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Owing to the Irte Submission or non-subraission of RIPIC  prpere,  it 

hft not been possibile to dißtribute in "dv^nce r complete Bet of pep«re 

to «roh pprtioiprnt rr orifinrll;   planned.    To remedy the pituftion, 

this revietr, vhich is pn informai prper,  hf-s "been preprred b;   the UHIDO 

Seoretrrirt to help prrticiprntp in rppimilrting the peperp ->nd to guide 

the diPcupsionF during the Workshop.    We rpclogire for rn¿ omissions or 

misinterpretations. 

1 * ABBfBBment of rltemrtive TTVT mFterisls for fermtntrtjon rlcohol 

1 •1       Psveloping oountries* Jgoli?iti for onwff rnd the environment 

1,1,1    y*«d for eelf-relirnce rnd eelf-euffioienc^ 

p) Q*nerrl vie^F on induetrjpl development 

All ruthore resume thrt there in r need to promote industrieli- 

BPtion of developing countries.    At the pnme time, the;  et rese the 

importance of choosing the right t; pe of industries.    Frit « 

•mphrsizee thrt  there ie the dmger of developing countries becoming 

more dependent  en the inflwtrif 11;   Fdvrnced countries thm thej were 

ft the time of colonirlißm if rdecmrte rttention is not given to the 

choice of industries, to the socirl  implications rnd to the cuestión 

of hovr these countriep mrj develop further on the basis of r nucleus 

of industriep.     There ie room for blrckmril if developing countries 

pre dependent on foreign countries for their breic needs.    Developing 

countries should  get rid of the enormous, economic *"nd therefore 

politicel pressure put «n them b;  the industrialized countries. 
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Several ruthors (e.g. Fritz, Moreirp. Símico, Ali, Meri otte) 

stress thrt,  in the energy  sector,  the  inorersing bilie for oil 

importe required to mrintrin the economie proprere in developing 

countries,  steer them into urcomfortable situations,  rnd in order 

to rvoid this strategie  risk, the;   should develop their own 

resources. 

At the prme time it  ir emphasized (A¿UPO, Krrrn,  Sunico, 

VichPrrngsm) thrt the economics of developing rnd utilizrting 

their OT'TI resources must "be right. 

This doesn't seem to centrrdiet Fritz's stftement thrt CJNP 

should not he considered the most rpproprirte mer Bure to reeess 

development. 

D) Acquisition end development of rppoprlrte technology, not 

neceegrril2 modern 

Fritz mentions ?s exrmple thrt despite its enormous output, 

Americf n-t¿pe rgriculture would not "be rpproprirte to developing 

countries.    The rcrmisition of the most modern technology, which 

is not necessrril;,  the most rppropripte, benrs the drnger of too " 

strong economic dependence on rich countries. 

Cm this Workshop provide m answer to the cuestión of whether 

fermt itrtion rlcohol crn be considered rn -^pprnri?te technology 

rnd whether it c?n serve PS ? brsie for further generrl development 

of the developing countries? 

Further, en: r  developing countr; ,  rfter hfving decided to 

embrrk on fermentation rlcohol production nnd utilization rfford 

not  to buy the most modern distiller;?    Presumrbl;,, no general 

pnever crn be given to this c-uestion. 

Mm;  ruthors  (e.g.   Ho re irr, Bejr/putrr, VichrTfnggrn,  Sunico. 

Mr riotte, Fritz, Brojm)  consider thrt fermentation rlcohol techno- 

logy  recruiring not too sophisticated know-hew,  provides r good 

bssis for industrirlizrtion.    It is generrll;   believed thst the use 

of this technology   hf s considerrble beneficirl effects on the 

improvement of rgriculture b;   increasing the rdded vrlue of 

pgriculturrl products,  ir.orersing employment opportunities (end 
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there*;   reducing eociel problems), rnd solving the problem of 

eurplueee of eugrr,  creepvr pnd other crope. • 

In m.rü¿-  countrieR there would be food opportunitiee to eetrblish 

rgro-breed industrie? hut, re Brovn putr It,  it i? difficult to 

•vrlurte hoir md "here to etrrt,  in view nf the deficiency   of 

rderuftel;  trainer* pereonnel rnd infrprtructure for industry. 

0) %1 J>^2Ì£nL0.*. JÚl°J$.tL&LSf.Jie.°kno.l ° £i Ç£.l.-"A scientific manpower 
pnd the brrin drrin 

Ali nwntionp thrt, "hile there ie p need to crerte poeitive 

mechrnisme to develop rurrl .-rere,  rgriculture muet he seen to he 

progressive pnd thrt there ie r neceeeit;  to prevent migration of 

populrtion to urbrn ?repsj    the rhortrgee of skilled mrnpovrer rnd 

the brrin drrin prevent thie kind of rurrl md rgriculturel development. 

Fritz indie?tep thrt out of 10 000 people, there pre in African 

countriep 6 ecientiptß, en¿ineere or technicirnp;   in APíP there rre ??; 

vhererp in the developed world there rre 11?.    Ali ppecificpll; 

indicrtep thrt in iri^n;   countries engtged in fermentrtion rlcohol 

production, there rre too fev microbiolo^iete, chemicrl engineer«, 

meohrnicrl engineer? Prtd biochemiete rnd thpt there rre no reeerroh 

pnd development rctivitiee of their o*m. 

Fritz mentions thrt rprrt from buying technology (the merne of 

production) it ie neceserr;  rlpo to bu; the mer ne for rese? roh pnd 

development work.    Agreemente on buying plpnts phould include 

lfborrtoriee end trrining frcilitiep. 

d) The need for technic.-l pnd technologicrl co-operation freong 

developing countriee 

Fritz:    Developing oountriee should ehr re experience araonf 

themeelvee. 

Botet    Addition?! opinion rnd commente pre invited on thie topic. 
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1.1. ?    Heed for studies on the ene 'g;  sector 

- Studies bj.  region,  coun-r?   rnd continent ; 

- Studies on different t¿pee of energ?   rnd the rvrilrbilit;  of 

skilled lrbour i or energy   production; 

- StrtuB of induBtr;   idth reppect to energ?.   production rnd consumption; 

- Locrtion of industry  rnd population distribution rnd their influence 

on choice of energy t;pe rnd size of energy  pl~nt; 

- Potentiel of energy  prodxiotion from rgricv.lture* 

- Energy réserver including licmid rnd eolid fuele, "ind., 

h; dropo'-er,  etc; 

- Utilities remiired for energy  generrting; induetriee. 

Ilhile the need for these ptudiep is generrll;   conpidered m 

«Bsentirl, it must be rerlized thrt there it often lrck of rdenurtelj 

trrined personnel to Cí rr?,  them out (Fritz ).    Wrn¿   countries ?re not in 

r position to rcruire relevant rnd relirble drtr  concerning their own 

reiourceB in energy, minerrls or even rfri culture. 

1 • ^ • 3   Socie 1 rnd e concai cimpfot of fermentrtion rlcohol product ion rnd 

energy plrntrtion 

It IB univerprll;.  recognized thrt if fermentation rlcohol ie to 

trke r mrjor pocition in the provipion of liruid fuel rnd chemicrl 

feedstock, high-; ielding crops euch rp eugrr c?ne -nd crpBPvr will 

hrve to be grorm on r much lrrger pc^le thrn hitherto.    There will be 

F  need for lrnd development '-'ith conpec-uent  crertion of employment 

opportunities.    Author? like Sunicq, Bro•,  Vichrrrngspn, Mqreirr, 

4il« M^riotte,  rmong nvnv otherp do not consider negrtivel;  the 

promotion of agriculture,  i.e.  exprnding,  rrtionr-lissing rnd intensi- 

fying.    It ie thought to be one of the better rnd  immedirte mepnet to 

combrt  socirl problems, to improve living conditions rnd to prevent 

the migration of population to urbm prerp. 

While the extension rnd intensificrtion of cultivation of crops 

like sugrr erne, C-EBCVP, etc.  provide opportunities for improving 

rgriculturrl strndrrds, there is ?1BO P need for further training in 

rgriculturrl production rnd processing. 
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Ali shows thrt developing cotmtries mr;; hrve the potentirl for 

pddition?l production of fermentation rlcohol in terms of rvMlrhle 

l?nd;    thrt there íB PIPO r  noed for further improving the ; i eld per 

hectpre (e.g.  cugrr erne),  md   '.hrt there is ofte    lrck of finances 

to develop cdemirte infrrBtruoture. 

The demmd being enormouE for lirmid fuels md puitrble chemicrl 

feedstocks,   it ie concluded th-t  the increreed  cultivation of sugr r 

end Rtrrch cropr; vould not "oreen the present preorrious position of 

'•'orld sugrr price;     or. the contrrr; , -" mrjor rrrrket outlet like ethrnol 

wuld hrve the effect of rrining i'orld sugrr prices. 

The ruthors pgree thft  indurtrirli^ption in developing countries 

is "beet "breed on rgriculture,  the letter being the potivitj  of longest 

tradition rnd one '-rhich could be improved most er sil; . 

The recniired degree of technologic? 1 development to produce 

fermentation rlcohol is considered to be pchievnble,  provided 

pdeewte trfinlng is given. 

The ruestion mrj be rr ised regrrding the pros rnd cons of intensive 

use of rgrioultur-1 mrchiner;/,  prrtioul^rlj in energy   plpntrtions.    It 

is knoim thrt mrn;,  developing count rief: despite rn rppprent vpst surplus 

of lpbour uBe ver;   expensive h; rveetere, ploughing machines, bulldozers, 

eto.  which hrve to be imported •• nd rre usurll,   poorl;   serviced.    Ali 

indicrteR thrt in Centrrl Americrn countries there is room for develop- 

ment of meohrr.ined r gricv.lture,   ooncidering the shortrpe of manpower. 

1.1.4   Environmentrl inrpnet of fermentrtion rlcohol production rnd „onerfc 

Pj^rjEot^tion 

r ) Nec^ss^^ojf^efnuent¡,Jt.rjertraent 

Most ruthors resume thrt fermentation rlcohol production for use 

re fuel or chemicrl feedetock vili hrve to be done in ver;  lrrge units. 

The effluent problems, well knoirn to the present distilleries,  vili be 

considerrblj   increased-    Hence,  trertment ie recniired.     Considering 

riso thrt b;   fcr the largest proportion of nutrients removed from the 

soil ty the crops is contrined in the flops, Kellj^,  Prince, Schreier 

rnd Krrrn_envispge pn efficient recycling process.    Thin recycling 

J: 
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to the soil iti"; be direct or indirect,  i.e. \   previous use re pnimrl 

feed ridditive (Lewicki) or rfter rdditionrl microbi'! trrneformation 

(SCP  or methf-ne) (Prince^ Mejjppth).    Technicrl md fersibilit;  pepéete 

of there processes pre disousEod under :•'•'.7. 

^) Prevent i on of ,fiicf0,Ile:sA'-tA°Il r:ic1 decortifioption 

Some outhore (M°undli_c, W^YJ^SIíSTfí) >irve shOT-.Ti th^t the popu- 

lation exploeion hrp rlrepd;.   led to devpntrtinf effects on the 

foreste     Inefficient ure of firevood,  even for cooking onl;,  creates 

rn exorbitrnt denrnd on wood recerves. 

Mound 1 ic proposée PIT efficient rlcohol humer which UFBB onlj 

p frrction of the energy  normpll;   reruired b;  T'ood burning-.    In 

Upper Voltr, wood corcumption per fornii;  rverrpee 4.C metric tone 

p.r.     This demrnd could be replrced V   I44 kg of ethrrol in finrl use, 

the efficiency  of the i-'ood herrth being r-bout  jfc or lees, thrt of 

ethp-nol to "be produced from molresee could repl-cc t^o-thirds of the 

trood reoiiired.    Similrr proporrle pre mrde b;  VicJ^rrngspn (Thrilrnd): 

UBO of rlcohol-fuelled etoveB ineterd of wood rnd rlcohol lpmpB 

ineterd of kerosene. 

c) Prévention of • tmoepheric Jgollujtio_nJb^_lejd_from motor err exh?uetß 

T'.e rnti knocking effect  (high ootrne rrtinL ) of ethcnol-blended 

gradine in internal combustion engines is well knovn.    Leed compounds 

trhich produce the e~me effect crn be replpced ^   rbout   15$ rnhjdrous 

ethrnol  in grsoline.    The poisonous effectr of 1er d from motor err 

exhruBts  in larpe cities mr;  be difficult to rairntif;   from the point 

of view of public health,  but thin Workshop mr;   tr.v to pssesc the 

decree of priority to be retributed to this repect.    Mojreirr et ri., 

Bejrrjputrr'  rnd Sun ico seem to consider tlie herlth problem to be of 

no inconsiderrble mrpnitttrte« 



1.1. f    AestBBment of e;thf noi -e r mr|or liouid fuel 

Mrriotte hrs Bho^ii thrt the #soline dornend in-developing 

countries locrted 30° North pntì South of the Error-'.or (excluding 

Brazil) ìB cbout LO million kl (ü0 OOO million litres) per p.nntun. 

Ethanol could rlref-d;  he considered to he r mrjor licuid fuel 

for developing countries if it could repl.-ce 15f. of thin e mount. 

It  it uncertrin if md vhen petroleum suppliée for uee E-B 

liquid fuel vili run outj    '-hrt in more likel;   ir thrt oil price 

inflation   ;ill continue to ßtr;   higher thrr the inflrtion of other 

commodity   pricee. 

Mrriotte he.B <-•..-loulrted th> t the production of 1? million kl 

of fermentation ethrnol,  representing the e h ove 15^ replr cement of 

greoline, Mould rerruire 'ii f rer of ? million hr of sugrr erne Trhen 

erne juice onl;<   is ueed for rlcohol production.    T'^ith rn investment 

cost of 10 billion UB*;,   including- effluent trertment, Mrriotte 

eptimrtee th't the r nrar 1 Ffvinps in foreign currency   could be 

1 billion US?., representing   the cort of rj nucle; r perer st^tione 

nà erurllinß 69 million tonf? of petroleum, 

Mpriotte furthermore ehowr thrt  of 9? developing: countries 

euitrble for ßup^r erne production,   ;j7 -re in Africr,  2~ in Asir, 

?7 in Americr rnd (• in the Sout'i-Se.-  Ielrnde.    Ir addition there rr« 

Borne countriee outßiue the envrtorifl region where r potentirl for 

the production of femontrtion rlcohol exists, e.£r.  USA (ueing corn) 

and S'reden (using Tood). 

Ingrrm reckons thrt r replr cement of çr soline b"   15$ vdth 

fermentrtion ethmol in Gurtemrlr "ould neceneitrte m inorarse 

of the present CPM Bugrr plrmt^tlone b;   r0-:,(3f if the present 

•xport molrssee ip utilized for this purpose rs irell. 



An increrse in prrble lmd rrea of this order íB possible (rbout 

391000 h.-). 

Schreier considers thrt the potential biomrss for energy  conversion 

is eouivrlent to 5 x 10?0 j p. r<j  r  smrll proportion of the totrl 

biomfes produced rnnwll;.-. 

Kell: , PE r result of m intensive stud:   in Queensland (Austrrlir), 

hris shown under »rtiich conditionr m industrielized country ,  dependent 

upon lrrge imports of miner? 1 oil,  cm hecorne r mrjor producer of fer- 

raentftion clcohol.    K»ll:; like other -uthors,  considers thrt the 

production costs should he such -e to mrke thir price of fermentrtion 

rlcohol competitive or nerr-competitive to  the price of greoline.    A 

competitive price could he obtrined under the following conditionr: 

Incrersing- the sugrr erne ; ield through breeding rnd cultivation 

prrctices to  160 tone per hr; 

Rrtionrlieing to its utmost the use of lrhour rnd rgrieulturrl 

mrchiner? .    This is considered possible in orgrnized plrntrtions of rt 

lerst  1,600 hr,   rnd prefenbl:   50,000 hr,  operated in shifts re in 

p mrjor industrial pl:nt; 

Processing the sugrr erne in distilleries sufficiently,   lrrge to 

process the yield from ^0,000 ha.    Mith r ; ield of  19,7 kl rlcohol per 

hf>, uhi eh cm then,  preEumrbl; , be obtrined from 'hole erne,  including 

cellulose h^droljnis,  r mrjor frctor in economizing the process would 

be rerched.    The present uorld rversge of nlcohol from sugrr erne 

juice is rpproximrtel;   4 Id per hr; 

Addition*1 rrtionrlizrtions hrve been resumed in the distiller; 

(see ?,1 rnd ?.£•). 

1 • 1 • 6   Fejjnentrtion rlcohol versus food production 

? ) Competition for lrnd between ,fe.rme, '*r"*• i£n _JTw mr* e3dLf * r^üÉ. C£2â-c-££2Eü 

lîr.riotte considers thrt ?  ÎJ?,- replrcement of gr soline b;  fer- 

mentrtion rlcohol, for which in -ll developing countries  3 million hf 

«f sugrr erne,   for exrmple, will be reev.ired, would, not interfere in 

£?nj' wrj tfith the required food production.    In Austrrlir,  r developed 

! 
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country, the reouired fermentation rlcohol c?n "be produced hy pdditionsl 

lend development (KellO.    In Auetrflir, the present demrnd of 14 01"p*f. 

of licruid fuel could be met bv utilizing on pre? of 3,250 km ,  seven 

times the extent of the present  Queenplrnd sugpr industry. 

The Br?ziliPn expmple is ^ell knovm, there is (Moreirr et el.) 

sufficient  lrnd reserve to develop their fermentPtion plcohol project. 

Be^ppjputrr  rnd Vichprrncspn indiCPte thrt there is ?t present excess 

production of crrboh^drrte crops in Thrilpnd.    Similprlj, Sunico 

emphrsizes the difficulties for sugrr on the export mrrket end expects 

relief in this respect if the Philippines rre Pble to moke use of 

their excess sugrr locrll; . 

Schreier considers thrt of the totrl biomrss of the globe, the 

proportion used for food is veirv smrll ?nd thrt the presenti;  rvpil- 

able biompss will be sufficient to cover world-wide energj  needs. 

Severrl puthors (e.g. Brown) indicpte thrt, because of P leok of 

infrastructure, molesces rre not nrde use of in man¿' developing 

oountries. 

Rot e J ParticippntB from developing countries ¡"re invited to comment 

on this point. 

b) Competition for ft^ro-industrj bj—products between production of 

fermentation Ploohql rnd rlternrtiye ueesA e,»jg«, rnlme.l fT**d 

The mnjor ngro-industripl bj-product is molrsses.    The biggest 

proportion is used for compounding rnimrl feeds, followed by use in 

the fermentrtion industries (ethrnol,  inker's ¿epst,  citric poid, 

monosodium glutrmete, feed jeret, butrnol),    As rlrerdj  shown Pbove, 

come countries hrve so frr not been pble to m?ke use of, or export, 

their molrsses to pn¿  significrnt extent. 

Ingrem shows thrt in Guatemale the present export molpsses would 

supply pbout },(%> of the fermentrtion rlcohol recruired to replace 15^ 

of the present demrnd of gesoline. 

Rote;  The recent OECD publication:    "Molasses rnd Induetrirl Alcohol", 

published bj the Development Centre of OECD, Prris 197C, should be 

considered. 

JjCrrrn estimates th't rbout 50$ of the gp sol ine dempnd in Fiji oould . 

be met b;   available surplus molrsses. 

v 
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1.2.1    logent j^ductivitleE £er_unit £.rep_of ¿rrble JLrnd 

There is gêner? 1 rgr'eement thrt the cropE suite'le- for fermentation 

elcohol production r.re those producing sugrr rrtd sti roh reservéis.    The;- 

ern produce high jields per h- rn<3 rre the most convenient for further 

processing to flcohol.    Sugrr erne is considered the crop xrith the 

highest potentirl,  followed h;   creprvr.     In some regions,   other pgri- 

oulturr-1 products,  euch ?s surplus brnrnrs, dp.tes,  figs,  crrob, sugpr 

beet, fodder beet p.nd cererie, mr;  plrj  ;   role. 

Yield figures emoted lr   rv.thore of this Workshop tre sho^n in Tfble 

1.2.1. 

Trble ¿-g«/! ..J^^i£*iAA'tAê.B..JBeZ .APÀljff-f.^À6. JUÉ. 

A.    Sugar .or-ne 

Yield 

t/hr 

Alcohol        Alcohol 
per crop   per unit pre-' 

1/t kl/hf 

Author Remrrkr 

54.4 66 

33.5-45.9 

50.4 70 
70-04 

70 60 

90 97 
160 123 

3.6 

3.6 

4.? 

CG 

19.7 

SPito 

Vichfrrngspn Thrilrnd,  present nversge 

Bejrrputrr Thrilancl, higher yield figures 

Ingrrm Centrrl America 

Mrriotte Uorld rverrge 

Kell; Whole etrlk (incl. tips) 

Kell; Ertrrpolpted to the mid 1900s 
in Queensland, 
vhole erne processing 

i 
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Tfble 1.?.1 (continued) 

B. CFBIPVP 

v,.,.   Alcohol   Alcohol *** "**.."!     "  "*" "-  _i_J* Yield   «*« „,.«« «„ „„<•»• ,«.-   Author Remrrkt per crop per unit f rer 

tAR 1/t 

1? .?-H.?5 

13.3 26?. 

160 

9.0 

50 

kl/hf 

Vichprsngsrn Thrilfnd 

Bejrrputrc Thrilmd 

Marlotte World pverpge 

1.4 Srito 

Prince Auetrrlip 

3.5 Kell: Auetrrlir 

?.o Kell: New vrrietiep pnd rgrl- 
culturel improvements 

C.    lb-lie 

Yield Alcohol Alcohol Author tempri« 
per crop     per unit rrer 

t/hf l/t kl/hr 

?.C 1.1 Spito 

2.00 236 Bejrrputrp      îhPilrnâ 

D. Molasse« 

Ke molreeet Kp molrsees 1 rloohol Author    Remrrke 
per t of BUgrr produced per to of cpne per t cene 

?16 20,7 G.ö Kell;    AuetrpliP 

Kote: In other oountrieß, molPBeeß per ton of cene rar; he two to three 

timec higher (hipher proportion of hexoeee). 

J, 



- r- - 

i 
E#    Vr,Sl0!Ha, Clfe£B_   v'JLíiStí.®) 

Potrtoee 

Brncnr>B 

DP tee 

Fige 

Cr rob 

litre clcohol/t 

130 

?50 

200 

1C0 

1o0 

1. ?. ?   PoMJ&ie ^fujture jrojiucUvitiejs ¿er unit i.rer_of j £pjüe .lend 

KelljV mede r  eignificrnt statement rbout the true future potential 

of productivitiee of sugrr enne:    "The best countr;   ¿ieldE pre about 

tvrioe the world rverr^e,  those of tho beet prer of the beet country  Te 

rbout t'rice the country   ^verrge rnd thore of the beet farm in the beet 

prer  pre about tKice the r<rer  average." 

Thus,  recording to Kell¿, there exist? a potential for inerereing 

the world average ty  a factor of eight idthout hrving to reeort to new 

vrrietiee.    Queensland,  vritli ver;:  high rroductivitiee, achieves about 

34$ of the knoim potential.    Mm:  count rien operate rt not more than ?0j6 

of eohievable :. ield rnd eome rre íB lov rs 10$.     Kell^ determined Bugar 

erne to be the crop nith the highest rchievrble photos^nthetic efficiency. 

!Ihen gro\m as ?n eoonomic crop, rn efficiency of &$> c«n be reached. 

According to Ingrpm,  the y .'eld of erne per hr   in Centrrl Amerio 

could be increased considerably. 

1 •? • 3   Potenti?! T?orld crp«city_ _t:°^P,r.oduce ^rn<^pii^^jLcohòl 

Por a detailed investigation of the present rnd future potentirl 

•urpluB of erne sugar rnd starch,  roots in developing countriee, tables 

3, 41  ¿i, 9 ?nd 10 listed b>  Hejgner and those of Mariette should be con- 

sulted.    According to Hefner's forecast, ; 11 Anericm developing countries 

by I9C5 could produce a total of 3,340,000 tons of rlcohol, Asian countriee 

?,300,000 tons,  Afri cm countries 1,010,000 tons,  uith a uorld total of 

6,730,000 tone,  écrivaient to Ü,076,000 kl of rlcohol,  if all surplus 

eugPT,  starch rnd molasses from the developing countries rre converted 

into rlcohol. 
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Mr riotte hrs estimrted thrt the preeent demrr:d for rlcohol  for r  1% 

replacement of grsoline in the developing countries vould. be r"bout 

1? million kl. 

Ubether Hejpner'B ertrrpolrted ;, ield figures  cm be considerrblj- 

increased b;   cdditioncl Ind development if there exists mother mpjor 

outlet for these crops should be discussed, PB ßhould uhether rnd '<rhen 

Kelly's super-high ; ield figurée per unit of : rrble lrnd cm be rerched 

in developing countries, mi unit the conditions I'ould be (e.g.   economio 

me<ms to develop infrastructure,  to  develop egriculturrl lend,  to import 

or produce fertilizer, the neede for mechmizetion in •• rriculture, for 

irrigrtion,   for insecticides, pesticides, the methods of finrncing 

fgricultur¿'l rnd industriel development). 

1.2.4   CPB« j^udie_B of the potentiel ceprcit,   of .select ed ^ountriOB 

PerticipentE rre invited to comment on the potentiel of fsraentption 

plcohol production, trking into recount the results of previous ditoussioa». 

pjroductioii__of jTe_raentr>tion rloojiol 

1.3,1    A^ioulturrl Jprop^rtie_c_of yrriOUB  Crope 

Super erne, prohebl; the crop vrLth the highest potentini,   is sprtnA 

over the 'rhole world; the technicve  of nulling rnd juice extinction is 

well knot-m*   there ìB svirplus sugrr;   there existe r  lfrge additionel 

potentiel in terme of pvrileble land}  end there  ie ¡? tremendous possi- 

bility  of increpsing the „ield per he (griotte). 

Ac mm:  Pttthors put it, eug.-r erne cm be grown fi?where there is 

plent;  of sunshine rnd trnter; there is no pe rticul' r remirement PS to 

the type of soil (see,  for example  Kell¿); there  Beemr. to be no indication 

of soil exhrustion but fertilizer hrs to be applied for high fields. 

The cultive.tion end hrrvestin^; cm be full;-   meohrnized. 

The rverrpe grotrtb e; ole ìB nine months, mrximum tuo yerre. 
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The dierdvpntage of Bugrr erre re r crop le ite sersonpl hrrvesting 

(restricted to the ir   eep cor.),    Hotrever, TF Kell:  shOTB, the hprveeting 

person cm be conGiderr-bl,    extended if erne ie used for r lcohol pro- 

duction ¡?nd not for cr-,et?l eupr.    There is no need to writ for mrximvan 

lucrose content, rather the time of hrrveetiii£ will be dictated \>„  optimpl 

totrl (fermentfhle) sugpr content. 

Sugpr erne ìB vulnerable to mrrv   dieersee, hut there seems to 

be fderairte me^nr. to combpt thnm, rlbeit rt some coBt. 

Kell¿_ hPB inveetigpted the effecte of frllow crope,  i.e. CPBSPVP} 

there trrs Borne empii pdditionpl totrl return. 

b) Cejsrvp        ( G;, non;, ras rre mmioc, mrndioc,  jucr, t^piocr ) 

Creer ve  iß r crop suitable for serai-prid soils, which oould be 

processed dvring off serson of rlcohol production from erne (Prince, 

ViohcrnnflBrn).    The cultivation i» ersu  mid hrs no prrticulrr retire- 

ment re to the soil (Mr_riotte).    harvesting ir. cUfficult to mechrnize 

(Kell¿J but the re rui recent  of fertilizer is low rrd poor soils cm 

be uced for ite cultivation, hence the effect thrt the soil mr;  become 

•xhrusted if no fertilizer ie rpplied (K«11;J. 

c) Corn (m?ize) 

BP, icr.ll^,  this is p tropic 1 plmt.    The lower ¿ield figures of 

plcohol per he ere pertlj  compenspted for \>i the fpct thpt the 

processing of corn is possible throughuut the ¿epr. 

d) Mol?Bsee 

MolrsBes hrve p comporr tivelj  low price pnd the possibility of 

processing through the ¿err.    Kell^ finds thrt the use of Bolesses for 

lerge-scrle nlcohol '. production ìB feasible onl:  if one or more of the 

following conditions prevril:    the sugpr factor;   ie ver;/ lrrge (15,000 

tons of erne per dp; );  the relative production of molnesee ie high 

wring to lo-r çu. lit;  erne or come other rep eon; trr-neport coste for 

centralized collection pre fpvourpble; rnd the fuel costs for processing 

rre frvotirrble. 
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1 • 3» 2   FarBibilit;^ of ener^ j)lrntrt lone 

Kelly points out thrt, ot  leost under Auetrrli?n conditions, enere 

plantations which rro seprrrte from those for suprr production will be 

necees- TJ   for fermentation rlcohol production,  considering the necessity 

for ver;  lerge unite,  for rgrioultur; 1 shift trork combined with full 

mechrnizrtion etc.    This divoroe mp; he necessr r;   PIBO in mm;, 

developing countries (Rudolph et ri., Mo.rei.rr,  Schreier),  rlthougi the 

degree of mechanization m?;   not )vve to he to the srme extent. 

In p ncrrovr sense, enere   pi; ntrtions refer to stronfi:  mechrnieed 

plfntrtioni;   The crop prrticul.-rl;  exiitrble for mechrnizption is 

Bugrr erne.    However, rlrerd;   there exiBt lrrge   projecte for energ; 

plantations in Brrzil, usinp crBpr?vr rs r crop (Moroirr et ?1.). 

In the cultivrtion of crse^vr,   efforts rre m-de to ohtrin uniform 

Pi zed roots th't do not eprerd too f^r from the strlk.    This help* 

in rgriculturrl mechanizction rnd in processine. 

Pull; mechrnized enerve   plentrtions,  recording to Kell; *e model, 

provide the meens of continuous use of eruipment in rgriculturcl 

operations (including irrigation, ploughing rnd plrnting),  t hi£h 

strndrrd of mechmicrl mrintenrnce of rgricultur; 1 equipment, rnd the 

use of TB large r  proportion of rvrilrhle time CB possible. 

Kell¿ considere ttet the present etrnd? rd of mrintenpnee of rgri- 

culturcl eruipment  is rbout one tenth thrt of the frotor;   strr^rd 

pnd is even less in developing countries.    The present use of chopper- 

t;pe horveetcrs in the existing sugf.r induetr;   in Austrrlin ìB rbout 

1$ of the 'potential crprcit; .    All in P11, Kell;   considere thrt even 

in developed oountries there existe ;  potentini for the reduction of 

the orpitrl cost  component b;   r frotor of S-7- 
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In terme of Irnd development, Kell;  points out thrt hervj  investment 

will pr;   in the lone run;    this involves edecwte irrigrtion supplies, 

dreinr^o rnd flood prevention. 

K
-£ÜL'

8
 B:-ßtem VTOuld involve 1,600 hr plrntrtion units, 

operrted (under Austrrlir-n conditions) for 39 weekR,  7 dryes per *reek, 

3-shift eraplo3ment.    Plrntrtion unite fa lire* m 350 km? might provide 

some fdditionrl pdvrntfgee. 

Reference ie mrde to 300 km? plrntrtione in Argentinr rnd 

Mexico thPt Buppl;>   fret orles 'rit h 1,tOO tone of erne per dr;. 

According to Mr riotte, one mm is reoiired in fgricultur&l 

operation per 1/7O hr, rnd one cutting machine or harvester, for 

170 hr. (some do up to 4OO hr ) per crmp.ip. 

Herv:  induBtrirl mechrnizrtion vith rdeowte mrintenence 

involves skilled l.-bour.    The Workshop wicht to discuBB corresponding 

eocirl implications (possible lrrge differences in remuneration, 

few new jobe cree ted »tc. ). 

1.3 • 3    P^opgrt^SF for .Pjr^c^Bjdn£j^o_ethr£ol 

Totrl ;ield of ereil?  ^vrllrble ocrbohj-drrtca rnd sugar 

ooncentrrtion in the fin-1 extrrct ere the important criterip 

of crops for fermentction flcohol production.    Sugrr erne rgrin 

rrnke ver; high in this reepect -nd,  in rddition, energy is 

cvpilrble from the residues, or brgpBse, rfter sup^r extraction. 

However, the process of extraction, be it b;  r milling or r 

diffusing proceso,  is costi:, prrticulrrli  in terme of invest- 

ment  (Srito), 

I 
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Once iìr toonomio problem of celltiloso ßrcchrrificption is 

solved,  suger cone rill obviously be the highest rlcohol yielding 

crop (see ¡yield figurée);    ruso, the totrl enorgj  i ield per hr and 

per riimun is the highest. 

Cnssrvf is r euitrble elternrtive for the drier regions, ? It hough 

the processing coste up to the et?ge of sweet mrsh rre indicrted 

to Tie higher thru those for sugi?r cm© (Srito). 

Super beet is well known for ite smitrbilit;;   for direct sugar 

juioe ftrmentttion, but  it ie hrrdl;   gror-m in developing countries. 

Prlnoe indiortee thpt the totrl su^rr .yield per hr  is higher for fodder 

beet then for Bugrr beet;    it iE cmeetionrble, however, v/hether 

the lower eugrr concentration in the extrrct vili not prevent rn 

ecorjcmio hrndicrp in the recover;; of ethpnol. 

The production of eugrr from pug-' r erne rnd the production of 

stp.rch or street juice fron crsrrvr- rre liell-knora proceeres rnd 

recording to experience,  the processing relirbilit;   is good in 

developing m well rp developed countries. 

Sirailerl:, the preprrrtion of the mreh does not present 

undue difficulties.    Depending upon the region, there mr; be eddi- 

tionrl treatments rehired to prevent  scaling   in the rarsh colunns 

for distilling the rlcohol.    This hrppeno with some varieties of 
molftc-es (Mpdi). 
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1,4  Agricultural costs in fermentation alcohol production 

Kelly has worked out for Australian conditions the agricultural 

production costs, extrapolated to I985 using reasonable maximum 

productivity of sugar cane, whole cane harvesting with applications 

of space-age technology, in 35,000 ha estates at 160 t cane/ha 

(total alcohol production including cellulose hydrolysis « 6Q0,000kl)„ 

US$/kl 

Property development 8.3 

Cultivation costs 0.8 

Fertilizer and ohemicals 1.1 

Irrigation application 2.7 

Harvesting 0.6 

Total management 0.8 

I4.3 
Total agricultural cost 

(excluding transport of cane)        14,3 

Transport of cane 4,4 

inrt0tte considers that for sugar cane at a yield of 60 t/ha invest- 

ment costs in agricultural machinery are about US$ 1,000/aa, 

BeJraputra indicates the following cost figurées 

Yield  Total agricultural oo»t 
Su*** cane t/ha       USI/kl 

(juice only is proceeded to ethanol) 50 21,5 

Cassava I3.3 3.8 

iUiae                          2.08 35.4 

Molasses (cost of raw Raterial) 15,5 
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2.   Application of fermentation alcohol technology In developing countries 

2.1  Processing ooats and total production costs 

Tabi« 2.1 

Investment oosts for processing agricultural crops to ethanol 

fr»*frr c^« 

Operation   Daily     Yearly    Total    Specific 
period   production production investment investment   Author 

d.p.a.    kl p.d„    kl p.a. million US$  USI per 1 
daily production 

150 

273 

ISO 

25O 

60 

2527 

330 

200 

9 000 14-16 

689 871 100 

50 000 25 
50 DOO 15 

25O Saito 

40 Kelly 

75 Mariotte 

75 Prince 

Molasses 

Operation  Daily     Yearly    Total     Specific  . .. 
period   production production investment  investment ÄUtIlor 

d.p.a.   kl p.d. kl p.a.  million USE  US$ per 1 
daily production 

300 60 18 000 5-6 100 Salto 

300 50 15 000 6 120 Karan 

300 30 9 000 5-7 I85 OECD 

300 30 9 000 370 OECD* 

* independent from sugar factory 
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Caesava 

Op«rat1 on 
period 

Daily 
production 

Yearly 
production 

Total    Specific   Author 
investment investment 

d.p.a. kl p.d. kl p.a. million USI  US& per 1 
d ily production 

300 

25O 

60 

200 

18 000 

50 000 

6-7       HO      Srito 

75     Prino« 

Baal process (sugar juioe plus molasses fermentation from other 

sugar factories) 

157     275      44 000 62 „5    Kelly 

According to Brown the investment costs in the fermentation and 

distillation operation are small in comparison to those of agricultural 

land development and other agricultural costs, the latter being about 

10 times higher than the former. Mariotte points out that the 

required investment costs for fermentation alcohol are much smaller 

than the research activities for other alternative sources of erergy. 

Table 2.2. Manufacturing costs of fermentation aloohol 

e (juice only) 

including raw     exoluding 
material raw 

(agricultural costs) material 

Operations   daily 
period  production  Author 

USfi/lcl US$/kl d.p.a„ ¡a  p.d. 

450 320 ISO 

340 162 

210-339 273 
160 196 

315 

60 Saito 

Ingram 

Prince 

Kelly* 

Kelly* 

* 39 week agricultural operation, 7 d.P„ week, 3-«hift operation p.d. 
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ineluding raw excluding 
material raw 

(agricultural ooat«)     material 

operations Bally 
period production     Author 

USt/kl 

210 

255 
480 

23O 

US$/kl 

I40 

46O 

125 

d.p.a. kl p.d. 

300 

300 

60 Saito 

Kelly 

50 Xaran 

30 OKD 

300 

126-215 

142 300 

250 

60 

200 

Saito 

Prinoe 

ììmjSil 

164-279 Prillo« 

tolly ha« mad« foreoa«t« for 1965 under various condition« of 
agrioui turai operation. 

TtHf 2|3t   If tilgte« of production coat« hy lffg (Auetralian Condl^on«) 

according to Kelly for a diatillery of 690 000 kl p.a. 

Total 
Produotion 

Cost» 

Plantation 
Unit Condition« 

W/kl ha 

64 35 000 

120 35 000 

160 35 000 

90 1 600 

125 1 600 

1T5 1 600 

125 50 

160 t oane p.ha, high productivity font, 
7-day week,  39 wk.p.a., 3-*hi*t P.a. 
whole oane processing 

preaent form productivity whole oane 

präsent form productivity oane Juioe only 

high form productivity, whole can« 

present form productivity, whole oane 

pre««nt for» productivity, juio« only 

high form productivity, whole oane 
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175 50 present form productivity, whole cone 

27O 50 presant form productivity, juice only 

315 50 present form productivity, juice only; 
5-<iay wk, 28= p.a.,  3-shift operation 

In taelo 2.4 more detailed production cost figures are shown. 

fobie 2.4 Processina costa of whole sugar cane (including Cellulose 

hydrolysis) to ethanol.  (6°0 000 kl.p.a.)(Kolly) 

U8$/kl 

Transportation of cane 4.4 

Capital assessment of factory 29.8 

Maintenance 7.2 

Labour and chemicals 1,1 

Cost of cool 16.7 

Local management 0r$ 

Total processing cost« 59,8 

Proportion of control centre costs 

Capital assessment 8.1 

Management and operation 1.6 

Cost of space-age technology 9.? 

Total costs of ethanol ex distillery 83.8 

I 
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2.2 Minimal and optimal plant alzo 

From Kelly's compilation (Table 2.4) it is obvious that in term 

of prooi .aing costs the capital ssessment of the . victory acoounts for 

the largest proportion of processing costs (if coal is utilised at an 

external source of energy). The cost proportion of transportation of 

cane is about 1/7 that of capital assessment. It is well known that 

investment costs for a plant cannot be scaled down in proportion to 

plant sise. In addition the cost of labour and the requirement for 

trained personnel will increase considerably with decrease in plant 

siae. Hence there seems little likelihood of a larger number of 

•mailer plants being more advantageous than a single huge plant. 

This is also the opinion of Schreier, Moreira et al., Brown, 

There seems to be room for discussion, nevertheless, considering 

that very long transport routes tend to result in spoilage of oane to 

a small extent and reduotion of the yield by the respiratory activi- 

ties of the cane itself. 

Additional consideration may also be given to those oases 

where molasses can be used as raw material. 

2.3 Inerry balance in fermentation plant and total energy balance including 

agricultural production 

Kelly has oxaminod several prooesses of which the data are 

shown in Table 2.3.1. 
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i Tálale 2.3.1 

Processing costs of sugar cane to ethanol (Kolly) 

A. Dual production of row crystal sugar ~.nd othanoi 

Steam required* N.Th.V. Potential Not gain Overall net 
thermal gain 

kl/1 alo.   MJ/1 MJ/1 $ $ 

6-44   li. 5 21.3 32 20 

B. Ethanol only (cane juice processing, no cellulose hydrolysis) 

7.3    16.4      21.3 23.0 9.4 

Bagasse surplus 

G. Whole oane processing to ethanol; external energy *by ooal 

6.7    15.08      21.3 29.17 16.7 

* iliol. milling (4$ of N.Th.V,), slops evap. (39-25 KJ/kg slop solids), 

distillation (2„5 kg stcam/l), power generation (0,7-0.24 kg steam/1)? 

exol. cane transport (l# N.Th.V.). 

Potential bagasse surplus 31,7/4. 
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The requirements of process energy, using molasses as raw 

material has also beon examinod by Edor (see Table 2.3.3). 

Table 2 ;.3 Bnargy consumption :. : the production    " anhyarou» aloohol 

from molasses (Eder'j 

Stoam 

1. Hash preparation 

molasses dilution, 
molasses clarifioation, 
sludge treatment 

2. Fermentation 

pumps 
yeast separator 

3. Distillation, rectification 

dehydration 

4. Slops recovery 

concentration to 65$ D.M. 

5. toergy for raeolianioal 

vapour compression ( energy 
reoovory) 

6. Total 

0.2       4.8 

Iltstrical 
enorgy 

kg/1 % total kwH/l 

0.02 

0.005 
0.01 

2.5    59.9 0.035 

1.47   35.3 0.02 

4.17   100.0 

0.18 

0.270 

4at«rn6tj,vet 
Combined distillation, 
dehydration, slops evaporation 

Total 
3.5O 

3.70 

0.035 

0.025 

G 
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According to Kelly,  tho requirements of energy for cane 

processing is divided up as shown in Table 2„3.4. 

Table 2.3.4 M&tlve energy requirement in the prodotte» of 

anhydrous alcohol fron sugar pane (Kelly) 

Total itean usage 

Fewer 

Steriliiation 

Distillation, Dehydration 

Slops evaporation 

Miscellaneous 

100.00 

5.63 
14.78 

35.23 
30.28 

14.06 

! 
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8ohroier ha* drawn up the overall balano« sheet shown in 

Tftbà* 2.3.5 Bisrgy balance ehe at of cane juice processing to othanol 
(Sphreier) 

A. ftiergy content of products (% crjio) 
teohnioal alcohol Q7» 

power alcohol 34.73 
eonc.slops and filtor oake g.48 

surplus bagasse(used to produco steam and 
electricity)     10.1 

1» Process energy 

juice preparation J^Q 

fermentation 0.29 

distillation, dehydration 13.1? 
slops evaporation jt5£ 

C. Surplus energy 

Heat 8.28 
electricity ^9$ 

D. LOBS,8 (waste heat) 

preparation, femontâtion, distillation                         3,07 

distribution of energy 0.10 

steam power generation 21.90 

internal consumption 1,01 

Total 99,3g 

*oreira et al. have «ade detailed energy analyses for various 

systems and combinations, taking into account also agricultural 

energy, energy investment for various crops (cane, cassava, sorghus»), 

using various procedures (with and without cellulose hydrolysis) 
and extending 
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energy supply by wood„    In additiorif comparis£ms were ^ ^^ 

othanol production from wood by gasification.   (Tables II, III,   IV, 

V, VII, IX and X    Mprcira et al, ) should be consulted for detailed 
refe renco, 

ïnc final aim WaB to os^blish the energy blanca of the »elf 

•officient ha (table XII, Moreira et al.).    A summary of the rosult. 
by More ira et al.   is shown in table 2.3.6, 

TftWe 2'3,6 -*& balance of ih« self-sufficient hi, (Moreira et al.) 
Moal/ha 

System Alcohol 
energy 

Gane 

Syst. i is 020 

Syst. 1+2 18 558 
Cassava 

Syst, 1 io 332 
Syit. 1+2 il 985 

Sweet sorghum 

Syst, 1 26 114 

Stjrst. 1+2 23 769 

jBttcalypt^a 

Sörst. 2 12 373 

Methanol    18 407 

Syet. 2     16 464 
Methanol 

Residue   Agricultural   Alcohol Energy     Total    Alcohol 
energy       energy external energy"  minus    minus 

agrie,  agrie. 
 energy energy 

8 478 

3 870 

3 796 

2 985 

2 074 
3 086 

7 310 

5 016 

551 

551 

484 

4.75 
6.22 

A 96 
3.88 

3.57 

4.74 

22.46 

33,41 

34.02 

42.98 

22 702 14 224 

I5573 15 573 

8 258 8 258 
8 899 8 899 

22 668 18 798 

18 753 18 753 

11 822 11 822 

17 856 17 856 

15 980   15 980 

Syet. 1.    Fermentation of sugar from sugar cano  .juic* or cassava roots 
and stems or grains from sweet sorghum. 

Syst. 2.    Hydrolysis of cellulose from «ugar cano, oaasava stems, sweet 
aorghum stems or wood. 

1 
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2• 4   Methods of accounting to construct total  balance of costa 

a) Period of depreciation 

Kelly proposes the following: 

Total land development coats 73 years 

Processing plant 20 year* 

Agricultural machinery 5 years (continuous usage, 
high maintanance Btandard) 

b) Rate of interest 

Kâ^iy.'8 index system in principle means to keep tho ratio 

of periodic      ropayments to sr.le price of product constant.    This 

method is considered suitable if repayment periods of 50 to 75 years 

are applicable«    there is only a marginal   (but significant) difforanee 

to conventional methods for ropayments of 20 years, and no significant 

difference for repayment periods over 5 years. 

For examplet   $100 invested at % interest,  75 years. 

Conventional repayment:  #5.13 per annum 

Using an indexation incrément of 3$ per annum,  repayments 

of $.1,55 por annum would be made during the first 5 years, 

tíhoreas the repayment in the 75th year would amount, to 
•12.96, 

0) Energy accounting and cost accounting 

Greenfield and Nicklin point out the interactions between energy 

aecounting and cost accounting in the sense that it is important to 

examine the  joules as well as the dollars.    Furthermore,  it is very 

important to define  the system boundary and take due account of energy 

recycle.    In the production of fermentation alcohol from orops the 

net energy gain is  »mall.    Furthermore,  recycle energy has to be 

considered at production costs, not at the current market price; 

o-.pacity reduction through recycle energy has to be considered« 

The result is that  energy prices rise at an unexpentedly high 

rate if both the production costs are high and the recycle proportion 

is high. 
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In terms of recycla energy tho following have to be considered« 

Land development 

Field work 

Harvept and transport 

All plant operations 

Slope utilization (evaporation,  transport to the fiold,  irrigation 

Personnel dislocation and its réguler transport 

More ira et al in their article arguad that in thair input-output 

analysis it would be unjustified to tako into account the agricultural 

labour energy. 

d) Methods of accounting in power alcohol use 

Bejraputra and Ingram calculate the final value of \% alcohol- 

blended gasoline,  which is then to be rated as premium grade gasoline 

as follows: 

Price of regular gasoline x (1 - OI5) + 0„15 X - price of premium 
grade gasoline 

X - blending price of othanol 

2,5 Requirement of utilities and labour 

a) Water 

According to 3aito the following amounts of wator (26°C) are 

required per litre of alcohol produced; 

Cano  juice 25O 

Molasses 230 

Cassr.va 35O 

Mote;   Consideration should be given to tho war» climate in the 

tripical regions and its effect on water and/or energy requirement». 

fhis aspect has hardly been dealt with by any author. 
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b) Nutrients 

Nitrogen and phosphorous salte  are normally added in order to achieve 

rapid fermentation.    The amounts required are comparatively email.   They do 

not represent a major part of the costs.    Furthermore, aided nutriente can 

be recovered in the form of yeast,  which can be used as high-protein and 

vitamin component. 

Attention may be drawn to Madi's    observation that  the amount of 

nitrogen salte added to the mash exceeded considerably the calculated amount 

of yeast production. 

c) Labour 

Kelly indioates that the normal requirement of one man-hour per 400 1 

of alcohol can probably be halved upon rationalization of the process. 

2.6   Weed for and possibilities of process optimisation 

Kelly has examined the possibilities of rationalization in agricultural 

production (see  1.4)»    Additional economizing can be done  on the processing 

side. 

The major plant cost componente in fermentation alcohol production are 

investment costs (depreciation and interest) and energy requirement (above 

all for distillation and dehydration).    If cellulose hydrolysis, e.g. of 

bagasse, is envisaged, there is an additional considerabxe cost component 

involved in terms of investment, maintenance and energy. 

If storable raw material, such as molasses and grains, are processed, 

it is generally considered preferable to operate the distillery throughout 

the year reducing thereby capital cost on the fermentation and distillation 

plant as well as labour costs.   The additional cost of storage capacity is 

small in comparison to other outlays. 

In large plants appropriate economising oan be done  in the processing 

sections. 
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a)     Fermentation plant 

At present,  most potable alcohol is produced by balch operations.    Fer- 

mentation piante are characterized by low productivities   (low output per unit 

fermenter voli .ie), high demand in labeur costs and consi   érable energy require- 

ment for mash sterilization.    Normally it  is required prepare fresh,  (pure), 

cultures at regular,  often very short,  intervals,  e.g.   daily (Madi).    Some 

companies do not require this when a continuous or quasi—continuous operation 

is maintained,  which normally involves the use of centrifugal separators to 

re-use and "clean up" the yeast  (Sderi.    Higher productivities can then be 

attained as there  is a reduction of fermenter down-time   (cleaning, fermentation 

lag phase) and of labour.    Intensification of the process  involves additional 

investment and energy in terme of separator operation. 

Prince,  Dellweg and JSngelbart    propose a tower-type  continuous fermenta- 

tion for which shorter residence time of the mash is claimed. 

This results in smaller fermenter volume required for the same output. 

No oentrlfuges are  involved.   

In Meyrath's fully continuous system, very short residence periods 

(as little as   1  hour for 7$ alcohol)  are required.    No  cemtrifuges are 

involved and there  is no need for mash sterilisation.    A  two-stage operation 

is required if high mash density (above 8.5 Vol$)  is used.    Alcohol concen- 

trations up to  13 Volfo can bo obtained in total residence  times of 12-13 

hours.    It i'3 reckoned that a reduction in  Investment  costs of the fermentation 

plant from I/8   bo  i/io can be  obtained at¿ compared to a good batch process 

or a process  involving centrifugal separators.    Steam costs reduction is in 

the order of 0.8 to  1 kg.  of steam per litre of alcohol  produced as no mash 

sterilization or fermenter is required.    Labour cost reduction is considera- 

ble as all operations are simplified.    Surplus yeast recovery, a valuable 

by-product,  is done without centri fugai separators in the  form of a 20$ 

(dry matter) slurry. 

Vacuum fermentation processes have been examined also.    They are 

characterized by high productivities.    Eder shows that these types of 

fermentation processes are energetically unfavourable.     Also it is ques- 

tionable whether these processes can be run satisfactorily in practice as the 

very low residual alcohol concentrations result in a proneness to contami- 

nation. 
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b)      Distillation plant 

The major cost factor in the distilling and dehydrating operation is 

•team.    The present trend is to achieve as high concentrations of alcohol 

in the mash at  possible  in order to reduce Bteam requirement.    No conorete 

figures have been presented in thin Workshop but this would be helpful as 

adequate optimization calculations could then be done.    Higher alcohol con- 

centrations in the mash (usually above 7 Vol %)  involve disproportionately 

longer fermentation times.   Hence, while saving on steam, which is certainly 

becoming more and more valuable,  additional capital cost in terms of 

fermenter volumt is involved. 

0)      Preparation of pane juice and mash treatment 

In order to minimize capital and operating expenditure at the millinf 

•tage, Kelly proposes the following system for cane juice extraction!    A 

3-roller crusher followed by a shredder and a single 3-roller mill with 

appropriate pressura-feeder device and two preliminary sets of knives. 

The fibre,  then containing about  2<y% of the residual juice,  goes to a 

separate stream of a Ritter-type extractor, whioh is the  "heap" technique, 

and from there to a preasure feeder of two sets of 3-roller mills.    Both 
fluid streams are combined. 

Rudolph et al. propose not to clarify the cane juice prior to fermenta- 

tion.    They also claim that a direct fermentation of disintegrated cane is 

possible.    Hammermills are proposed instead of shredders.    Temperatures of 

100 c. to 110 c. are used for extraction.    In hammermill-disintegrated cane 

a faster fermentation is obtained than in conventional extraction processes. 

For the preparation of oassava mash, attention is drawn to the papers 
of Carosa and Boa. 

I 
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Molasses,  particularly from sugar cane, are normally clarified in order 

to prevent scaling in the mash column.    Whereas centrifugal separators used 

to be employed for this} the trend is towards the cheaper method of sedimen- 

tation by grav.ty.    In a continuous hiji-productive  fermentation,  Meyrath 

showed that there ìB no need for sterilization ol either molasBes or dilution 
water. 

d)     Hydrolysis of cellulosic materials 

Kelly considers that thermal hydrolysis of bagasse ia a low-cost routs 

for converting coal into ethanol.    More than double the yield per ha is 

obtained if whole cane   is processed as compared to can price fermentation. 

Processing costs are increased from $145/kl to $156/fcl.    Total production 

costß, however,   are decreased. 

2.7   Effluent treatment and by-products 

r')    Slops  tx-eatmgr.t 

Beet molasses slops,  vinasse, can be evaporated to approximately 

6056 dry matter and sold as animal-feed ingredients or as fertilizer (Lewioki. 

Saito).     It is  claimed that molasses slops contain about 65$ of the feed 

value of molasses: up to 10$ can be used in feeds  (2$ - % for pigs); the 

digestibility is  50--6O$;  the digestibility of the protein about 90$ 

^}f^l0Jlì)'    Ir Eur°Pe aoout 760,000 teas per annum of vi asse is marketed as 

animal feeds.     In France, vinasse is applied as tertilizer at a rate of 2.5 

to 3 tone per ha.    In Japan, Kyowa Hakko produce about 140,000 tons per annum 

to be used as fertilizer.    In Europe,   the price of vinasse  ex-factory varies 

between $17.50 and $62.50 per ton.    The price ìB strongly influenced by that 

of soy bean meal.    Lew i ok i considers that the feasible marketing radius is 

about 50 km from the evaporation plant. 

Kollv_, Schreier and Eder also consider that the most appropriate means 

of disposing of slops from molasses,   cane processing or cassava,  is by eva- 

poration for use as fertilizer.    Kelly's opinion is that the direct use toge- 

ther with the  irrigation in at er in sugar cane plantations will be at least 

as expensive and probably less convenient than evaporation followed by use 

as fertilizer. 

I; 
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According to Prince, the anaerobic digestion of cassava slops would 

yield sufficient methane to cover all process heat and electricity generation. 

The enerr" content of molasses slopB, 2.5 Kg steam ">er litre of alcohol 

is high enough to covor tho requ ire ment for distillation/dehydration.    How- 

ever,  feasibility to attempt complete digestion to mothane is doubtful con- 

sidering She very long retention time and, therefore, heavy investment. 

According to Meyrath. it would seem more appropriate to reoover about 

7056 of the slops' energy oontent by a short digestion period of about 16 

hours and concentrate tht residua s for use as fertilizer. 

It io doubtful whether it is appropriate in   huge distilleries to use 

evaporated slops as animal feed.    There is a large disparity in the quantities 

produced as compared to the demand. 

b)     By-products 

Tho question of quantity disproportion may also be significant in the 

oace of by-products such as surplus bagasse or C02 from fermentation. 

Bagasse has been used successfully in particle board manufacture CO- for 

soft drinks,  fire extinguishers etc., but the amount of these products will 

probably be in vast excess of the demand. 

The case   iay be different for sii ¿le-oell protein.    Peed yeast, or 

tonila, could be produced from slops.    Particularly the slops from hydrolyzed 

bagasse are expected to be rich in utilizatale pentoses.    Torula yeast pro- 

duced oould be combined with saccharomyoes yeast from the alcoholic fermen- 

tation aid used as high-protein and vitamin feeds.    While the amounts of 

yeast to be produced are large, possibly too large to be used in the country 

of production^/'/there is an international market for the product if 

available in sufficient quantity. 

I 
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