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Owing to the lrte eubmission or non-submiseion of meny pepere, it

hre not been poceible tn distribute in ~dvence  complete set of pepers

to

ench prrtioiprnt ~r originrll: plenned. To remedy the riturtion,

thie revietw, which 4s #n informrl prper, hor been prepcrred by the UNIDO

Secretrrirt to help prrticipente in ~mrimilrting the pepere ~nd to guide

the diecursione during the Workehop. Ve rpologire for rny omimeions or

misinterpretrtions.

1.

1.1

1.1.1

Asgesement of ~lternctive rew moterirls for fermentrtion rlcohol

Developing countriee’ poligies for energ rnd the environment

DAY o A -a

Need for gelf-relirnce ond self-sufficiency

Generrl viewr on induetrirl development

All ruthers -esume thct there im ¢ need to promote industrirli-
zetion of develnping countries. At the seme time, they stress the
importrnce of choosing the right t:pe of induetries. Fritez
empheeizes thrt there is the drnger of developing countriee becoming
more dependent on the indurtrirll; rdvrnced countries thon they were
£t the time of colonirlism if rdecurte ~ttention ir not given to the
choice of indurtries, to the mncirl implicrtions rnd to the cuestion
of hov these countrier m:); develop further on the hasis of » nucleus
of industrier. There ie roem for blockmril if develeping countries
ere dependent on foreign countriem for their bceic needs, Developing
countries should get rid of the enormous economic rnd therefore
politicel preseure put an them b; the industrirlized countries.
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Seversl ~uthors (e.g. Fritz, Moreirs, Sunico, Ali, Meriotte)

strese th t, in the energy rector, the incrersing bille for oil

importe recuired to mcintein the economic progrees in developing .
countries, steer them into urcomflortrhle situstione, cnd in order

to #void thie strctegic risk, the; rhoulcd develop their ovm ’

regources.,

At the erme time it ir emphorized (A uro, Keren, Sunico,
Vicharsnmrn) thrt the economice of developing ~nd utilizrting

their ovm resourcee must be right.

This doeen't reem to contredict Fritz's st:tement thert GNP
ehould not be considered the most -ppropri-te mersure to -~ssess
development.

Acquisition #nd development of rppropri-te technolog , not |
necepe-rily modern

Fritz mentions - exrmple thrt deepite its enormous output,
Americrn-type rgriculture would not be r~ppropcirte to developing
countries. The rcouirition of the moet modern technology, which
ie not neceeseril; the most rppropricte, benre the drnger of too ™

etrong economic dependence on rich countrier.

Cen this Workehop provide #n ~nswer to the cuestion of whether
fermetztion rlcohol cen be considered «n ~ppreoricte technolog
rnd whether it c:n serve »s z brrie for further generrl development
of the developing countries?

Further, cri ¢ developing countr;, rfter heving cecided to
embrrk on fermentrtion #lcohol production ~nd utilizetion =fford
not to huy the most modern distiller;? Presumrbl:, no genersl

engwer cen be given to this cuestion.

Meny ~uthore (e.g. Moreirs, Bejreputrs, Vicherengsrn, Sunico,
Moriotte, Fritz, Bro'm) consider tht ferment~tion ~lcohol techno-

log recuiring not too sophisticrted know=hcw, provides r» good
besir for industrirlizrtion. It ir penercll; believed thet the uee
of thir technodug hes coneiderrhle heneficirl effects on the
improvement of rgriculture h:; increreing the rcdded vrlue of

rgriculturel producte, incrersing emplo:ment opportunities (end
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thereh; reducing sociel problems), rnd solving the problem of

eurplucese of euper, creseve end other crope. - .

Tn miiy countries there would be good opportunitiee to estedlish
rgro-besed industrier but, rs Brorm pute it, it im difficult to
evrlurte how ~nd vwhere to etrrt, in view of the deficienc; of

rdecusrtel: trrine® persomnel rnd infrestructure for industry.

The problem of rhortcge of technologio'l nd eeientific monpover

o e st o Wy e Gt o2 W © @ wnw e - -

ir}d the brrin drrin

Ali mentione thet, vhile there ip ¢ need to crerte positive
mechonisms to develop rurrl rrece, rgriculture muet be eeen to be
progressive snd thet there is r necessit; to prevent migretion of
populrtion to urben rrecs; the shortogee of skilled mrnpower rnd
the br:in drein prevent thie kind of rurrl rnd rgriculturzl development.

Fritz indicrtes thrt out of 10 000 people, there rre in Africen
countrier € scientiestm, engineere or technicirne; in Aeir there rre 27
vherars in the developed world there r~re 117, Ali rpecificell;
indicrtes thrt in m~ny countries engrged in fermentction slcohol
production, there rre too few microhiologiste, chemicrsl engineers,
mechrnicrl engineere #nd hiochemirte rnd thet there cre no resecroh

rnd development rctivities of their owm,

Fritz mentions thrt ~prrt from bu; ihg téchnolog:, (the merne of
production) it is neceserr; rlro to by the mesns for reee:rch ~nd
development trork., Agreemente on bhuying plente rghould include
lrbvorrtoriee #nd trrining freilitiee, .

The need for technicrl snd ;t.e_g}lrlo}_o;g:‘l_q*‘l_ _co-operation ! fﬁwng
developing countries '

Fritz: Developing countries rhould ehcre experience omong

themmselves,

Notet Additionsl opinion end commente ~re invited on thie topic.




1.1.2

11,3

Need for studies on the ene 'gx sector

- - e

- 2tudies by region, counir: rnd continent:
- Stuties on different t;pes of energ; ~nd the rvrilrbilit: of
ekilled lrbour i10r crerg; production;
- Stetue of industr; vith reepect to energy production rnd consumption;
- Locetion of industr; rnd populrtion distribution ~nd their influence
on choice of energy t;pe -nd size of energ, plr-nt:
- Potentirl of energy production from rgriculture:
- Energy reserver including licuid rnd eolid fuels, *ind,
hydropover, etc;

~ Utilities recuired for energyy generrting industries.

While the need for these rtudies is generr11: considered rm
essentirl, it must be rerlized thet there ir often lock of rdemuetely
treined personnel to corr: them out (Fjr;yt.g) Mrn; countries ore not in
e porition to fccuire relevent cnd relictle drtc concerning their own

resources in energ , minerrle or even rgriculture.

Socizl =nd economic imprct of fermentrtion ~lcohol production rnd

energy plontet ion

It is univerrr1l: recognized th-t if fermentrtion lcohol ie to
teke o me jor poeitior in the provision of licuid fuel ~nd chemiccl
feedstock, high-:ielding crope such c¢ pugrr cene ~nd cremeve will
hcve to be grovm on ~ much lrrper scrle thon hitherto. There will De
¢ need for lend development r-ith conseruent crertion of employment
opportunitier. Authors like Sunico, Browm, Vichrrrngeen, Moreirr,
Ali, M-riotte, smong mrny others do not consider negrtivel: the
promotion of rgriculture, i.e. exprnding, rrtion~lizing #nd intemsi-
fying. It ie thought to be one of the hetter ~nd immedi~te meene to
combrt socicrl problems, to improve living conditione :nd to prevent
the migr-tion of populrtion to urbin cre-e.

Uhile the extension #nd intensificrtion of cultivetion of crope
like sugrr crne, crssrva, etc. provide opportunities for improving
rericulturrl stenderds, there is r1so » need for further trrining in
pgriculturrl production ond proceseing.




Ali shows thrt developing countries mey hrve the potentiel for
edditionel production of fermentstion rlcohol in terms of rvaslrtle
land; thet there is #1lso ¢ need for further improving the :ield per
hectere (e.¢. gugrr cene), r~nd “hrt there is ofte: lick of finencee

to develop cdemurte infrrstructure.

The demrnd heing enormous for licuid fuele ~nd suitcble chemicrl
feedstocks, it ie concluded th-t the incrersed cultiv: tion of sugrr
tnd stcrch crope tvould not -roreen the present preccrious position of
world sugrr price; orn the contrrr:, r mrjor mmrket outlet like ethrnol
would hrve the effect of rrising vorld suger prices.

The ruthors rgree thet indurtrirlizetion in developing countriee
ier beet besed on ~griculture, the letter being the scotivity of longest

tredition ond one rthich could he impnroved most ereil;.

The recuired degree of technologicrl development to produce
ferment-tion rlcohol is considered to be ~chievrble, provided

rdecurte treining ie given,

The cuertion m~) be r: ised regrrding the proe cnd cons of intensive
uee of rgricultur-l mrchirery, prorticulrrly in energs plentetions., It
is knotm thrt mrny developing countries despite #n spperrent vest surplus
of lebour use ver: expensive horvesters, ploughing machines, bulldozers,
eto. vhich heve to Y.e imported :nd rre uewll. poorly serviced. Ali
indiccter thet in Centrrl Americen countries there is room for develop-

ment of mechrrired ¢ griculture, considering the shortrsge of menpover.

1.1.4 Envirommentr1 imprct of fermentrtion rlcohol production ~nd energ
plontztion

- - ey

£) Necemeit; of effluent trectment

Most ruthors reeume thrt fermentrtion rloohol production for use
¢s fuel or chemicrl feedetock ill hrve to be done in ver: lerge units.
The effluent problems, well knovm to the present distilleries, will be
consider~bl, incre~sed. Hence, trertment ie recuired. Coneidering
t1s0 thet by fir the lorgest proportior of nutrients removed from the
soil by the crope is contrined in the rlope, Kelly, Prince, Schreier

rnd Koren enviscge on efficient recycling process. This recycling
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to the soil m~; be direct or indirect, i.e., b previous use rg rnimcl
feed ndditive (Lewicki) or ~fter ~dditionel miorohirl trrneformetion
(SCP or methsre) (Prince, Me rrth). Technicrl rnd ferpibility repecte

of the~e processer rre digcusend under .7.

b) Prevention of deforest:tion rnd derertificotion

Some ~uthore (Mgu_lgrgl‘i_ ¢y Viehsrengrern ) heve shovm th~t the popu-
lrtion explosion hre ¢lrecd; led to devemtrting effects on the
foregte. Inefficient ure of firewood, even for cooking onl;, crertes

rn exorbit-nt dem-nd on wood recerves.

Moundlic proposes ~n efficient rlcohol burner which ures only
n fr-ction of the energy normcll; recuired by trood burning. In
Upper Volta, wood corsumption per frmily rvercges 4.C metric tons
p.¢. This dem:nd could he replcced b 144 kg of ethrrol in fincl use,
the efficienc, of the wood hecrth heing shout % or lees, thet of
ethrrol to be produced from molreses could repl-ce two-thirds of the
vood recuired. Similcr proposrls ~re mrde by Vicherengoon (Theilend)s
uee of rlcohol-fuelled stover insterd of wood rnd rlcohol lrmpe
insterd of kerogene. |

¢) Prevention of -tmoepheric pollution b; lezd from motor crr exheuets

et .

T .e #nti knocking effect (high octrne retin, ) of ethcnol-blended
grsoline in intern~1 combustion enginee is well knowvm, Leed compounde
vthich produce the s me effect crn he repleced W rhout 15% rnhydrous
ethenol in grsoline. The poironous effects of lerd from motor ccr
exhrusts in large citiee ms; be Aifficult to rurntif; from the point
of view of public herlth, but this Workehop mer tr; to rsseer the
degree of priorit: to he ~ttributed to thie cepect. Moreirr et rl.,
Bejrc putr~ rnd Sunico seem to consider the herlth prohlem to be of
no inconsiderrble mognitude.
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Aeseeement of ethrnol s ¢ mejor licuid fuel

Meriotte hes ghorm thet the ¢rsoline demend in develoning
countrios loceted 30° North ~nd South of the Erur.or (excluding
Brezil) is chout (0 milliior k1 (L0 000 million litres) per ~nnum.

Ethenol could rlrexd; he congidered to he » me jor licuid fuel
for developing countries if it could replrce 157 of this emount.

It ie uncertrin if rnd -then petroleum cupplies for use g
licuid fuel 1111 run ont: -hrt is more likel: ir thrt oil price
inflation 11 continue to etry higher {1hrr the inflotion of other
commedit: prices,

Meriotte hee rrloulated thit the production of 17 million kl
of fermentction ethrnol, representing {he shove 157 replccement of
grsoline, would recuire -u ~res of ? million hr of sugrr cene vhen
cene juice onl: is ueed for -lcohol produection. “ith rn investment
coet of 10 billion USY, including effluent trectment, M~riotte
estimrtes th 't the ennurl ervings in foreigm currency could be
1 billion US?, representing the nomt of 5 nuclerr porrer stntions

‘nd ecurlling €9 million tone of petroleum.

Mariotte furthermore chowe th-t ~f 9° develoning countries
guitrble for sug~r ccne production, 27 rre in Africe, 27 in Aeic,
7 in Maericc rnd € in the Soul :~Ser Islende. Ir ~ddition there cre
some countries outriue the ecurtorisl region where = potentirl for
the production of fermentrtion rlcshol exists, e.g. USA (ueing corn)
end Streden (using vood).

Ingrem reckons thet ¢ replecement of ersoline b 157 with
fermentetion ethrnol in Gurtemels trould necessgit-te cn increcse
of the present crne suger plentrtione b; 0-"%' if the present
export molesser ie utilized for this purpose rs well.




1.1.6

An increrse in arrble 17nd ~res of this order ie poesible (rbout
39,000 hr).

Schreier conriders thet the potentirl biomres for energ; conversion
is ecuivelent to 5 x 10°0 J p. o., ~ smrll proportion of the totrl

biomess produced rnnucll:.

Kelly, =& ~ result of rn intensive stud; in Queenslsnd (Austrr-lir),
hre shorm under which conditionr rn industiriclized countr;, dependent
upon lerge imports of minersl o0il, orn become ~ m-jor producer of fer-
mentetion zlcohol. Kell: like other -uthors, considers thet the
production costs should be such rg to mrke this nrice of ferment-tion
£lcohol competitive or nerr-competitive to the price of grsoline. A
competitive price could he obhtrined under the following conditione:

Incrersing the suger crne ;ield through breeding rnd eultivetion
prrotices to 160 tone per heg

Retioncliedng to its utmost the ure of lrbour rnd rericulturcl
mechiner: . Thir is conridered poseiile in orgrnized plent-tione of ot
lerst 1,600 hr, #nd prefersbl; 50,000 h~, operrted in shifte o8 in
& mejor industrisl plent:

Processing the sugrr crne in distilleries sufficientl; lerge to
process the :ield from £0,000 ha, !ith ¢ ;ield of 19.7 k1l ~lcohol per
he, vhich cen then, preeumrbly, be ohtrined from -hole crne, including
cellulese hydrolynis, » mejor foctor in economiziig the process would
be rerched, The present world cverage of aloobol from sugrr ccne

Juice is ~pproximotel; 4 k1l per h-:

Addition+1 rctionrlizetione heve been sssumed in the dietiller
(see 2,1 rnd 2.6€),

Feimentotion ~lcohol versus food production

Competition for 17nd between ferme trtion row mrtericl ~nd food crops

ERFE R R )

loriotte considers thet o 157 replecement of grsoline b; fer-
mentrtion 7lcohol, for thich in #11 ceveloping countries 2 million he
af sugrr crne, for exrmple, will he recvired, wvould not interfere in

eny wey with the recuired food production., In Auetrslir, ~ developed
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countr:, the recuired fermentrtion ¢lcohol cen he produced by rdditionel
lend development (Kell:i). In Auetrelir, the present demrnd of 14 Ol pef.
of 1icuid fuel could be met by utilizing rn erer of 3,250 1cm2, geven

times the extent of the present Queenslend suger industiry.

The Brezilian exemple is vell knoym, there is (_149_1331'1;5 et £l.)
sufficient 1-nd reserve to develop their fermentetion elcohol project.
Bejreputres ond Vicherengsen indicete thrt there is 71 present excees
production of cerboh:drerte crops in Thrilend. Similerly, Sunico
emphceizes the difficulties for sugrr on the export merket and expects
relief in this respect if the Philippines rre eble to moke use of
their excess sugrr locrll;.

Schreier considers thet of the totrl biomres of the globe, the
proportion used for food is very smell 2nd thrt the presently rveil-
able biomese will be sufficient to cover world-wide energy needs.
Severel ruthors (e.g. Brown) indicrte thrt, becruse of ¢ lack of
infrestructure, molesses rre not m-de use of in meny developing
ocountries.

Note: Porticipents from developing countries ~re invited to comment
on thie point.

Competition for agro-indusetry by-producte between production of
fermentotion eloohol rnd rlternctive uses, e.g. rnimel feed

The m~ jor rgro-industricl hy-product is molcreses. The biggest
proportion is used for compounding cnimrl feeds, followed by use in
the fermentrtion induetries (ethcnol, brker's yeest, citric roid,
monoeodium glutrmete, feed yeret, butcnol). Ae rlrerdy shown sbove,
gome countries hrve so fer not been sble to meke ure of, or export,
their molrssers to sny significent extent.

Ingram shows thet in Guotemale the present export molrsses would
supply ebout 307 of the fermentstion £lcohol recuired to replece 15%
of the preeent demond of gesoline.

Note: The recent OECD publicrtion: "Molagses rnd Industrirl Alcohol”,
published by the Development Centre of OECD, Prrie 1976, should be
considered.

Xeren estimetes thrt sbout 50% of the greoline demend in Fiji oould.
be met b eveilable surplus molrsses.
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1.2 Potentirl world osprcit; for fermentriion rlecohol production

——— o

1.2,1 Present productivities per unit rrec of rreble lrnd

I e

There is gener:1l rgreement thrt the crope suite™lc for fermentetion
elcohol production ~re those producing suger #nd st:rch reserves. They
cen produce high jyields per hr #nd ere the most convenient for further
processing to e£lcohol. BSugrr cene is considered the crop with the
tighest potentirl, folloved by cresrve. In some regions, other ~gri-
oultursl products, such cg surplus b-ncnrs, dater, fige, cerob, suger
beet, fodder beet ~nd cererls, me; ploy ¢ role.

Yield figures cuoted 1 outhors of this Workshop rre shoin in Tedble
1e72.1,

Teble 1.2.1 Productivities per unit of rrrdle 1lrnd

o - a

A. Buger ccne

A AS My Bl B Al AT S 2 D A AN A Gt S B o BB Ml B N Al BB MROL B BB RS B S A Bt WA At A A A AL GNP

Alcohol £lcohol

Yield per crop per umit erer Author Reme rke
t/he 1/t k1/he
h4. 4 6€ 3.6 Seito
33,5-45.9 Vicherrngeen Theilend, present aversge
50.4 70 3.6 Be jrcputre Theilond, higher yield figures
70-84 Ingrem Centrel Americn
70 €0 4.2 Mrriotte orld sver:ge
90 97 6.0 Kelly Whole strlk (incl. tips)
160 122 19.7 Kell: Extrepolated to the mid 1900e

in Queenslend,
vhole crne proceseing

B B AP S B - DD BED D D WAT A b PAL Bl # WA W S ol B O A A S e S4B WA A 8D D




Trble 1.2.1 (continued)

B. Cesmeve

ot

Alcohol Mecohol ~ == T T TmeTT T
Yield per crop per unit fre: Author Reme rke
t e 1/t kl/he
12.2~14.25 Vicherangsen Theilend
13.3 262 Bejr-putre Theilend
160 Mariotte World everege
9.0 1.4 Srito
50 Prince Austrelir
3.5 Kell: Auptrelin
¥.0 Kell; New vorieties end cgri-

culturel improvements

D - ST Al WD A B b By B Al B B W D A A D AN -G BB D bW B W P A YD A Mt B B P AR+ D BANADAD DA D G Dol AUPND. B P Bl W

C. Mise

Yield Alcohol Aloohol - Author Remerke
per crop per unit rrer

+/hr 1/4 k1l/he

2.0 1.1 Saito

2.00 36 Bejrrputre Thrilend

B e R e o A e

D. Molceses

PR e T e ]

Kg moloesesn Kg molemees 1 eloohol Author Remrrke
per t of sugrr produced per to of cene per t cene

- AR el D W Bl &~ AP GBI, O GO 25 oV o 4 BAGPNE Bl B BB d P A BB ul B AP P Pl B AN W G P Ay Aol o) AW AT B W - % Pt
26 28 0.0 Kelly Austrrli
216 28, 0 ell: Austrrlie
o T P AR - SN CPNP D A A - AU B AW P Gonlh 6 S W 4 b BB W S B Al s S B B Wd Bt P W BT S P B B GO d B A BV P W AR D Wl

Note: In other countries, molepees per ton of ccne mey be two to three
timee higher (higher proportion of hexosee).
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T

E. V-rious Crops .lrriotte)
litre clcohol/t

Potetoes 120
Brnenng 250 ¢
Detes 200
Fige 100
Crrob 100

1.2.2 Posmible future productivities per unit :rer of -rehle lond

P N X L L T L TUAPE -—— e e

Kelly mede ¢ eignificent striement cbout the true future potential
of productivities of suger cone: "The best countr: :ielde sre about
twvice the world ~verrpe, those of the heet rrer of the best countr: -~re
rhout trice the countr; r~versge rnd@ thore of the best form in the beet
eres rre ~bout twice the rrer rverrpe."

Thue, ~ccording to Kell;, there existe - potentirl for inorereing
the world cver~ge by r fector of eight without hrving to resort to new
verieties. Queensl~nd, with ver; high rroductivities, ~chieves -bout
34% of the knotm potentisl. Meny countries opernte ot not more thrn 20%
of echieveble ;ield #nd some rre g low cs 104, Kelly determined suger
crne to be the crop with the highest ~chiev-hle photos:;nthetic efficiency.

Then tn #8 &n economic crop, °n efficiency of &% cen be reached.
f Y]

According to Ingrem, the y eld of crne per h: in Centrrl Americ:

could be increosed considersbly.

1¢2.3 Potenti:l vorld crprcity to produce fermentation i lcohol

- . - - - - ..

For ¢ detriled inveetigrtion of the present ~nd future potentirl

! surplus of cene eugrr ond storch, roots in developing countriee, teblee

3 4, S, 9 ond 10 listed b; Hepner ~nd those of M:rictte should be con-
sulted, According to Hepner's forecest, /1l Americ-n developing countries
by 1905 could produce = totrl of 2,240,000 tons of clcohol, Aeien countries
2,330,000 tons, Africcen countries 1,010,000 tons, with ~ world totol of
6,730,000 tons, ecuivrlent to $,076,000 k1 of rlcohol, if #11 eurplus
suger, gtrrch ond molcsees from the developing countries rre converted

into rleohol. |
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Meriotte hrs eetim~ted thrt the precent demrrd for rlcohol for r 15%
replocement of greoline in the developing countries vould be rbout
12 millior k1.

"hether Heprer's extrcpoleted yield figures cen be considersbly
increcsed b; zdditionsl 1-nd development if there exists cnother mejor
outlet for these crops chould be discuesed, #s should vhether rnd when
Kelly's super-high :ield figures per unit of rehle lrnd con be recched
in developing covntries, ¢nd vhet the corditions :rould be (e.g. economio
mesne to develop infrestructure, to develop rgricultursl lend, to import
or produce fertilizer, the neede for mechrnizetion in / rriculture, for
irrigetion, for insecticides, pesticidee, the methods of fincncing
egriculturel ond industrisl development ).

Crse studies of the potentirl crpreit, of selected countrics

Prrticiponte rre invited to comment on the potentirl of fermentation
#lcohol production, trking into rccount the results of previous discussions.

Prrticuler cherecterimtice of vorioue row m terisle for the

production of fermentotion ~loohol
Agriocultursl propertier of vrrious crops

Suger, Crne

Sugrr cene, prohrbly the crop with the highest potenticl, in sprecd
over the thole world; the technicue of milling ~nd juice extrrction is
well knorm: ilere ip surplus sugrr; there existe ~ lerge sdditionel
potentisl in terme of ~vrileble land; s=nd there is # tremendous possi-
bilit; of incrersing the ;ield per hc (Meriotte).

Ae mn., ~uthore put it, fugrr crne crn be grovm #n; where there ie
plenty of sunshine rnd wnter; there is no perticulrr recuirement rs to
the tipe of soil (see, for ex-mple Kelly); there seems to be no indicetion
of goil exhrustion Mt fertilizer hre to be ~pplied for high jields.

The cultivrtion rnd hcrvesting con be full, mechrnized.

The -vercge growth ¢ cle ie nine monthe, moximum tuo yerre.
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The disrdvrntage of suger crre re ¢ crop is its sersonel horvesting
(reetricted to the ¢r mesgon). However, rr Kell: shows, the hrrvesting
recpon crn he congiderqchl. extended if crne ie used for slcohol pro-
duction ~nd not for cr et-1 sug-r. There is no need to writ for meximum
guorose content, rcther the time of hrrvesting will be dictated b, optimel ¢

totrl (fermentoble) suger content.

Sugrr crniie is vuluer:shle to men, diegereer, but there seeme to

be rdecurte me-ne to combnt them, rlbeit ot some cost.

Kell. hes investigrted the effecte of frllow crope, i.e. cossoves

Pt 1N
there e some emoll edditionel totel return.

Cessove (s;,-non;ma ere menioe, mondioc, juer, trpiocn)

Creerve ir ¢ crop suitoble for semi-erid soils, which could be
procesged dvring off serson of rlcohol production from crne (2’.13.1.".9.'
Vichcrnngson). The cultiv-tion ie ecs; ~nd hrs no particuler recuire-
ment °e to the roil (Meriotte). Hrrvesting ir difficult to mechrnize
(Kell; ) but the recuireuent of fertilizer is lov rnd poor soils crn
be uced for its cultivetion, hence the effect thet the goil mr; beoome

exhcurted if no fertilizmer ie rpplied (Kell: ).

Corn (mrize)

Be:oicell; thie is » tropic 1 plent., The lowcr :ield figures of
oloohol per hr cre pertly compenerted for by the frct thet the
processing of corn is poesible throughout the ;eer,

Molonmes

Molrsses hrve o comperctivel; low price and the poseibility of
processing through the jerr. Kelly finde thrt the use of molesses for
lerge~scrle nlcohol | production is fecsihle only if one or more of the
following conditions preveil: 4the guger frctor: ir very lerge (15,000
tone of cene per dn;); the relotive production of molosees ir high .
otring to lo'r cu'lit; crne or cgome other receon; troneport costs for

centrclized collection #re faovourrhle; snd the fuel costse for processing

ere frvourchle,
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1.3.2 TFerpibility of energ plontrtions

Kelly points out ih~t, ot lecst under Auetrclien conditions, energ)
plantetions which ~re geprrote from those for sugrr production will he
necees: ™. for fermentrtion rlcohol production, ccneidering the necessity
for ver, lerge units, for rgricultursl ghift work combined with full
mechrnizotion etc. This divorce me; be necess:r; zlso ir mrn;
developing countries (Rudolph et rl., Moreirs, Schreier), clthough the
degree of mechanizetion mc; not hrve to be to the srme extent.

In r ncrrov sense, energ; plintrtione refer to strongl; mechrnired
plentrtions: The crop perticulr-rl; suitrble for mechonizetion is
suger cene. However, rlrerd; there exist lirge .:rojects for energ;
plentotions in Brezil, using coseove 8 o orop (Moreirs et r1. ).

In the cultivertion of cres~vr, efforte rre m'de to obterin uniform
pized roots th't do not eprerd too frr from the stelk. This helps

in rgriculturrl mechanigetion cnd in processing.

Full: mechrnized ener;m Pplentrtions, ~ccording to Kell;'s model,
‘provide the mecns of contirvo..s uee of ecuipment in rgriculturcl
operetions (including irrigetion, ploughing rnd plenting), ¢ high
gtenderd of mechrnicrl mrintencnce of - griculturcl ecuipment, £nd the
uge of ¢8 large - proportion of rvrileble time ce poesible.

Kell; considers thet the present stondrrd of mcintenence of regri-
culturcl ecuipment ie ~hout one tenth thet of the frotory stend:rd
snd i8 even less in developing courtries. The p.esent use of chopper-
t;pe hervesters in the existing sugrr industr, in Austrelin im ohout
13% of the -potentirl crpreit;. Al in 211, Kell: coneiders thot even
in developed countries there exists : potentirl for the reduction of -
the orpitrl cost component by ~ fretor of S-T7.
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In terms of lend development , Kell: points out thet hervy investment
will pc; in the long run; this involvers sdecurte irrigrtion supplies,
dreine;n tnd flood prevention.

Kell: 's gy stem would involve 1,600 he plentrtion units,
opercted (under Austrrlirn conditions) for 39 veeks, 7 drys per week,
3-shift employment. Plrntetion unite rg 1r ree o8 350 km? might provide
some rdditionrl sdvente ges,

Reference is mcde to 300 ki plentctions in Argentine rnd
Mexico th»t suppl: fretories 1ith 1,000 tone of crne per dr: .

According to M-riotte, one mrn is reruired in egriculturcl
operction per 1/70 hr, ¢nd one cutting m-chine or hervester, for
170 he. (some do up to 400 hr) per crmp-ign,

Herv; industrirl mechrniz-tion +ith rdecurte mcintenence
involvee skilled 1:bour. The Morkshop ought to discues corresponding
£ocicl implicctions (poseible lrrge differences in remunerotion,
feu new jobe crected etc.).

Properties for proceesing to ethrnol

T:tel ;ield of ermily rveilcble crrbohydretcs ond Buger
ooncentrrtion in the fincl extrrct cre the importont criterir
of crope for ferment:tion rlcohol production. Sugrr crne cgrin
renks very high in this rerpect 'nd, in rddition, energ is
tveileble from the reeidver, or brgrese, ~fter sur~r extrrotion.

However, the procese of extraction, be it by - milling or »

diffusing proceses, ie costl:, prrticulerrl; in terme of invest-~
ment (Srito).
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Once +!: esoonomio problem of cellulosec srccherificrtion is
solved, suger ccne 11411l obviousl, be the kighest ~lcohol :ielding
crop (see yield figuree); nlpo, the totrl energy :ield per he and
per c.num is the highest.

Cogsrve is ¢ suiteble elternctive for the drier regions, slthough
the processing coste up to the stoge of sweet mesh cre indicrted
to be higher then those for suger cone (Srito).

Sugrr beet is well known for ite suitebility for direct suger
Juice fermentetion, but it ies herdl, growm in developing countries.
Prince indiortes thet the totrl sugrr »ield per he is higher for fodder
beet then for suger heet; it is cuestionrble, however, whether
the lower sugrr concentration in the extreet will not prevent on
sconemio krndicep in the recover: of ethenol.

The production of sug:r from sugr r crne ond the production of
sterch or sweet juice from crep~ve cre srell-knoini procesres rnd
recording to experience, the preccesming reli~bilit; ie good in
developing re well rp developed countries.

Similerly, the preperstion of the mosh doer not present
undue difficultics. Depending upon the region, there mr; be zddi-
tionrl trestments recuired to prevent moaling in the mesh columns
for cdistilling the clcohol. This heppeins with some vorieties of
molac-es (Modi).
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1.4 Agricultural costs in fermentation alcohol production

Kelly has worked out for Australian conditions the agrioultural
production costs, extrapolated to 1985 using reasonable maximum
productivity of sugar cane, whole cane harvesting with applications
of space-age technology, in 35,000 ha estates at 160 % cane/ha
(total alcohol production including cellulose hydrolysis = 690,000&1).,

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

14.3
Total agrioultural cost
(excluding transport of cane) 14.3
Transport of cane 4.4

Marjotte oonsiders that for sugar oane at a yield of 60 t/ha invest-
ment costs in agrioultural machinery are about US$ 1,000/ha.

Pe jraputra indicates the following cost figures:

Yield Total agricultural cost

Sugar cane t/ha US$/kl
(juice only is proocessed to ethanol) 50 21,5
Cassava 13,3 8.8
Maige 2,08 35.4

Molasses (cost of raw material) 15.5




2. lication of fermentation alcohol technology in developing countries

2.1 Processing costs and total production coats

Table 2.1

Investment costs for processing agricultural crops to ethanol

Sugar Cane
Operation Daily Yearly Total Specific
period production production investment investment  Author
d.p.a. kl p.d. kl p.a. million US$ US§ per 1
daily production
150 60 9 000 14-16 250 Saito
273 2527 689 871 100 40 Kelly
150 330 50 000 25 75 Mariotte
250 200 50 200 15 75 Prince
Nolasses
Operation Daily Yearly Total Specific

period production production investment invesiment Author

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

300 60 18 000 5-6 100 Saito
300 50 15 000 6 120 Karan
300 30 9 000 5.7 185 OECD
30 30 9 000 370 OECD*

* independent from sugar factory
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Cassava
Operation Daily Yearly Total Specific Author
period production production investment investment
d.p.a, k1l p.d. k1l p.a. million US§ US$ per 1
d:1ily production
300 50 18 000 6-T7 110 Seito
250 200 50 000 15 Prince

rocess (sugar juioce 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 costis cf fermentation aloochol

Suger Cane (juice only)

including raw excluding Operations daily
material raw period production  Author
(agricultural costs) material
Us$/kl Uss$/x1 d.p.a. K p.d.
450 320 150 60 Saito
340 162 Ingram
210-339 273 Prince
160 196 Kelly*
5 Kelly®

* 39 week agriocultural operation, 7 d.p. week, 3-shift operation p.d,



e

- 21 -

Molasses
inoluding raw excluding operations Daily
material raw period production Author
(agricultural costs) material
Us$/kl Us$/k1 d.p.a. Kkl p.d,
210 140 300 60 Saito
255 Xelly
480 480 50 Karan
230 125 300 ¥ OECD
Caspava
300 142 300 60 Saito
126-215 250 200 Prinoce
uger Beet
164-279 Prince

¥8lly has made foreoasts for 1985 under various conditions of
agrioultural operation.

2 4 es of production costs by 1 stral C
according to Kelly for a 4istillery of 690 000 k1 p.a.

Total Plantation
Produotion Unit Conditions
Coats
Uss/kl ha
84 35 000 160 t cane p.ha, high productivity form,

T=-day week, 39 wk.p.a., I-shift p.4,
whole oane proocessing

}20 35 000 present form productivity whole cane

160 35 000 present form productivity cane juice only
90 1 600 high form produotivity, whole cane

128 1 600 present form productivity, whole cane

175 1 600 present form produotivity, juice only

125 50 high form productivity, whole cane




22 -

175 50 present form productivity, whole cane
270 80 pressnt form productivity, juice only
315 50 present form productivity, juice only;

5-day wk, 28.p.a., 3-shift operation

In table 2.4 more Getailed production cost figures are shown.

Table 2.4 Processing costs of wholc sugar cane (including Gellulose

hydrclysis) to ethanol, (690 000 kl.p.a.)(Kelly)

Usé/kl
Transportation of cane 4.4
Capital assessment of factory 29.8
Kaintenance 7.2
Labour and chemicals 1.1 -
Cost of cool 16.7
Local managoment ‘ 0,6
Total processing costs 59.8
Proportion of control centre costs
Capital asscssment 8.1
Managemont and operation ' 1.6
Cost of space-age technology ‘ S.1

Total costs of ethanol ex distillery ' 83.8




@

2.2

2.}

-23 -

Minimal and optimal plant size

From Kelly's compilation (Table 2.4) it is obvious that in terms
of proocc .3ing costs the capital .ssessmont of the ..ctory aooounts for
the largest proportion of processing costs (if coal is utilised as an
external source of energy). The cost proportion of transportation of
cane is about 1/7 that of capital asscssment, It is well imown that
investment costs for a plant cannot be soaled down in proportion to
plant size. In addition the cost of labour and the requirement for
trained personnel will increase considerably with decreasc in plant
sise. Hence there seems little likelihood of a larger number of
smaller plants being more advantageous than a single huge plant,

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

There secms to be room for discussion, nevertheless, considering
that very long transport routes tend to result in spoilage of cane to
a small extent and reduction of the yield by the respiratory activi-
ties of the cane itsclf,

Additional consideration may also be given to those cases
whore molasses can be used as raw material,

g‘ggcultural production

Kelly has cxamincd several processes of which the data are
shown in Table 2.3.1.
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Table 2.3.1
Processing costs of sugar cane to ethanol (Kelly)

A. Dual production of rnw crystai sugar -nd ethonod

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

k1/1 alo. MJ/1 MJ/1 4 %

6.44 14.5 21.3 32 20

B. Ethanol only (cane juice proceseing, no cocllulose hydrolysis)

1.3 16.4 21.3 23.0 9.4

Bagasso surplus

C. Whole cane processing to ethanol; external energy by ocoal

6.7 15,08 21.3 29.17 16.7

# 4nol. 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);
excl, cane transport (1% N.Th.V.).

Potentinl bagasse surplus 31.7%.
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The roquirements of process energy, using molasses as raw
material has also beon examinod by Edor (see Table 2.3.3).

Teble 2 5.3 Enorgy oonsumption : the production - rous aloohol
from molasses (Eder)
. Fle¢trical
Stoam _enorgy
kg/l % total Jewli/1
1. Mash preparation
molasses dilution,
molasses clarification,
sludge treatment 0.2 4.8 0.02
2. Fermentation
pumps 0,005
yeast separator 0.01
3. Distillation, rectification
dehydration 2.5 59.9 0.035
4. Blope recovery
concentration to 65% D.N. 1.47 35.3 0.02
5. Energy for meclanical
vapour compression ( energy
6. Total 4.17 100,0 0.270
ernatives
Combined distillation,
dehydration, slops evaporation 3.50 0.032
Total 3.70 0.025
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According to Kelly, thc requiremente of energy for cane
processing is divided up as shown in Table 2.3.4.

Table 2.3.4 Relative encrgy requirement in tho produciiop of
anhydrous alcohol from sugar cane (Kelly)

Total steam usage : : 100. 00%
Power . . . 5.63
Sterilisation 14.78
Distillation, Dehydration 35.23
Slops evaporation 30.28

Niscellaneous 14.08




Tadle 2.3.5 Encrgy balance sheet of cane Juice procossing to othanol

A.

B,

c.
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Schroier has drawn up the overcll belance sheet shown in

(Schreier)

Bnergy contont of products (% come)
techniocal alcohol

power alcohol

conc.slops ond filtor ocake

surplus bagosse (used to produce steam and
eloctricity)

Procoss energy

Juice preparation
fermentation
distillation, dehydration
slops evaporation

Surplus encrgy

heat
oelectricity

Loss.s (wastc heat)

preparation, fermentation, distillation
distribution of cnergy

stcam power gencration

internal consumption

Total

Moreira et al. have made detailed enorgy analyses for various
systems and combinations, taking into account also agricultural
energy, onergy investmont for various orops (cane, cassava, nor'hnn),
using various procodures (with and without cellulose hydrolysis)

and extonding

0.713
34.73
6.48

10.1

5.10
0.29
13.17
3.66

8.28
0.98

3.07
0.10

21.90
1.0

99.36




energy supply by wood.

othanol production from wood by gasification, (7
V, VII, IX and X Morecira et al.)

- 2% .

In addition, comparisons were made betwecn

reference,

The final aim was to ©8.ablish the energy
sufficient ha (table XII, Moreira et al.).

by Moreira et al. is shown in table 2,3.6,

ables I1I, II11, Iv,
should be consulted for detailed

valonce of the sgelf
A summary of the results

Table 2.3.6 Energy balance of the self-sufficient ha (Moreira et al.)

Neal /he,
Systex Alcohol Residue Agriculiural Alcohol Ensrgy_  Total Alcohol
energy onergy energy external cnergy minus minus

agric. agric.
energy energy

Cano

Syst. 1 18 020 8 .78 3 796 4.75 22 702 14 224

Syst. 1+2 18 558 - 2 985 6,22 15 573 15 573

Cassava

8yst. 1 10 332 - 2 074 4 98 8258 8 258

Syst. 1+2 11 985 - 3 086 3.88 8899 8 899

Sweet sorghum

Syst. 1 26 114 3 870 T 310 3.57 22 668 18 798

Ryst. 1+2 23 769 - 5 016 4.74 18 753 18 753

Rucalyptis

Syst. 2 12 73 - 551 22,46 11 822 11 822

Hethanol 18 407 - 551 33,41 17 856 17 856

Pinus

Syst, 2 16 464 - 484 34.02 15 980 15 980

Methanol - - - 42,98 - -

8yst. 1. Permentation of sugar from sugar cane juice or cassava roots

and stems or grains from sweet sorghum,
8yst. 2. Hydrolysis of cellulose from sugar canc, cassava stems, sweet

sorghum stems or

wood,
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2.4 Methods of accounting to construct total balance of costs

n) Period of depreciation

Kelly proposes thc following:

Total land devclopmernt costs 715 years
Procepsing plant 20 yaors
Agricultural machinery 5 years (continuous usage,

high meintcnance standard)

) Rate of intcrest

Kelly's index system in principle means to keocp the ratio
of periodic repayments to snle price of product constant, This
method is considered suitablc if repayment periods of 50 to 75 years
are applicable: there is only a marginal (but significant) Aifferonce
to conventional methods for repaymcnts of 20 ycars, and no significant
differcnoe for rcpaymcnt periods over 5 ycars. ’

For exomples $100 invested at 5/ interest, 75 ycars,
Conventional repaymont: 45,13 per annum
Using an indexation increment of 3% per annum, repayments
of $1.55 per annum would be made during the first 5 years, |
whoreas the repayment in the 75th year would amount to
$12,96,

o) Bnergy sccounting and cost accounting

Orgenfield ond Nicklin point out the interactions betwcen energy
accounting 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 crops the

net energy gain is small, Furthermore, recycle energy has to be
conlidemd.&wgggig_qggigl not at thc ourrent market price;
opacity reduction through recycle cnergy has to be considercd.

The result is that enorgy priccs 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 recycle encrgy the following have to be considcrods

Land devclopment

Field work

Hervesrt and transport

All plant operations

Slops utilization (eva.pomtion, transport to the fiold, irrigation

Personnel dislocatior and its regulcr transport

Morcira et a1l in their article argued that in their input-output

analysis it would be unjustificd to takc into account the agricultural
labour energy.

d) Methods of accounting in power alcohol use

Bejraputra and Ingram calculate the final value of 1%/ alcchol-
blended gasolinc, which is thon to bec rated as premium grade gasoline
as follows:

Pricc of regular gasoline x (1 = 0.15) + 0.15 X = price of premium
grade gasoline

X = blending price of ethanol
Requirement of utilities and labour
a) Water

Acoording to Jnito the following amounts of wator (2600) are
required per litre of aloohol produced:

Canc juice 250
Molosses 250
Cassove 350

Note: Conmideration should be given to the warm climate in the
trépicel regions and ite effect on water and/or energy requirements.
This aspect has hardly been dcalt with by any author.



L)  Nutrienis

Nitrogen and phosphorous salts are normally added in order to auiieve
rapid fermentation. The amounts required are comparatively small, They do
not represent a major part of the cost:, F‘urthermore', aided nutrients can
be recovered in the form nf yeast, which can be used a8 high-protein and

vitamin component.

Attention ma.yb be drawn to Madi's observation that the amount of
nitrogen salts added to the mash exceeded coneiderably the calculated amount
of yeast production.

c) Labour

Kelly indicates that the normal requirement of one man-hour per 400 1}
of alcohol can probably be halved upon rationalization of the prooess.

2.6 Need for and possibilities of process optimigation

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 components in fermentation alcohol prodﬁotion are
investment costs (depreciat'io.n and interest) arid energy requirement (above
all for distillation and dehydration). If cellulose hydrolysis, e.g, of
bagasse, is envisaged, there is an additi nal considerabie cost component

involved in terms of investment, maintenance and energy.

If storable raw material, such as molasses and grains, are prooessed,
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 ocutlays.

In large plants appropriate economiging can be done in the processing
sections.




a) Fermentation plant

At present, most potable alcohol is produced by baich operations. Fer-
mentation plants are characterized by lcw productivities (low output per unit
fermenter volt se), high demand in labcar costs and cons: erable energy require-
ment for mash sterilizatirn. Normally it 1s required prepare fresh, (pure),
cultures at regular, often very shori, intervals, ¢.g. daily (M.Ei‘l.l) Some
companies do not require this when a continuous or quasj-continuous operation
is maintained, which normally involves the use of centrifugal separators to
re-use and "clean up" the yeast (Eder). Higher productivities can then be
attained as there is 2 reduction of fermenter down-time (cleaning, fermentation
lag phase) and of labour. Inteneification of the process involves additional

investment and energy in terme of separator operation.

Prince, Dellweg and Ingelbart 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 oentrifuges are involved,

In Meyrath's fully continucus system, very short residence periode
(as little as 1 hour for 7% alcohol) are required, No centrifuges are
involved and there is no need for mash sterilization, A two-stage operation
ie required if high mash density {above 8.5 Vol%) is used. Alcohol concen-
trations up to 13 Vol% can be obtained in %otal residence times of 12-13
hours. It i3 reckoned that 2 reduction in investment costs of the fermentation
plant from 1/8 to 1/10 can te cbtained as compared to a good batch process
or a process invelving 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
sterilizacion or fermenter is requirad, abour cost reduction is considera-
ble as all operations are simplified. Surplus yeast recovery, a.va.luablo

by-product, is donme withcut centrifugal separators in the form of a 20%
(dry matter) slurry,

Vacuum fermentation processes have baen 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 processss can he 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
steam. The present trend is to achieve as high concentrations of alcohol
in the méeh a. possible in order to reduce steam require.ent. No concrete
figures have been presented in this 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 volume is involved, '

o) Preparation of cane juice and mash treatment
In order to minimize capital and operating expenditure a* the milling

stage, 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 25% of the residual julice, goes to a
separate stream of a Ritter-type extractor, which is the 'heap" technique,
and from there to a pressure feeder of two sets of 3--roller mills. Both
fluid atreé.ma are combined.

Rudolg. 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 vreparation of cassava mash, attention ie drawn to the papers
of Caransa and Boa.
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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 hish-productive fermcntation, Meyrath
showed that there is no need for sterilization oi either molasses or dilution

water,

d) Hydrolysis of cellulosic materials

Kelly considere that thermal hydrolysis of bagasse is a low-cost route
for converting coel into sthanol. 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/k1 to $156/k1. Total production

cosis, however, are decreased.

2.7 Effluent treatment and by-products

&) Slops treatment

Beet molasses slops, vinasse, can be evaporated to approximately
60% dry matter and eold es animal-feed ingredients or as fertilizer (Lewicki,
Saito). It is claimed that molasecs alops contain about 65% of the feed
value of molasscs; up to 10% can be used in feeds (2% - 3% for pige); the
digestibility is 50-60%; the digestibility of the protein about 90%
(Lewicki). Ir Europe about 760,000 %c.s per annum of vi .asse is marketed as
a;.;l;a-;r;eeds. In France, vinasees is applied as tertilizer at a rate of 2.5
to 3 tons per ha. 1In Japan, Kyowa Hakko produce about 140,000 tons per annum
to be used as fertilizer. 1iIn Durope, the price of vinasse ex-factory varies
Petween $17.50 and §62.50 per ton. The price is strongly influenced by that
of soy bean meal. Lewicki considers that the feasible marketing radius is
about 50 km from the evaporction plant.

Kally, Schreier and Nder also consider that the most appropriate means

of disposing of alops {rom molasses, cane processing or cassava, is by eva-
poration for use as fertilizer. Kelly's opinion is that the direct use toge-
ther with “hs irrigaticn woter in sugar cane plantatione will be at least

88 expensive and probably less convenient than evaporation followed by use
as fertiligzer,
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Acoording to Prince, the anaerobic digestion of cassava slops would
yield sufficient methane to cover all process heat and cleoctricity generation.

The enerpv content of molasses slops, 2.5 Kg steam mer litre of aloohol
is high enough to covor the requirement for distillation/dehydration. How-
ever, feasibility to attempt complete digestion to methane is doubtful con-
aidering the very long retenticn time and, therefore, heavy investment.

Aocording to Meyrath, it would seem more appropriate to recover about
70% of ths slopa' energy oontent by a short digestion period of about 16

hours and oonc:ntrate the residues for use as fertilizer.

It is doubtful whether it is appropriato in huge distilleries to use
evaporcted slops as animal feed. There is a large disparity in the quantities
produced as compared to the demand.

b) By-produots
The question of quantity disproportion may also be signifiocant in the

oane of by-products such as surplus bagassc or 002 from fermentation,
Bagasse has been used successfully in particle board manufacture 002 for
soft drinks, fire extinguishers etc., but the amount of these products will
probably ba in vast exocess of the demand,

The case .ay be different for sii g le-ocell protein. Feed yeast, or
torula, could be produced from sl-ps., Particularly the slops from hydrolysed
bagasec are expected to be rich in utilizable pontoses. Torula yeast pro-
duced ocould be combined with saccharomyces yeast from the alcoholic fermen~
tation and used a3 high-protein and vitamin feeds. While the amocunts of
ycast to be produced arc large, possibly too large to be used in the country
of prcduction)’’ there is an international market for the produot if
a'railable in sufficient quantity.

- i
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