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BACKGROUND

Compound Interim Limits 
(PPM)

Standard Limits 
(PPM)

Acetal 50 *10
Acetaldehyde 50 *10
Methanol 630 200
Benzene 2 2
Sum of All Other Impurities 300 300

• COVID 19 INCREASED HAND SANITIZED DEMAND

• ISOPROPANOL SHORTAGE 

• ETHANOL IS A SUITABLE REPLACEMENT FOR ISOPROPANOL 

• ETHANOL MUST MEET USP GRADE STANDARDS

• THE FDA TEMPORARILY RAISED THE USP GRADE STANDARDS

* Acetal and Acetaldehyde concentrations combine under standard limits



PROJECT OBJECTIVE

• Identify location of various impurities produced during fermentation 
• Help engineers determine new methods of ethanol purification
• Help optimize unit operations 

Help Ethanol Plants Meet USP Grade Specifications

• Bio scrubbers require a specific nutrient solution
• Total Nitrogen(TN), Total Phosphorous(TP), Total Suspended Solids(TSS), pH, Chemical Oxygen 

Demand (COD) 

Identify Streams for Use in Innovative Waste Treatment Methods 

• Determine if hazardous air pollutants are expected to increase
• Determine if CO2 production is expected to increase
• Determine if water consumption is expected to increase

Environmental Impact of USP Grade Ethanol Production



METHODS



PROCESS SAMPLES

• 17 SAMPLES COLLECTED 

• MAJOR 2 TYPES OF ETHANOL PLANTS

• FOLLOW BLACK AND BLUE PROCESS LINES (ETHANOL PLANT WHERE SAMPLES WERE TAKEN)

• FOLLOW BLACK AND GRAY PROCESS LINES

• ASSUME MOST ETHANOL PLANTS WILL HAVE SIMILAR STREAM CHARACTERISTICS



IMPURITIES ANALYSIS

• IMPURITIES TESTED FOR

• ACETALDEHYDE, ACETAL, PROPANOL, METHANOL

• SAMPLES CONTAINING HIGH TSS ARE CENTRIFUGED 
• MASH 1, MASH 2, BEER 3, BEER 4, BOTTOMS 7, THIN STILLAGE 9/10/11, 

AND CORN OIL/SYRUP 12
• SUPERNATANT AND SOLIDS ARE TESTED SEPARATELY

•  VACUUM ASSISTED SORBENT EXTRACTION (VASE) IN CONJUNCTION 
WITH GC/MS ARE USED

• 2 ML LIQUID SAMPLES

• 1 G SOLID SAMPLES

• VACUUM SET TO 30 MMHG

• SAMPLES ARE PLACED IN A 5600-SPEC  FOR 3 HRS AT 70OC AND 200 
RPM

• SAMPLES ARE COOLED FOR 10 MINUTES

• VASE PINS ARE PLACED IN THE GC/MS



WATER CHEMISTRY ANALYSIS

• TOTAL PHOSPHOROUS (TP) 
• TNT 844 VIAL PHOSVER®3 ASCORBIC ACID METHOD 

WITH ACID PERSULFATE DIGESTION

•  TOTAL NITROGEN (TN)
• TNT 826 & 828 VIAL BY HATCH METHOD 10208 

DETERMINES PERSULFATE DIGESTION METHOD 

• CHEMICAL OXYGEN DEMAND (COD)
• TNT 820 VIAL BY THE REACTOR DIGESTION METHOD

• THE PREVIOUS SAMPLES ARE ANALYZED USING A HATCH 
DR2800

• TOTAL SUSPENDED SOLIDS (TSS)
• ANALYZED USING THE STANDARD WASTE WATER ANALYSIS 

TECHNIQUE



DATA, RESULTS, & CONCLUSION



IMPURITIES  

Detection Limit – COD = 1.0mg/L, Acetaldehyde = 7.5mg/L, Propanol = 5mg/L, Methanol = 9mg/L. Acetal = 5mg/L



WATER QUALITY

Stream Name TN (g/l) TP (g/l) TSS (g/l) pH
1 Mix Tank Mash 5.2 ± 0.3 3.9 ± 0 110 ± 30 5.4
2 Liquefaction Tank Mash 5.6 ± 0.7 3.0 ± 0.1 99 ± 3 5.3
3 Fermentation Tank Beer 7.3 ± 0.1 4.7 ± 0.1 79 ± 6 4.7
4 Beer Well Beer 6.3 ± 0.2 41 ± 0 83 ± 11 4.1
5 Column Tops 8.3 ± 1 <DL <DL 4.5
6 Mole Sieve Reject 7.4 ± 1 <DL <DL 3.8
7 Column Bottoms 6.9 ± 1 4.6 ± 0.2 90 ± 3 3.4

9,10,11
Thin Stillage

7.1 ± 0.1 4.8 ± 0.1 45 ± 6 3.4
12 Corn Oil/Syrup 9.8 ± 0 8.4 ± 0.1 89 ± 9 3.3
13 Evaporated Water 0.037 ± 0 <DL <DL 3.4
15 Well Water 0.18 ± 0.03 <DL 0.032 ± 0.001 6.7
17 CO2 Scrubber Water 0.20 ± 0.04 <DL <DL 5.8
18 Recycled Cook Water 0.039 ± 0 <DL 0.027 ± 0.001 5.1
* Reboiler Condensate 0.0037 ± 9e-4 <DL ND 5.9

* Cooling Tower Blow Down 0.0012 ± 5e-4 0.0081 ± 0 0.056 ± 0.004 8.3

*
Cooling Tower Blow Down + 
RO Reject 0.027 ± 0 0.0039 ± 0 0.033 ± 0.002 7.7

<DL – Under Detection Limit. DL is as follows: TP = 0.5 mg/L, 
TN = 1.0 mg/L, TSS = 1.0 mg/L



ENVIRONMENTAL IMPACT

• HAPS

• HAPS ARE GENERATED PRIMARILY IN THE FERMENTATION PROCESS 
• ADDITIONAL SEPARATION WON’T LEAD TO ADDITIONAL HAPS

• WATER

• PURIFICATION TECHNIQUES DON’T OFTEN USE WATER

• ADDITIONAL PURIFICATION WON’T LEAD TO ADDITIONAL WATER USAGE

• CO2 / GREEN HOUSE GASSES

• OFTEN SECONDARY DISTILLATION IS USED FOR FURTHER PURIFICATION

• SECONDARY DISTILLATION OFTEN INCREASES CO2 BY 5% TO 10%, BUT POSSIBLY UP TO 100%

• CO2 PRODUCED FOR HAND SANITIZER 
• TRAVEL SIZE (30ML) BOTTLE OF 70% ETHANOL REQUIRES 0.02 LBS OF CO2
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