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4BSTRA CT 

77e fe'asibilitv ol producingfiiel acholloil ]r'oi crops colllitailgii/ sugars or 
starch ill Southeast Asianl coniries has heeli iv'est gated from various 
points of liew. ,1review of enuegy bah e'analvsis showed tlhat iniel­
ethaol pr(hticl iron m crops the ri tio ofe/ierg oti/p/it to elLerigV in1ptt, 

is close to or less th//t iless sedis /eal souLtrce. The/1/il' h(1fasse is a h 
cost Of eIa/ItIol IWrolo','liol lLa'i 0/ the price fraw niaterialdeiends n' 

(crops), whi/hr/1al' Ie supported I1, low labor 'osti i/i .larmii. lhe total 
et/ia/u)l eieri,l' phi//ll'd 10 he sl' ied illtheI'x lhdlipiIesand Thailand is 
on/.' 2-4", ,o theI o'reit fLi,%1sil eierg1y Co/suI/ml/tioin in l thosecuttries. 
th'tel-ethiallo l-rhltttiOlt fi.owil crops will thiis mtake little cowtlrihttiont to 

the iiprol'enel't of trade halance. Onl the other iatd. the exportation 
of excess crops hY th" I l pr'od/cinKi co niries is the nai source of 
revelile to he i sed ill the il/lirh)tatO J crtde oil, petrIoleim products, 
machines a/id so o1. I/creased hind te tolcltinate crops Jfr ethanol 
prodtction wol l 'se scale of e'osslemtL ofu'/I hi'ge desltit'tliiO the 

tropieallregqiolls.
 

Ke v words." fuel lcolhl, SiiiliCast Asia. CICN halance, ethaliol ferIienta­
tioll, 'Ood ,andelergy. enviroeillntllll! ill)pCl. enCrgy-prod OCt ilol agricultIre. 

INTRODU('TION 

As a liquid fIld. ethanol ma.lC Irou agricultulral crops containing
 
sugars 01 starch has a great adv'Milage in that it can he readily utilized in
 

161
 
IBiompass 0144-4565/84/,S03.00.-© Elsevier Applied Science Publishers Ltd,
 
lIngland, 1984. Printed inGreat Britain 

CUPYNIjHT 6:4 
SCAPPLILLbLLSLV ILLk 

pUBL LTUbA-iKIN 
L:N


I 


http:0144-4565/84/,S03.00


162 S. MUatsMa I1.Kubota 

internal combustion engines. If the price of cthanol made from crops is 
comparable with thatre' gasoline, a new type of agricultre - energy­
production agrictulture whose Main piurposc is not to harvest foodsbut to ga-in energy, will hccoic fcasible. IIIfact a iixItuire of tnleaded 
gasoline and ctha nol is a lready on the market 'as fuel for automobiles in
the United States, Brazil and other countries. At present, extensive 
research oil the feasibility of' enCrgy-pIrodlction agricult ure is being
undertaken seriously in many cotntrics. nationalSome fuel-alcohol 
roects are now being piromoted in Southeast Asian counntries also.

On the other hand, many problems in hiomass energy have been 
pointed out. IThe felC-alcohol progranis should e uxaininCd carefully
froll variotis point. of view, such als ellergy balallce, economical,
social and environmental illlpalcts, before the plan of' bionlass use is 
imp1cmented. 

In this paper, a tulatltitative analysis was attempted in oi'der to discuss 
whether atgrieClIltIic for fuel ethamol canibe hnplemented in Southeast 
Asian coountries, where conditions at first seem f'ormidale for this type 
of agriculLure. 

ENFRG' BALANCE OF FUIE'.I-ALCOI-IOLI'RODUCTION 

For energy-prodtLCtion agriCHtttUre to be feasible, the ratic of' energy

oLtput to . / must more than
inlpl P. be unity. Table I shows some
 
calculated examples of' p for ethanol 
 product ion from agmricultUral
l)rodtictIs. 
The low heatling value of elhanol inList be used as energy oulftt so 

long as mcaas fuel. 

the low heat value o1'Q5 wt.'; ethanol of 


the ethmanol produced is con5i d For these calcolIations 
20.33 MiJ litre was used.

When by-prodtucts as bagasse. c)risui stalks and cobs are used as hcat 
sources t) (lecreasc ener.gy intput in the cooking and distilling process,
the hCat of' Conib)utiOll o1' the hy-pi'otuLCts sho'uLIl iiot be added to the 
energy outtptit bit should he sbtracted flioin the euergy inut. 

lhe energy inpLit consists 0f IwO Illaill pvrNts: the agricultural energy
inpt t) 'bta in raw crops, andI the pr'ocess energy input to Con1vert tile 
raw materials to ethanol. Silnce the ethanol fermen tation pIocess from 
sugars or starch is well knowl, the iiiimtini mount of' energy IedUired 
for a process can be estimated fromi a therimody n1.I ic analysis of the 
I'process. 

'1/
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TABLE I 
Energy Output" and Energy Inputb for Ethanol Production (energy unit: MJ litre-1 

alcohol) 

Raw material Country E:nergy input 'nergyoutput 

lEnergy inputAgriculture' Industryd 

Sugar cane Brazil 4.86 13.74 e 1.09
 
Sugar cane Brazil 4.86 1.05f 
 3.44
 
Cassava Brazil 4.27 15.78e 
 1.01 
Corn USA 13.00 14.449 0.74
 
Corn USA 13.00 4 2 .0 5 " 0.37
 
Sweet potato Japan 24.78 16.33' 
 0.49
 
Sweet potato Japan 24.78 29.75' 0.37
 

The low heat value of 95 wt.'; ethanol. 20.33 MJ litre-
1, is used as energyan 

output.
 
b Total primary energy consumption to obltain unit VOlm1e of 95% ethanol.
 
cRefer to Table 2.
 
" Energy consumpItion in tire industry includes operation energy and construction 
energy of the plant which isestimated as 1.05 NIJ litri - by the authors. Energy for 
treatment of wastes and wastewater is not included.
 
eOperation energy estimated by Da Silva aid Scrra 2 p)lus construction encrgy.

I All operation energy in the planit is assumed to0 be Sulplied 
 from combustion of 
by-products (bagasse). 
gMinimun energy introduced by C!rarrhers (, 13.3) - )lus construc­al. 3 MIJ litre 
tion energy. By-products are not assued 1o be conSuMIned here. 
hOperatiomi energy in the conventional process introduced by Chambers et al.,3 

41.00 MIJ litire- , pltus conistruction energy. 
Estimated by tihe authors. 

/Average operation energy in tie practical process using raw sweet potato. 

Taking a typical ethanol fermen tat ion process using Sweet l)otatO, 
the minimum necessary energy requirement for this process is estimated 
by the authors to be about 15.48 M.1 litre' of' primary energy. About 
90% of the total energy inl itt is consuImned in the )rodltictilon of steam, 
more than 75( is used as a heat source in the distilling prOCeSs and the 
rest is used in generating electricity. I lence, the total energy consu,mption
is calcula ted to be abot1 20.59-34.73 MJ litre-1 based on the data of 

http:20.59-34.73
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practical plants of ethanoi fernienta t ion from swe,- t potatoes. It shouldb1, noted that all these v'ALIues indiCate only the energy cost foroperation
of*ethanol produ cti,)lo 11anthat ilie energy CohlstlipItion for treatment
of waste\v r d solid wastesIh as nt been inluCded. 

The agrictlt n ral elery nIM dependlS heavily 0, the type of farniingand shows large varialionl troi Connliy to cOnitfry. It ,i_,ther difficUlt
to estimllate this energy ilnpt precisely. I inre I shows tle estimatedexamples of' items of ,?l ergy in ljl ;r atcw cops. As seen here, lthLoglhthe ab0solute V'liCtes W' e rgv input vay wilh tile ind ol0 crops alndwith counlry, the c0ulpollelits of tile V'riotls systelis 'ISill;jlr.are So far.
however, there is no repoll givinlg all estiltiii i1o of energy inIiput inSouthevast Asiai counItries. JULdging thvi their low y ield o1 crops perlnait area of t'a.lll!alnd, tle preselt enegy iliptttt level ill these countries
WillI pCrhapIs be very low. Ill order to obtai l h11igh yield of crops, much 
more energy, especially ciciiiical fertilizers, \Vill he required. Table 2 

0 
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Fig. I. Ag,'icultm'al energy input pei unit kind area per year o" seveialI crops. * Da 
Silva aid Serra, ** Pien ciiicl (,I 1. "* LUdagava.' 
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TABLE 2 
Agricultural Energy lIlnpt to lthanol Production 

&op I:.nergy Agri- .,I1cohol productio, h ierg' 
(countly) inpt" ctuttral - input per 

(G.1 ha -' Yiehl Per crop Per .inrm- unit 
year - 11 (t1la -j (litre 1-11 hind area (l11notunt of 

Year- 1) (litre ha- ' eth.nol 

Year ) produeed
(MIl litre- 1) 

Sugar cane (B3razil) 17.31" 54" 66" 3 564 4.6 
Cassava (Brazil) 10.77" 14.5" 174" 2523 4.27 
Corn (USA) 29.84 c 5.1, 450* 2 295 13.00 
Sweet )ot,to (Japan) ,9.86 20. 176' 3 626 24.78 

l)etails are shownl illFig. 2. 

ByN );1Silva allSel rl. 

"By Pi' clitel cI a!.5 ieulnit ot'agriciltural yield, origiirally bushel -acre- , is con­
- . vertcd into tlr

S1ByUdlagawva. 6 Tie amounts of' energy of labor, livestock power. seeds and com­
post are subtracted hrom tire total energy inlut. 
'From the ,\grictlt ral Statist ics in Jalmn. 
f lstimated by the authors. 

shows the basis Of tile calcitiol 01 the agricul tulIl enltgy in ptt for 
eth anol produced I1Onto Cech cll') listed in T le I . Table I shows that 
the value 01' ischioC to or' less than Ulnity in most casCs (thoLgh not 
where the stiga r Calle is Icrilneiilted irnto ChaIM WithIaassC LIsed as 
lel). This indlicaes,. Isp)iltCd oLt IpreWristy by several investigators, 

that etCI-pr)odtIct N,lliltttli in tle folll o , ethalnol Imlulctioln 
will not colt-ibule signiliclntly to the net p)oductioI of energy: in 
fact, it may ilrac tsc the total eletgy colnstupllioi. 

RAW MATFRIAL COSTS 

Ethanol has a great adva iI age. as lIiq uid fuel in tihat it can he used directly 
in internal comi)tstionl engines. Tlh]us, e lhaiol production as a maeans of 
Sulpplying alternative li(itlid fuel may he valtUiale, even if the value of1 



TABLE 3 
Cost Estimation for Ethanol Production 

Raw Countri Year Raw material Processcost (US$ itre­1) Ethanolcostamaterial cost 
(US$ litre- ) Operatioz cost Fvedcost Pervolume Perenergy

excludingraw and others (US$ litre-' ) contentb . 
materialcost (US$ MJ -' 

Sugar cane Philippinesd 1980 0.397 0-043 0-100 0-540c 0-0266Brazile 1980 0.163 0-017 0.102 0-282 0.0139Cassava Brazilf 1981 0-270 0-141 0.136 0-547 0.0269
'Production cost without profits. The cost of wastewater trcatment is not included.b Calculated value on the assumption that I litre of 95 wt.%,' ethanol contains 20-33 IMJ (low heat value). For comparison, the-price of gasoline (35-98 MIJ litre 1) from an oil refining plant in Japan is about S0-,9 litre­ . equivalent to S0-0108 MJ - 1. cigh price of ethanol is attributed to the cost of new farm development.
d From the national alcohol project in the Philippines. 
e By Noda and Shiratsuki.7 Practical value at plant producing 120 000 litres of ethanol per day.
fBy Noda and Shiratsuki. 7 Estimated value on the assumption of plant of 100000 litres per day in scale. 
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is snialiler than unity, proviled Ihat the in pui t energy soti rCe used is not 
PIet rOluel hut other solid uel.s ,clih Is coa an1d wood. In other words, 
despite the negative enrergy hala ne, ftuLl-CIianot Iproluction could he 
teasible if' the cllallol cost per Utlli calorie content is c'hlapl than that 
of gasoline. 

A Iew exaimples of cost estimation for ethanol production are 

presentcd in !alC 3. tFhesC Cxaiples, slhow that the pri,c of' raw 
materials accounts1 1forli lare portlioln of the ethnl ol t.().rherefl'ore, 
while there uiay he no possibility 0lcthanoI producti0ll ill I coilntry 
where prices of Crops are very hi.l cthalloI production niA b I'lasihlc 
ill Soltil",ist ASinl coutrlltlies orf ictrlll' Lolllites Whefre raw%iiaterial , tall 
he otainiedl tl relatively low price. As I'ar as the ;,0nou1 1N,ikscoilcernelt. 
tie fcasi+iity ()I' e thli(Il it'odiitioii dpCendsI 0 t1e h1 anc, (. prices" of', 

10l11 crIde o)il ;1ill acL'riCultItIl ililrials. the priceso slihr cane Liveii 
ill Tale , a3, l ltl beei iv:lelI It) u, ar price' of( I10 ri to ndlte to1 C the 
in l3ratill and ot 525(fpc' tol ill the tIhillppiks. [lie c'hrtnloical chaligc 
of' the internatilonal imiarket pricC of sutlir ,hio\\ ii V _"i.indicalsC thit 
these prices corre ll',l t hefile cst Vluef'lll 1Q'77 to I)T7), whent I 
there was ii ove l y t saitEtl'. LiVU 2 Also sho)w fle collpaiioil 

1MCx -T -- T-- T ...... - -I .' -r--O 90.................. 
(a) S,tq r track' pric­

120C - (b) .L,(Iar cn .rqv p'ce 80 

0- Crude oi trade price (OPEC) -70 

SCrude oil cncgqy price L 
n 0 

-50 

60C - Suqjar price 

-2 

00 
t) o 

Crude oil price (OPEC)------- j-

1972 1973 11)7,1 1975 1976 1977 1M7; HO 11; 1992­91 

Fig. 2. ('lronologicil clinwe 0[f sugir and C Lit,_Hilprices. TIC f)h11)wing vlhues uf 
heat coilhuslioa were used fI)r calcuilition ol Ile energy Cltenl p ice: 39)33 M.J 

-
I-lie I'o crud ' Oil aid 15.O (;. II .iuga. 'Fle spcific graviuy (i crude 1)ilwas 

assuiiied to he 0.85. 

10 
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beltXVeen crude oil :rnd SHI-nir in termns of' the price per Lmit energy 
content, Fronm this conhllariSoil it is cler that the sUNar price per unit 

-rgycontent is Still 1tnChlrtuCter than that of crude oil, ill Spite of
the rapid increase in the price of Oil illrecent yars. It can also he 
observed il lFig. _2that the mtluar price Ia', i tendelncy to inclease ill 
parallel with the oil price. "ililar titilation, e\i,t colc 'lring the priceso1' other acriCU Itiral ipro)dnctS. Th'tllk. the rise of' Cinde oil price has an 
:lu1portaillt elfec on the prices ofIcro. ', inl that it canses an increase of 
the costs ot chlemical tertiliier,. nhine ndd so oh, and inevitably an
 
incriase of the prices of'agrictliurl products.
 

lie ethanol',l cosis 
 in IalI 3 do riotlinclude heltreaitmentt Cost o f 
solid wus e ntI ,ItC\;ate r. Recyclig, 01 tliesv wastes is essential i 
agr.iCt llnre to0 b carried olt 'ill the ullinninlln cOn',Hnl ption of1 
chemic;l 'rtili/rs. llowever. tlhe fclcility cwt aind crieuuy conillptioni
 
for thie,,p 'i cigh.l t.e.e
tIl retl. ill Since ,11 Itactlo w ill
 
icr'ease the ICtial c o't lelald prodtclion. it isdalingro , to .jidge
 
the t'easibilit, I'rl "tCh ",etitl
led co', :,,in Tbl e 3. 

(heap url1'ictrltir:ll pr'olHc can ni:rlke FOr cheap ethanol NS tlHioHd 
' 
ahove. Ilhe ta'e i1bilit\ o CIliry-plr()dn1c1 a ricUlltreIC ii1 Soiitheist 

A\s-i',ll 'lie',Upocrilltre ll ;11 unrlrtJorl thadit reap ed:tocksC iop f' 
',t di.lhl'. Ilnl i; rcti.lri product l in lh.". coi llit ,;n1.irlex­
ptli\. rot ICUnC o1' high prolI ill hitrliv6t a.,ricuiltir bec,-e of*
 
lt hIalu r
LN.tN,' ill Ihliinc. 

I-or ,\niipic. .iccrdrllnni to thc l',tiuirIalcohol proinll ol tole 
IPhlilippineN,. the, toi ,irn for l lFl cnIaIrn'rl rom n n'u., feli s \V ill he
 
130(0t million Il-,hi, einploy,
i I_, indtry 3-I)00) fariniworkers 

pti .or2 1 illioir Ifiil\ Hireil+,..i iir lylin+e tati the il, lne of 'a 
Iltseholdlr w.ill be only aoni I .S5()0 pe'r year. lIhi, ircoin. figure
is lower than tile Illiliplpinle," nlatiolnal lvrage peir Calpi income of' 
11.S 5() in I9 '. ( Ah ikosl the national alcohol projeCts r-ile aoi1 
te i.. income, (flllof1 nlii, l-t illhaand alo ;Mi iii hecurent ioilc(ll
siluation will not inpro, theill !Llitre. 

.,,sen il [blel -1.tIll,iIco Per uli. of I'ariilllld arca for crops
used a" r\, im te,1rial, fo lhilofl I rll.i l is low ,oittl:to illcoi pt'll 
with other aglri,.tllltriril prodnucl,. 

the if prQie l ik, 
farners. Ihere are likeI, to be altrncltive,, Nuch as the piroduction of' 
rtbberll'etrem 

If ' pilipOe t1re aimed ;it inc.C'ainge tire income ofl 

nid palni Oil trees which inay result in a grelatr benefit. 

2>
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TABLE 4 
Income per Unit Farmlland Area ol Several Crops 

Crop CGtnIri' Yi'hl ProeLdsa 

(I ha-1.Cr Vf (US$ ha year- ' 

Sugar cane Thailand 
Phili)piles 

(assava Thailand 
Philippitles 

Sweet potato Philiplpines 
Jal)ll 

Rubber tree Thailand 
Durial Thailand 
Rice (p)lished) IPilippines 

Thailand 
1dolnesia 

.pan 

41.7 
42.4 
13.9 
9.8 
.
 

21.3 
7.9 

941 


1.3 


1.2 
I .6 
4.4 


657 
396 
670 
665 
417 

2335 
4 461 

5257 

304 
220 
687 

5413 

aAverage yearly income gained during the life sp: ol" each crop: proceeds 
yield X.market price im unit weight. Mat--Iials of projducing Cost of these crops 
were [lot availalle. 

N(YITNIFIAI I.
TI IAN()I, lINI-PRGY OUlTPUtT
 

[able 5 shows the national alcohlol prTdLcti ni ptogratlls ol Thailandtl. 
the Philippines and Indott lei. The IhililllinC tli'ent hI1S a.d1topted a 
positive policy on etlhanol prodtction. Accorditto to the pr J1grtt 1tit, 
20; of the toA ,i.,olin. ilcLI:IIItl wil' Kc repjlace d y CllltinaI and the 
excess itlcoltol ,cd :,an :altcrnative to lilht oil or bewill cv\etltahllI.. tbe 
cotllverttl into cllyleic for tIvc illchlic:dl indutries. In rhailatl., the 
,oVerlmlltnt docs not tike ;in l)oi\ to prot t lte tl'ii llt ptog'ttlll. 
The Plan in Indoncsi: is itttch Iarur illcllc ti illthe other two 
cottntliCs. It it doLs nlot aplaCx to he : practical! progtan with regard 
to time aid htitle constralitt-

In TablC 0 tlte et-'tgy supply aceoritto tote ilitl l alcohol 
prorttl is C! 'partd with tlhe presetnt priltta',ry elergy cottltl)tiotl in 
each contntry. ['clhe lsO two kinds of potential alcohol[le shows 

,1
 
N 



TABLE 5National Alcohol Projects in Some Southeast Asian Countries 

Country Main raw Cltivation A lcohol production Gross Explanationmaterials area in plan equivalent
(10 4 ha) Total Perarea energyc 

(107 litre vear-') (1U3 litreha- Year ) (P1) 
Thailand Sugar cane a 48 9-76 Production goal of 1985 

Cassava 
Philippines Sugar cane 26-3 92-5 (3-52 18-81 Production goal of 1)88

Sweet potato 
.. 

Indonesia Cassava _ 2000 _406-7 Given as goal for long-Sweet potato 
range plan 

aNo information available.

°Calculated value (production/culTivation 
 area = 92.5 26.3): current actual ethanol yield per land area of each crop is-2670 !itre ha' year -1for sugar cane. 1670 litre ha' year for cassava and 870 litre ha-' year' for sweet potato.TIe low heat Value Of 95 wt.cethanol (= 203-3 MIJ litre') was employed for the calculation. 



TABLE 6 
Comparison of Planned Ethanol Energy Production and Current Fossil Energy Consumption 

Country 1978 Gross ethanol eiierIT (P.Iiyear-') B/A C/A D/A B/D
Fossil energv (%) (%) (%) (%) 
consunptiona Amoutnt in the Potential Potential
 

A nationalplanb atount I" amount H d
 
(PJ ear-J) B 
 C D 

Philippines 460-7 18-8 86-2 71-5 4-1 18-7 15-5 26-3
Thailand 431-S 9-8 133-5 123-0 2-3 30-9 28-5 8.0 " Indonesia 1 196-2 406-7 436-4 119:7 34-0 36-5 10.0 339-8 ,, 

aDomestic consumption of primaiv energy from petroleum, hard coal. brown coal, natural gas, hydroelectric, nuclear and z. 
geothernial electricity, but excluding fuClwood energy (United Nations8 ).
 
b From Table 5.
 
"Total potential amount of ethano energy wh,.n sugar cane 
 is assumed to be cultivated on a fifth part of the 'other land' inthe land utilization statistics (e.O. unused arable land. wasteland, city area, roaJ. lake. river and so on). Ethanol yield of 
2670 ltre ha- 1 year l was assumed.
 
dTotal potential :'1.ount "of '
ethanol energy when whole production amount of field crops (c,rn, sweet potato. cassava andsugar) is assumed to be converted into alcohol. Alcohol production per unit weight of raw materials was assumed as follows: 
450 litre t- 1 for corn 176 litre t - 1 for sweet potato, 255 litre t - for cassava and 630 litre t- 1 for sugar. 
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energy. 'he procedunrC for tihe c'lcola tio i of these potentials is described 
in the footnotes. These 'altics o Ih f. potential energy productions give 
all indication of' the likely ,:oilribruio<n Of"achol ener.,_,y in tile I'Lint1e. 
For example. siicc tile ener..\'y prantity phanied 1' the ttioia IprogrlMll
of" Il(dIoiesi: is close to potential lmllnnt I,which exc'eds corsidlerahly 
potentil, I1t)U011it I. it is vident that tile progr m is likely to lie 
impractic:l. Tabl, ,clearly shows that tihrgross ctialinol erltrcr <I'ptiUt 
of" the Va-inoIS SClIrI IICI is IIIrLI t ttaller than tre cnIr'IrI piirVIary eiergy 
COIISlI ll l e'I1hC t i"IIN.iI of l t If til avilabl rI)I rnIllttM Iet llol cIl.I'rev
 
is limited to thi, content, the o thanolprodner on 1 is unItractive as 
all ,ternatic\c 1or e)Ctrle)ill. I'o tre ' owiig reaonl. Pres.ir r pe: o!'ntiC 
refining lecln gy can considerablly Va-ry th, UasolinC yield Ilroni erode 
oil. For exmlpIe. whil one is ira ilinliui t arOnit1C nI gasoli ne 
p'Odlu'Cd. one dI'(LICr ai f'lrl(ue oilCat J.ll)trIt ()' corsurired by off­
settinu tile of wil r direct,hrolIa2e Clergy tIhe coLritllion of biorrI-s. 
This is IuiclI tore ef'lient as a itarIs of entergy(doitC.rSioil (o1bio t ass 
tHaM is etHlol r.'1l' ctl'lio r CIr S. 

lre, prrita ivery,ergy corl.,Isllptiot ill South .Asu;ncountries MInd 
sollit otlhers,, iprk ntl in lel . 7.'Ii, ,h ws tIh tIr to'aIl prilriry
 
Certe'gy coilS;tlltll io itl Sortll.at 
A',ji co tllri", 1id theirl trirtlolldillg
 
cOl tri.'S Slci: a, India mIl Iakit l i" ()Il\ a 1tr
ru fictioll ot world 
enrgy Consuiptl tiont. !h"c r ip eClr\ illthis IsC2e lll/Wh Cotll.tll orltol 

is mtuch Im,,.,r thraln the,: %\cla(c\';Ah\ le rttA rv is that
A II l fact 

bio0rniaS e.Cri.e ilInthc lnrirot lwwod
f)Il i,, irs."c.tll\ corl-Ilm!d ;I[a 

ihigl fL'I )'i04 t1( teI at -7 ()i jrer c l r,tllllpitilire sim alln. 

Il n[iri t o()t ctimno C IrICy,
*c x .I lo e produCeCI illtirW rrltiO11t
Afeonlil hnro1urur I" Cuurplrmri/cl ill VIrle 8. '1I11, shows) tIA the rturivclt
 
Mr1i1.1111 ()I' corsiroi o
rud%()(d t to)etlr:urro etruy i t r ationll
alcohlol irLrmI1 IS :nI\ '; t Ir.s 5-I of tuel,ood pIrodlictior il lh,e
IIhi)iI IC, Jnd Ihdlihlld. 

\c should 1 t tI' Iat solaroc fac_':,ct tIlr, ne.ry com r:clsion 
effiCirI.C% oI oest1 " th lhan otI rriilIu Ir.r thA art ltl . ;mrul Iso that 
1t coy\tir e s tr Illtoic s( I'cst le Ir thatl of1t'1irrrrartd. pllicur­
lary il thrtics. Ihfo\\CvCr, t1re hih radl. ofI corhrrrhr oI ulwootd 

nitltl Iitl.ir tilln theC rIt of tiirburwood irol rtio, ;I.s,senl ill 
fablel is reportedly c:Aniirg Ashlrtalge (f freI rFeorVLc illthese 
deeloph-ing colrtiies. 1hrfore. ira, n \WoLd eneIrgy lnOdurction 
StIIOUILhhbe irlileierinecd by using, crulw aste obt~rinrd front orst 
stand irtprr()Verlet aird htrpfrortu.soulldby elivirollntlfairlllarIgc­
lleit of lie f r,.,I. 
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TABLE 7
Energy Consunption in Southeast Asia and Some Other Countries (1978) 

Cotunr., Total energy -Ossil Fuelwoo,! energy' Population Percapita Ratio offossil 
consumption, 

A 
Lnerp,3 

. 

(PJ.i ar-j Amount B B/A 
C 

(106persons) 
energy 

constnption 
energy consumption 

to world fossil 
(PJ year-') (P.1 'ear-) (C.;) A/C energy consumption 

(GJ person -1 () 
'eat'-) 

Philippines 616-8 460-7 156-1 2-5.3 46-4 13-3 0-18 
Thailand 
Indonesia 

614-2 
2007-5 

431.8 
1 19o.2 

182-4 
811-3 

29.7 
40-4 

45-1 
145-1 

13-6 
13.8 

0-17 
0-47 

Vietnam 
Burma 
Malaysia 
Singapore 

560-2 
205-0 
331-8 
168-2 

179.9 
59-8 

277-0 
168-2 

380-3 
145.2 

54-8 
-

67.9 
70-8 
16-5 

-

49-9 
32-2 
13-0 
2-3 

11-2 
6-4 

25-5 
73-1 

0.07 
0-02 

0-11 
0-07 

Totalc 4 503-7 2 773-6 1730-1 38-4 (av.) 334-0 13-5 (av.) 1-08 

(Rerence)
India 4 535-0 3 326-7 1208-3 26-6 638-4 7-1 1-30 
Pakistan 498-3 387-0 111-3 22-3 76-8 6-5 0.15 
Japan 12 881-3 12 870-8 i0-5 0-08 114-9 112-1 5-02 
USA 73 373-9 73 282-3 91-6 0-12 218-1 336-4 28-58 
World total 265 908 25u0 411 9497 3-6 (av.) 4258 62.3 (av.) 100-0 

a See footnote a of Table ,. 
bWhole amount of fuClwood production ' ° is assumed to be consumed domestically. A value of 6-44 GJ -3 was employed as 
heat of combustion of fuelwood. 
'Since statistics fkr Lz ,is and Cambodia were not available, this value does not represent the exact sum total of Southeast 
Asian countries. 



TABLE 8

Comparison of Equivalent Amou,nt of Fuelwood Corresponding to the Ethanol Energy and Current Amount of Fuelwooi
 

Production
 

country' Ethanol energv 
(E)in national 

alcoholproduction 

Lquivalent amount 
offuelwood 

correspondingto Eb 

Currentfuelwood production c(1 0 6 m3) 

Fuelwood Timbenvood Total (19 78) 

A/B 
("%) 

A/C 
(%) 

= 

plana(PJ) A (10 6 
? 3) B C 

Philippines 
Thailand 
Indonesia 

18-8 
9.8 

40o.7 

2.92 
1.52 

63.15 

24.5 
28-3 

125.9 

9-8 

4.7 
27.8 

34-3 
33-0 

153-7 

11.9 
5-4 

50-2 

8-5 

4-6 
41-1 7 

aFrom Table 6. 
- 35Tile heat of combustion of fuelwood is assumed to be 6-44 GJ n . 

c Figures estimated by United Nations FAO.10 
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BALANCE OF TRADE, FOOD AND ENERGY 

Figure 3 shows tile balance and value of trade in agricultural products,
crude oil and petroleum prou(Lcts in some Sonutheast Asian countries. 
There is an obvious cointrast between the excess of exports over imports
in the oil prod ucing coon tries, Indonesia and Malaysia, and the excess of 
imports over exports in the non-oil p roduocing coon tries, the Philippines 
and Thailand. 

In the hitter coon tries, nearly 50'1 01' expUrts are occupied by agricul­
tural prod ucts, Which arc dififerent in each country. On the other hand, 
the vaLIe of' trade in crude oil and )CtroleuIn products imported is only 

16 

Others 

14 Cruda oil 
oil pr':.ducts 

Agrlc ltural
12 products
 

"uS10 

L 

0 
> 6
 

2­
0 
0 


E I E I I E I 
Thailand Phrilippines Indo ncsia Malaysia 
k1978) (1978) 1971)) (1977)
 

Fig. 3. Trade in 1'om Southeast Asian cotintties. 1' E,explorlts I, imports. 

2 
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about 20/ of tile total value of imports andtiis llich Smller thtan that
of agricultural prod nets. The hiZrgest part of imports is machinery
followed by antttob1iles, steel, illl IprodliC ts a11d orn_,ic Chem iCalS.

The statistics shown ICrc irc lor the year I Q78. heforc the second oil­crisis in 1Q79, al'ter which the price of oil llore thall doubled. There is 
no (IOubt that oil p)rices ailC depressing the econonlies off these Counlitries.

Nevertheless. the economic importance of the exports of excess
agricultural pirolucts CviLCntis qteiiC lroIII tile following calcutlationls.
Let it be lissittLed that the excess IIgrictLltIIr-:f produLLtsILare lot exported
but converted to Cthanol 1'01 Use asAn ener.y source. The calcut(l
results arC shown il T1bhl'1 '). The l"ablC illicatCs tI1t ill Thlilald aLd
the Philippitics the coilversiill to fel thallol of" tile totall quantity of*
rice. corn. vhleaft and slgar now exported coull saIve olly 3-1 01' tlhe
import cost of ,'tide oil. l','cn if )ne talkes a hiher price of' 2.4 times
that of 1978 as the oil price in I1980. the sa\vi. relains oinly 7-23'; at 
most. 

It should be noteL from1 TlC 91that tile crude oil requjireeCnt,S will 
not be grealyruty i-Clicel eCve if' tile pro)dtction of ci'o)ps fo'r Chanl0 calbe inCI'Cr sCd to a level CquLivalenl to the curenI'tIII Cxpots0'of aErictlttr'al 
prodtnCts. At presenit. the crops cx portCd aIs food will bring in1LIch more
prof it IbcauLse tiliepce o ' 'foodper It.iit enet-gy-otCltI Mttchis still 

htighert tlii tlHMt of ptcuinOhI.


The feasibility oI etIci olvsiol of biomass. as related to the self'­
suf'ficiency :'ate of f'ood aid energy, is oft en discussed oil file basis
origiially presented by Rask. " sio\tl ill Fig. 4. Ill Colntris Celomg irigto
tile secolld divisioti itt tile Iigtirc. , hich Cxp)rt excess lhod alld import
fuel. pmlOLictiol ol Cthanol as al Iul is tho1ugh to hobe fcasihle. Sintce

both tile Ph ilippimies and 'Tlmilflndl (lmog with the Utiteil States and

Brazil. where the "gahol' i, tow Otl the n+mt'et f) te 
 ill tle second

divisioi, biotias, ctlcrgy col\Cisiol suCreis 
 to hlvC \,lliC 1tirstrtlaiiCC.
IlowCvCel, it should be IOtCd tHlt each axis reptesen ts a sitItplC rtt io of 
piodLIctioIi to comisIItItpliotl of fkiLI :itd ,,vpril eneigy. Provided tilefeasibility oI bitttiass cicL'ig' cOMvIsioti is liSCused, bO)th lxCs sh(oLtlL
be replaced by the absoutC (jhialtit\' of energy. I:igure 5 is derived illsuch a way. This sltows tlt the lbsolit2 (Iuialitity OleciCgy cotitaittCd 
il excess food is too stllall Comilpar-l with that. ofl'ptrolem.Ul itlllltl
01* eXl)ott' hOr tilte calcutlattion 0if eneigy con\ersion, highi heat values
of indiVidLim! Iools arC Used hiere. If' (ote takes the net lcgy outlputt of'
ethatIol iroluction. iIatntally tlte abso)luC value o' 'ood clner'gy Will 

http:ptrolem.Ul


TABLE 9 
Hypothetical Trade Balance - Alcohol Production from Excess Fermentable Crops (1978) 

Countl, Pxpoisofagricultural Potential ethanol Possihh, Imports of B/A B/C
 
prouct-is product -"du'tion c-nide oil (%) (%)
 

of oil impo rts and oil
 
Oop laluc (hantit.i' Quanhitva Oil due to ethanol products


A (1(6 I) (10 9 li lre) equivalent" prodtiou C (€106)
 

(LSS 106) (109 litre) Bc ( 10
6)  2. 

Thailand Rice 513 1-60 0-74 
Corn 208 1-96 0-88 
Sugar 195 1-04 0.66 
Total 916 .- 8 1-18 102.4 (244-6) 1 118 11-2 (26-7) 9.2 (21-9) z 

Philippines Sugar 197 1-05 0-66 0-34 29-5 (70-5) 1 061 15-0 (35-8) 2-8 (6-6) 

USA Corn 5 302 50-14 22-56 
Wheat 4335 34-10 15-04 
Ri-e 731 2-28 1-06 
Total 10368 38-66 19-99 1 733-9 (4 144-3) 44086 16-7 (40-0) 3-9 (9-4) 

a Each alcohol productiOn per unit weight of raw material used is same as that in footnote t/ of Table 6.
 
bOne litre of 95 wt.& ethanol (20-33 MJ litre - l ) is assumcd to be equivalent to 0-517 litre of crude oil (39-33 MIJ litre-1).
 

-
SCrude oi: rice in 1978 (S 13,79 BAR '= S86.74 x 10-3 litre- 1) was used for conversion. Figure in parentheses is calculated 
from crude oil price in 1980 (S3296 BAK- S207.32 x-3 litre'). 

-...
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Fig. 4. Self-sufficiency rates of food and energy in Various countries. The figurewas originally presented by Rask.;12 here plots are limitedito coLnit ries or current 
interest and the values are those for 1970.

Countries: 1, Japan; 2, USA; 3, Brazil; 4, iljippines; 5, Thailand; 6, France; 7, Argentina;8, Australia; 9, Canada; 10, (hina; II, India; 12, UISSR; 13, Malaysia; 14, Indonesia. Self­sufficiency rate = Quantity of dolestic production/Quantily of(domestic consulption. Thetotal lintount* of grains, roots al( lsugar was taken as the quanlntity of food. * Original data by
1 II:AO; I*orij:inal data by United Nations. 

become uItch smaller or even leglive, altd ;IS ;t resullt mIOSt Countries
will l)e almost oti the horizontal axis. In oilier words, energy Conversion 
or agricuit turl products is expected to make little con t ribtionti towards 
energy Suply as long ;Is tile citrretit state of energy conversion is 
aSSI reCd. 

(
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Fig. 5. Primary energy intrade and food energy in various countries. The corre­
spondence between number and country in this figure is tie same as in Fig. 4. Food 
energy is the sum of' the tligh IHeat Value of grains, roots and sugar exported and/ 
or imported. The scale for open circlks (0) is ,,Tne tenth of the original scale (i.e., 

the unit of' energy of opcn circles is 10 EJ). 

ENVIRONMFNTAL IMPACTS 

A tropical climate with a high tempera ture and abnndanIt rainll is 
certainly a desirable condition for growth of plants. Production of 
crops on a large scale, however. re(luircs the development o1 vast new 
ar,-as of arable land. Iveln il'this cat be achieved by making l'armland 
from idle ro)laMd amid forest. it is likely to cause sCvCre disturbance in 
the piresent ecosystem. The f'easibility o f alcohol production should not 
be discussIed without exat ininrig the environimetttal tld social impacts. 
A (lnan titat ive Cvalult ion o1 :,tclh aspects is dil icu lt,ttle to many 
tcertain f'acors. Ilence, only a (lualitative I SCri pt ion of' lhlI)rolemfS 
is attempted here. 

First, it sioItlId be i)oinltCd out that the cCosysI etu 01ifield agricttltHe, 
except paddy cuIt Itre. is quite nnsftablC in Iilie tropical region. The 
(legtadation rate illorgatmic Components itlthe soil is very l'ast dlue to 
high tenl eraIttnrc. andtl then the acctitulation rate of' organic nutrients 
is relatively low. A rapid loss of the Soil iCCOnipIa1 iCd by a loss of 
soluble nutrients is apt to occur dlue 1(t heavy raini'Al. The soil is likely 
to cake because of the lack of inineral components and will become 
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barren if field arecrops harvested every year. The present riran ne r offield agricuIlure., tle swillerl (CntL/hUIrrn ) arinCuIHlItre. seems to be notonly a illeans of minimizing tie use ot fertiliZers. hut also a raCsonable 
Way Of firnlillg u1ntder such conditions.
 

A large-scaie farm project of fetd corn 
 if) Slmtlra, Indonesia. con­strLctel on a Vst wastilal and developed with a great deal of machinery
aM financ'ial stpport provided by lapan. in )w Ibeiel, termilted asunSLCCCSSI'Li. in spite e"' considerale efforts over the past ten cars.This failure suggests 10 us tile inCvitahl, darrger 01t large-scale develop-Inent in these areas 'withotll regaIr bIr lire iatlural of)r*theecosystem. It ias -hcen pointed otrt Nartby thal in lIhaillnd tilereplacelntni (1 com-)lex nattral eC-osyste,, with rono10ctlt.es. sire,Ie­crop cultivation. '1t filehas resulted in aj)earad'nIC as 

plaLguCs on an unpjrecedCentCd scale.
 

Conversion 


of stchI i)t JS IoctSt 

of tore,stl nd to lar-Ilarrl nav involve nrore serrousp0roblCs. III the tropics, 'rests aIre capallc t0lhigh primary productivity01 bioirmass hut are 1.ri!,le to recover their original lorrii once they aredestlroyCl. As a RsrLIt Of the torest-lo-lllillanu llovellrlet no(W being
prorioted to increasC troducto() n o cr rclC O exp)rts in the ion-oil
I)rolIdCillg cotrintlies. lreu(hLeri flo0(1 ce'lrreCes have beenl reported.These floods will in turn acCeleratC soil Crosion arid tire ratC olsedirenta­tion in reservoirs, rivers and strearis. lhercy inclcasing tile severity ol 
su bseqcnri t fHOIis." 

Treattment ()Iwatstewatcr lrn cthanol lant vill he nothffr difficult
 
problem. There rrray he 110 ecoriorirical aid elfective rrctlioj to treat hi
ugeailOults 01 w lsewater containing rimore than 20 000 pprir Of 1301) "roriithe 'ellletalioeri process. One possihle methiod is methane fermen tation

(which should h 
CaplehC of e.zerrlinm, elergy ) followed hy activated
sludge treatrrieit. BLut since corlrplicatiL arId expCnsi\,e lIacilities are

required for Itis. th,' ivestrrert riay exc.ed tie :01 Of construction
 
of tire ethanol plan
 

,ISIONSIBILITY OF I)IDF\'ILOPI (OUNTRIES ON 
FUII. POLICY 

Hence, it is clear thaf the alcohol produnction pro'jects in SolirlreastAsian countries Will rnrake little colriltUtioli to their energy SUp1plies orecononlliCs, a1ll still less con trihution 1( tie SIplply of Ihigh-grade fuel to 

http:rono10ctlt.es
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the developed Countries. Fininci:al ani tech nological ,aid to the projects 
by the dCvlop0ed countries should he carV'uilIy CxatminCd because it' the 
plans end in faMilurC. assitAMnCC will hiavc resulted only in the export of 
alcohol phlnts. irrespective oI the originlal aimII. In flact, it has been 
poiIitCd otl 1 th'At p)Cople ill the ;outhCtS Asian coulitl'ics involvCd 
teaded to he C(ulclllc l that all the developcd countr'ies werc illtrested 
in was to sell the CqtulipleCn . 

Rcl'Crrin tg1t( le rCSlpiisihilily o)I the ,lCvClold contntries. the 
depressine eltects loil pricesml the econm)lies of d1e\e lopile contllries 
would be cl'leet ivelv reduced if ihiese Prices cC'il Ihe sta hiliz6uthOnth 
lecreasig Le'e.y il 1he( deCve'loped con1tn1iIes, where Moren'nLi,,utl ion 

than 80'; of the tossil fue!kl of the world is Consimiied. As Stat aboV. 
,con1LIsutmptinl Il )I* sil enl, rev inl SouItheaIst Asi1 cotttiCs is only ahOut 
I'; of world consumption. NeveIles,. increClsed oil iprices io havC a 

-Cr.at influnCe on their ecoomilieS. IlhCiV'efo tllL adVIvaln.Cd countrliCs 
,t tit\ 1ite 

assistalnce to tliciil in this :ispect. 
At the satme time , othCr iroLd tivC p)ltns which will take the place of' 

alcohol produltction pI-ojects should be develope.'d. For exaimple. a 

ICasihility studv of' otiC cl(ps which will brint imitIch more prol'it than 
that lCivCl Iroin- the raw\ mterials of' alco ll'hol should he 

have tile ull+l At Well a, rscHpon ,ibility ()l' oiviii 'indirect' 

lemeCit:ittii 
rCsarcheCl. 13ut the! Use ()I lt.' ltiuts 111of iica fertili.cr nd fCls. 
which c'mnslumc a lot ofl oil. in order to ilncrease the irotltivity )Cr 
unit la1nd area Shotuld be carefully avoided. As 1far1as sell'-suliciency 
inl lool is concrnled, the SoItlC:st Asian coultries irehlcssed with 
farvoablc conlitiolls. 'liuis the" broadtl possihilities relmin tldevceloping 
industrics which will rClly ciltible to the imlntrvcilent otf the life of 
their ipCopleC witho1ut increAing Cnrgy consulmlption. It is in the licstyle 
of h;,. energy coiiiliptiol tHat the Ilse of"biolmass is al locz,', cnrgy 
soturcr,such Is IeLClw o l production IIl use1 1olling residuCs oraitd ' 
forest stand improvelmcnts. will have som signilicancc. WhCn lCvClolCl 
countries intend to make technological assistancc. sensible elToats 
Iroin suc.h a1standplOinlt will he reqliirdCl. 

(C)NCLUSION' 

There are many negative factors ror fuel-alcohol prodtuction proJects 
from crops containihg SlgarlS or stLrCl ill Sontheast Asian conIIitries. Ill 
illost Cases a net pos: ive elnlrgy balance canl scarcely be obtained. Low­

.1 
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cost ethanol prodluction cannot be expected unless low farm labor cost 
Sustlins it. ie contribtlion of the planned alcohol production to the 
total energy Snl)plv is too \mp1lesinaill. alld reclatna tioji to cUltivate 
raw crops Cor ethanol cotversioll wOtild make important environmental 
impacts on tropical ecosystells. Jtldging hron Ihese f'indillgs, we conclude 
that there is little justiicatioll in purstluig tle energy-prodtuction 
a1gricultulre cottCept th roulh the prodnCtioll o1 ethanol f'rot1 crops in 
Son theast Asian count ries. 
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