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by 

F.H.C.   Kelly** 

Tht author recommends discussion be 

industry. 
entirely separated fro» crystal sugar 

Factors influencing the cost of agro-eth.nol fro- sugar cane have been 

identified and listed under 6 for agricultural aspects and 5 groupings for 

process aspects. The paper extracts information from . detailed monograph 

prepared by the author in 1977 in which strongly defined exponential relationships 

between the estimated cost of ethanol ex-distillery and the log of the logarithm 

of jthe unit area of fan» or plantation became evident. Use of the best known 

20C century technology is predicated involving heavy duty agricultural machinery, 

« high standard of maintenance, extension of season to 39 weeks with 7 day week, 

24 hours day operation. Irrigation facilities are important. 
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An index.d aystem of amortisation ii suggested to cop« with high inter..t 

ratti for long term repayment of land and water storage development finança. 

Factory flow sheeting U .ugg,î8ted for whole cane proceeding (including 

top.), primary juice extraction, cellulo.e hydrolysis us        Ritter type heap., 

continuous fermentation, high thermal efficiency distillation,  .lop. racyclin, 

for fertiliser pos.ibly after evaporation and fuel from lignin and re.idual 

cellulose with supplement. 

Maximum economic size of factory unit probably determined by maximum sise 

of distillation columns at about 10,000 tonnes cane per day.    Double this aise 

would introduce seriou. logistic problems for cane supply. 

Minimum cost of ethanol ex distillery estimated at U.S.* 8.4/1 using space- 

age technology. 



Introduction 

W.ì »iudy i* :.onc«rned »«uwtWÌ? wi-j» r.x* .«odu :tioii of ethanol 

fro» fiutar care iuel!' ari    M  ,~or. rda«its    r»d -omit« ivon a feasibility 

study ca-riau c,   -v -, r^,o£
X in in: v*p*rt•.. *, chcilcsl Engineering ÛC 

fete University of Queensland in 1977.    It was observed than that isolasses could 

only be con.idered « satisfactory rev iieteriel for tehanol production if one or 

•sra of the following conditions operated; 

<«)    The sugar factory was very large (<15,000 ted) 

(b)   Tha relative production of aolavsee vas very high due 

to lov quality cane or for SOM other reason. 

(e)    Transport coats for centralised collection ver« very 

favourable. 

W)   Fuel costs for processing vere vary favourable. 

A close study of the situation in Queensland as then prevailing 

rwealed only limited pronpects fro« this source which could not be considered 

es a prospectivo contributor to the national requireawnts of liquid fuel on a 

significant scale. 

The prospect of using whole sugar can« for this purpose vas examined 
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in fedi «ri under 1)»«« cdi.l«. r.ve.led very intere.tin, po..ibilities 

for develops on , ,„„,. Ci)ap3tib.,0 v.th ovei..ali Mt.wi coniumpt.on of 

light liquid lu.1. and choral  feed.tocr  (MCI.  year  in 1976). 

Although ,, uUe range of technical   aspect, was included in the 

f.„ibility „„„y  ehi p„£ent .^„^  t, rQJtrict,Jd Lo ii0,ti(teta of 

=o.t controlling factor, with .« elaboration on direction,  for possible 

development. 

Raw Material 

In «qr .tudy of eth.nol production the co.t of r.w ..t.ri.l fe.tur« 

pronti,.    I, »„.rid price» o( r„ ,ug.r ., . poi>ible ^^ ^ ^^ ^ 

c«par.d to »world price» of crude oil pre.ent day co.t. dt.pl.y . „Uti„„.hip 

«ich i. v.ry mf.vour.bl. to .ug.r ., .„ .itern.tive r.w «at.ri.l.    However it 

i. «11 known that the »world price» of r.w sugar bear, only . »rfin.l 

»Lti.n.hip to th. real co.t of production.    It ,oon bee«, evident th.t it 

~M b. unwi.. to t»p.r in any B.y with th. .tructur. o, th. pr..,nt Que.n.Und 

.««« lndu.tr, fo,  th. purpo.. of obt.in.',g low-cct eth„U, .Ithough full 

-»«tM. .hould b. t.k.n of experience i„ gr„.lng .„gar c.ne>  t„, „,„, of 

P«t. „d di...... »d th. extraction of julc.     Sugar en. grown in ^ „„, 

.p.cific.lly for ethTO„l production would, however, .ppe.r to h.v« better 

pr..p.ct. for !ow.r co.t d.v.lop«nt but would reouir. the p.r.11.! develop.« 

of «n «,tir.ly new .oci.l .„d economic .tructur« .uited to it. own need..    Thi. 

Incluí.. ,„ch very i»port.„t r.,uir.«nt. .. „ew cor.tr.ct. b.tw„„ *,„.,.»« 
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and employees based on the merits of the ethanol industry rather than existing 

practices in the sugar production industry, although such can form a useful 

basis for discusión. For example a mechanical harvester in a mechanieal 

hnrv«at..r whether oane ta out for cry.tal au*ar or ethanol oroduotion. Mil 

Australia whereas cutting is currently restricted to daylight hours and to 

five days a week the prospective employment of the high capirai coat machines 

for 24 hours a day and 7 days a week needs to be envisaged and appropriate 

adjustments sought. 

Diversion of cane from sugar to ethanol production is unlikely to 

be satisfactory economically and at the best to be only a short-term palliative. 

Whereas a community may tolerate certain high cost aspects of production for 

• semi-luxury product such as sugar it is unlikely to be so tolerant towards an 

industry producing large quantities of liquid fuel the costs for which would 

permeate every aspect of daily living. 

In order to be able to identify high cost components in the 

production cycle the over-all flow sheet for this study has been divided into 

li sub-units as far as the storage of ethanol at the distillery site. To this 

needs to be added transportation and other distribution costs. This procedure 

«Uo has the advantage that variations of even +50X with respect to individual 

items only marginally affect the over-ail cost and the possible scope of such 

variations in each sector can be individually examined. 

Whilst sugar cane itself has been specified as the desirable raw 

material for this study it is necessary from a global or national point of view 

also to examine other possible sources of liquid fuel. It is not the purpose 
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of this particular paper to do this,  but it is pointed out that when making 

such comparison each source has both  favourable and unfavourable conditions 

and it  is necessary to  be quite specific when dealing with such situations. 

The emphasis here is  to define the most favourable conditions from all points 

of view for the producción of ethanoi  from sugar cane.    However .-there is not 

a unique solution to the problem   of over-all optimisation,  the author will 

not attempt here to define such effects in detail  but will draw attention to 

some of the situations which develop.    For example it is not uncommon  to 

compare best productivity conditions  for a new crop with average conditions 

for sugar cane without  examining the possibilities for best conditions for 

sugar cane or the likelihood of the new crop achieving less than best conditions 

under real-life large scale situations. 

To expound on this    example for sugar cane - we may examine average 

yields on a world basis and find    that best country yields are at least twice 

as much as the average  and the best area within the best country may yield 

twice as much as the average for that  particular country and the best farm 

within the best area may yield twice  as much ab  the average for that area or 

•ight times as much as world average.    Queensland is a country where very high 

productivity values for sugar cane have been achieved but  the author estimates 

that the average yield of stalk cane  per hectare  is still only about  34* of the 

known achievable yield under optimum growing conditions, which means that many 

countries are probably operating at noe better than 20Z of achievable yield 

and some as low as 10*.     The author has estimated  the maximum achievable photo- 

synthetic efficiency for sugar cane when grown as an economic crop under 

currently known conditions of technology to be around 8t. 
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For successful economic development of an agro-based ethanol industry 

it is considered essential to apply the best of  ?0     century technology at each 

of the agricultural» Harvester,   transportation and processing stages.    The 

industry would nor provide a panacea for unemployment, the minimum skill being 

that of the driver of a heavy duty tra tor or truck or t' e general supervision 

of computer controlled processing. 

Cost Component Items 

In applying the principle of multi-component subdivisions for cost 

analysis the author categorized 55 subject areas for study, examined in t.etail 

25 favourable combinations of conditions for cost estimations and required 35 

sub-headings to summarize the findings effectively and tabulated under 20 sats of 

conditions recommendations related to areas of research and development considered 

to be important.    The study was comprehensive but not necessarily exhaustive. 

The following costing sub-divisions were actually used:- 

1. Development of land including net capital cost» drainage 

and irrigation development. 

2. Cultivation costs. 

3. Fertilizers and chemicals. 

4. Irrigation application. 

5. Han «dicing. 

6. Management of plantations or farms. 

A-    total growing costs 

7. Transportation of cane from field to factory. 

8. Capital cost of factory. 

9. Maintenance. 



rj- 

- 6 - 

10. Labour and chemicals. 

11. Management of factory 

B    •    total processing costs 

C    -    total  cost of echimol ex-distillery. 

There is room for differences of opinion or custom within this 

subdivision and adjustments are permissible to accommodate personal preferences 

but this subdivision is adopted here as a primary basis for consideration of 

the problems. 

All agricultural operations have become very highly mechanised and 

the sugar cane industry has shared in these developments.    One very important 

requirement    for the economic application of these developments is continuity 

°L.H,»e of equipment.    This requires firstly that a high standard of mechanical 

maintenance be achieved and secondly that  the items of equipment be used for 

as large a proportion of available time as possible.    The seasonal nature of 

agricultural operations reduces the time available for use in any one year and 

anything which can be done to extend seasonal operation« must be of benefit 

froa this point of view.    ACricultural machinery is generally not distinguished 

for the standard of maintenance  ichieved,  perhsrs tno-o      so when smal .   scale 

units are employed.    The most  costly and physically largest mechanical unit 

employed on the sugar cane plantation is the present day chopper type harvester. 

At present practically every stick of cane in Queensland is mechanically 

harvested, but a study of the statistical records  indicates that these very 

costly machines are being used to only about 13% of their potential capacity. 

There lies within this segment a factor of 5 to 7 by which the capital  cost 

corponent could be reduced.    An analysis of lost time due to mechanical 
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filare, for .gr¡cult„ral equipme„t ,„ ^„^^ minUmn:c ^^ 

elee to „„e  tenth of rho.e amoved „ithi„ tne  f.eto„.    C(mtinu¡ty of ^.^ 

of other agricult„ral „p„atl„„» (inrludin8 irrigacio„) al.o has ¡„portant 

•«nie benefit anJ „ptiralsation  „ re,uired lt aU  st(¡ses et   cosc/bcnef.t 

of 24 hr/day ploughing and planting. 

Sugar cano will  grow ¿„ practically any type of soil,  and those 

•oil. which are often  classed a. un.uitable can generally be suitably „edified 

-lbeit at s.mc cost.    Water supply,  fertilizer and sunshine are the three 

i-portant ,equir«„e. for satisfactory growth.    The cost of developing land 

includes grading and  draining as well  as  the storage  and reticulation of 

water for irrigation.     It has been preferred here  lo consider under a separate 

ite«, the cost of applying the irrigation.    The ear!ier items are considered 

to be part of the capital cost   of  land envelopment which is a quite significant 

ite» in  the  list of costs and special attention has been given to amortization 

techniques.    The period for  repayment of capital plus interest with respect  to 

total land development  costs can be spread over a much longer period of ti« 

than for machinery and  for these studies a period of 75 years has been preferred 

with 20 years  for processing plant and 5 years  for agrirultural machinery. 

At the present  time high interest rates are being charged for loan 

fund, and are believed by economists  to represent one antidote for high rates of 

inflation.    This placea a very heavy burden on amortization even if repayment is 

•pread over a period as long .,. 75 years.    One way of meeting this problem 

i« to apply a system of indexation to repayments designed to keep the ratio of 

periodical  repayments  to sale price of product constant.    It  is of course 

difficult  to predict the likely sale price for any commodity in 50 or 75 years 
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time but it !• not without interest in this context to look back for 50 or 

75 years and to see just how the net prices of such commodities as petrol, 

•thanol, sugar and sugar cane have changed; an exercise which is rather more 

satisfying than a corresponding study of short term changes. For example for 

every $100 initial capital investment at 5X  sn equal annm.. repaynent of $5.13 

would be required for each of 75 years, whereas if an indexation increment of 

3% per annum is employed then the median payment for the first 5 years would he 

only $1.55 although the payment in the 75th year would be $12.96. History teaos 

to indicate that over long time spans annual inflation rates tend to avar.i-. 

arcund 5Z hence an indexation of 3S could be expects to have a reasonable margin 

of safety. Correspondingly an 11% loan fund interest rate indexed at 3% p.a. 

would require payment, of $11.00, $3.31 and $27.79. The mathematical relationship. 

are itemised in Appendix 1. 

Whilst an indexed system of amortisation is of considerable benefit 

for debts repayed over long periods ouch as 50 to 75 years it is of only marginal 

value for a 20 year period and of no significant value for 5 years. 

The money spent on primary land development has a very strong 

influence on productivity in later years hence ther« is re I value in enablinG a 

thorough job to be done at this stage including the important items of flood 

prevention, drainage and adequate irrigation supplies. 

Sif of Farm or Plantation 

This more than any other single item seecs to have a dominating 

influence on the ultimate cost of ethanol, and the development of sugar cane 
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cult«, te ethanol pro<)üctiOT aB a new jndujtry affordä M onntmitf  ie 

.x.„l„. thl. a8pfct ..ab ¡niti0.,  The over.aii Mgnuude Df fuii ^  ^^ 

to provide in [„„ Australia'. present rcquiren,fnt§ of U(n ^ of ^^ 

fue! mM re,uir. an expansion . t0 , tî.. the .„. „, (he ^^ ^^ 

•u,.r £ndu,trv «hieh total. „Wo,inat<.,v 1?5<W s„bd,.vidcJ ,„,„ 7M0 ,mUs 

.v.r.gi„6 44. 5 ta. ^„„„^ on eMl ,calc mu  af(ord subjtantisi ^ 

for .tudy. 

Whilst increased scale of operation offe« bright prospects for 

reduction in management and operating costs it is recognised that productivity 

tend« to be lower as scale increase«.  A general relationship between 

producUvity and unit area of growing which has been found useful, in the author's 

experience, with respect to sugar cane growing i. evaiuated in Appendix n< 

Anticipating the over-all picture of the final cost of ethanol two 

ce-plex exponential relationships became evident relating the estimated price 

ot ethanol ex-distillery to the log of the log of the size of unit far. or 

Plantation area. For this a gross area of W per factory ^ has ^ 

ployed, the effect of variations fro, which being separately considered. 

When considetiiig economic optimization oí the siZe of a single 

plantation-factory unit in this situation two factors are prominent - 1) the 

logistics of maintaining a continuous supply of fresh cane to the factory and 

(2) the absolute maximum size of a  distillation column. A figure around 

10,000 ted seems best to satisfy these two requirements and for high productivity 

cne production corresponds to an ar.a of approximately 350k.2 if the «..on 

can be operated for as long as about 270 days. 
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The proposal to extend the season to around 39 weeks from the present 

practice of approximately 28 weeks assumes that the total sugar content of the 

cane has a less well defined peak value than tor recoverable crystal sugar.  The 

practical limits .hen become more specifically the end and beginning of the 

wet season. 

Changing these parameters plus that of  the working week-end 

introduces a step change  into the relationship between the size of firm or 

plantation unit and the  cost of ethanol. 

Figure  I illustrates in summarized form general relationships between 

the estimated cost of ethanol  (ex distillery) and the size of individual farm 

or plantation units incorporating also the direction and approximate magnitude 

of the influences of a range of additional variables. 

The net result of these studies was to prefer plantation units of 

1600 hectare area although managing the whole 350km2 as a single plantation unit 

could have some  financial advantages.    There is a tendency in the present 

Queenslad sugar industry for some amalgamation of  far» activities perhaps up 

to 150 or 250 ha and two  factory-owned plantations  still   romain.     Within the 

global picture a plantation of  300km2  (net)   supplies a factory in Argentina at the 

rate of 18,000 ted and comparable sized complexes operate in Maxico and the 

Sudan. 

P-ocessing Cane 

For producing crystal sugar only stalk juice is used and even this 

is required to be as fresh as possible.    When ethanol is the end product 

m 
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deterioration which results in the formation of fermentable hexose at the 

expense of lucrose le immaterial and juice fron the tops carrying a higher 

proportion of such hexoses should be quite acceptable.   Furthermore a useful 

proportion of the fibre is fermentable after hydrolysis.    It was estimated that 

under Queensl«- d conditions whereas 96 1 of ethanol cou'i be expected frota 

1000kg. of juice extracted fron the cane stalk this could be increased to as 

euch as 164.5 1 (a 71Z increase in yield) if the tops are nlao process.-»'- end 

the cellulose component of the fibre is hydrolyzed and feruented. 

Harvesting    transportation and milling of tops together with the stalk 

of the cane should present no particularly difficult problems.    However »cellulose 

represents only about S3X of the total dry fibre weight and is the only cor?ment 

hydrolyzable to fermentable hexose (glucose).    The steps involved in these 

conversions still require much detailed study as any on« of several routes 

is  possible.    The route preferred by the author is to minimise capital and 

operating expenditure at the milling stage by employing only a three roll 

crusher and a single three roller mill with appropriate pressure feeder device 

Two preliminary sets of knives are preferred and a shredder between the crucher 

end «ill.    The juice stream can then be processed through hydrolysis, 

fermentation tad distillation.   The-fibre containing so 2 25Z of residual 

juice would be subject to treatment in a separate stream. 

For fibre processing the author expresses a preference for employing 

a "heap" technique comparable to that of the Ritter system developed actually 

for becterial preservation of fibre.    The percolation of biological fluids 

through large heaps ia also practised on tailings dumps in the metallurgical 

industry.    The author has observed the Ritter process in large scale operation 

\ 

mi 
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and i8 of the opinion that there should be no significant technical 

difficulties in converting its operation to use with a celluiase-rich 

percolating liquid phase.     Fibre hydrolysis is difficult and slow,  but any 

thennal  technique aimed at accelerating the kinetics  invariably results in loss 

cf fermentable hexose.  The  Ritter bagasse Btorag, systc. is  ideally suited to slow 

treatment of large quotiti« o£ fibre  at amarene temperatures,    ine residual 

fibrous material can be separated by passing it through perhaps two sets of 

»tandard 3-roller mills with pressure feeders,  the extracted fluid joining the 

nain stream of fluida passing   to the fementer. 

The dried  residual fibre would consist of a mixture of lignin and 

vnhydrolysed cellulose- possibly 25Z of the original amount.    This lignin- 

cellulose mixture dried to a moisture content of 47Z should be a very satisfactory 

fuel for those who are expert  in buminS bagasse.  The  fate of the pentosans forming 

ro» 23Z of the dry fibre  is uncertain,  if hydrolyoed   (xylan) it would go out 

Hth the distillery slops as pentose whereas any non-hydrolysed fraction (araban) 

risht well go forward with the lignin-cellulose stream as f„el.    It is unlikely 

tint the   licnin-cellulose residue would provide sufficient fuel for the whole 

process but supplementation - probably „ith coal-still  leaves the hydrolysis 

of cellulose an -conorùcaily viable rou'e.    Careful costi- is called for at 

this stage to determine whether so• lesser efficiency of hydrolysis would be 

juctified but  it is a lew cost route for converting coal into ethanol. 

orientation 

This is an important stage in the processing flow sheet and well 

• orthy of careful cost-benefit as well as technical study.    Important 
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peters are Hexoae co„c«ntration, _„_., „^ ^^ ^ ^^ 

application of continuous fermentation technique. 

Distillation 

M.o .„ i^ortMt atep ,„ „xiBi.ing themtI €fficltncy by muiru 

.««. typ« „peraHo„, .„e„dlng iUo to th. „,ed  for . high recovjry of ethMoi 

U t. .„ticip.ted .t thU „„. th,t a„hydrou„ ethanol wjuid be ita preferred 

Product but th« po..ibiUty e)ci.ta of >oM or in of the <thiiioi ^ ^ 

economically «arkefed as 95*. 

Slops Pispo«*! 

». Mi«, fro. th, «.till«, beco«. . wry llDort.„t .„„ „,,. 
M.t.ti.1 by-prodUct of th„ Mh,nol reMvery     DUpoiai proctdurei ^ 

-<*t pro,. ..«i.(actory for . dlitUUry proceMlng mir reueiv!jy M<II 

,-titi«. of «,,...,. becMe un.ccept.bu for opcrationp on the ^ ^^ 

f« *.» can« pro„..i„g.    T.e, d0 coneain MterUU valuabu M punt nutrientj 

«d in f,ct „„tain    p^,   ,o: „f the nttimu Tmmei ¡tom tht tiM ^ 

«» PU«.    If th... c.„ b.   ,f,.cti..,y tKycUi thty c.„ „,ult u a very 

.»..tanti., reductiOT in   con„OTptio„  0( che_.cal fertdiMr<     ^ My be 

«ifflcuUi.. i. ju.tifyln8 the econo.ic8 ,ntirely m the tali o( preMnt ^ 

ct. o, chuica,  fertiH«r. but it i. Co.. en,u,h to «ta it . „„,»„,, 

»..«.king ,„. the point of ,.ev of co„a,„,tion of en<w and Mterui 

resources. 
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Whilst    recognising     that there are  technical difficulties the 

author believes  that   these are by no means  insoluble and  that  concentration of 

•lops by multiple effect evaporation is  likely to afford  the most  satisfactory 

means for deali g with this problem. 

Labour Saving Expedients 

For agro-ethanol   to be economically viable  it would be reasonable 

to expect the  standard of technology to be comparable with  that of an oil 

refinery or a petro-chemicai   industry,  correspondingly a R & D effort comparable 

in oagnitude and expertise would be expected to have benefits of much greater 

magnitude than we could envisage  today. 

Perhaps  the most  obvious  labour saving applications appear to be  in 

the processing plant where  the  installation of automatic control  instrumentation, 

micro-processor programming and over-all computer monitoring would be logical 

•xpectations for any new installation. 

However there is an even greater potential  for labour-conservation 

in the agricultural area if the energy at the disposal o.   an individual operator 

can approach that which an operator in a modern sugar factory has at his 

command.    This means bigger tractors, double row harvesters, double or multiple 

row planters as well  as mechanized irrigation and fertilizer application. 

The possibilities  of applying space-age  technology  for remote control 

of either agricultural operations or factory processing is a topic of imminent 

interest.    Whereas one man may    drive one tractor during the 20th century,  there 

are now no technical  reasons why one man should not drive 10 tractors. 

* 
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The master-minds of the industry could centrally activate controls 

through satellite transmission and closed circuit television observation rtquiring 

eseentiaily only a maintenance teas on sits. 

Oovarmcant Charges 

It should bi superfluous in a diflcuasion of thie character to point 

out tha very irportant ciû significant component of petrol pricea which incorporates 

governaent charges in th» fora of a tax or taxes.    When considering over-all 

relative economic benefits of apro-ethenol it is necessary to take cognisance of 

governnent charleo althcugh the nature and magnitude of their iapoaition will be 

largely determined by politico-nconomic consideratone.   The point say well be 

nada that instead of ioDoein» restrictive taxes on ethanol production or consumption 

as a motor fuel or chemical feedstock from agricultural sources it may be considered 

in the lest interests of the nation actually to «ubsidise the industry with financial 

incentives for daveloptcant, as benefits accrue within a country which also result 

in minimising the need for axtamal payments. 

Suraary of Coat Estimates 

tfhilot tha author has examined a very large number of possible 

cewbinationa of production «nJ procseains variubieo from the point of view of 

probable cost contribution'» 9CM* 1 remveeate the lowest oomt 

conditions envinnsed fren thene calculations and nay eerve aa an indication of 

tue nature of the prrbleica   with which the industry would be concerned. 

\ 

mi 
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TABLR T    Estimated costs  in U.S.  i {VVi/jH)  por litre of Ethanol 

produced in 198S  utun* roasonabl* maximum produruvity of cane, wholo 

cane harvesting   cellulose hydrolysis and  fermentation, with application 
of space age technology. 

rtems V>,000 ha ont at p 

at    160 t.  cane/ha. 
Total  annual  production of othano1 £^Q m 

Capital  cost  of factory lU;> %]m ^ 

Property develonmont 

Cultivation costu 

Fertilizer and chemicals 

Irrigation application Q ?7 

Harvesting ^ 

Local management Q Q% 

Total  agricultural   co3t i^i 

Transportation of cane Q, A A 

Capital    assessment  for factory ? Q$ 

Maintenance. 

Labour and chemicals 

OSA H\. 

0.0-i 

0.11 

0.7? 

0.11 
Local  management « 0¿ 

Coat  of coal 1.6" 

s.o.« Total  processing coot 

Proportion of control centre cost  (20$   at 20 ytars 

for U.S. fjóOm.  and 14 Hi/annum of ethanol) 

Capital  assessment Q ai 

M»n*#r«nent and operation ($22 m/yr) o.]6 

Cost  of space a#e  technology application 0.9? 

Total  cost of ethanol  ox distillery ft y$ 
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It li interesting to nott that; where«« che price cf sugar cant in 

the sugar industry is coraaonly assessed at around tvo thirds of the price of 

raw sugar or pcrtmpa half of tha pria  of refined sugar che largest component 

in tha above? list of cost it eau for ethanol production under space-age 

conditionc of technolocy ia the capital asseriment for tha proceasing plant 

with tl»a total agricultural cost being only 17% of the ex-distillery figure. 

Thie proportion bocones progressively smaller as ve pane from around 30e7l 

whan associated rrith even t.he best of present-day sugar production as agro- 

technology ia oriented nor« toward« the ethanol problem itaelf and incorporating 

all of the developments related to the problem and known at the present day 

to minimise around 8.4c7l» a figure which could justifiably be considered 

to coaparo more than favourably with psti-oloum based fuels of corresponding 

quality.     Property development costs in this tibie relata to en indexed 

amortization (on 11% interest)    and would riee to 1.294/1 (on 5X interest) 

for equal annual payante. 

sta 
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APPUNDIX 

1. Indexed Amortization Formulae: 

R - (C * i)/(l - (J + i)^.. n) 

Yj- (R * n * (1 + n)/fí?(i + r)f n) 

(*) 

V Yi * (l + v)*n 

I - R * n - C 

R - repayment in equal amounts for equal tin» intervals 

C - capital debt. 

i - interest rate (uniform throughout period) 

n » number of time intervals 

Yn« repayment for specific year n 

I • total interest repaid to year n. 

II. Productivity - Area Relationship 

Productivity New - (((AREA OLD)/(ARFA NlwÇf 0.0184) * PRODUCTIVITY OLD 

III. Cost-Area Relationships - equations to full line curves in figure I. 

(•) for 5 day week, 28 week season and daily or 3 shift seasonal 

employment with short term living/firing. 

K - 41.74 - 8.21 * lost    (log A) 
e   °e 

(b) for 7 »fay week, 39 week season, daily or 4 shift rotter employment 

system but with annual retainraent. 

K^ - 50.37 - 17.36 * log (log A) 

(for 10 to 1000 ha unit area) 

....20/ 
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Kg • 19.2 - 1.35 * logc   (log    A) 

(for 1OÜ0 to 100,000 ha unit area) 

It » estimated cost of ethanol ex distillery in U.S.  i/l 

K.  • ditto  for low area  fann units 

IL » ditto for high area  farm units 

A   • unit area of farm or piart^'in in hectares. 

REFERENCE 

I.    A Feasibility Study of the Production of Ethanol froa Sugar Can« 

F.H.C.  Kelly.    Dept.   of Chemical Engineering, University of Queensland 

St. Lucia.    Australia 4067.    Monograph November 1977. 

FOTE:    The opinions expressed here 3re entirely those of the author. 

Él 



33. 

^     30, 
fr 

•H 
•e 

8 
25- 

co 
P 
i 

20- 

0 
2 

15- 

W- 

S3 
e* 

-90- 

\ 

NEW AREA UNITS 

Present      y 
Sugar industry(«^ •    * 

attachant J\%   \CHANGE 
(restricted 

production) 

T    ttom 5 d*y *•**» 28 «fc» ••••on, daily or 
STEP 3 ahi ft eaployawnt. 

*       J\Ü¿ 7 d*y *«tk» 39 **• aeaeon, annual 
eaployaant 

.   Disaster 
\ StSpS 

Cellulosa 
hydrolysi •h© 7)  stalk cane juice> 

ditto • catfawa* 

t^ 

C.H. • cassava—•< 

i high productivity! 
Ifarm * whole cane. if 

iti ellulose hydrolysis^ 
(whole cane)     C\*~^ 

•JRechaologY 

8tep change 
New technology devalopaent 

J L I I 
15   50   100 500     1600 

1 h 35,000   10- 

SIZE 07 UNIT FARM - hectárea 
(logarithm scale) 

It Relationship between estiaated price of sthanol as related 
to the site of the far« unit. 
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(2-lü suí-.-ra as pj 
/»/. soluble i.opu 

2Jo libre 
1UJÜ water 

l«vcs 

UCU.ÍC 

impurities 

CRfSUKR 
SIIHLDI>liR & MILL 

1 
JUîUI: 

PquiV. 
ics 

FIBRE + 
RESIDUAL JUICE 

ipuritica 

^/JSfi-coal «3l 

STKAM GMiETATOR 

/ îp fiß"1" ^ 
J ^-fcelluloü«. 

STEAM 
1102 

\ 
»HYDROLYSIS HEAP «- 

134 atijjars I 

(ligiiin hutlluJoac) 

\ 
DRYING ROLLS 

— condensate 
fro» 

alopu evafomtor 
2 x fibre • ¿72 . ¿72 ' 

STRIPP]i.'G COLUMN  

pNCEM RATIO« COLUMN 

^{HYDRATION COLUMN 

1 
ETIUKOL 

164.5 1ilroa 

-*• SLOPS KVArORATOn* 
50 floiid» 

ter 

steam 
4 lo 

0 
SLOPS 
FERTILIZER 

'59 aolid» 
50 water 

condensate 
to hydro Lp.s: 
heap, A7¿. 

STlfrUl \}".\r,V, 

Power /40 
Sterilizer 02 
Uiatilltn. ¿¿0 
Siops.cvap.j60 
Miscall.      200 

total atcaro llO.i 

ii I it i t/ l y  . i •, # 
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