 24.1 24.5 24.8 

Exhaust Gas Flowrate 

Speciate Amines Weights (µg) 

CAS # MW 

Ethylamine 75-04-7 45.085 < 2.0 < 2.0 < 2.0 < 2.0 

Diethylamine 109-89-7 73.139 < 2.0 < 2.0 < 2.0 < 2.0 

Methylamine 74-89-5 31.058 < 3.0 < 3.0 < 3.0 < 3.0 

Dimethylamine 124-40-3 45.085 < 3.0 < 3.0 < 3.0 < 3.0 

n-Butylamine 109-73-9 73.139 < 1.0 < 1.0 < 1.0 < 1.0 

Isopropylamine 75-31-0 59.112 < 1.0 < 1.0 < 1.0 < 1.0 

Cyclohexylamine 108-91-8 99.17 < 1.0 < 1.0 < 1.0 < 1.0 

Triethylamine 121-44-8 101.193 < 1.0 < 1.0 < 1.0 < 1.0 

Totals < 14.0 < 14.0 < 14.0 < 14.0 

Speciated Amines Concentrations (PPMV, dry) 

Ethylamine < 0.06 < 0.05 < 0.05 < 0.05 

Diethylamine < 0.03 < 0.03 < 0.03 < 0.03 

Methylamine < 0.12 < 0.11 < 0.11 < 0.11 

Dimethylamine < 0.08 < 0.07 < 0.08 < 0.08 

Butylamine < 0.01 < 0.01 < 0.01 < 0.01 

Isopropylamine < 0.02 < 0.02 < 0.02 < 0.02 

Cyclohexylamine < 0.01 < 0.01 < 0.01 < 0.01 

Triethylamine < 0.01 < 0.01 < 0.01 < 0.01 

< 0.35 < 0.31 < 0.32 < 0.32 

Speciated Amines Emission Rates (lb/hr) 

Ethylamine < 0.01 < 0.01 < 0.01 < 0.01 

Diethylamine < 0.01 < 0.01 < 0.01 < 0.01 

Methylamine < 0.01 < 0.01 < 0.01 < 0.01 

Dimethylamine < 0.01 < 0.01 < 0.01 < 0.01 

Butylamine < 0.00 < 0.00 < 0.00 < 0.00 

Isopropylamine < 0.00 < 0.00 < 0.00 < 0.00 

Cyclohexylamine < 0.00 < 0.00 < 0.00 < 0.00 

Triethylamine < 0.00 < 0.00 < 0.00 < 0.00 

< 0.06 < 0.05 < 0.05 < 0.05 

2
-S

ca
n

3
-S

ca
n 

2
-S

ca
n

3
-S

ca
n 

Flowrate ft3/min (Standard Dry) 22,181 20,537 21,129 21,283 
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Table 5 

EU-Spray Dryer Speciated Sulfur Compounds Emission Rates 

Client Crimson Holdings 

Source EU-Spray Dryer Exhaust 

Test Information 

Test Number 1 2 3 

Test Date 6/21/2022 6/21/2022 6/21/2022 

Run Start Time 11:31 15:01 17:08 

Run Finish Time 12:31 15:55 18:08 

Net Run Time, Minutes 60 54 60 

Exhaust Gas Flowrate 

Flowrate ft3/min (Standard Wet) 24,620 22,881 23,434 

Speciated Sulfur Compounds (PPMV, wet) 

CAS # MW 

Hydrogen Sulfide 2148878 34.08 < 0.082 < 0.092 < 0.083 
Carbonyl Sulfide / 463-58-1 / 

60.08 / 64.07 0.516 0.614 0.682 
Sulfur Dioxide 7446-09-5 

Methyl Mercaptan 74-93-1 48.11 < 0.082 < 0.092 < 0.083 

Ethyl Mercaptan 64132 62.13 < 0.082 < 0.092 < 0.083 

Dimethyl Sulfide 75-18-3 62.13 < 0.082 < 0.092 < 0.083 

Carbon Disulfide 75-15-0 76.13 < 0.082 < 0.092 < 0.083 

Isopropyl Mercaptan 75-33-2 76.16 < 0.082 < 0.092 < 0.083 

tert-Butyl Mercaptan 75-66-1 90.18 < 0.082 < 0.092 < 0.083 

n-Propyl Mercaptan 107-03-9 76.16 < 0.082 < 0.092 < 0.083 

Methylethylsulfide 624-89-5 76.16 < 0.082 < 0.092 < 0.083 
sec-Butyl Mercaptan / 513-53-1 / 

90.19 / 84.14 < 0.082 < 0.092 < 0.083 
Thiophene 110-02-1 

iso-Butyl Mercaptan 513-44-0 90.19 < 0.082 < 0.092 < 0.083 

Diethyl Sulfide 352-93-2 90.19 < 0.082 < 0.092 < 0.083 

n-Butyl Mercaptan 109-79-5 90.19 < 0.082 < 0.092 < 0.083 

Dimethyl Disulfide 624-92-0 94.2 < 0.082 < 0.092 < 0.083 

2-Methylthiophene 554-14-3 98.17 < 0.082 < 0.092 < 0.083 

3-Methylthiophene 616-44-4 98.17 < 0.082 < 0.092 < 0.083 

Tetrahydrothiophene 110-01-0 88.17 < 0.082 < 0.092 < 0.083 

Bromothiophene 1003-09-4 163.04 < 0.082 < 0.092 < 0.083 

Thiophenol 108-98-5 110.18 < 0.082 < 0.092 < 0.083 

Diethyl Disulfide 110-81-6 122.3 < 0.082 < 0.092 < 0.083 

Total Unidentified Sulfur 34.08 < 0.082 < 0.092 < 0.083 

Total Reduced Sulfurs 34.08 < 0.082 < 0.092 < 0.083 

All unidentified compound's concentrations expressed in terms of H 2 S (TRS does not include COS and SO 2 ) 

< 

< 

< 

< 

< 

< 

< 

< 

< 
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< 

< 

< 
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< 

< 

< 

< 

< 

< 

< 

< 

23,645 

0.086 

0.604 

0.086 

0.086 

0.086 

0.086 

0.086 

0.086 

0.086 

0.086 

0.086 

0.086 

0.086 

0.086 

0.086 

0.086 

0.086 

0.086 

0.086 

0.086 

0.086 

0.086 

0.086 

Speciated Sulfur Compounds Emission Rates (lb/hr) 

MW 

Hydrogen Sulfide 34.08 < 0.011 < 0.011 < 0.010 

Carbonyl Sulfide / Sulfur Dioxide1 64.07 0.127 0.140 0.159 

Methyl Mercaptan 48.11 < 0.015 < 0.016 < 0.015 

Ethyl Mercaptan 62.13 < 0.020 < 0.020 < 0.019 

Dimethyl Sulfide 62.13 < 0.020 < 0.020 < 0.019 

Carbon Disulfide 76.13 < 0.024 < 0.025 < 0.023 

Isopropyl Mercaptan 76.16 < 0.024 < 0.025 < 0.023 

tert-Butyl Mercaptan 90.18 < 0.028 < 0.030 < 0.027 

n-Propyl Mercaptan 76.16 < 0.024 < 0.025 < 0.023 

Methylethylsulfide 76.16 < 0.024 < 0.025 < 0.023 

sec-Butyl Mercaptan / Thiophene1 90.19 < 0.028 < 0.030 < 0.027 

iso-Butyl Mercaptan 90.19 < 0.028 < 0.030 < 0.027 

Diethyl Sulfide 90.19 < 0.028 < 0.030 < 0.027 

n-Butyl Mercaptan 90.19 < 0.028 < 0.030 < 0.027 

Dimethyl Disulfide 94.2 < 0.030 < 0.031 < 0.029 

2-Methylthiophene 98.17 < 0.031 < 0.032 < 0.030 

3-Methylthiophene 98.17 < 0.031 < 0.032 < 0.030 

Tetrahydrothiophene 88.17 < 0.028 < 0.029 < 0.027 

Bromothiophene 163.04 < 0.051 < 0.053 < 0.049 

Thiophenol 110.18 < 0.035 < 0.036 < 0.033 

Diethyl Disulfide 122.3 < 0.038 < 0.040 < 0.037 

Total Unidentified Sulfur 34.08 < 0.011 < 0.011 < 0.010 

Total Reduced Sulfurs 34.08 < 0.011 < 0.011 < 0.010 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

0.011 

0.142 

0.015 

0.020 

0.020 

0.024 

0.024 

0.028 

0.024 

0.024 

0.028 

0.028 

0.028 

0.028 

0.030 

0.031 

0.031 

0.028 

0.051 

0.035 

0.039 

0.011 

0.011 

1: lb/hr calculated assuming concentration is entirely analyte with larger MW 
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Data Inputs for Packed Bed Scrubber 

Waste Stream Characteristics: 
Directions: Enter data in highlighted cells. 

Pollutant name Ammonia water 
Concenration of pollutant in waste gas (C) 10 ppmv 
Waste Gas Flow rate (Gin) 30,000 acfm 

Temperature (T) 150 oF 

Density of waste gas (ρG) 0.0709 lb/ft3 

Density of liquid (ρL) 62.40 lb/ft3 

Molecular weight for pollutant (MWp) 36.5 lb/lb-mole 

Molecular weight of waste gas (MWG) 29.0 lb/lb-mole 

Molecular weight of Liquid (MWL) 18.0 lb/lb-mole 

Viscosity of waste gas (μG) 0.044 lb/ft-hour 
Viscosity of liquid (μL) 2.16 lb/ft-hour 
Miniumum wetting rate (MWR) 1.3 sq.ft/hour 
Diffusivity of pollutant in air (DG) 0.060903078 sq.ft/hour 
Diffusivity of pollutant in solvent (DL) 4.54E-01 sq.ft/hour 

Maximum pollutant concentration in liquid phase in equilibrium 
with pollutant entering column in gas phase (Xout*) 

0.16 
lb-moles of pollutant/lb-mole of 
pollutant free solvent 

Pollutant concentration exiting the absorber in equilibrium with 
concentration in liquid phase (Yout*) 

0.0001 
lb-moles of pollutant/lb-moles of 
total gas 

Sorbent Name Sodium hydroxide 
Number of moles of sorbent needed to neutralize 1 mole of 
pollutant 0.5 

Name of waste species produced Ammonium sulfate 
Number of moles of Ammonium sulfate (waste) generated per 
mole of Ammonia removed 0.5 

Percent by weight of Ammonium sulfate in wastewater (WF) 10 percent by weight 
Molecular weight of Sorbent (MWs) 98.08 lb/lb-mole 

Molecular weight of waste produced (MWw) 132.14 lb/lb-mole 

Pollutant Removal Efficiency (η) 95 percent 

Number of hours the scrubber operates (top) 8760 Hours 

Pump Efficiency (ε) 70 percent 

Estimated Equipment Life 30 Years 

L/G adjustment factor to convert (L/G)min to (L/G)actual 1.5 * Typically between 1.2 and 1.5 
Flooding factor (f) 0.7 * Typically between 0.6 and 0.75 

Pressure for the solvent pump (Ppump) 60 feet of water 
Impeller diameter for fan (d) = 33 inches 

Packing Material Properties* 

Packing type 
Packing factor (Fp) 65 

Packing constant (α) 3.82 
Packing constant (β) 0.41 
Packing constant (γ) 0.45 

Packing constant (φ) 0.0125 

Packing constant (b) 0.22 

Surface area to volume ratio 28 ft2/ft3 

Packing constant c 0.24 

Packing constant j 0.17 

Select material for construction of absorber 

Site Preparation Cost = 0 

Building Costs = 0 

Contingency Factor (CF) = 0.1 

Desired dollar-year 2016 
CEPCI for 2016 541.7 Enter the CEPCI value for 2016 390.6 1991 CEPCI* 

Annual Interest Rate (i) 5.5 Percent 

Packing Material Cost (Costpacking) 20.00 $/ft3 

Sorbent (Costsorbent) 447.00 $/ton 

Solvent (CostSolvent) 0.0042 $/gallon* 

Electricity (Costelect) 0.0676 $/kWh* 

Waste Disposal cost (Costwaste) 0.0057 $/gallon* 

Operator Labor Rate 26.61 $/hour 
Maintenance Labor Rate 29.27 $/hour 

* See Appendix tab for diffusity values for some 
common pollutants. 

Name of Solvent 

* Note: 0.1 is a default value. Values of between 0.05 and 0.15 may be used to 
account for unexpected costs associated with the fabrication and installation of 
the control system. 

Cost Information: 

*Note: CEPCI = Chemical Engineering Plant Cost Index. The use of CEPCI in this spreadsheet is not an endorsement of the index, but is there merely to allow for availability of a well-known cost index to 
spreadsheet users. Use of other well-known cost indexes (e.g., M&S) is acceptable. 

Packed Bed Scrubber Specifications: 

2-inch ceramic Raschig rings 

* See Appendix tab for constants for 
common packing materials. 
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Packed Bed Scrubber Design Parameters 

The following design parameters for a packed bed scrubber were calculated based on the values entered on the PB Scrubber Data Inputs tab. These values were used to prepare the costs shown on the PB Scrubber Cost Estimate tab. 

*Calculated liquid flow rate is below the 
minimum needed to wet the packed bed. 

Parameter Equat on Ca cu ated Va ue Un ts 

Concentration of Ammonia entering absorber (Yin) = (C/106)/(1- C/106) = 0.00001 
lb-moles pollutant/lb-mole pollutant free 
gas 

Concentration of Ammonia exiting absorber (Yout) = Yin (1 - η/100) = 5.00E-07 
lb-moles pollutant/lb-mole pollutant free 
gas 

Waste gas flow rate entering the absorber (Gin) = Waste gas flow rate exiting the absorber (Gout) = 30,000 acfm 

Removal efficiency (η) = Specified by user 95 Percent 

Concentration of Ammonia entering the absorber in the solvent (Xin) = 
Assuming system is a once through design or spent solvent is 
regenerated before recycled. 

0 
lb-moles pollutant/lb-mole pollutant free 
solvent 

Maximum pollutant concentration in liquid phase in equilibrium with 
pollutant entering column in gas phase (xout*) = 

Provided by user (derived from an equilibrium curve) 0.16 
lb-moles pollutant/lb-mole pollutant free 
solvent 

Minimum L/G ratio (Ls/Gs)min = (Yin - Yout)/(Xout* - Xin) = 0.0001 

Actual L/G ration (Ls/Gs)actual = (Ls/Gs)min x Adjustment Factor = 0.0001 

Molar flow rate of pollutant free gas (Gs) = (60 x ρG x Gin)/(MWG x (1 + Yin)) = 4,401 lb-moles/hour 

Molar flow rate of pollutant free solvent (Ls) = (Ls/Gs)actual x Gs = 0.4 lb-moles/hour 

Waste gas molar flow rate entering the absorber (Gmol,in) = Gs x (1 + Yin) = 4,401 lb-moles/hour 

Liquid molar flow rate entering the absorber (Lmole,in) = Ls x (1 + Xin) = 0.4 lb-moles/hour 

Concentration of pollutant exiting the absorber in the solvent (x out) = [(Yin - Yout)/(Ls/Gs)] + Xin = 0.107 lb-moles Ammonia/lb-mole solvent 

Mole fraction of pollutant exiting the absorber (x out) = Xout/(1 + Xout) = 0.096 

Pollutant concentration exiting the absorber in equilibrium with 
concentration in liquid phase (Yout*) 

Provided by user (derived from an equilibrium curve) 0.000100 

Mole fraction of pollutant exiting the absorber in equilibrium with 
concentration in liquid phase (yout*) = 

Yout*/(1 + Yout*) = 0.000100 

Slope of equilibrium line between xi and xo (m) = (yout * - yin*)/(xout - xin) = 0.00104 

Absorption factor (AF) = Lmol,I/(m x Gmol,i) = 0 

Calculated Abscissa = (Lmol,in/Gmol,in) x (MWL/MWG) x (ρG/ρL)
0.5 = 0.000002 

Minimum Abscissa = 0.010 

Ordinate = 10[-1.668 - 1.085(log Abscissa) - 0.297(log(Abscissa)2] = 0.206 
*Ordinate calculated using minimum 
abscissa value of 0.01. 

Ratio of the density of the scrubbing liquid to water (ψ) ρL/ρw = 1.000 

Superficial gas flow rate (Gsfr,in) = [(ρL x ρG x gc x Ordinate)/(Fp x ψ x (μL/2.42)0.2]0.5 = 0.680 lb/sec-ft2 

Calculated cross-sectional area (Acalc) = (Gmol,in x MWG)/(3,600 x Gsfr,i x f) = 74.5 ft2 

Superficial liquid flow rate (Lsfr,in) = (Lmol,in x MWL)/Acalc = 0.1 lb/hour-ft2 

Minimum superficial liquid flow rate needed to wet the packed bed (Lsfr,in)min 

= 
MWR x ρL x a = 2,271 lb/hour-ft2 

Cross-sectional area based on minimum flow rate needed to wet the packed 
bed (A) = 

81 ft2 

Adjusted liquid flow rate (Lmol, in) = 10,158 lb/sec-ft2 

Adjusted superficial gas flow rate (Gsfr, in) = 0.629 lb/sec-ft2 

Diameter of the column (D) = [4 x A)/π]0.5 = 10.12 ft 
Pollutant concentration exiting the absorber (Xout) = [(Yin - Yout)/(Ls/Gs)] + Xin = 0.107 lb-moles pollutant/lb-moles solvent 

Number of transfer units (Ntu) = Ln[yin/yout] = 3.00 

Height of liquid transfer unit (HL) = Φ x (Lsfr,in/μL)
b x (μL/ρL x DL)

0.5 = 0.02 ft 

Height of gas transfer unit (HG) = [α x (3,600 x f x Gsfr,in)β)/(Lsfr,in)γ] x (μG/ρG x DG)0.5 7.72 ft 

Height of transfer Unit (Htu) = HG + (1/AF) x HL ≈ HG ≈ 7.72 ft 

Depth of packing (Hpack) = Ntu x Htu = 23.1 ft 

Total height of absorber tower (H tower) = (1.4 x Hpack) + (1.02 x D) + 2.81 = 45.5 ft 

Surface area of absorber tower (S) = π x D x (Htower + D/2) = 1,609 ft2 

Volume of packing (V) = A x Hpack = 1,863 ft3 

Solvent flow rate (Lin) = Lin x A x (1/8.34lb/gallon) x (1/60 minutes/hour) = 365 gpm 

Impeller diameter for fan (d) = Provided by user 33 inches 

Pressure drop across packed bed (ΔP) = [c x 10(j x Lsfr,in/3,600) x (f x Gsfr,in)2/ρG ] * Hpack = 22.7 inches of water 

Pressure for the solvent pump (Ppump) = 60 ft of water 

Total annual operating time for the scrubber (top) = 8,760 hours 

Ammonia removed per hour = (Gmass,p x top )/2000 = 7 lb/hour 

Scrubber material conversion factor (CF) = 
CF = 1 for FRP; CF = 1.75 for 304 tainless steel; CF = 1.1 for 
polypropylene; and CF = 0.9 for polyvinylchloride 

1 

Scaling Factor (SF) = CEPCI for 2016/390.6 = 1.39 

Capital Recovery Factor: 

Parameter Equat on Ca cu ated Va ue 

Capital Recovery Factor (CRF) = i (1+ i)n/(1+ i)n - 1 = 0.0688 
Where n = Equipment Life and i= Interest Rate 

Parameter Equat on Ca cu ated Va ue Un ts 
Electricity: 
Power to operate fan (Efan) = [1.17x10-4 x G x ΔP]/ε = 113.8 kW 
Power to operate pump (Epump) = [(0.746) x (2.52 x 10-4) x L x P]/ε = 5.9 kW 

Total Energy (Etotal) = Efan + Epump = 119.7 kW 

Sorbent Usage: 
Molar flow rate in (Lmol,i) = (Lsfr,in)min/MWL) x A = 10,158 lb-moles/hour 

Mass flow rate of liquid (Lmass) = Lmol,in x MWL = 182,844 lb/hour 

Flow rate of gas stream (Gmol,i) = Gs x (1 + Yin) = 4,401 lb-moles/hour 

Mass flow rate of gas stream (Gmass) = Gmol,in x MWG = 127,620 lb/hour 

Flow rate of pollutant (Gp) = Gmol,in x C x ppmv/1x106 = 0.04 lb-moles Ammonia/hour 

Mass flow rate of pollutant (Gmass,p) = Gp x MWp = 2 lbs Ammonia/hour 

Sorbent consumption rate (Qsorbent) = 0.5 moles of sorbent x Gmass,p x MWs = 2.16 lbs/hour 

Waste Generation: 

Waste generation rate (qwaste) = 
(Gmass,p/MWp) x MWw x (moles of waste/moles of pollutant) = 2.9 lb Ammonium sulfate/hour 

Wastewater flow rate (Qww) = (qwaste/WF) x (1/8.34lb/gal) x (1hour/60 minutes) = 0.06 gpm 

Solvent Usage: 

Solvent consumption rate (qsolvent) = (qwaste/WF) x (1/8.34lb/gal) x (1hour/60 minutes) = 0.06 gpm 



Packed Bed Scrubber Cost Estimate 

Total Capital Investment (TCI) 
TCI = Direct Costs + Indirect Costs + Contingency Costs 

Handling & Erection = 0.4 x B = $158,297 
Electrical = 0.01 x B = $3,957 
Piping = 0.3 x B = $118,723 
Insulation = 0.01 x B = $3,957 
Painting = 0.01 x B = $3,957 
Site Preparation Cost (SP) = $0 
Building Costs (Bldg) = $0 
Total Direct Installation Costs Costs = (0.85 x B) + SP + Bldg = $336,382 in 2016 dollars 

Total Indirect Capital Costs (Installation) 

Total Direct Costs (DC) = PEC + Total Direct Installation Costs = $732,126 
Total Indirect Costs (IC) = $126,638 
Contingency Costs = CF(DC + IC) = $85,876 
Total Capital Investment (TCI) = $944,640 in 2016 dollars 

Tower Cost (TC) = 115 x S x CF x SF = $256,646 
Packing Cost = V x Costpacking x SF = 51,668 

Auxiliary Equipment Costs 

Equipment Costs 

Where CF = material conversion factor; S = surface area of absorber; V = packing volume; and SF = Scaling factor 

Pump Cost = L x 16 x SF = $8,108 

Fan Cost = 57.9(d)1.38 x SF = $10,006 

Fan Motor Cost = 104(hpfan)0.821 x SF = $8,948 

Total Auxiliary Equipment Cost = $27,062 

Equipment Costs (EC)* = TC + Packing Cost + Auxiliary Equipment = $335,376 
Instrumentation Costs** = 0.1 x EC = $33,538 
Sales Tax = 0.03 x EC = $10,061 
Freight = 0.05 x EC = $16,769 
Purchase Equipment Cost (B) = $395,744 in 2016 dollars 
* Includes the initial quantity of packing, as well as items normally not included with the unit supplied by vendors, such as ductwork, fan, piping, etc. 

Where L = flow rate; d = diameter of impeller; hpfan = fan motor size; and SF = scaling factor 
Purchase Equipment Cost (PEC) 

Foundations & Supports = 0.12 x B = $47,489 
Total Direct Installation Costs 

Engineering = 0.1 x B = $39,574 
Construction and field expenses = 0.1 x B = $39,574 
Contractor fees = 0.1 x B = $39,574 
Start-up = 0.01 x B = $3,957 
Performance test = 0.01 x B = $3,957 
Total Indirect Capital Costs (IC) = 0.32 x B = $126,638 in 2016 dollars 

Annual Costs 

Direct Annual Costs (DAC) 
DAC = Annual Operator Cost + Annual Reagent Cost + Annual Solvent Cost + Annual Waste Disposal Cost + Annual Maintenance Costs + Annual Auxiliary Power Cost 

Annual Operator Labor Cost = 0.5 hours per shift x Labor Rate = 0.5 hours x (top/8) x Labor Rate = $14,569 

Annual Supervisor Labor Cost = 0.15 x Annual Operator Labor Cost = $2,185 
Annual Sodium hydroxide Cost = Qsorbent x Costsorbent x top = $4,225 

Annual Solvent Cost = qsolvent x CostSolvent x top = $128 

Annual Wastewater Disposal Cost = Qww x Costww x top = $174 

Annual Maintanace Labor Cost = 0.5 hours per shift x Labor Rate = 0.5 hours x (top/8) x Labor Rate = $16,025 

Annual Maintenance Materials Cost = 100% x Annual Maintanence Labor Cost = $16,025 
Annual Electricity Cost = Etotal x Costelect x top = $70,892 

Direct Annual Cost = $124,225 in 2016 dollars 

$124,225 
$116,851 
$241,076 
$363,283 in 2022 dollars 

Cost Effectiveness = Total Annual Cost/ton of Ammonia Removed/year 

Cost Effectiveness 

in 2016 dollars 

Total Annual Cost (TAC) 
TAC = Direct Annual Costs + Indirect Annual Costs 

** Instrumentation costs cover pH monitor and liquid level indicator in sump. 

Overhead = 0.6 x (Total Labor Costs + Material Cost) = $29,283 
Administrative Charges = 0.02 x TCI = $18,893 
Property Tax = 0.01 x TCI = $9,446 
Insurance = 0.01 x TCI = $9,446 
Capital Recovery Costs (CR)= CRF x TCI = $49,783 
Indirect Annual Cost (IAC) = $116,851 in 2016 dollars 

Direct Annual Costs (DAC) = 
Indirect Annual Costs (IAC) = 
Total annual costs (TAC) = DAC + IAC 
TAC In 2022 

Total Annual Cost (TAC) = $241,076 
Ammonia Removed = 7 tons/year 
Cost Effectiveness = $34,266 

Cost Effectiveness = $51,637 per ton of Ammonia removed in 2022 dollars 

per year in 2016 dollars 

per ton of Ammonia removed in 2016 dollars 

Indirect Annual Cost (IAC) 
IAC = Overhead + Administrative Charges + Property Tax + Insurance + Capital Recovery Costs 



Appendix 9 



Data Inputs 

Select the type of oxidizer 

Enter the following information for your emission source: 

Pollutant Name 
Concentration 

(ppmv) 
Lower Explosive Limit 

(LEL) (ppmv)* 
Heat of Combustion 

(Btu/scf) 
Molecular 

Weight 

Propane 10 21,000 2,353 44.1 

Number of operating hours/year 8,760 hours/year Percent Energy Recovery (HR) = 

Inlet volumetric flow rate(Qwi) at 77oF and 1 atm. 28,000 scfm 
Inlet volumetric flow rate(Qwi) (actual conditions) 30,000 acfm 
Pressure drop (ΔP) 23 inches of water* 
Motor/Fan Efficiency (ε) 60 percent* 
Inlet Waste Gas Temperature (Twi) 77 °F 
Operating Temperature (Tfi) 600 °F 

Destruction and Removal Efficiency (DRE) 95 percent 
Estimated Equipment Life 20 Years* 
Catalyst Data: 
Estimated catalyst life (y) 4 years 

Catalyst Unit Cost (CC) 0 $/ft3 

Space velocity for catalyst (Φ) 30,000 /hour 

Desired dollar-year 2022 
CEPCI* for 2022 584.6 Enter the CEPCI value for 2022 390.6 1999 CEPCI 816.3 April 2022 CEPCI 
Annual Interest Rate (i) 5.5 Percent 
Electricity (Costelect) 0.0674 $/kWh 
Natural Gas Fuel Cost (Costfuel) 0.00384 $/scf 
Operator Labor Rate $26.61 per hour 
Maintenance Labor rate $27.40 per hour 
Contingency Factor (CF) 10.0 Percent 

Data Sources for Default Values Used in Calculations: 

Parameters for Common Compounds: 

Compound LEL (ppmv) 
Heat of Combustion 

(Btu/scf) Molecular Weight 
Methane* 50,000 911 16.04 21,523 0.042326813 0.564357509 

Ethane 30,000 1,631 30.07 20,439 0.079798425 1.063978994 

Propane 21,000 2,353 44.09 19,932 0.118051375 1.574018329 

Butane 19,000 3,101 58.12 19,669 0.157659261 2.102123477 

Pentane 14,000 3,709 72.15 19,348 0.1916994 2.555992006 

Hexane 11,000 4,404 86.17 19,245 0.228838659 3.051182125 

Octane 10,000 5,796 114.23 19,110 0.303296703 4.043956044 

Nonane 8,000 6,493 128.25 19,068 0.340518146 4.540241941 

Decane 8,000 7,190 142.28 19,031 0.377804635 5.037395127 

Ethylene** 27,000 1,499 28.05 20,291 0.073875117 0.985001561 

Propylene 20,000 2,182 42.08 19,688 0.110828931 1.477719084 

Cyclohexane 13,000 4,180 84.16 18,689 0.223660977 2.982146361 

Benzene** 14,000 3,475 78.11 17,271 0.201204331 2.682724413 

Toluene** 11,000 4,274 92.13 17,434 0.245153149 3.268708654 

Methyl Chloride (Chloromethane)** 82,500 705 50.49 

Footnotes 

* Greenhouse gas. 
** Hazardous air pollutant. 

* 23 inches of water is the default pressure drop for thermal oxidizers; 19 inches of water is the default pressure drop for catalytic oxidizers. Enter actual value, if known. 

Composition of Inlet Gas Stream 

Enter the design data for the proposed oxidizer: 

Note: The lower explosion limit (LEL), heat of combustion and molecular weight for some 
commonly used VOC/HAP are provided in the table below. 

* 10 percent is a default value for construction contingencies. User may enter values between 5 and 15 percent. 

* CEPCI is the Chemical Engineering Plant Cost Escalation/De-escalation Index. The use of CEPCI in this spreadsheet is not an endorsement of the index for purposes of cost escalation or de-
escalation, but is there merely to allow for availability of a well-known cost index to spreadsheet users. Use of other well-known cost indexes (e.g., M&S) is acceptable. 

* 30,000 per hour is a default value. User should enter actual value, if known. 

* 20 years is the typical equipment life. User should enter actual value, if known. 

* 4 years is a default value. User should enter actual value, if known. 

* Note: Default value for Tfi is 900°F for catalytic oxidizers. Use actual value if known. Tfi for catalytic oxidizers is typically between 300 and 900°F. 

* 60% is a default fan efficiency. User should enter actual value, if known. 

Enter the cost data: 

* $0.0674/kWh is a default price for electicity. User should enter actual value, if known. 

* $0.00384/scf is a default price for natural gas. User should enter actual value, if known. 

* $26.61 per hour is a default labor rate. User should enter actual value, if known. 

* $27.40 per hour is a default labor rate. User should enter actual value, if known. 
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Parameter Calculated Value Units Value Units 

Sum of volume fraction of combustible components = = (∑xi) = 10 ppmv 

Lower Explosive Limit of waste gas (LELmix) = [∑((xj)/((∑xi) × LELj))]
-1 = 21,000 ppmv 

% LELmix = (Total Combustible Conc. In Mixture/LELmix) × 100 = 0.05 percent 

Dilution Factor = (LELmix x 0.249)/(∑xi) = Not applicable 

Lower Explosive Limit (LEL) of waste gas after addition of dilution air = (Total Adjusted Conc. With Dilution Air/LELmix) × 100 = Not Applicable 

Inlet volumetric flow rate(Qwi) at 77°F and 1 atm. (From Data Inputs Tab) = 28,000 scfm 

Oxygen Content of gas stream = 100 - (∑xj × 100/106) x 0.209 = 20.90 percent 

Fan Power Consumption (FP) 134.6 kW 

Qwo ≈ Qwi = 28,000 scfm 

Operating temperature of oxidizer (Tfi) (From Data Inputs Tab) 600 °F 

Temperature of waste gas at outlet to preheater (Two) 77 °F 

Temperature of flue gas exiting the oxidizer (Tfo) = Tfi - Two + Twi = 600 °F 

Heat Input of waste gas (-Δhcwi) 

0.02 Btu/scf 0.3 Btu/lb 

Estimated Auxiliary Fuel Flow (Qaf) at 77 °F and 1 atm. 338.01 scfm 
Auxiliary fuel Energy Input = 296,531 Btu/min 
Minimum Energy required for combustion stabilization = 13,581 Btu/min 

Yes 

Auxiliary fuel flow (Qaf) at 77°F and 1 atm. = 338 scfm 
Total Volumetric Throughput (Qtot) at 77 °F and 1 atm. 28,338 scfm 

Volumetric Flow Rate at 60 °F and 1 atm (Qft) = Qtot × (519)/(77 °F + 460) = 27,388 scfm 

Catalyst Volume (Volcat) 54.78 ft3 

Estimated inlet temperature to the catalyst bed (Tri) = 599 °F 

Design Parameters 

= Qfi = Qwo + Qa + Qaf = Qwi + Qaf = 

= Qft/Φ 

Where xj is the volume fraction and LELj the lower explosive limit for each combustible 
component in the waste gas. 

* Note: Since the LEL of the waste gas stream is below 25%, no 
dilution air is needed. 

Is the calculated auxiliary fuel sufficient to stabilize combustion? (Note: If the 
auxiliary fuel energy input > 5% of Total Energy Input, then the auxilary fuel is sufficient.) 

Calculation of Catalyst Volume and Estimated Temperature of Waste Gas Entering the Catalyst Bed 

Equation 

= [(1.17 × 10-4) × Qwi × ΔP]/ε 

= Heat Recovery × (Tfi - Twi) + Twi = 

= ∑ (-∆hci) xi 

Where (-∆hci) is the heat of combustion and xi the fraction of component "i" at 77 °F. 

(Calculated using Equation 2.21 in Chapter 2 of the Cost Manual) 

= 5% × Total Energy Input = 0.05 × ρfi × Qfi × Cpmfi × (Tfi - Tref) = 

(Calculated using Equation 2.27 in Chapter 2 of the Cost Manual) 

The following design parameters for the oxidizer were calculated based on the values entered on the Data Inputs tab. These values were used to prepare the costs shown on the Cost Estimate tab. 

Pollutant Name 
Concentration in Waste Stream (ppmv) From 

Data Inputs Tab 
Adjusted Concentration with Dilution 

Air (ppmv) 
Propane 10 NA 

0 0 NA 

0 0 NA 

0 0 NA 

0 0 NA 

0 0 NA 

0 0 NA 

0 0 NA 

0 0 NA 

0 0 NA 

Total 10 0 

Composition of Inlet Gas Stream 

Constants used in calculations: 

Temperature of auxiliary fuel (Taf) = Reference Temperature (Tref) = 77.0 °F 

Density of auxiliary Fuel at 77 °F (ρaf) = 0.0408 lb/ft3 

Heat Input of auxiliary fuel (-Δhcaf) = 21,502 Btu/lb 

Density of waste gas at 77 °F (ρwi) = 0.0739 lb/ft3 

Mean Heat Capacity of Air (Cpmair) = (For catalytic oxidizers) 0.248 Btu/lb °F 

Capital Recovery Factor: 

Parameter Equation Calculated Value 

Capital Recovery Factor (CRF) = i (1+ i)n/(1+ i)n - 1 = 0.0837 

Where n = Equipment Life and i= Interest Rate 

Future Worth Factor 

Future Worth Factor (FWF) = i [1/(1+ i)y - 1] = 
Parameter Calculated Value 

0.2303 
Equation 

Where y = Catalyst Life and i= Interest Rate 



Cost Estimate 

Direct Costs 
Total Purchased equipment costs (in 2022 dollars) 

Incinerator + auxiliary equipmenta (A) = 
Equipment Costs (EC) for Fluid Bed Catalytic Oxidizer = ((8.48 x 10,000) + (13.2 x Qtot)) x (2022 CEPI/1999 CEPCI) = $958,958 in 2022 dollars 

Instrumentationb = 0.10 × A = $95,896 
Sales taxes = 0.03 × A = $28,769 
Freight = 0.05 × A = $47,948 

Total Purchased equipment costs (B) = $1,131,570 in 2022 dollars 
Footnotes 
a - Auxiliary equipment includes equipment (e.g., duct work) normally not included with unit furnished by incinerator vendor. 
b - Includes the instrumentation and controls furnished by the incinerator vendor. 

Direct Installation Costs (in 2022 dollars) 
Foundations and Supports = 0.08 × B = $90,526 
Handlong and Errection = 0.14 × B = $158,420 
Electrical = 0.04 × B = $45,263 
Piping = 0.02 × B = $22,631 
Insulation for Ductwork = 0.01 × B = $11,316 
Painting = 0.01 × B = $11,316 
Site Preparation (SP) = $0 
Buildings (Bldg) = $0 

Total Direct Installaton Costs = $339,471 
Total Direct Costs (DC) = Total Purchase Equipment Costs (B) + Total Direct Installation Costs = $1,471,041 in 2022 dollars 

Total Indirect Installation Costs (in 2022 dollars) 

Engineering = 0.10 × B = $113,157 
Construction and field expenses = 0.05 × B = $56,578 
Contractor fees = 0.10 × B = $113,157 
Start-up = 0.02 × B = $22,631 
Performance test = 0.01 × B = $11,316 

Total Indirect Costs (IC) = $316,840 

Continency Cost (C ) = CF(IC+DC)= $178,788 
Total Capital Investment DC + IC +C $1,966,669 in 2022 dollars 

Direct Annual Costs 

Catalyst Replacement Cost 

= 1.08 × CC × Volcat × FWF 

Where CC is the $/ft3 cost for the replacement catalyst; Volcat is the volume of 
catalyst required based on the waste gas flow rate (Qft) and the catalyst space 

velocity (Φ); and FWF is the future worth factor. 

$0 

Annual Electricity Cost 
Annual Fuel Costs for Natural Gas 

= Fan Power Consumption × Operating Hours/year × Electricity Price = 
= Costfuel × Fuel Usage Rate × 60 min/hr × Operating hours/year 

$79,442 

$682,208 

Operating Labor 

Maintenance Costs 

Operator = 0.5hours/shift × Labor Rate × (Operating hours/8 hours/shift) 
Supervisor = 15% of Operator 
Labor = 0.5 hours/shift × Labor Rate × (Operating Hours/8 hours/shift) 
Materials = 100% of maintenance labor 

$14,569 
$2,185 

$15,002 
$15,002 



Direct Annual Costs (DC) $808,407 in 2022 dollars 

Indirect Annual Costs 

= 60% of sum of operating, supervisor, maintenance labor and maintenance 
Overhead materials $28,054 
Administrative Charges = 2% of TCI $39,333 
Property Taxes = 1% of TCI $19,667 
Insurance = 1% of TCI $19,667 
Capital Recovery = CRF[TCI-1.08(cat. Cost)] $164,570 

Indirect Annual Costs (IC) $271,291 in 2022 dollars 

Total Annual Cost DC + IC $1,079,698 in 2022 dollars 

Cost Effectiveness 

Cost Effectiveness = (Total Annual Cost)/(Annual Quantity of VOC/HAP Pollutants Destroyed) 

Total Annual Cost (TAC) = $1,079,698 
VOC/HAP Pollutants Destroyed = 8.0 tons/year 
Cost Effectiveness = $135,365 per ton of pollutants removed in 2022 dollars 

per year in 2022 dollars 



Select the type of oxidizer 

Enter the following information for your emission source: 

Pollutant Name 
Concentration 

(ppmv) 
Lower Explosive Limit 

(LEL) (ppmv)* 
Heat of Combustion 

(Btu/scf) 
Molecular 

Weight 

Ptopane 10 21,000 2,353 44.1 

Number of operating hours/year 8,760 hours/year Percent Energy Recovery (HR) = 

Inlet volumetric flow rate(Qwi) at 77oF and 1 atm. 28,000 scfm 
Inlet volumetric flow rate(Qwi) (actual conditions) 30,000 acfm 
Pressure drop (ΔP) 23 inches of water* 
Motor/Fan Efficiency (ε) 60 percent* 
Inlet Waste Gas Temperature (Twi) 77 °F 
Operating Temperature (Tfi) 1,600 °F 

Destruction and Removal Efficiency (DRE) 95 percent 
Estimated Equipment Life 20 Years* 

Desired dollar-year 2022 
CEPCI* for 2022 584.6 Enter the CEPCI value for 2022 390.6 1999 CEPCI April 2022 CEPCI is 816.3 
Annual Interest Rate (i) 5.5 Percent 
Electricity (Costelect) 0.0674 $/kWh 
Natural Gas Fuel Cost (Costfuel) 0.00384 $/scf 
Operator Labor Rate $26.61 per hour 
Maintenance Labor rate $27.40 per hour 
Contingency Factor (CF) 10.0 Percent 

Data Sources for Default Values Used in Calculations: 

Parameters for Common Compounds: 

Compound LEL (ppmv) 
Heat of Combustion 

(Btu/scf) Molecular Weight 
Methane* 50,000 911 16.04 21,523 0.042326813 0.564357509 

Ethane 30,000 1,631 30.07 20,439 0.079798425 1.063978994 

Propane 21,000 2,353 44.09 19,932 0.118051375 1.574018329 

Butane 19,000 3,101 58.12 19,669 0.157659261 2.102123477 

Pentane 14,000 3,709 72.15 19,348 0.1916994 2.555992006 

Hexane 11,000 4,404 86.17 19,245 0.228838659 3.051182125 

Octane 10,000 5,796 114.23 19,110 0.303296703 4.043956044 

Nonane 8,000 6,493 128.25 19,068 0.340518146 4.540241941 

Decane 8,000 7,190 142.28 19,031 0.377804635 5.037395127 

Ethylene** 27,000 1,499 28.05 20,291 0.073875117 0.985001561 

Propylene 20,000 2,182 42.08 19,688 0.110828931 1.477719084 

Cyclohexane 13,000 4,180 84.16 18,689 0.223660977 2.982146361 

Benzene** 14,000 3,475 78.11 17,271 0.201204331 2.682724413 

Toluene** 11,000 4,274 92.13 17,434 0.245153149 3.268708654 

Methyl Chloride (Chloromethane)** 82,500 705 50.49 

Footnotes 

* Greenhouse gas. 
** Hazardous air pollutant. 

* Note: Default value for Tfi is 1600°F for thermal recuperative oxidizers. Use actual value if known. 

* 60% is a default fan efficiency. User should enter actual value, if known. 

Enter the cost data: 

* $0.0674/kWh is a default price for electicity. User should enter actual value, if known. 

* $0.00384/scf is a default price for natural gas. User should enter actual value, if known. 

* $26.61 per hour is a default labor rate. User should enter actual value, if known. 

* $27.40 per hour is a default labor rate. User should enter actual value, if known. 

* 10 percent is a default value for construction contingencies. User may enter values between 5 and 15 percent. 

* CEPCI is the Chemical Engineering Plant Cost Escalation/De-escalation Index. The use of CEPCI in this spreadsheet is not an endorsement of the index for purposes of cost escalation or de-
escalation, but is there merely to allow for availability of a well-known cost index to spreadsheet users. Use of other well-known cost indexes (e.g., M&S) is acceptable. 

* 20 years is the typical equipment life. User should enter actual value, if known. 

* 23 inches of water is the default pressure drop for thermal oxidizers; 19 inches of water is the default pressure drop for catalytic oxidizers. Enter actual value, if known. 

Composition of Inlet Gas Stream 

Enter the design data for the proposed oxidizer: 

Note: The lower explosion limit (LEL), heat of combustion and molecular weight for some commonly 
used VOC/HAP are provided in the table below. 
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Mean Heat Capacity of Air (Cpmair) (For thermal oxidizers) 0.255 Btu/lb °F 

Parameter Calculated Value Units Value Units Equation 

Sum of volume fraction of combustible components = = (∑xi) = 

Lower Explosive Limit of waste gas (LELmix) = [∑((xj)/((∑xi) × LELj))]
-1 = 

Where xj is the volume fraction and LELj the lower explosive limit for each combustible 
component in the waste gas. 

% LELmix = (Total Combustible Conc. In Mixture/LELmix) × 100 = * Note: Since the LEL of the waste gas stream is below 25%, no 
dilution air is needed. 

Dilution Factor = (LELmix x 0.249)/(∑xi) = 

Lower Explosive Limit (LEL) of waste gas after addition of dilution air = (Total Adjusted Conc. With Dilution Air/LELmix) × 100 = 

Inlet volumetric flow rate(Qwi) at 77°F and 1 atm. (From Data Inputs Tab) = 

Oxygen Content of gas stream = 100 - (∑xj × 100/106) x 0.209 = 

Fan Power Consumption (FP) = [(1.17 × 10-4) × Qwi × ΔP]/ε 

Qwo ≈ Qwi = 

Operating temperature of oxidizer (Tfi) (From Data Inputs Tab) 
Temperature of waste gas at outlet to preheater (Two) = Heat Recovery × (Tfi - Twi) + Twi = 

Temperature of flue gas exiting the oxidizer (Tfo) = Tfi - Two + Twi = 

Heat Input of waste gas (-Δhcwi) 

= ∑ (-∆hci) xi 

Where (-∆hci) is the heat of combustion and xi the fraction of component "i" at 77 °F. 

Estimated Auxiliary Fuel Flow (Qaf) at 77 °F and 1 atm. (Calculated using Equation 2.21 in Chapter 2 of the Cost Manual) 
Auxiliary fuel Energy Input = 
Minimum Energy required for combustion stabilization = = 5% × Total Energy Input = 0.05 × ρfi × Qfi × Cpmfi × (Tfi - Tref) = 

Is the calculated auxiliary fuel sufficient to stabilize combustion? (Note: If the 
auxiliary fuel energy input > 5% of Total Energy Input, then the auxilary fuel is sufficient.) 

Auxiliary fuel flow (Qaf) at 77°F and 1 atm. = 
Total Volumetric Throughput (Qtot) at 77 °F and 1 atm. = Qfi = Qwo + Qa + Qaf = Qwi + Qaf = 

10 ppmv 

21,000 ppmv 

0.05 percent 

Not applicable 

Not Applicable 

28,000 scfm 

20.90 percent 

134.6 kW 

28,000 scfm 

1,600 °F 

77 °F 

1,600 °F 

0.02 Btu/scf 0.3 Btu/lb 

1,027.28 scfm 
901,212 Btu/min 

41,654 Btu/min 

Yes 

1,027 scfm 
29,027 scfm 

Capital Recovery Factor: 

Parameter 
Capital Recovery Factor (CRF) = 

Equation 

i (1+ i)n/(1+ i)n - 1 = 

Calculated Value 

0.0837 

Where n = Equipment Life and i= Interest Rate 



Cost Estimate 

Direct Costs 
Total Purchased equipment costs (in 2022 dollars) 

Incinerator + auxiliary equipmenta (A) = 

Equipment Costs (EC) for Recuperative Thermal Oxidizer = (10,294 x Qtot^(0.2355))x (2022 CEPI/1999 CEPCI) = $241,932 in 2022 dollars 

Instrumentationb = 0.10 × A = $24,193 
Sales taxes = 0.03 × A = $7,258 
Freight = 0.05 × A = $12,097 

Total Purchased equipment costs (B) = $285,479 in 2022 dollars 
Footnotes 
a - Auxiliary equipment includes equipment (e.g., duct work) normally not included with unit furnished by incinerator vendor. 
b - Includes the instrumentation and controls furnished by the incinerator vendor. 

Direct Installation Costs (in 2022 dollars) 
Foundations and Supports = 0.08 × B = $22,838 
Handlong and Errection = 0.14 × B = $39,967 
Electrical = 0.04 × B = $11,419 
Piping = 0.02 × B = $5,710 
Insulation for Ductwork = 0.01 × B = $2,855 
Painting = 0.01 × B = $2,855 
Site Preparation (SP) = $0 
Buildings (Bldg) = $0 

Total Direct Installaton Costs = $85,644 
Total Direct Costs (DC) = Total Purchase Equipment Costs (B) + Total Direct Installation Costs = $371,123 in 2022 dollars 

Total Indirect Installation Costs (in 2022 dollars) 

Engineering = 0.10 × B = $28,548 
Construction and field expenses = 0.05 × B = $14,274 
Contractor fees = 0.10 × B = $28,548 
Start-up = 0.02 × B = $5,710 
Performance test = 0.01 × B = $2,855 

Total Indirect Costs (IC) = $79,934 

Continency Cost (C ) = CF(IC+DC)= $45,106 
Total Capital Investment DC + IC +C $496,163 in 2022 dollars 

Direct Annual Costs 

Annual Electricity Cost 
Annual Fuel Costs for Natural Gas 

= Fan Power Consumption × Operating Hours/year × Electricity Price = 
= Costfuel × Fuel Usage Rate × 60 min/hr × Operating hours/year 

$79,442 

$2,073,359 

Operating Labor 

Maintenance Costs 

Operator = 0.5hours/shift × Labor Rate × (Operating hours/8 hours/shift) 
Supervisor = 15% of Operator 
Labor = 0.5 hours/shift × Labor Rate × (Operating Hours/8 hours/shift) 
Materials = 100% of maintenance labor 

$14,569 
$2,185 

$15,002 
$15,002 

Direct Annual Costs (DC) $2,199,557 in 2022 dollars 

Indirect Annual Costs 

= 60% of sum of operating, supervisor, maintenance labor and maintenance 
Overhead materials $28,054 
Administrative Charges = 2% of TCI $9,923 
Property Taxes = 1% of TCI $4,962 
Insurance = 1% of TCI $4,962 
Capital Recovery = CRF x TCI $41,519 

Indirect Annual Costs (IC) $89,420 in 2022 dollars 

Total Annual Cost DC + IC $2,288,977 in 2022 dollars 

Cost Effectiveness 

Cost Effectiveness = (Total Annual Cost)/(Annual Quantity of VOC/HAP Pollutants Destroyed) 

Total Annual Cost (TAC) = 
VOC/HAP Pollutants Destroyed = 

$2,288,977 per year in 2022 dollars 
8.0 tons/year 

Cost Effectiveness = $286,976 per ton of pollutants removed in 2022 dollars 



Data Inputs 

Select the type of oxidizer 

Enter the following information for your emission source: 

Pollutant Name 
Concentration 

(ppmv) 
Lower Explosive Limit 

(LEL) (ppmv)* 
Heat of Combustion 

(Btu/scf) 
Molecular 

Weight 

propane 10 21,000 2,353 44.1 

Number of operating hours/year 8,760 hours/year Percent Energy Recovery (HR) = 

Inlet volumetric flow rate(Qwi) at 77oF and 1 atm. 28,000 scfm 

Inlet volumetric flow rate(Qwi) (actual conditions) 30,000 acfm 
Pressure drop (ΔP) 23 inches of water* 
Motor/Fan Efficiency (ε) 60 percent* 
Inlet Waste Gas Temperature (Twi) 77 °F 
Operating Temperature (Tfi) 1,450 °F 

Destruction and Removal Efficiency (DRE) 95 percent 
Estimated Equipment Life 20 Years* 
Heat Loss (η) 1 percent* 

Desired dollar-year 2022 
CEPCI* for 2022 584.6 Enter the CEPCI value for 2022 541.7 2016 CEPCI 
Annual Interest Rate (i) 5.5 Percent 
Electricity (Costelect) 0.0674 $/kWh 
Natural Gas Fuel Cost (Costfuel) 0.00384 $/scf 
Operator Labor Rate $26.61 per hour 
Maintenance Labor rate $27.40 per hour 
Contingency Factor (CF) 10.0 Percent 

Data Sources for Default Values Used in Calculations: 

Parameters for Common Compounds: 

Compound LEL (ppmv) 
Heat of Combustion 

(Btu/scf) Molecular Weight 
Methane* 50,000 911 16.04 21,523 0.042326813 0.564357509 

Ethane 30,000 1,631 30.07 20,439 0.079798425 1.063978994 

Propane 21,000 2,353 44.09 19,932 0.118051375 1.574018329 

Butane 19,000 3,101 58.12 19,669 0.157659261 2.102123477 

Pentane 14,000 3,709 72.15 19,348 0.1916994 2.555992006 

Hexane 11,000 4,404 86.17 19,245 0.228838659 3.051182125 

Octane 10,000 5,796 114.23 19,110 0.303296703 4.043956044 

Nonane 8,000 6,493 128.25 19,068 0.340518146 4.540241941 

Decane 8,000 7,190 142.28 19,031 0.377804635 5.037395127 

Ethylene** 27,000 1,499 28.05 20,291 0.073875117 0.985001561 

Propylene 20,000 2,182 42.08 19,688 0.110828931 1.477719084 

Cyclohexane 13,000 4,180 84.16 18,689 0.223660977 2.982146361 

Benzene** 14,000 3,475 78.11 17,271 0.201204331 2.682724413 

Toluene** 11,000 4,274 92.13 17,434 0.245153149 3.268708654 

Methyl Chloride (Chloromethane)** 82,500 705 50.49 

Footnotes 

* Greenhouse gas. 
** Hazardous air pollutant. 

* Note: Default value for Tfi is 2000°F for thermal regenerative oxidizers. Use actual value if known. Tfi for regenerative oxidizers typically between 1800 and 2000°F. 

* 60% is a default fan efficiency. User should enter actual value, if known. 

* 1 percent is a default value for the heat loss. User should enter actual value, if known. Heat loss is typically between 0.2 and 1.5%. 

Enter the cost data: 

* $0.0674/kWh is a default price for electicity. User should enter actual value, if known. 

* $0.00384/scf is a default price for natural gas. User should enter actual value, if known. 

* $26.61 per hour is a default labor rate. User should enter actual value, if known. 

* $27.40 per hour is a default labor rate. User should enter actual value, if known. 

* 10 percent is a default value for construction contingencies. User may enter values between 5 and 15 percent. 

* CEPCI is the Chemical Engineering Plant Cost Escalation/De-escalation Index. The use of CEPCI in this spreadsheet is not an endorsement of the index for purposes of cost escalation or de-
escalation, but is there merely to allow for availability of a well-known cost index to spreadsheet users. Use of other well-known cost indexes (e.g., M&S) is acceptable. 

* 20 years is the typical equipment life. User should enter actual value, if known. 

* 23 inches of water is the default pressure drop for thermal oxidizers; 19 inches of water is the default pressure drop for catalytic oxidizers. Enter actual value, if known. 

Composition of Inlet Gas Stream 

Enter the design data for the proposed oxidizer: 

Note: The lower explosion limit (LEL), heat of combustion and molecular weight for some commonly 
used VOC/HAP are provided in the table below. 

I ... 
I 

I 

I 

I 

I 

I 

I 

I 

I 



Design Parameters 

The following design parameters for the oxidizer were calculated based on the values entered on the Data Inputs tab. These values were used to prepare the costs shown on the Cost Estimate tab. 

Pollutant Name 
Concentration in Waste Stream (ppmv) From 

Data Inputs Tab 
Adjusted Concentration with Dilution 

Air (ppmv) 
propane 10 NA 

0 0 NA 

0 0 NA 

0 0 NA 

0 0 NA 

0 0 NA 

0 0 NA 

0 0 NA 

0 0 NA 

0 0 NA 

Total 10 0 

Composition of Inlet Gas Stream 

Constants used in calculations: 

Temperature of auxiliary fuel (Taf) = 

Density of auxiliary Fuel at 77 °F (ρaf) = 

Heat Input of auxiliary fuel (-Δhcaf) = 

Density of waste gas at 77 °F (ρwi) = 

Reference Temperature (Tref) = 77.0 °F 

0.0408 lb/ft3 

21,502 Btu/lb 

0.0739 lb/ft3 

Mean Heat Capacity of Air (Cpmair) (For thermal oxidizers) 0.255 Btu/lb °F 

Parameter Calculated Value Units Value Units Equation 

Sum of volume fraction of combustible components = = (∑xi) = 

Lower Explosive Limit of waste gas (LELmix) = [∑((xj)/((∑xi) × LELj))]
-1 = 

Where xj is the volume fraction and LELj the lower explosive limit for each combustible 
component in the waste gas. 

% LELmix = (Total Combustible Conc. In Mixture/LELmix) × 100 = * Note: Since the LEL of the waste gas stream is below 25%, no 
dilution air is needed. 

Dilution Factor = (LELmix x 0.249)/(∑xi) = 

Lower Explosive Limit (LEL) of waste gas after addition of dilution air = (Total Adjusted Conc. With Dilution Air/LELmix) × 100 = 

Inlet volumetric flow rate(Qwi) at 77°F and 1 atm. (From Data Inputs Tab) = 

Oxygen Content of gas stream = 100 - (∑xj × 100/106) x 0.209 = 

Fan Power Consumption (FP) = [(1.17 × 10-4) × Qwi × ΔP]/ε 

Qwo ≈ Qwi = 

Operating temperature of oxidizer (Tfi) (From Data Inputs Tab) 
Temperature of waste gas at outlet to preheater (Two) = Heat Recovery × (Tfi - Twi) + Twi = 

Temperature of flue gas exiting the regenerative oxidizer (Tfo) = Tfi - 0.95(Tfi - Twi) = 

Heat Input of waste gas (-Δhcwi) 

= ∑ (-∆hci) xi 

Where (-∆hci) is the heat of combustion and xi the fraction of component "i" at 77 °F. 

Estimated Auxiliary Fuel Flow (Qaf) at 77 °F and 1 atm. (Calculated using Equation 2.45 in Appendix B) 
Auxiliary fuel Energy Input = 
Minimum Energy required for combustion stabilization = = 5% × Total Energy Input = 0.05 × ρfi × Qfi × Cpmfi × (Tfi - Tref) = 

Is the calculated auxiliary fuel sufficient to stabilize combustion? (Note: If the Note: Additional auxiliary fuel equivalent 
auxiliary fuel energy input > 5% of Total Energy Input, then the auxilary fuel is sufficient.) to 5% of total energy input is required to 

stabilize combustion. Auxiliary fuel flow (Qaf) (adjusted for fuel required for combustion stabilization)at 77°F and 1 atm. = 
Total Volumetric Throughput (Qtot) at 77 °F and 1 atm. = Qfi = Qwo + Qa + Qaf = Qwi + Qaf = 

10 ppmv 

21,000 ppmv 

0.05 percent 

Not applicable 

Not Applicable 

28,000 scfm 

20.90 percent 

134.6 kW 

28,000 scfm 

1,450 °F 

77 °F 

146 °F 

0.02 Btu/scf 0.3 Btu/lb 

12.30 scfm 
10,790 Btu/min 
36,239 Btu/min 

No 

41 scfm 
28,041 scfm 

Capital Recovery Factor: 

Parameter 
Capital Recovery Factor (CRF) = 

Equation 

i (1+ i)n/(1+ i)n - 1 = 

Calculated Value 

0.0837 

Where n = Equipment Life and i= Interest Rate 



Cost Estimate 

Direct Costs 
Total Purchased equipment costs (in 2022 dollars) 

Incinerator + auxiliary equipmenta (A) = 
Equipment Costs (EC) for Regenerative Oxidizer =[2.664 x 100,000 + (13.98 x Qtot)] x (2022 CEPI/2016 CEPCI) = $919,374 in 2022 dollars 

Instrumentationb = 0.10 × A = $91,937 
Sales taxes = 0.03 × A = $27,581 
Freight = 0.05 × A = $45,969 

Total Purchased equipment costs (B) = $1,084,862 in 2022 dollars 
Footnotes 
a - Auxiliary equipment includes equipment (e.g., duct work) normally not included with unit furnished by incinerator vendor. 
b - Includes the instrumentation and controls furnished by the incinerator vendor. 

Direct Installation Costs (in 2022 dollars) 
Foundations and Supports = 0.08 × B = $86,789 
Handlong and Errection = 0.14 × B = $151,881 
Electrical = 0.04 × B = $43,394 
Piping = 0.02 × B = $21,697 
Insulation for Ductwork = 0.01 × B = $10,849 
Painting = 0.01 × B = $10,849 
Site Preparation (SP) = $0 
Buildings (Bldg) = $0 

Total Direct Installaton Costs = $325,458 
Total Direct Costs (DC) = Total Purchase Equipment Costs (B) + Total Direct Installation Costs = $1,410,320 in 2022 dollars 

Total Indirect Installation Costs (in 2022 dollars) 

Engineering = 0.10 × B = $108,486 
Construction and field expenses = 0.05 × B = $54,243 
Contractor fees = 0.10 × B = $108,486 
Start-up = 0.02 × B = $21,697 
Performance test = 0.01 × B = $10,849 

Total Indirect Costs (IC) = $303,761 

Continency Cost (C ) = CF(IC+DC)= $171,408 
Total Capital Investment DC + IC +C $1,885,490 in 2022 dollars 

Direct Annual Costs 

Annual Electricity Cost 
Annual Fuel Costs for Natural Gas 

= Fan Power Consumption × Operating Hours/year × Electricity Price = 
= Costfuel × Fuel Usage Rate × 60 min/hr × Operating hours/year 

$79,442 

$83,372 

Operating Labor 

Maintenance Costs 

Operator = 0.5hours/shift × Labor Rate × (Operating hours/8 hours/shift) 
Supervisor = 15% of Operator 
Labor = 0.5 hours/shift × Labor Rate × (Operating Hours/8 hours/shift) 
Materials = 100% of maintenance labor 

$14,569 
$2,185 

$15,002 
$15,002 

Direct Annual Costs (DC) $209,571 in 2022 dollars 

Indirect Annual Costs 

= 60% of sum of operating, supervisor, maintenance labor and maintenance 
Overhead materials $28,054 
Administrative Charges = 2% of TCI $37,710 
Property Taxes = 1% of TCI $18,855 
Insurance = 1% of TCI $18,855 
Capital Recovery = CRF[TCI-1.08(cat. Cost)] $157,776 

Indirect Annual Costs (IC) $261,250 in 2022 dollars 

Total Annual Cost DC + IC $470,822 in 2022 dollars 

Cost Effectiveness 

Cost Effectiveness = (Total Annual Cost)/(Annual Quantity of VOC/HAP Pollutants Destroyed) 

Total Annual Cost (TAC) = 
VOC/HAP Pollutants Destroyed = 

$470,822 per year in 2022 dollars 
8.0 tons/year 

Cost Effectiveness = $59,028 per ton of pollutants removed in 2022 dollars 
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