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Agenda

Generation of stillage and fermentation by-products
Disposal alternatives

Anaerobic digestion as a sustainable solution
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Distillery By-products

« Generation of ethanol or alcoholic spirits using various
sugar sources as fermentation substrate
- Different sugar substrates depending on type of spirit being
produced, availability, cost — >
- Corn, rye, barley (Whiskey, Bourbon) >
- Fruit (Brandy)
- Sugarcane molasses (Rum)
- Agave (Tequila)

- Distillation process for alcohol recovery results in a waste
product (stillage or vinasse), containing a very high
concentration of organic matter, in both soluble and
insoluble form
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Brewery By-products

« Production of beer using barley as main source
of sugar for fermentation

« Four basicingredients in beer making
- Water
- Barley
- Hops
- Yeast

«  The main sources of wastewater and waste
solids include wastewater from bottling
(product loss); spent grains; spent hops; spent
yeast. High organic content, mostly soluble
(depending mainly on the presence of waste
suspended solids in the waste stream).
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Typical Ethanol Distillery Flow Diagram

Transforming grain into alcohol

Saccharification & Fermentation

Transforming waste material into food

« Evaporation is energy intensive — large amount
of energy is required to evaporate water

« Transportation costs -
 Dependence on external outlets &

 Potential revenue streams

Cooking Liquefaction

Propagation

Alcohol Spirit

Distillation

Coproducts Processing, Handling, & Storage

Thin Stillage Whole Stillage
5-10% solids 5-15% solids
u

Condensed Distillers
Solubles (CDS) Centri
25— 55% solids
Wet Cake 35— 50% solids

ried DWGS DDGS DWG DDG
/e
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Storage | | Storage
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Barley

Manufacturing Spirits o i
Transforming grain into potable alcohol

Transforming waste material into food

« Similar waste streams

 Similar potential outlets oy

 Dependence on external
outlets

* Potential revenue streams

Centrate

Draff Solids

Fermentation

Sill

l

Pot Ale

Pot Ale Syrup

|
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evo Q U A Wet Grains Distillers Dark Grains
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Alcohol Storage

Barrel Filling Barrel Storage
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Manufacturing Beer

* Generally larger flows, lower
strength streams

« Fewer/smaller potential
revenue streams
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Need for Sustainable Alternatives

Saccharification & Fermen tation

Managing Coproduct / Waste Streams

* Relatively simple processes

« Evaporation of DDGS is energy intensive — over
40% of a distillery’s energy requirement

» Transportation costs

* Dependence on external outlets

Distillation

Coproducts Processing, Handling, & Storage

« Anaerobic digestion as alternative management rr
method SP— |
- Sustainability objectives =
* Energy recovery Py |
* Energy, water and waste disposal independence
e
eVOQ U A Storage Storage Storage Storage
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Anaerobic digestion

« Complex consortium of microorganisms
carry out sequence of biochemical
reactions to convert organic degradable
compounds into CO, and CH,

* Require proper conditions: no oxygen;
temperature/pH; sufficient biomass;
time

« Balance between acid-forming and
methane-forming microorganisms
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. Acetoclastic
methanagins Soluble Omanic
Molecules
Sugars
Amino acids
F!tt'f acids

. Hydrolytic
bacteria Complex Organic Matter
. Fermentative Carbohydrates
bacteria Proteins
. Hyproducing * Fats
acetogens
. Hy-utilizing 1 Hydrolysis
homoacetogens

1 Acidogenesis
Volatile f.n.tt!ur acids
Alcohols -
Kcoble Ac?togenems
acid

Methanogenesis

5 6
CH,+CO,

©2022 EVOQUA WATER TECHNOLOGIES LLC | 10




Anaerobic digestion | -
Complex biopolymers

(proteins, polysaccharides, fats/oils)
l ey {— Phasel
» Phase 1 can be started in a preliminary | groken down monomers and oligomers Hydrolysis
stage, separate from Phases 2 to 4 | (Sugars, amino acids, peptides) -
- Typically all four reactions take place in l o
a single reactor FE—— Bhasa 2
Fermentative Fermentative Acidogenesis
- Balance between hydrolysis, acid- - ?ﬂ%:éﬁ e
forming and methane-forming =
microorganisms L‘A.h ) | Phase3
H, + CO, l"!_“f":“:f‘l R— Acetogenesis
| . [H::::m;} . .

Methanogenesis

| CH+CO, |
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Turning organics into energy

Substrate Elemental formula Theoretical methane yield
(m3 STP/kg)

Carbohydrates (CHz0), 0.37

Proteins CiosH1580324M 255 0.51

Fat CgH150 1.0

Plant biomass CgHgO5 sMNSg a5 0.48

same energy value as NG)
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Biochemical reactions convert organic degradable compounds into CO, and CH,
Biogas is typically 35% CO, and 65% CH,
Biogas has about 65% of energy value as Natural Gas (the CH, portion has the
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Case Studies



ADI-BVF® Reactorst

Staley Tate & Lyle (USA)
McDowell & Co. (India) |
Ajudhia (India)

Carew & Co. (India)

Hindustan Palymers (India)
Casco (Canada)

Shiv Shankar Chemicals [India)
WP, Co-Op Sugar Fed. (India)
United Distillery (India)
Gwalior Distillery, Phase | (India)
YVindhyachal Distillery [India)
ACFC Ltd. (Kenya, Africa)

W.HM.D.C. (Pune, India)

Kirlampudi Sugar {India)

ADM Comn Processors, Phase | (USA)
Gwalior Distillery, Phase Il {India)
Sucromiles [Colombia)

Vasantdada S35K Ltd. (Sangli, India)
ADM Comn Processors, Phase Il (USA)
AG Processing Inc. (USA)

Oswal Fertilizers and Chemieals Lid.
(India)
Mohan Breweries (India)

Himalayan Distillery (Mepal)
Moon Sugar Mills (Pakistan) |
JR Simplot Company (USA)
Al Abbas Distillery (Pakistan)
Hoon Sugar Mills (Pakistan) Il
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Anaerobic Reference Installations (Stillage and Ethanol)

Wastewater Type

Caormn Starch
Molasses Destillery
haolasses Distillery
Molasses Distillery
haolasses Distillery
Corn

haolasses Distillery
Molasses Destilery
Maolasses Distillery
Muolasses Disbllery
Maolasses Distillery

Molasses Distllery and Yeast
Manufachuring
Molasses Distillery

Muolasses Distllery

Ethanol, Sweeteners, Starch
Muolasses Distillery

Ethanol, Citric Acid

Distillery

Ethanol, Sweeteners, Starch
Ethanol

Muolasses Distillery and LDFE Plant

Muolasses Distillery
Distillery
Molasses Distillery
Potato, Ethanol
Muolasses
Maolasses Distillery
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Anaerobic Reference Installations (Stillage and Ethanol)

ADI-BVF® Reactorst
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Wastewater Type

C5K Distillers (Pakistan)

Al Abbas {Pakistan) Il
McDowell & Co (India) Il
Plant Y** [USA)

Bionic Humus (Burirum Provinee,
Thailand)

Bionic Humus [Ubolrathani Provinee,
Thailand)

Renowva Energy*® (USA)

Bionic Humus [Surat Thani Provinee,
Thailand)

Bionic Humus (Prachin Buri Province,
Thailand)

Bionic Humus (Khon Kaen Province,
Thailand)

Porn Wilai Int'l Molasses Disfillery
(Thailand)

ADM Corn Processing, Phase Il [USA)
ADM Agri-industries (Canada)
DiagecTequila Don Julio (Mexico)

El Milagro (USA)
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Distillery
Molasses Distillery
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High Fruciose Com Syrup, Ethanol,
Animal Feed

Molasses Distillery

Molasses Distillery

Thin Stillage and Lactose
Molasses Distillery

Molasses Destillery
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Corn Wet-Milling
Animal Feed and Qil
Tequila
TortillaMasa
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Tequila Distillery — Greenfield Plant (ADI-BVF® anaerobic reactor)

Anaerobic pretreatment system on
high strength vinasse from
greenfield tequila distillery

Region: Jalisco, Mexico

Year of Start-up: 2021

Capacity: 55,000 kg COD/day

High-strength whole tequila stillage (67,000
mg/l COD) with very high concentrations of
degradable suspended solids (25,000 mg/I
TSS)

Very high load, difficult-to-treat vinasse
stream

Biogas generation

Simplified solids management

Low Rate Anaerobic ADI-BVF
reactor

Treats raw stillage without need for
primary solids clarification

Startup in 2021 with excellent performance
meeting or exceeding the customer’s
sustainability and environmental stewardshlp
objectives
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ADI-BVF® Reactor at Tequila Distillery, Mexico
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Process Train for Tequila Stillage
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Sugarcane Molasses Distillery — Thai Beverages (ADI-BVF reactor)

High-strength whole stillage (172,000 mg/
COD) with very high concentrations of
degradable suspended solids

Anaerobic pretreatment system on
high strength whole stillage from
molasses based distillery

Region: Thailand

Year of Start-up: 2007

Capacity: 103,000 kg COD/day

Very high load, difficult-to treat stillage
stream

Biogas generation

Simplified solids management

Excellent performance meeting or exceeding
organic destruction and biogas generation
objectives

Sustainabilty objectives met or exceeded
with customer able to become energy selfl-
sufficient

Low Rate Anaerobic ADI-BVF
reactor

Treats raw stillage without need for
primary solids clarification

SVOQUA
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ADI-BVF® Reactor at Ethanol Distillery, Thailand
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Typical ADI Process Train for Stillage
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For Follow Up

José Molina

Evoqua Water Technologies
Office +1 (506) 452-7316
Mobile +1 (506) 449-1068
Jose.Molina@evoqua.com
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New Belgium Brewery —

Limited space requirement, cost of
discharging to POTW increasing with
increases in production, increasing
cost of spent hops and spent yeast
disposal, brownfield site, nearby
neighbors (odor, noise and aesthetic
concerns).

ADI-AnMBR anaerobic membrane
bioreactor system

SVOQUA

Asheville, NC

330,000 gal CSTR, and 80,000 gal membrane
tank treating 115,000 gpd of process water,
waste hops, and waste yeast

Sustainable approach to wastewater and
waste solids management

Produces high quality effluent

Small footprint

Biogas as green source of energy
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ANMBR New Belgium Brewery — Asheville NC

Operating results

Raw Combined | ADI-AnMBR MSD Discharge

Parameter
Brewery WW Effluent Limits

Flow, avg (gpd) 117,250 117,250
Flow, peak (gpd) 142,150 142.150

COD, avg (mg/l) 9,700 < 250
COD load, avg (lb/d) 13,200

COD, peak (mg/l) 13,200 < 300
COD load, peak (Ib/d) 18,000

BOD, avg (mg/l) 7,000 <60 <230
BOD load, avg (Ib/d) 9,400 --- -

TSS, avg (mg/l) 2,100 <5 < 230
TSS load, avg (Ib/d) 2,900 --- -

b R 66-7.5 60105
Temperature (°C) 18 — 26 30 - 37 <50
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System Performance
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Summary

 NBB wastewater treatment plant designed
to align with corporate values on
environmental stewardship and social
responsibility

« AnMBR system consistently maintains
high performance

« Solids destruction, organics removals, and
biogas production lays the groundwork for
energy recovery through biogas utilization
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