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THE ALCOHOLIC FERMENTATION

for the production of POWER ALCOHOL, what maans ths slcohol
for ths usa as fuel in motor cars, or dehydratsd slcohol
a8 feedstock in chemical industry.

The production of such alcohol, basad on ths uss of rs-
nswable sources like whols plants, fruits of plants or
westese of plants in industrial scela is to bs dons with
spacial smphasia to snergy saving during tha procass in order
to Justify such underteking,

The ensrgy which is characterizing tha POWER ALCOMOL as s
_liquid snergy carriar hes bean accumulated by photosynthasis
in various raw materiala ae suger, sterch, celluloss,
psntosanss and the liks, eccompanied by proteina, fate,
organic acids and inorganic compounds,

For ths fermentative transformation of sugsr and starch to
sthsnol, tha mein part of solide, svailable in the rew
matarisls, is used., The remaining orgenic and inorgenic
compounds ars to be found in tha socallsd slops or stillegs,
8 heavy polluted liquid, running of ths bottom of ths dise-
tilling column,
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In principle, we have to dietinguish three differant groups
of reaw materials, aa there are;

Sugar containing solutiona

atarch containing auspeneiona and solutiona from the
celluloee induatry.

Exemples for the firat group aras

cana molasses,
baet molasses and

Juices from augar cane or augar baet,

Beside tha main product ethanal tha following by-products

can be obtained from rew materials belonging to the Piret
groups

< pure cerbon dioxyde, which is frae from canoeragenic
subetancas

= fodder yaaat of the Saccharomycas atrain, containing at
least S0 £ of valuable proteine

= concentrated slcpe ce an animal feaad additive or asa liquid
fartilizer,

The eacond group of aterch containing raw materials comprisese

= corn and sorghum

berley, wheat and ryas
potatoes and cessava, finelly aleo
starch containing wastee.
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The by=proaucs. oi toro gretp 4u a veivedid eupplement
for animal feoding, contaoining 20-3C % orude protein and
ovellable either un concuntratad olope or dried feed
etufe,

To the lnet oreup of o raturiule are balonging

= oulfitc weste liquer of tho colluloue factories and
= hydrolyecete aof c~llvinen containing producte.

‘Bosides hoxosce, which are roaponnible for the formation

of ethanol, =slro 4 cuncidmziable girt of pontoses end other
organic compounds zra pradunt £n uuch oolutions.

The attechac tahlo 1 pivon - rcnural view over the energy

repartiticn,

Figure 1a shecun thie repartition efter procosoing of ocorn,
moanwhile PLoucr | onrel 28 afliav prczvceing of molesses,

Datatlcd dets hove nlioedy hoorn ndver 4n ono of the pre-
condiy.y omnerte,

Tha lnocen ara aruand by

= tranefornction inta i roontction hoat
= matoTial ic<cos thoarigy « pooparation of rew meterisls
~ alechal losaes through esceping
neana

erd - cleaning losses,.

Ae far so the preomraticn »f raw natorial fe concearned, the

three gonurn dnfor conatdacnbly tn the pzoceedinge.




Sugar containing eolutions like diluted molasese or Jhicol
of cane or best are treeted in a continuous wey:

After preparastion of s well detormined concentration, eithsr
by dilution of by pre«concentration, the solution is to

be clarified by esdimentetion or centrifugation in order

to separate some sludge which might influence the sub=-

sequent fermentiation in & negative asnse.

Heesting up of the sugar containing eubatrate followa, in
order to minimize the risk of undesirad ealvage fermantetiones,
which are occuring without sterilization. Some metabolitse

of such irregular fermantations are toxec for our yvaast

anrd therefora reponsible for longer faermentation times end
for reduced yields,

Regarding the utilization of starch containing raw materials,
the preparation of a fermentabla subatrate is done after
sdequate cleaning or peshing, grinding or raeping of the
cernels or tubera. Next step is the liquification of the
sterch pucticles by heat, assicced by the activ..y of
elpha=amylolytic enzymes. The reeulting suspension ie now
treated by amyloglucueidic enzymes to coatinue the degrada-
tion of starch to solutle and fermentable sugars,

As for ths third group of raw materials sulfite waste liquor
is the main representative. Its application ie prepared by
etripping off the inhibiting eubatancea such as 502, before
inoculation of yeaet straine resistant to low pH-velues.

The enzymatic decomposition of cellulose ia coneidersd es

e future way in the sxploitetion of cellulose. Nowadeys, the

process ie not sufficiently mature for an sconcnic applicstion .
in induetrial scale. For reasone of energy economy the




the known Processss with acid hydrolysie sre not fessible
snough for the industrial production of ethanol,

The encloesed table 2 gives a rough survey of the consumption
figuree for utilitiee for the prepacvation,

The data refer to 1,000 1 athenol calculeted at 100 X end
correeponding to 794 kg).

Tha attached table 3 shows the utilization of raw meterisl
for the obtainsd quantities of fermentable eubsetence during
the preparstion.

1.000 1 ethanol produced in the formantetion ressult eofter
distillation end dehydration in;

= 972 1 "power alcohol" with 99,8 X vol
= 20 1 technicel alcohol with 973 % vol
- approx. 7 1 fueel oil.

Thae fe 'antation is a microb. jlogicel convars’ n of hexoses
to ethanol and carbon dioxyde.

The basic squetion ieg

CeHanOc = 2 C H.OH + 2 CO., + Hexces = ethenol + cerbon
671276 2’5 2 dioxide + hest

Insvitably different secondary producte ori inate from this
convarelions

= Yeast dry subetance

= Qlycerin, organic acide, esters
= aldehydse and

- fuessl oil




It is evident that the production of alcohol as s fusl '
edditiva asks for sdvencsd techniquea in order to mest
thes eoonomic requirements of POWER-ALCOHOL=-PROGRAMS, )

Betchwies procsueing hea baan used ti111 now in thes moast
cesss, as the saize of the aquipmant wae in tha rangs of
obtaining 25,000 - 30,000 litsrs s day,

Ae the plants to produce POWER ALCOHOL ers to be built in
the rangs of 100,000 to 500.000 litera of slcohol production
per day, it ie inevitebla for sconomic ressons to uea se
much as possible the most advanced sciantific and bio-
technologiosl knowledge for the engineering of such ine=
tellations.

In the sphars of enxymatic conversion taking placs by the
sctivity of microorgeniams during the fermantetion it le
edvisabla tharefore to provide optimsl conditiona for the
eelected atrain of seccharomyceas cerevisise, as far as the
offer of sugare end eesimilsble nitrogen, nutriant seltse
liks phr yphetes end souroes of potassium, sodium, calcium
end magnesium are concerned, Furthar care ehould be taken
to tha snvironmental conditions for the yseat calls in the
mesh, ss there ere the pH, the tempasrature, ths offer of
oxigan for better multiplication end e certein mixing
intensity, responeible for homogenic uptaske of nutrients end
for quick sliminetion of tha carbon dioxyde, formed by the
enssrobio metebolien.

Leat but not lesst it 1s to mention that the dasign of
squipment end the process itsalf should bs plenned in c.nei-
deretion of the fect that tha full sucosss of suoh plents




ie only givan,if the risk of undeairad and detrimentsl

f.rmantations, ceused by bacteria and molda ie kept undar
complete control.

Oepanding on ths raw matariale and the poesibility of
sxtracting valuable by-producte, tha following processsa
ers uaad:

- continoua fermantation procasa or

-~ aami continoua fermentation procaes
for the purpoaa of providing
= lov investmant costs

= low conaumption of snargy and
= low running costa

The processing of suger containing aolutione for fermentetive

convareion of carbohydrstea into alcohol in the large scsle
of POWER ALCOHOL production ie done in e continous wey.

The yaast ie asosreted at tha end of tha farmantation by
cantrifugas and its main part is recycled to tha firat

vat of tha fermanter ling.

Vigoroue yaaat cnlli ere the result of thig procseding, end
@ relstivaly high concentration of bio-meaa cen bs kept

in suspsnaion. Tha reaidentiel tima of the meah is kept
ehort and in the renqgs of 10 - 12 houra; on the othar hend,
high concentrationa of alcohol are obteined saaily, ea the
" msoh " or " baer " ia lasving ths laet farmenter with

8,5 - 10,5 £ in volumas.




The yesast crasm, obtained by tentrifugetion uf the slcoholic

maoh, is peueing a trsatmant tank baefore ra-sntering the .
process in tha first fermenter, in ordacr to keep the riek

of bectarisl]l infuctions at e minimum.

A smell part of the yaest ie hervestsd end used as a velusble
protein eource, eithar for human consumption or for snimel
feed purposss. Such harvesting of bio-mase makes it necaseary
to serste ths mash slightly in the first fermenter, just

&8 much es to multiply the yeasst cells In the rangs of the
crop. Such procesding cen be made responsibls for kasping

ell yasst celle in 8 young ststas, giving no poseibilitise

for too long & stay in thg system ; tha number of worn out
colle is kept therefore st e minimum.

8y the presences of such a high numbor of vigoroun yeest cellas,
os it {s given by at lessst 15 grams of yssst ory metter per
liter, the conversion of sugara to mlcahnl is fest and
finisahed within 12 houre. Thas groeas fermentser volume of the
wvhole system is thersfore kept smell and in the renge of

6 ~ 7,5 m3 par wech 1N00 litere of dalily producticn.

Providence ageinst dieturhing infections is made by the
foct that the slcohol iteelf is chosen ss & vary affactive
inhibiting fector sgainet growth of bacterie. Diffsrant

to batchwies processing the continous fsrmentation praocess
ies evoiding the initiel period of sach batch, whan the
slcohol concentration is batwasn zero and about 3,5 %.

The redidentiel time of the sugsr contsining mash in the
firat fermentar is dimsneioned in e rengn of about 3 hours,
sufficient for the yesat in ite considerabls concentration

to meintsin ths elcohal concantration to maintein the




slcohol concentration constant and at a minimum level of

3,5 - 4,5 X, Such s lavel can e kept only by 1ucycling

of eufficient yeest calls from the leet fermenter to the
firet one in order to compensate the washing-off ¢ffect.

Another important featurea of a well-quided cintinous
process ie the fact that the provided multiplicetion

of yesst cells {n ihg Piret part of the cycle is not
only compensating the herveeting of @ certain pesrcentags
of bio-meee, but alao keoping the yeset celle in e vigorous
eteta of high fermenting activity. No chence ie given to
the alwaye renawing bio-masg to grow old end worn out,
which {e connected with a stop of metsboliem, eettling
down to the bottom of the fermenter snd offering an
excellent subetrata for bacteriel growth by losing the
proteinecious call contont after braeking up of cell
welle,

The elcoholic yield voriss betwsan 91,5 - 92,5 £ of che
theoreticel yield sccordinn to the equation found by
GAY - LUSSAC, end referred to the emount o” eveileble
suger. kesulting ere 62 to 63 Litare of ethanol 100 ]
per sech 100 kq farmsntiabls sucroes, or 105,3 kg
fermentable mono-saccheride of hexoee etructurae.

Dspending on the over-all cepecity of the plent 6 to 10
cloeed fermenting tanks cre operated in e subsequent
line, overflowing ons to the othar. The formetion of
elcohol is depending on tha presences of vigorous yeast
cells end tempersture of the mesh, coming to en end by
leck of suger end by the inhibiting effeeta of higher




slcohol c ncentrstions and incr ased influence o osmotic

pressures by accumulsted infermantable substences.

To keep the whole aystem in a fast fermanting stats, not

only ths first fermentmar is receiivirg a supply of sugar
conteining solution. On the other hand, the laest thres

vessels receive nothing but the nverflow of the procesding

ons to convert the remaining sugar as far as possibls to
t:lcohcl end to evoid losses of yield oy content of unfermented
sugsr in the substrate leaving ths lsat fermenter.

The leaving liquid is pumped to a battery of centrifugss;
msenwhile the slcoholic mash, fraee of yasast cells, is
trenaferred to a intermediate tenk before distilling, ths
yssst suspension {8 conducted to a spacial trestment at
lowsred pH, before it reenters the first fermenter in &

continous flow.

Without edditional provisions 30 - 40 kgs of yeast dry
mettsr are gained per each 1000 liters of alcohol; in
cess of harvesting this amount o7 Lin-masa, approximetsly
1 metric ton of dried foddar yeast can be collected par
30.000 liters of alcohol and day.

A certein part of ths yesst suspansion, coming corntinuously
from the centrifuges, will be subiected an additional stap
of centrifugation in order to reduce the amount of
sccompenning unfermented substances and to give the
poseibility to reccver the alcohol present in the environe
mentel liquid of the yeast calls.

et
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The yeast cresm will hevs how e dry substencs content of
about 18 X end is resdy for s thermal trestment to crack
opan tha cell walls befors deying. The drying {teelf g
performed by drum drysre or spresy dryeras.

As on example o plant for the production of 10.000 liters
of elcohal ( 100 X ) per hour shell be descrihbed:

The flow of mesh will be to 100 m3 per hour, if the
finel slcohol conosntretion oould be kept ot ths leval
of 10 %.

The squipment necessery to provide the fermentstive Conversion
of suger from molseass will consist of the following unitaes

= 1 pure culturs vsssel of 1 m gross volume,

~ 2 pre-fermenters of 25 m3 gross volume, ussd es vesssls
for intermedists treatment of yeest suspenaion during
the time of continuoue rocessing. Engegment of the
two vessele ss prefermenter will be nacesssry only,
wvhen the process is sterted eofter o longer period
without production,

= 7 mein fermenters of 200 m3 grose volume

= 2 nozzls~centrifuges for s throughput of 60 m3 of
mash psr hour sach.

For the harvesting of bio mass in sbundancae ths following
squipment {s necsesary:

-2 nozzle-centrifugse for 10 m3 througput per hour,
= 1 unit for thermolyzing yaast by ateam,




~ 3 drum drysre fnr 150 kg of driad yessat par hour.

Tha production of dried foddsr ysset will be betwsen 7200
ond 8400 kge per day.

A simplifyed flow=eheet of such e farmentation department,
es just described, is reproduced in e diegrem 1.

Tha procase iteslf cen be dominated by 2 men in a ehift
esaily, one for eupervieion of the fermenters, the other
to opearate the centrifugee.




The proceesing of starch co teining raw meteriels is to bs
done in a different way, as the prepared substrate, reedy
for fermantation, will contain e consideredle amount of
solide, such es husiks, hulls, fibres and the like. A propsr
ssperation of such ingredients would cause to high e
consumption of anergy on one hand, and considerabls loesss
of yiald on tha other hand, as considerable cuantitise of
sterch ie etill linked to such particels. Finally it ie

to bs mentioned that the very laet step of seccharificetion
heppsne in the fermentare itsslf, after tha prasent sugers
have been pertially convertsd into alcohol, giving epece
for further enzymatic degredation of eterch,

The time of fermentation is considerebly longer, therefors,
snd kept in the range of 40 - 50 houre; the sacond reeson
beeidees poet-ssccharification in the fermsntere is the

fect that yeast cannot he recycled after centrifugstion

of the maeh. The high content of solide {e prohibitive

toc such proceading, as the nozzles of the centrifuges will
wilil ba clogged within seconds.

To finieh the traneformetion of sugare to alcohol in the
mentioned period, epecial emphaeie is to Le givan to the
stesdy propagetion of new ysset end to reslly uniform die~
tribution of celles {n the brotn.

Yesst propagetion i{s provided by a& eufficiently high offer
of oxigen, edsqueta offer of nutriante lice nitrogen and
phosphate, and low pH ae protective msssuremsnt egainst
bscterial growth during ths periocd of p;o-fornantution.




In tha mein fermanters further seration takee plece to
continue the growth of ysa®t populetion and to homogenize
the broth, {in the firet etage of fermentetion.

Ae moon ee the concentretion of the slcohol hes resched

¢ cartein lavel, the seretion is etoppad and the sems
inetelletion e ueed for the evenly distribution of carbon
dioxyd {n the 1iquid ineteed of eir. Thue the recupsration
of C02 ®8 ¢ by-product cean be done without any perturbation
by nitrogen end oxygen,

A finel concantretion of elcohol in the range of 8,0 to
8,5 X by volume can be resched. The elcoholic yield veriss
between 90,5 end 91 % of the theoreticel vaelue, eccording
to the squetion of GAY-LUSSAC, end referred to the smount
of applied starch ( see sleo table No.4 ). Resulting ere
64,5 to 65,0 1iters of ethenol ( 100 % ) per esech kge of
starch, converted by snzymee in‘o fermentable suv-er.

In accordance with the capecity of the plant the process

of fermantetion ie conducted in s betchuies manner, if
emall or middle~eeized, snd in 8 continous wey, if the plent
is of o larqge ecale of more then 180.000 1itere per day.

To aubmit e bseic impression of such o betchwise proceasesing
of atarch conteining rew meteriels to slcohol, @ short
description of menipuletions will follow:
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Two pre~farmsntations sre oo.rated in sn slta.nating uay,
charging 10 X of mai~ farmanter net volume within 12 hours
with sn sdaquste amount of yesast. Some of tha veast, gainesd
by auch procseding, is left ir the pre-fermsntar to start
the aubesequent step; every six hours, a main fermentation
can be etrated. The first 12 houre are utilized for slow
intake of asubstrate and eoration, in ardsr to continue tha
propagation of yeast. From the time, the main farmanter
has got its complete filling at net volume laval, snother
28 to 38 houre of faermentstion will follow. For madium
eized planta s special " aterting " - fermentar inaarted
betwean pra-fermantation and mair-farmentetion, will be
adviaable.

All the individual steps can oe lirked togathar by soma

sfforta in automatization to an"elmost"~- conti~uous procasa.

Now it ie quita eimpls to sxplain tha continuoua procsea.

Pra-fermentation is mede in continucue way, diacharging
ites ovsrflow into the first vasael of a line of 6 maine
farmantars; here the substrave, coming from the saccharie
fication department, entere ss well. The last main-
fermantar of such a line Jelivers the alcoholic maah snd
all ite yasst to the diatilling column.

R plent in large scale of producing 240,000 litars of
alcohol par dey, under ths conditions of uaing atarch
containing rew matsrial, as for exampla corn, will coneist
in ita farmentation depsrtment of
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1 starting farmenter ( to atert the procsss )
2 x 1 pre-farmenter of 50 m3 groase volume
2 x 6 main-farmentera of 500 m3 groes volums ssoh.

the asverege in residentisl tims i{n the mein farmentars
ot 90 X nat filling will be ebout 45 hours.

A eimplifyad flow-eheet of @ dapartment for ocontinuoua
fermentation, beasd on atarch conteining raw materisla
end se just dascribed, is reproduced in diegrem 2. The
process can be euperviesd by 1 man per shift only es no
centrifugation of the elcoholic meah tekes plecse.

For bilotechnologicel reescns the proceaaing ia divided
into two distinct lines, making cleening snd aterilisstion
of the aguipment eseier and without etopping complately.

The " atillage ", remaining efter dietilling off ths aloohol
in the firat column, etill containe valueble subetances

for enimal fesdinp beatdmn tha nrctei, wnd vitamina of
yeeat. Subasquent concentration of seid liquid end finel
drying of tha concentrsts makee it possible to obtain o
enimel fead additive of about 30 % of crude protein. The
quentity will be in the rangs of B0OO - 820 kge dry metter
per eeach 1000 1 of ethenol, providing e conaidsrable
revenus end making the whols process more fessibls end free
of weete uwatar troubles.




As & eummary it can be concluded thet bio~-tochnology of
todey 1 prepersd to p-ovids Arocnn0ns qu sconomic cone
version nf renawsble scurces. Ws ars sllowed to be
convinced that eech etep fcruerd in the reslisstion will
bring better proof of man's knowledgs and further progrsas.

Now the time hes coma when bio~technology ehould become
ona of the leaders in progrens, as in tha leaat decades
end sspecially in the rfimeld of enerqgy proviesion, the

progrese in our world was not always s rosl one.

Why should the dsvelopning countries not ues thair chance

to recover a certein part of the gep to devmloped countriol
by utilizing thelr richnece in eunrhine and the produotivity
of photosyntheois? Manpowe: ie svaellable ss well and (T]
fermentestion processes cen be treced back to antiquity

their neture hao morse transparence than other techniques,

Ite ~lose connection to ng loulturs offara ne of the beat
pathweys Lo soetiviusuiy oy lformotion oy treinad technologiete
end skillad opsrstore, forming @ pool to aelect in nesr

future the tripulatione for plents running more sophieticeted
processss.

- END -




-16-

{rom molasses

1 ~5% in losses (waste air, waste water, efc)

)
~36% in produced Slop with 58% d.s.m.
100%
énergy |in molasses !

——

~54% inproduced alcohol

N

e ~40% energy input for process

({uel oil, eiectric energy)

table 4 fiq.1a




{rom

crn

anerqy

1002

in corn

~5% in losses (wasie air, waste walw,ch)

!

~3A% in Produccd feed stuft wilh 2% d.ms

)
|
Lomm e

ot

~L\3°/. in Produccd alcohol

_____ .—~58% energy Input {forprocess

(fuel ail, eleciric energy)

toble 1 fiq.1b




auxiliaries for preperation of raw material

for production of 1000l alcohal 400% in fermentalion

raw material

Process

molasses

contiun.

SU?I' cane

contiun,

corn

contiun.
"Convert "

discont.
"Henze"

steam (with Qbar abs.)

Loo + k50

1100+4200

1300+1350

2000+ 2450

electrical energy

Jo: 35

co.180

cad20

ca.lo

process water

cooling waler, 20°C

8,0

3s

40

90

0,5

12,0

300

Ls,0




Input of raw material

for production of 4000l alcohol 100% in ferment.

raw material . molasses |sugar cane [ corn
kgs raw material 3270 14100 2530
% ferm., Sug ¢ in raw material 900 4 12,8 "

% starch in raw material L 62,5
ks fermentable sugar 1635 ¥ 4805

kgs total starch 1584
=~ kgs not utilizable starch 27

= kgs utilizable starch } 1554
~kgs losscs 19 189 % b
=kqs to fermentacion 1616 " 1616 1548 »

" as fermentable disaccharid (saceharose)

2)
3)

as utilizable starch

in bagasse, torta

table 3




~72:92% ot to alcohol.
05+15% not sacch, starch
~04% residual sugar
33+38% for production of
glycerol, aldehyde esters, ete,
30+35% for productlion of
Yeast, etc.

~900+920% yield of alcohol
(644+65,8 Lalcohol 400% pra 4ookg
utilizable starch)

~0,8% alcohol-losses




)

)
ooy |95+
theor. 925%
aleoh. pract.
yield aleoh,
y ield

| !

~61+17% not to olcohol :
~0k% residuell sugar
33+38% for production of

30+35% for production of
yeast, etc.

~%45:-92,5 % yield of alcohol

(62:631 alcohol 400% pro 400kq
fermentable saccharose )

‘% olcohol-lossegs

lable 5

glycerol, aldehyde, esters, ete.
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