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THE ALCOHOLIC FERMENTATION 

for the production of POWER ALCOHOL, whet moan« the alcohol 

for tha uee aa fual in motor cara, or dahydratad alcohol 

aa feedstock in chamical induatry. 

Tha production of auch alcohol, baaad on tha uaa of re- 

newable aourcaa lika whole pianta, fruita of planta or 

weeteo of planta in induatrial acala ia to bo dona with 

apaclal amphaaia to anergy aaving during tha procaaa in ordar 

to Juetify auch undertaking. 

Tha anargy which ia characterizing tha POWER ALCOHOL aa a 

liquid anargy carrier haa baen accumulated by photoaynthaaia 

in various raw materiale aa sugar, atarch, calluloae, 

pantoaanas and tha like, accompanied by proteina, fata, 

organic acida and inorganic compounds. 

For the fermentative treneformation of auger end eterch to 

ethenol, the mein pert of eolide, available in tha raw 

neteriela, ie used. The remeining orgenic end inorgenic 

compounda are to ba found in tha aocalled elope or atillage, 

e heavy polluted liquid, running of the bottom of the die- 

tilling column. 
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In principi«, w. have to dietinguieh ihre. diff.r.nt groupe 
of raw materiali, aa thara arai 

Sugar oonteining aolutiona 

•tarch containing auapanaiona and aolutiona from tho 

oallulooa induatry. 

Exemplee for tha firat group ara 

can« molaaeae, 

baat molaaaaa and 

Juicea from augar cana or augar baat, 

Boaido tha main product athanol tha following by-produote 

can be obtainad from raw matarlala belonging to tho firat 
groupt 

- pura carbon dioxyda, which ia fraa from oanooroganio 
eubatancat 

- foddar yaaat of tha Saccharomyoaa etrein, containing at 

laaat 50 %  of valuable protein« 

- concontratod elope *e an animal feed additive or aa liquid 
fertilizer. 

Tho aaoond group of atarch containing raw matarlala compri 

• corn and eorghum 

- barley, whaet end rye 

- potatoee and ceeeava, finally aleo 

- ataron containing waataa. 

eae 
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The by-proöuov. or   tn.<ü yi't-up Au a \tuiohoiê eupplemont 

for animal  f«ualng,  containing 20-3C % crude protein and 

available either «o concuntratad dope or dritd food 
«tuff. 

To the liot  çrcup of a::-.  r-3t:uiule urn bilongl nQ 

- eulfitc wests liquor of  thrj c-.lluloae feetorioe ond 

- hydrolyoet«  of cslli-locn containing producto. 

Beaidee hnaooce, which aro rospannibla for the formation 

of othanol,   -,).ro   i cunr.itfrzablo p-irt of pontoaee and other 
organio compaundj am praiunt in uuch oolutiono. 

Tho attceh-ir:   tablo  1  tjivoi  -; renarci view ovor tho energy 
repartition. 

Figure 1a ohcwi tî.ia repartition tifter procoaoing of corn, 

moanwhilr firyjcr :; -nrv„ it ü?tji: prcenceing of molaaaaa. 

Detailed deti  h.-vw nltocdy hj:n, «iwar   in ono of tho pra- 
coedit.j r«porfcr, 

Tho lnocof) nra  n» uscri by 

- trenefornction into f:*r..-,nntctien hoot 

- material ¿¿«coo thrrigh - preparation of raw materiale 

- alorhal longea through eaoaping 

cid    - cleaning loeeoa. 

Ao for ao thr  preparation *f raw nntoriol ie concerned,  tho 

throe g?9upn  dr»ffir eoniildsrnbly In th« psoosodlnga. 
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Sugar containing  solution» like  diluted molata«« or Juica« 

of cane or beat  are  treated in a  continuou« uayt 

After preparation of  u well dstarminsd concentration,   either 

by dilution of  by  pre-concentration,   the aolution  ia  to 

be clarified by sedimentation or centrifugation in order 

to separate aome   sludge which  might   influence  the  sub- 

séquent fermentation   in a negative   sense. 

Hasting up of  the  sugar containing  substrate followa,   in 

order to minimiza  the  risk of undeeirad salvage fermentations, 

which are occuring without sterilization.  Some metabolites 

of such irregular  fermentations  are  toxec for our yoaat 

and therefore reponsible for longer  fermentation times end 

for reduced yields. 

Regarding the utilization of starch  containing raw materiale, 

the preparation  of a  fermentable aubatrate  ia done after 

adequate cleaning  or  psshing,   grinding or rasping  of  ths 

csrnsla or tubers.  Next step  is  the  liquification of  ths 

starch ptrticlss   by  heat,  assit¿sd  by  the activity of 

alpha-amylolytic  enzymes.  The  reeulting suspension  la  now 

treated by amyloglucosidic enzymes  to continue the degrada- 

tion of stsrch  to  soluble and  fermentable augara. 

As for the third  group of raw materials sulfite waste liquor 

is the mein representative.   Its  application ia prepared by 

stripping off  the  inhibiting substances such as SO-,  before 

inoculation of yeast  strains resistant  to low pH-veluee. 

The enzymatic décomposition of cslluloss is considered as 

a future wsy in  the exploitetion  of  cslluloss.  Nowadays,   ths 

process is not sufficisntly mature  for an economic application 

in  industrial seals.   For ressons of  energy economy ths 
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the known prooeaaaa with acid hydrolysis are not feeslbl« 

•nouQb for th« industrial production of othanol. 

Tha ancloaad tabla 2 givee a rough aurvay of tho consumption 

flQuraa for utilitiaa for tha preparation. 

The data rafar to 1.000 1 ethanol calculated at 100 %  and 

eorreeponding to 794 kg). 

The attached table 3 shows the utilisation of raw material 

for the obtained quantltioe of fermentable eubetenoe durino 

the preparation. 

1.000 1 ethanol produced in the fermentation reoult after 

dietillation and dehydretion ini 

- 972 1 "power alcohol" with 99,8 %  vol 

- 20 1 technical aloohol with 93 %  vol 

- approx. 7 1 fuaal oil. 

Th« fe-lentation is a mlcrob ilogicel convare, jn of hexosss 

to ethanol and carbon dioxyde. 

Tha baeic equation let 

C6Ht2°6 " 2 C2H50H * 2 C02 • H,X0M • «th.nol •. carbon 
dioxide • heat 

Inevitably different secondary producta ori inete from this 

conversioni 

- Yeaet dry substance 

- glycerin, organic acida, estar« 

- aldéhydes and 

- fuael oil 

^ 

*i 
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It li evident that the production of alcohol •• a fual 

additiva eeks for advancad tachniquaa in ordar to moat 

tha economic raquiramantt of POWER-ALCQHOL-PROGflAflSè 

Batchwiaa proooceing haa baan uaad till now in tha moat 

caaaa, aa tha eaize of the equipment wae in the range of 

obtaining 26.00D -  30,000 litere a day. 

Aa  the planta to produca POWER ALCOHOL ara to be built in 

the ranga of 100,000  to 500.000 litere of alcohol production 

par day,  it la inevitable for economic reeeone to uaa aa 

much ae poeeibla  tha moat advanced eclentiflc end bio- 

tachnologioal knowledge for the engineering of euch  ine- 

tallationn. 

In tha ephere of enzymatic convereion taking placa by tha 

activity of microorganisms during  tha  fermentation  it la 

advlaeble therefore  to provide optimal  conditions  for tha 

aalected etrein of eoccheromycee cerevleieo,  ae far aa tha 

offer of eugera and aaelmileble nitrogen,  nutrient aalta 

like phriphatee and aouroee of potaeeium,    eodium,   celcium 

end megneeium ara concerned. Further cere ehould be taken 

to  the environmantal  conditlona for the yeeet cella  in tha 

maeh, ae there ara  tha pH,  tha temperature,   the offer of 

oxigen for better multiplication end a certain mixing 

lntaneity,  reaponaibla for homogenic upteke of nutriente and 

for quick elimination of the cerbon dloxyde,   formad by tha 

anaerobio aeteboliem. 

Laet but not laaat it le to mention that the dealgn of 

equipment and tha process itself ehould be plennod In consi- 

deration of tha fact that the full eucoeee of aueh planta 
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li only givan.if tha risk of unda.ir*d and d.trim.nt.l 

farmantationa, cauaad by bactaria and molda la kapt undar 
complata control. 

O.panding on tha raw matariala and th» poa.ibiiity of 

•xtr.cting valuabla by-producta, tha following proeaaaaa 
•ra uaadt 

- continoua  fermentation procaaa or 

- aami continoua  farmantation  procaaa 

for tha purpoaa of  providing 

- low inweatmant costs 

- low consumption of anargy and 

- low running coata 

Th. procaine, of sugar containing aolutiona for f.rm.nt.tiv. 

conw.raion of carbohydrst.a into alcohol in t.h. larga .cala 

of POWER ALCOHOL production i. don. in . continoua way. 

Th. yaa.t i. .aj.r.t.d at th, .nd of th. f.rm.nt.tion by 

cantrifugaa and its main p.rt i. racyclad to tha firat 

vat of tha farmantar lina. 

Vigoroua yaa.t call. „. th. r.ault of thi. proca.ding, .„d 

a ralatiwaly high concentration of bio-maa. can ba kapt 

in .uapan.ion. Tha raaid.nti.l tima of th. *..h 1. k.pt 

•hort and in th. rang, of 10 - 12 hour., on th. oth.r h.nd, 

high conc.ntr.tion. of alcohol ara obtain.d .«ally, .. tn, 

• M»h " or » baar « i. l..ving th. liit f.rm.nt„ -Uh 

8,S - 10,5 %  in volume. 
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The yeaat cream, obtained hy centrifugetlon of the alcoholic 

meeh, ia panaing a treatment tank before ra-enterinq tha 

procaaa in tha first fermentar, in order to kaap tha riek 

of bacterial infectione at a minimum. 

A email part of tha yaaat ia harvested and uaed aa a valuable 

protein eourca, either for human oonaumption or for animal 

feed purpoeea. Such harvaating of bio-maae makes it necaaeery 

to aereta tha maeh «lightly in the firat fermenter, Juet 

ee much aa to multiply the yeeat cella in the range of the 

crop. Such proceeding cen be made raeponaible for keeping 

all yeaat calle in a young etata, giving no poaaibilitiee 

for too long a atay in the eyetem j tha number of warn out 

celle le kept therefore et a minimum. 

8y the preeence of such a high number of vigorous yaaat celle, 

aa it ia given by at leaat 15 grama of yaeet ory metter per 

liter, the converaion of sugar« to alcohol ia faat and 

finiehed within 12 houre. The groee fermenter volume of the 

whole eyetem ie therefore kept «mail and in the range of 

6 - 7,5 m3 per each mno litera of daily production. 

Providence egeinet diaturhing infectlona ia made by the 

fact that the alcohol itself ia choeen aa a vary affective 

inhibiting factor againat growth of bacteria. Different 

to batchwiee processing the contlnoue fermentation proceea 

ie «voiding the ir.itiel period of each batch, when the 

alcohol concentration le betmean zero and about 3,5 %. 

The reëidential time of tha auger conteining mash in the 

firat fermenter la dimensioned in a renga of about 3 houre, 

aufficiant for the yeeet in Ita conaiderable concentration 

to meintein the alcohol concentration to maintain the 
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•lcohol concentration conetant and at • minimum lavai of 

3,5 - 4, j %t   Such a level can JB kept only by ucycling 

of aufflciant yaaat calla from the la.t farmantar to tha 

firat ona In order to compenaete tha waehing-off affact. 

Anothar important feature of a well-guided cintlnoua 

procaaa la tha fact that tha provided multiplication 

of yaaat call, in tho firat part of tha cycla ia not 

only companaating tha harveating of a certain percentage 

of blo-maea, but oloo keeping the yaa.t celle in e vigoroue 

atata of high fermenting activity. No chance ie given to 

the alwaye renewing blo-maao to grow old end worn out, 

ahich ie connected with a atop of meteboliem, eettling 

down to the bottom c,f the fermenter end offering en 

excellent aub.trato for becterlel growth by loeing the 

proteinacioue call contant after breeking up of cell 

walla. 

Tha alcoholic yield voriea between 91,5 - 92,5 %  of che 

theoretical yield eccordinn to the equation found by 

CAY - LUSSAC, and referred to the amount of evailable 

•ugar. heeultino. are 6? to 63 litare of ethanol 100 % 

per eech 100 kg fermentable eucroee, or 105,3 kg 

fermentable mono-eeccheride of hexoee etructure. 

Oepanding on tha over-all capecity of the plant 6 to 10 

cloaed fermenting tank« ere opereted in a eubeequent 

line, overflowing one to the other. Tha formation of 

alcohol ie depending on tho preeence of vigoroue yaaat 

calle end temperature of the meeh, coming to an and by 

leek of eugar and by tha inhibiting effeeta of higher 
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•lcohol c ncentretione and incr asad influence o    oanotic 

preeeure by accumulataci infermentable aubetencee. 

To keep  the whole ayatem  in a fast fermenting  state,  not 

only the firet fermenter  in  receiving a  aupply of sugar 

containing aolution.   On  the other hand,   the  leat  three 

veeeela receive nothing  but  the overflow of   the proceeding 

one to convert the remaining sugar as far  aa  posaible to 

»lcohci and  to avoid loases  of yield oy content of unfarmented 
euger in the aubatrate  leaving the last  fermenter. 

The leaving  liquid  ia  pumped to a battery of  centrifugas} 

meanwhile  the alcoholic mash,   free of yaaot  cells,   ia 

tranaferred  to a intermediate tank before  dietilling,  the 

yeeet auapenaion ia conducted to a special   treatment at 

lowered pH,   before it  reentera the firet  fermenter in a 
continoua flow. 

Without additional  provisiona  30 - 40  kge  of   yeast dry 

matter are geined per  each  1000 litara  of  alcohol;  in 

caee of hervaating  this  amount of hio-mase,   epproxlmetely 
1  metric ton of dried fodder yaast can  oe collected par 
30.000 litera of alcohol  and day. 

A  oertein pert  of  the  yeeet  suspension,   coming  continuously 

from  the centrifuges,   will  be subjected en  additional atap 
of centrlfugation in  order  to reduce the amount of 

•ccompenning unfermented eubatances and  to give  the 

poaaibility to recover  the  alcohol preaent  in  the environ- 
mental  liquid of the yeeet  cella. 
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Th« y.Mt criiffl will h«w. no« . dry aubatanca contant of 

•boot 18 % «nd i. rudy for . th.rmal traatm.nt to crack 
op.n th. cu „,!!, b8for. dfylng# Jh9  drylng itMif ^ 

parformad by drum dryara or apray dryara. 

A. «n axampl. « piir,t for tha production of 10.000 litara 

of alcohol ( 100 %  ) p.r hour ah.U ba daacrlbadt 

Tha fio« of maah «ill ba to 100 m3 pat hour, if tha 

final alcohol concantration oould ba kapt at tha lavai 
of 10 %. 

Th. aqulpmaot n.c.a.ary to próvida th. f.rmantativa oonv.r.lon 
of aug.r from mol..... uin  00n.lit of th, folWng unlt-| 

- 1 pura oultura vaaaal of 1 m groaa voluma, 

- 2 pra-farmantart of 25 m3 groaa voluma, ua.d aa vaaaala 

for intarmadiata tra.tm.nt of yaa.t auap.naion during 

fi« ti», of continuous roc.aaing. Cng.çim.nt of tha 

t«o vaaaala as prafermantar «ill b. nacaaaary only, 

«han tha procaaa la atartad aftar a long.r p.rlod 

without production, 

- 7 main farmantara of 200 m3 groaa voluma 

- 2 noirla-cantrifugaa for a throughput of 60 .3 of 
maeh par hour oach. 

For tha harv.ating of bio m.aa in abundanc. tha follo«in« 

•qulpmont la nacaaaary» 

- 2 noxrla-cantrifugae for 10 m3 througput par hour, 

- 1 unit for tharmolyiing yaa.t by ataam. 
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- 3 drum dryero for 1S0 kg of dried yeaet par hour. 

Tha production of drlod foddar yaaat will ba between 7200 

and 8400 kg« par day. 

A almplifyed flow-eheet of auch a famantation department, 

aa Juat deecribod, ia raproducad in a diagram 1. 

Tha prooaaa itaelf can ba dominatad by 2 man in a ahlft 

aaally, ono for euporvielon of the farmentere, tha other 

to operate the centrifugée. 
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Thfl proceoeing of ataren co taining  raw meteriale la to ba 

dona in  a  diffarent way,  as tha preparad austrete,  raady 

for fermentetion,   will  contain  a  conaidaraola  amount of 

aolida,   auch aa husks,   hulls,  'lores and tha like.  A proper 

aaparation  of such  ingrsdianta  would cauaa  to  high a 

consumption  of anergy  on one hand,   and coneidereble loaaaa 

of yield  on  tho other  hand,  aa  considerable  quentitiaa  of 

atarch  la  etili  linked  to auch  particela,   finally it la 

to be mentioned that  the vary leet  atap of  aaccharification 

happene  in   tha fermentera itself,   after  the preeent sugars 

have been  partially  converted  into  Alcohol,   giving apace 

for further enzymatic  degradation of atarch. 

The tine of  fermentation is considerably longer,   therefore, 

and kept  in  the  range  of 40 - 50  hours;   the  second reeeon 

beaidoe poat-aaccharification in  the fermenterò  ie the 

fact  that  yeast cannot  ba recycled  after centrifugation 

of the  fliaeh.   The high  contant  of  aolida  la  prohibitiva 

to auch proceeding,   es  the nozzlee  of the centrifugée will 

will be  clogged within  seconda. 

To finieh  the treneformntion of  sugars  to  alcohol  in  the 

mentioned period,   epecial emphaaie  is to be given to the 

eteedy propagation  of  new yeaat and  to really uniform die*» 

tribution  of  call»   in   the brotn. 

Yeast propagetlon  ie provided by e  eufficiently high offer 

of oxigen,   edequete offer of nutriente like nitrogen end 

phosphate,   end low pH as protective measurement egelnet 

bacterial  growth during the period of pre-fermentetion. 
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In  th. main fermantere further aaratlon  takee placa  to 

continua tha growth of yoaat  population and to homoganlxe 

tha broth,  In  tha firat etage of fermentation. 

Aa  aoon aa tha  conoantratlon  of tha alcohol  haa raachad 

a cartaln level,   tha aaratlon la .topp.d  and tha aama 

lnatallatlon la  uaad for  tha  «wanly distribution of carbon 

dloxyd In th. liquid ln.ta.d of air.  Thu.   tha r.cup.ratlon 

of  C02 aa a by-product can  ba dona without  any perturbation 
by  nltrogan and  oxygen. 

A  final concentration of  alcohol in  tha  ranga of 8,0  to 

a.5  * by voluma  can ba raachad.  Tha alcoholic  yiald v/arlaa 

b.twa.n 90,5 and  91 % of  th.  th,0r.tic.l  v.lua,  according 

to  tha aquation  of GAY-LUSSAC,  and r.f.rr.d  to tha .mount 

of  applied etarch   ( «.• .i,0   tabi. No.4  ).   Ra.ulting ara 

64,5  to 65,0 litara of ath.nol   ( 100 % )  p.r  ..ch kg.  of 

atarch, conwart.d by enzym«.  in*o farm.ntabla au->ar. 

In  accordance with th. capacity of  the plant   th. proca.a 

of   farmentetion   1. conducted   in . betch„iea  manner,   If 

•«all or middl.-a.iz.d,   and  in . continoua  way,   if tha plant 

1» of a larga ecala of mora  than 180.000  litare per day. 

To  aubait e be.lc   impreeeion  of euch . b.tchwiee procaa.ing 

of  atarch containing raw material, to alcohol,   a ahort 

daacription of manipuletlone  will folloni 

\ 

M 
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Two pra-fermentetiona are ocreted in an elte^neting way, 

charging 10 %  of main fermenter net volume within 12 houre 

with an adaquete amount of yeaet. Some of the yeeet, gained 

by euch proceeding, ie left ir the pre-fermentar to etert 

the eubeequent step; every six hours, a main fermentation 

can be strated. The firet 12 houre ere utilized for elow 

intake of substrate and aeration, in order to continue the 

propegetion of yeeet. from the time, the mein fermenter 

hea got ite complete filling et net volume level, another 

28 to 38 hours of ferroentetion uill follow. For medium 

sized planta a special M aterting " - fermenter ineerted 

between pre-fermentetion end meir-fermentetion, will be 

edvieeble. 

All the individuel atepe ctin  oe linked together by same 

efforte in eutonatization to an"elmost"- continuous proceee. 

Now it ie quite pimple to explein the continuoue proceee. 

Pre-fermentetion ia made in  continuous way, diacherging 

its overflow into tha first veeeel of e line of 6 mein- 

fermenters; here fnr.  9ubr,tr«vo, coming from the eecchari- 

fication deportment, enters se well. The leet mein- 

fermenter of such a line delivers the alcoholic meeh and 

all ite yeeet to the dietilling column. 

A plent in large scele of producing 240.000 litere of 

elcohol per dey, under the conditione of ueing etarch 

containing rew materiel, ee for exemple corn, will consist 

in ite fermentetion department of 

\ 

WJI 
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1 starting fermenter  (  to start tha prooaaa  ) 

2 x 1 pre-fermenter of 50 m3 groaa voluma 

2x6 mein-fermentere of 500 m3 groaa voluma aaoh. 

tha everege in raaldantial tima in tha main farmantara 
at  90 % nat filling will be «bout 45 houra. 

A  aimpllfyad flow-ahaat of a dapartmant for oontinuoua 

farmantation,  baaad on ataren containing raw matarlala 

and aa  Juat daecrlbed,   is raproducad in diagram 2.   Tha 

prooaaa can ba euperuleed by 1  man par ahift only aa no 

cantrifugation of  tha alcoholic math takaa placa. 

For  biotachnological   reeaone   tha  procaaaing  it  divided 

into two diatlnct  linaa,  making claaning and atarlliaatlon 

of   tha equipment  aaaiar and without atopping completely. 

Tha  " atillaga  %   remaining after diatilllng off  the aloohol 

In   tha firet column,   atlll containa valuable aubatanoaa 

for  animal feedinn  hfiHin the ^retain und vitamina of 

yaaat.  Subatquant  concentration of  oeid liquid and final 

drying of the concéntrete mekee it poeeible  to obtain a 

animal feed additive of tbout 30 % of crude protein.  Tha 

quantity will be  in  th» rtnge of 800 - 820 kge dry metter 

par aech 1000 1  of ethenol,  providing e coneiderabla 

revanue and making the whole proceee more feeelbla and free 
oP  weata water  troublée. 

WW 
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Ae • eummery it can b« concluded that  bio-toohnology of 

today  la preparad  to p?ovJda proc-isaes   for  economic  con« 

varaion of  renewable aourceo.  Ule ara allowed  to ba 

convinced  that each  etap   fcrwerd in the  reeliaation  will 

bring batter proof  of man'a knowledge and further progreee. 

Now the time  ha« coma when  bio-tochnology  ahould become 

one of  the  lead»•  in program,   a« in  the  leet dacedee 

and aepecially in  the field of  energy  provleion,  the 

progreea in our morid ua«  not «lwaya a  real one. 

Why ehould  the developning  countries  not  uaa   their chanca 

to recover e  certein port  of the g.p to  developed countri.« 

by utilizing  their  richneoa in eun^hine  and the productivity 

of photoayntheoia? Wanpower  la available aa well and ae 

farmentetion  proceeeee can   be  traced bact<  to  antiquity 

their  nature  han more  traneparence than  other   teohniquee. 

Ita -loaa connection  to  no   loultur« offnra     ne of the beet 

pathweye  tu *.ti«ü*«w  c..u   foi-metion m   treinod teehnologlata 
end ekilled operatore,   forming a pool  to  aelect in near 

future the tripuletione for planta running more sophiaticet.d 
proceeeee. 

-  END - 
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tfnergy 
Î00% 
in mola ss «s 

•from molasses 

I I   ~5%   in losses (waste oir, waste wafer, etc) 

-36%   i« produced  Slop with 58% à.S,r*. 

^5^% ¡«produced  alcohol 

k0% energy input for process 
(fuel oil, electric ene^y) 
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írom corn 

«•<M 

~5%   in losses (waste air, wast« wo>er,#te) 

•*3fl%   in producid   feed stuff wifo ^2%. d.m* 

*.r W ¿S% m produced   alcohol 

56% energy Input -for process 
(Wloil, eledric «n«r<w) 

table A <ig.1b 
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auxiliarics  W preperation <rf raw motera 

for production oí >fooo I alcohol 1oo% m fermentaron 

raw material 

process 

Steam (with 3barabs.) 

electrical energy 

process water 

j    cooling water, 2o*C 

kgs 

kWh 

m 

m 

molasses 

contiun. 

tao + l+5o 

3o*35 

8,0 

0,5 

Suyif cane 

COniiun, 

Corn 

11ooM2oo 

ca.18o 

3,5 

12.0 

con+iun. 
Cower 4." 

i3ooM35o 

di 5 coni. 

"Henxe' 

2ooo*2«o 

co .12o 

lo 

3o,o 

co .7o 

%o 

US.o 

tabi« 2 
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Input of raw material 

•for production of 4oooI alcohol 400% in ferment. 

row material . 

Wegs raw material 

% -fern. Sug ^ in raw material 

% Starch in   raw material 

molasses 

327o 

5û,o i) 

Sugar cone 

'Moo 

kgs fermentable sugar 

kgs total starch 

- kg s rot uVilizable starch 

— kgs utiliza ble starch 

-Was losses 

kgs  to fermentación 

-1635 *) 

-M 

4616 1) 

' as -fermentable dtsaccharid  (saccharose) 
Vi 
' os utilizable starch 

*>   ; in bagasse, torta 

12.8 <) 

4805 <) 

48°, « 

4616 •) 

corn 

253o 

62,5 

1561 

27 

1554 

1548 « 

table 3 

li 
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ujcoholrvield from raw material starch 

*7,2-^,2%   not to alcohol; 
0,5H,3% hot sacch. starch 
~0fr% residual su^air 
^3+3,8% -for production of 

glycerol, aldehyde, es\er$t§tc. 
$0+3,5% for production of 

yeast,eie. 

-%0r<ìlQ%   yield o¡ alcohol 
(6ty*+ 65,6 1 alcohol 4oo% proíooUg 

utilizarle starch) 

••-*        h^ ^ij    ~M* alcohol-losses 

table U 
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QICQHQI-yield from  sugar-solution 

~ 6,1*7,7%    noi to alcohol: 
~0,U% rest du ell Sugar 
9,3+3,5% for production of 

qlycvol, aldehyde, esters, etc. 
3,0*3,5% tor production of 

y east, etc. 

-91,5^2,5%   yield of alcohol 
(6Z>631 alcohol 4oo7» pro 4ookg 

fermentable Saccharose) 

S    ~0.&*/» alcohol- losses 

table 5 
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