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VALUE-ADDED PRODUCTS FROM STILLAGE OF
ETHANOL-FROM-MOLASSES AND CORN-TO-ETHANOL
PLANTS

Willem H. Kampen and Michael Saska
Audubon Sugar Institute
Louisiana State University Agricultural Center
Baton Rouge, LA, UUSA

Beet and cane molasses contain potentially numerous value-added products which do get
concentrated, at little or no additional expense, when sugars are removed or converted through
alcoholic fermentation or desugarization. Beet stillage is rich in betaine, a biologically active
quaternary amine that has found increasing markets (Yokinen and Virtanen, 1996) , among others
in foods, cosmetics, animal feeds and also protection of ¢rops, including, potentially, sugarcane
(Kampen, 1998). Cane molasses and cane molasses stillage are rich in aconitic and itaconic acid.
The alcoholic fermentation, regardless of the sugar source, produces a number of additional co-
products: carbon dioxide, glycerine, succinic acid, etc. and their production rate can be
marnipulated by judicial choice of the yeast strain and operating conditions. In addition, both beet
and cane molasses are rich sources of potassium sulfate which is the main component of molasses
ash. The technology is now available to commercialize recovery of these compounds.

The main products under consideration are:
Betaine

The betaine market is near 46,000 MTY per year and growing rapidly. It is used in
pharmaceutical and food applications in the pure form (99.7%, white crystals). In less pure forms
(~95% or lower) it is used in animal feed. The value of pure betaine is around § 9.00/kg and in the
less pure forms § 3.00/Kg. Betaine is an osmo-protectant and it provides labile methy! groups to
animal cells for transmethytation reactions in the liver and for the transformation of homocysteine
into methionine. Betainehydrochloride is used in solders, resin curing fluxes, organic synthesis and
as a gastric acidifier. New betaine applications are going to be on sugar cane, where it improves
frost tolerance by ~ 1°C as well as the rate of growth and sugar yield (Kampen & Njapau, 1999).
Trals in Louisiana showed up to 650 kg yield improvement per hectare.

The approximate manufacturing cost to produce an approximately 95% betaine or
betainehydrochloride is estimated to be $ 0.30/kg.

Glycerine
The glycerine market 1s near 770,000 MTY. Glycerine has many applications as in

toothpastes, skin care products, shampoos, antifreeze, lubricants, alkyd resins, polyurethane,
inks, explosives, etc. The market (March 1999} price is between $ 1.35 and $ 1.50 per kg. The
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cost of producing glycerine is estimated to be § 0.30/kg (U.S. conditions). The use of special
yeasts will increase glycerine and succinic acid to higher levels by a factor of two to three.

* Inosital

The product has lipetropic activity and is considered to belong to the vitamin B complex.
It is a growth factor for animals and microorganisms. Its use in cat and dog food is increasing as it
gives the animals a shiny coat. In aqua-feeds, levels of some 200 - 400 mg/ kg dry diet are
recommended for some species of fish (coldwater carnivores) and shrimp (Halver, 1985). The

market is currently estimated at

some 2,000 to 6,000 MTY, selling historically in the $ 10.00 -

20.00/kg range. The production costs are estimated at approximately § 0.85/kg.

Succinic acid

The succinic acid market is around 15,000 MTY. Itis used in the manufacture of
lacquers, dyes, esters for perfumes, succinates and in photography. It is presently made
synthetically. It sells around $ 6.00/kg and the estimated cost of production is $ 0.60/kg,

The typical composition of stillage from molasses and corn ethanol plants is in the following table

STILLAGE from:

Beet Molasses

Sugarcane Molasses*

Com

BOD; (mg/L)

30,000-40,000

28,000-38,000

22,000-32,000

Total Solids (mg/L)

70,000-95,000

70,000-50,000

55,000 - 80,000

Total Seluble Solids
{mg/L)

10,000-20,000

10,000-19,000

30,000 - 60,000

pH 4.6-4.9 4.6-4.9 37-4.1
Glycerine (mg/L) 6,500-9,000 24,000-30,000 7,000 - 12,600
15-30%ds
Succinic Acid (mg/l.) 800-950 1,500-2,000 850-1,000
Inositol {mg/L) 400-900 905 - 2,780 -
Aconitic acid (mg/L) - 900-1,300 -
{taconic acid (mg/1.) - 700-1,100 -
Betaine {mg/L) 15,000-20,000 - -

* From tests at Audubon Sugar with a special yeast strain.
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The recovery process (Figure 1) generally requires: 1. Pretreatment, consisting of
clarification, i.e. removal of suspended matter with flocculation-enhanced filtration, centrifugation
or membrane filtration, partial softening and concentration, 2. One- or two-stage
chromatographuc separation and 3. Product refining. With com & beet stillage, pH-adjustment
and hydrolysis of protemnaceous matter may be required.

An ethanol-from-beet molasses factory produces stillage with some 17 G/L of betaine and
8 G/L of glycerol. Figure 2 gives an overview of the recovery process for betaine. Treated stillage
(pH adjustment and protein hydraolysis) underwent cross flow microfiltration with 0.1 micron
inorganic membranes of alpha aluminum oxide. The results are represented in figures 3 and 4.
Figure 4 shows that for this particular beet molasses stillage, the maximum mass flux of some 36
kg ds/(m?)(h) occurred at 23 % dry solids feed as measured with the refractometer. The permeate
which had a turbidity of 0.8 NTU/brix was softened and concentrated to 65% solids before it was
fed to a conventional SMB chromatographic separator. Figure 5 shows the results of a
chromatographic pulse test on this stillage with a single column packed with a suitable resin. In
obtaining a good separation one can take a cut where the quantity and/or purity are maximized. In
a continuous system, equivalent “cuts” are produced by manipulating the steady-state component
in-column profiles by judicious choice of the process parameters. The product stream from the
SMB tests had a purity of ~ 95%. Through two crystallization steps pure betaine was obtained.

If both glycerine and betaine have to be recovered, two dissimilar chromatographic
systems may be required to produce pure glycerine and betaine streams. The glycerine purity is
near 90% and can be improved to ~ 95% with ion exchange. Glycerine refining may be
accomplished through concentration, vacuum distillation, deodorization, activated carbon or
bleaching clay filtration and polishing. The final product will be 99.6 - 99.7% pure glycerine.
Other products may be recovered through similar processes, including acid retardation.

Inositol 1s present in both beet and cane molasses at some 0. 5 to 1% on dry solids, and is
recovered industrially from the betaine fraction of the beet molasses desugarization plants
{Hallanoro and Berghall, 1994). On the monovalent-form cation exchange resins, invert sugars in
cane molasses exhibit similar chromatographic behavior as betaine, viz. retardation with respect to
sucrose, and do get concentrated in the “invert fraction” at 3 - 5 % ds levels. From this fraction,
after full demineralization and decolorization, inositol can be recovered with anion-exchange
based chromatography (Saska and Diack, 1996; Saska, 1997). Substantial amounts of inositol in
the raw cane juice are present as a hexaphosphate (organic phosphate) that is, in the conventional
processing precipitated and lost with clarifier muds as its (low solubility) calcium salt. It has been
recently discovered that the levels of the (free) inositol in clarified juice (and consequently in
molasses) can be nearly tripled by treating the mixed juice in the sugar factory with commercia!
phytase and acidic phosphatase enzymes (Kampen, 1998). In addition to increasing the inositol
levels and enhancing substantially the economic viability of its industrial recovery, the levels of the
inorganic phosphate are also increased aiding the clarification, and avoiding, in phosphorus-poor
locations use of make-up phosphate or phosphoric acid. Even at 1% ds, the potential value of
inositol in cane molasses is nearly equal to that of sucrose (Saska, 1997) and far exceeds it at 2 -
3% ds levels achievable with the phytate hydrolysis cnzymes.
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Cem stillage is potentially a rich source of glycerine but the high concentrations of suspended
solids (Table I), proteins (some 20% of TSS, the total soluble solids) and divalent ions (1% of
TSS) make the pretreatment challenging. Ultra or microfiltration with tubular membranes is
suitable for clarification of the stillage and Figure 6 shows some results with 0.1 micron ceramic
membranes. Protein rejection (elimination in the retentate) was enhanced by carrying out the
filtration at a relatively low temperature, in the 50 - 55°C range to minimize the adsorption of
residual proteins on the softening and chromatographic resins. The recovery (concentration
factor) is limited by the high viscosity of the retentate and substantial quantities of diafiltration
water are required for acceptable recovery of the solubles,
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Alfter softening, glycerine was recovered in the extract at 90 - 95 % purity and 30 %
recovery with a SMB chromatography separator, After demineralization and decolorization, the
crude glycerine was further purified in a 4 cm ID distillation column with rectification, witha 2
liter capacity and 12 theoretical stages, at 150 - 180 C and 0.1 to 0.5 mmHg pressure. After
additional bleaching with carbon all criteria for USP grade were met, with the exception of
residual traces of lactic acid that caused acidity levels somewhat higher than the specs limits (1
cm3 NaOH 0.5 Nj

Analysis of the glycerine product

Type of analysis
Titre to periodate sodium 98.5 %
J Specific weight at 25C 1.26055
: Color | < APHALQ
Ash <0.01%
! l Sulphates B absent
! Arsenic absent
; : Heavy metals absent
Chlorinated compounds <5ppm
1 Fatty acids & Esters 1.94 em3
NaOHO05N

] A simplified example is given of a project in which ethanol, glycerine, succinic acid,

inositol and betaine are produced from a mixture of beet and cane molasses. Assuming 100,000
TPY of beet molasses and 43,000 TPY of cane molasses are mixed and processed into ethanol

j liquid carbon dioxide, glycerine, betaine (95%), inositol, succinic acid and potassium sulfate.

il Present (March 1999) molasses price f.0.b. New Orleans is $ 42 per MT but price basis in the
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following analysis is $ 70/MT.

Net Sales TPY SMT b
Ethanol 30,350 600 18,210,000
Carbon Dioxide 25,000 40 1,000,000
Glycerine 6,000 1,350 8,100,000
Betaine 3,000 2,750 8,250,000
Inositol 2,000 11,000 22,000,000
Succinic Acid 4,000 5,500 22,000,000
Potassium Sulfate, 10,000 150 1,500,000
agricultural grade

TOTAL NET 80,910,000
SALES

Manufacturing Cost 29,060,000
Subtotal 51,900,000
Depreciation 5,500,000
Subtotal 46,400,000
Debt Services, 8,006,000
10%, 10 years

Subtotal 38,400,000
Total Taxes, 45 % 17,280,000
Subtotal 21,120,000
Add back 5,500,000
Depreciation

CASH FLOW 1o 26,620,000
PROJECT

Fixed-Capital 65,000,000
Investment

199




Working-Capital . 5,000,000
Investment
R.O.1 after taxes 38 %
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Figure 1. Simplified Recovery Process for Cane and Beet Molasses & Corn

201




fSUﬂage {vinasse) from processing
j betaine containing materials (as
i beet molasses) inte such products

as ethanol, yeast, organic acids,
aminc acids, stc.

}
Pretreatment, if required.

Hydrolysis of proteinaceous matter,
cartridge filtration, pH adjustment, etc

PA

I Micro- or uitrasiltration, crossflow,
! inorgznic membranes. ~ Retentate
_ (PaniaQSOﬂening (to animal feed i
or fertilizer) i

rOpticaHy clear permeate #

[ Evapcrztion ——— > Condensate |
l ]Desolrbent ‘ﬁ—‘

¥
l Chromatographic separation | _
L ion exclusion !
———— Bypraduct stream |
 Seed grains ,- ~ | (to animal feea !
o T Evaporatar I and/or fertilizer) ]

e
elaine syrup i

Animat feed applications

¥

—:..J Evaporative crystailization [
(el — = -
’___l Condensate I

, Cenlrifuge ==

betaine is not or slightly

|
coid wash fluid in which
soluble

Betaine (anhydrous or HCY)
Animal feed applications

i Standard refining —,
' I

y

Betaine (anhydrous, HC! or monohydrate)
High purily or pharmaceutical grades

Fig.2. Betaine production from stillage (vinasse)

202




FLUX in L/ (M)(H)

500 T T T T T 7 T

450 - n

400 ~
350

300

250 - -

200 - Y

150

100 F ' -

50

0 I I | I L I b

0 5 10 15 20 25 30 -35
PERCENT DRY SOLIDS
v MAXIMUM FLUX
——  FLUX=~—0.967*DS+453.7

¢ 60Z -OF MAXTWUM FLUX
OPERATING CONDITIONS

—  FLUZ=—5.967*DS+271.9

Fig.3 inorganic Membrane Performance on Beet Stillage
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Ii Fig.4 Mass Flux versus Percent Dry Solids

%DS BY REFRACTOMETER
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FIGURE 6

ULTRAFILTRATION OF CORN STILLAGE
PERMEATE FLOW, L/hm2

KERASEP 0.1 u, 7 CHANNELS

TEMP 50-55 C
VELOCITY 5 MIS
TMP 2 BAR

TIME, hours
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Questions/Replies

+#756 W. H. Kampen, Value added Products from the stillage of Ethanol-from-Molasses
Plants.

Mary An Godshall, Sugar Processing Research Institute - "That was a very interesting paper.
! have two questions. You mention your ASI yeast that triples the production of
glycerol from the normal. Is this a genetically engineered yeast, or a normal yeast?"

W. H. Kampen - "No, it's a standard yeast that a colieague of mine, Don Day, has in his yeast
library. Over the years, he has collected all kinds of yeast and other organisms and, when we
started this work, we started testing different yeast and, to everyone's surprise, we found one
that produced a tremendous amount of glycerol. Tt's a regular saccharomyces yeast."

Mary An Godshall "0.K. And the second question is, did you experience any fouling of the
membranes when you did the clarification 7"

W. H. Kampen - "Yes there is fouling of the membranes but, as I think | mentioned, we used the
backwash system. Every minute, for three seconds, we would backwash at very high
pressure to knock off ihe dynamic fouling iayer, and we were able to keep the flux reasonable
tor several days. So, typically, after three or four days you would have to clean in place.
You can't get away from that.”

Delegate - "That was very interesting. It appears from your calcolations that it would
benefit all of us to get into value-added products. You mention that the cost of betane
for the high purity and the low purity ranges from eight point eight dollars per
kilogram ¢o 75 ¢. What would it be for the betaine that you mention for the sugar cane
application, and the purity ?"

W. H. Kampen - "We have tested both, synthetic betane, which is made by Ducoa in the United
States, and natural betaine from beet molasses. It's more costly to produce it synthetically
than pure natural betaine would cost about twenty dollars per acre to treat it. We just started
some work on using lower grade betaines to bring the cost down, and we did work with
radioactive betaine to determine how much was really absorbed into the cane. And so we
know the exact conditions, and the humidity and the temperature play a big role. So, you
really have to watch when you apply it to use an appropriate surfactant. Humidity should be
high and the temperature should be high, which is typically the case in Louisiana, so we
shouldn’t have a problem there."

: Chung Chi Chou, Sugar Processing Research Institute. After you optimize the processes,
B would the capital cost go up too ?"

e/ W. H. Kampen - "No, the capital cost should not £0 up, because we put a safety factor in there of
“‘3 ten percent to account for that type of thing but, no, they shouldn't go up. Like I said, on the

inorganic membranes and the SMBs, we got sufficient operating data at pilot plant level to
make sure that these numbers are fairly correct.”
207




Ching Chi Chou, Sugar Processing Research Institute- "Q.K., what is the next step to get the
Project moving?"

W. H. Kampen - "The next step would be to obtain some funding and get a larger size pilot plant
50 that we can obtain all the engineering data for scale-up, so that we don't run into any
problems with scale-up. So you want a safe scale-up factor, then you can go commercial
after this. If this were done at the Audubon Sugar Institute for one product, I think we're
looking at between seventy-five and one hundred thousand dolilars to do that. You could
start - you don't have to do all the products simultaneously - but you could start with an
ethanol plant, and then recover glycerin for instance and, once that's up and running. Then
you could add betaine and inosito! and all those other things. And there's one thing on inositol
that I didn't mention, but we found some enzymes that break down phytic acid. Phytic acid is
present in both sugar cane and sugar beet, and we triple the amount of inositol that's normally
present in the molasses. Simultaneously, you produce a lot of organic phosphates, that helps
the clarification.”

Bryan Karren, Rogers Sugars in Canada. How many of these compounds are dependent
upon the fermentation ? Certainly, betane is in the molasses."

W. H. Kampen - "Yes, betanc is in the molasses, sicinic acid and glycerin are formed as by-
products of the action of yeast on the sugar. Inositol is also present in both sugar cane and
sugar beet and, as I mentioned, phytic acid is, s0 we can increase the amount of inositol that
can be recovered. And there are a number of other compounds that I didn't mention, like
cetane, that may be more active than betane, there are compounds like dimethyl, silver
propriotethin in sugar cane. We know that it's there. We know roughly what the quantities
are. We're now looking at extracting.”
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