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Preface 

TtSs repart was zade p s s f b l e  by support: frm the k i g r f ~ d t u r a l  

-Experhat SCdtfm at: South Dakota S t a t e  UxtversiEp (SDSrJ) and fram a 

sdLf research gr.zTt mde  available ~h~otrgh SD'SU's TTcPe XI1 Strength- 

ening Wagram, The T S t l e  XEI program at SDSE receives funds frm the 

53,s. Agearg for Xatemaria~nl kveLupnent. te strengthen -irrterrrar5maX 

program at S D S  fa dryTznd agrfcdture, mraS BweXopneuc. human 

autrfrtfan, a d  =emre sersbg, 

Dr. Th-8 Dabbs, Professor of Eco~~pfcs, uas leader of the research 

prafg~pz frm whfclt this report: r t t s d c e d -  *Leadersbfp in Eerabielagy a d  

frr Plat~c Science was provided by Dr.  Carl WesrBy a d  Dr, Eugwe ArnaTd, 

respw.t2we2yc Dx, Resrtby is fn rtcral l  charge of the SDSU Alcohol 

2esaatrrh Labracebry- %r. Ehrane hch, Plant Science Research Assistant, 

C O & ~ P &  Ifrerature r&ew for and prepared 5nirisl drafts of Chapter 

f f  sad "Lhs bnesr5ng  cefhnslwgfes section of Chapter TTI.  X r .  WLlTfaz 

GSbbas.  X5erobL~logp bsmrch ASsbtatlt  and *.Dm caadidar~, did the 

$me f o r  cbe storage a d  proccssf~g trcknulogfes sections of Chapter 

111. LLteracure reviews for and i - ~ i t i a l  drafts of Chapters F.? and V 

%ere ciLe r e s p o ~ ~ s k  af Er- 3.amiy B~ffmaa, Econmfcs Besearch kssocf- 

ore. me 2rsjaet  as carried out 3s a group effsrt, however, w i t h  a l l  

mezhers esf the research ream involved fn piamiag, eaordinarrioo, and 

mmscrfpr; re-~5sLsg, 3qsze h e h  a d  Thomas Dobbs took r e s p ~ n s f b f l i t y  

fsr 5 2 s ;  organiriztias ?,mi edi t  of EP& mrerscrfpt. 



Fe apprec5are ehe reviews af parts of this repart bg Dr. ArdelLe 

Lmdeea, A.sscrc5.ace Prafessar of E c e t z d ~ c s ,  and Xr. Ralph LUeac;lFE. Assis- 

tam Professor of Agrfcdturd Eq5rreertng. Special  tErauks are =rend& 

to Xrs. Xanc~ Hurt%g, &s. Betty Pnmty ,  and ms. Dame Lamp for t2rpfr.g 

tae ~ ~ s c r 5 ~ ~  + 



?ferric wits 05 neasurm=t are used in Chapters 11 and 111, vFLfch 

desorfbe agro-cI&zzcfe, hamesting, storage, and processing emsider- 

ab%ans far a l t e ~ c i v e  craps. Eb Chapters 111 and ZP, uM& deal vith 

e c m d c  cctwideratiom and food-fuel co&Ticts, Eirrfted States &ts of 

seasorae:et.tr, ate us&. BEEpezc L5 C O Z I . ~ ~ ~ ~  a table of eolsvers5~ factors 

far =erkc azrX. C'rritecZ Staces units. The foUarfrzg abbrevhtfclus have 

be- us& this  report for varfaus udts :  

L = Zfter 

kg = k ~ 0 g r ~  

f ' netrfc tQC 

cwz = she- httrrdredxmfghts (100 p ~ m b s )  

ODE = wen drfecl aetrfc tan 

c33 = c = ~ t . ~ t e r  

3$ = meter 

ha = kZ.lmseter 

C = centigrade temperature units 
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Sorjarces :snad costs of edera far agrEe-dtural prudrrcrisn, proces- 

s*-, asxd tramp@rts~fad be- v5raL rhnceras baring ~ h s  XS?O's, both 

fa a x e  deseXcp& ~~lmtrfes and iz !ESS Bevelaped ~~~'mtft'ies (ESC.S) of 

tne. gofld* Agcicdtuxe ftself Etas be- %atzntified fn some circles as 

one poss%ble f-ST sourea, tkc* the praduct5m and z&f; of ethanol or: 

arbr fuels 1_rm agrieuPwra1 bitmass, &a. srxterirsi~@ l$tararart? has 

hem developed over the past .". t o  5 years ort praductfrrn af fuel aLcohoZ 

f r o m  gra5.a~~ a d  sa+ri~lf resmeh has been =andrrccad ost rase af criL clrops 

E;iueh as s~d1cwars) £or f f q d d  ffteh. Recent gubl.lcatfons (e.g., Morld 

Bmk; 3aefmal ,Wearch Camcil] Exwe also axplered Bfmass fuel 

gcsss&b%lf rfes fa LDCs. 

Smrh D A t e  State E h f u e r s S ~  CSPSV) has carried m a multf- 

2iscfplirzr; research pzrogra s h c e  1479 sn small-scale fuel alcahuL 

Cee%mf) ?rodktctfcm, hgheers, zaierobfologists, agricultural econo- 

~ L s ~ s ,  am3 aaimal me pLwt scientists have been involved in t h i s  

Meawr,  C a t i L  1983, m s t  of rhe research at SDSU focused on procfacrion 

m d  u~f(eSzarlon of aLco"n1 Cad bmreducrs) frm corn, rhough some 

remazck h dcrobZoLc~.gy Ems been conducted m convcrsiaa sf cellulosic 

m*,extals to alc~h~l, As economic feasY~f l f ty  work an corn-based 

a l c ~ h a l  praducizf~n mared roq fe t l on  in 1983, grsacer attention began 

co be fczcase4 oa Eea&stoc7s other than ccm, Tfre prospects for fuel 

alcohol produ~tfm in L X s  also began to receive some af the research 

~ ~ ' s  3zteE$cran* 



TXs reprt i s  s. resx:t ="he fael aic~kaf resesrcb team's braad- 

ened ,Focus Curfzg 2983. A c~spr&ensi.t-e Literature review was carrizd 

cut kc =?lare a1,:emtffL~e starch an8 sugar crop alccrnat iv~s  for ethanol 

i el pro2us:isn. X L b o ~ g h  zhe ffterat~re search w a s  quire iaeJusSve 

w i t h  respect re geographic regToas, specfar emp'hasTs &-as gi'trm to the 

agt-omz5c and scazmafc psteacial of t-ari~us fael alcohol crops in the 

Xor't'nera 2Zaias regfan of ?he ? = S F .  of uhich S a - ~ t h  Dakc:~ is a part, and 

23 ",Cs of Asfa, Africa, a*rd b c f n  &er5rz, Our fateor was to thereby 

dete=i=e pessPble -erg)- crops deserving sf nore fueL alcohal research 

a:te:rrioa 4.n the Sorthen PLlrfas and also rzrevide a dacmenr of use to 

w~rselves and others c~n.s£.&riag various crops f u r  fuel  alcohol pro- 

ducrion 23 LDCs + %-zeLopenc ass5 stance agerrc f es . and uniuersit ies euch 

as SDSU ubici; uork with thm, must be able to assess the energxp.to- 

ducL~"& petencia1 af agricuPturd3 economies, &on& wtth food and fiber -- 
2r3dccfng porenrlsls. One kin5 QP =ergy production that may be tech- 

3icalir a26 econos;icaiLy feasfbxe in some 'LXs is fuel alcohol production 

Trsa stsreh 2nd sugar crops, (fn thfs report,  the terms alcohol and 

eznzfiol are ~ s e d  interchangeably . ) 
-. ;nis repore on s lcemarive crops for  fuel alcohol procfrrcrioz i s  

orgzafzed as follows. Chapter 11 covers agro-climatic considerations 

Tar v..riorrs crops. F 0 1 1 ~ w i t t g  t b c ,  5ar~esCing, seorage , and processing 

c ~ ~ : s f d e : z ~ ~ c ~ s  are t r a c e d  i c  Cqapter I L L ,  Economic assessasants of 

*u~2rLacs crops are irrrxouuced next, ~n Chspcer I V .  The ecanolaic assess- 

=*ncs =:EZSZ 3e censtdereb sctfe prslf~inary for  crops other  than corn, 3s 

*." 03 Q racher  sparse literarcre La sane cases and on rough 



e s ~ k < e e s  35 Etas certafz C Z G ~ S  rtight 5e processed in an a l r s h ~ f  , l ac !  

Like S2!SC2s 22 crher cases., h. the  fzrcal r3apter of t h i s  report fChaptet 

7% 
r,, the 2cEentfaI co.'.flic': between "Eoud ard hexvP in use 0; agrlcdtcrral 

zesources I s  brief:; e x . z a Z ~ e C .  Ezzphas%s i~ on the L K s  Ln that revie  

of food-fuel conflicr issues, 

- E Z ~ O M ~ ~ C G C L  this reparc, zhe zain FOCUS is utl rrsma2-3-'' or "'cammrntity- 

scaXeW fue; aicohoP prsductfan. Ec~namies of size =ark agafnsc che 

econmic feas ibi i i ty  GE ss~al2-scale fuel alcohal productfan in many 

cirstmsganees. 3uwever, our emphasis at SDSU has been an explorfug the 

patentfa2 feasibffiry of sail-scale production--in order to nor only 

zec: aEtcrza~iue eaergy probucrion ~bjecr ives ,  but to try to enhanee 

mzplo~ment and economic aet5vity in small towns and mral areas, as 

x e X .  T*ae l a c ~ e r  is an objective of ~ O S C  LDCS, as well as of mraX 

scares of the f . 5 .  such as Soark Dakota. By "small-* or "cc119~tmity- 

scale" prsducciorz. in t h i s  seporc, we mean prcdztction by small-business 

or fa-r cocrperzr5ve ur:Zes, not tramally producrfort by each individual 

fa-r Tor his own FCC: nee&. 



HI. Agro-GPixmtfc CozsXderzraCfons for ALterrrrttfue Crops* 

CLiaatPc factors axst be caasfdered %n the seloetfon of a feedstock 

for e t b o P  productfan. Sase orrops zrc lfr&t& ts edtfvatfon wLthia 

fafrly speeiftc dtaares, a l e  sthers can be gr~uai over: a wtde range crE 

clfates. The ffrsr prtforz of thts seetfon d e s ~ r i k e s  the t-petrature 

a d  wfszare req2;iraenf.s of psrcfcdar crops arrd iderrtiffcs the general 

e2fmartes in +&fch tkep =P be groun. %%f factors are not extensively 

co~sidcred, dzhough they b v e  a pafor affect ua crop adaptabzlfty, A 

second -pertfora C O ~ C P ~ S  geaer~E estbaees of fields from each crop rtaaer 

warfieus groshg cobdiei~as. For ocmparinan iwaag crops, patentid. 

cr?mtwl yields WF hecesre are @wen based an crop p%ePds and on ethane1 

coawersiom razes frm avatlable praeessfng tecbolctgy, 

A -WE r of crops c o d d  be ccmsfdered as potenrial feedstocks 

for  etbtlof ptoduetioa. RtTLmfrrarry wafuatirsa of crop& resulted fe the 

selerrfon of several crops *JEticb b v e  po~eaeist re produce high a m ~ ~ ~ e s  

of  s~ssckes or sugars. ZTre starch craps &iscussed are ca Yam, 

s-aet pccatoes, r i ~ e *  CQPD. gxajLn sorghm, r e  goratass. $mall gxatm 

such as *&eat, bazlep, mts, rye, and arfllets rr = o.-TeasiveL 

discass#, heawe, as w i l l  be n a k e d  fa the d , l~saafon sf e t b n s S  pra- 

dueelsn frm corn, wraae%al ethanol preducrion per hectare from these 

crops is l o w  coatpared to sthcr sFarch crops. Sugar crops descrfbod 

LncLude augar -he, sweet sorghw, 4e-Lem artfct~kes, %gar beets, 

a d  fodder beets- 

A. Qver~Leu of ercps suttabls co dfffsrear cL%mxrLc candfrfans 

The srtitafsLLfty af a geographic area for r=ultfvmcbon of s partfcubr 

*Pr:ncipsk aukhars: Duane A w k  and X ,  9, Arnold 



crop depends ad zxm~ factors, A a ~ o ~ g  the =st hpartaat are the tea- 

peratare and preofpitatfcm dkaraecerfstPcs of the area* Xsnp schemes 

have he5 developed to groqp oP%nzace% of the w r l d  aclzartiiag ro sf&- 

LarftPes ia temperatare and ptecfpitatioa. These sebenes are helpful 

Ear identffgfag general areas of the mrfd thac mtrp be auf%able Eer 

g r g r f a  eerrafa craps. e e f d  ~Eassffisatfoa spscrazs are tea 

QetaiEed Ear me En tP&s report. A s-le c.hasiEfeatkaa s p s t a  deue- 

Zcped by Werrr;crha t s f l L  be wed,  baause its climatic grtrrtgs tertd ta 

caiacibc yftb a i 3  p r d w c t f ~ a  areas @f same nE the majot world crops. 

Ttewarrzb has &Lvibcd the uerrld elfmarres fato nrarjor cL2matfc groups 

sigh ~ M i t s i s f ~ a s  -Ired cPfmsEa cfpes and mb~ppes, Bjor areas of 

Crop prdattPoa have tr~pfeal b t ~ i b ,  mbr;rogfcal, sr tunperate cliaraees 

CZabfa 2-41, aresba areas wWt dry er hlghbnd eL5fmares are &&a #grog 

z a f r ~ l l y  prr3r3ueri~e. bwever, crop pro&.tcrton Ls m2aimal tn areas d t h  

hreal  cliaazea m d  bponrsibfa t t r  m2af areas because of Paag card 

3arSds. &eas too rsld for crop productPon csatprfse an cstfmateb 29% 

o f  =%e ~4rtb"s land surface <&nagttJ.. So-real and €Mar clhates ufll 

aar 3e df s c ~ s s e l  fn t h f s  reparc kcawe af their nrdass agronomfc 

iapebrreance- 

Cmps 'which regulre kfgh cewerstures, high 4s6iscurc, and a Long 

grv&q rnserz, such as sugar caae, asssva, yams, a& imtaaas are con- 

f Ic,o t;zog.t=cal hm5d cf t w t e s .  Kf thtn the t m p i  eal b f  d group are 

the ~rapicaE wet eype zwd tke rrsgica2 trtet and dry type CTabLc 2-11. In 

rha frapfcaP rpez cLi=ts type, prsebpicatfon f s  w t i f a d y  distributed 

over 4c Ie&s!: LQ r-~entks bf the pear* The erupicaL geb a d  3rp slimace 

generaPLy b s  5Rss annuat precfptratfon r b n  the wet clfmre, and rhe 

precipitaEL~a I s  me a n l f a d y  $f@trdbu~ed throt&gkuut tht ~ e a g ,  
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cLI,zai3tes, 

SabtrapicaP ekfaatss are &fferezttLated frm t r ~ p f e ~ a l  elfmites 

% f&cr that '.be cxklifesc aantb - average teizzperdtf~ee of Peas ttkaa 

18°C 6YabEe 2-:; Trev&1tb&]. Zlttp are heated Z n  the middle latftudes 

faet%sr Trm tho qwassr C ~ B  t r ~ p f e d  elfmscas (Ffgure 2-L), S a  

fmsta sap =cur in mbtrcpfmP areas, k c  marine areas m y  be uftFrwe 

%reerPng t~er;;ltsfres C ~ F W ~ ~ Q D T I  the year, IUce and c~ttas &re graw~ LE 

9~&tr'3$3%~i?il &r@dlllq Ekue gr0dI38 4tZLS08 fa the S f J b t r ~ g f ~ ~  SiXP b2 E0Q 

&art Par a p E W b  ptmiueeioa sf rauasava, sagat cane, a& btmms. 

SabtrepisrI elfmsao ace divided fete dry rrumwr: and hrrmfd 

{TahSe 2-1 ; t ' r ~ u r ~ ~ b s ) ,  E n  the dry 

m:3Ej f z  zbe -1 S ~ ~ S O E  M S Q  T ~ B  swmers may be abaoEately dry. 

%SEvere P~OOIEI ore fnfmzpwmt. SLnca nfafaL3 SKCU~S dtf.r?irtg the C-I. 

seasee, m%stare ~ I S  by ~vapa~ral l~pIrat ian is Lou. Xn ~b V,S,, rhfs 

yqx of e;farare i s  fmtnd fa parrr ~f Cal;forzrSa (?%@re 2-17, The 

sw%crapicaE hw~kd cEfmce Ps fat.& % f a  the eoutbeastestx parrtsa o f  chc 

?* S T f  ;pseraf Ly b s  greaker a& msc mifom ~ R R W S T  p r e ~ i p f f a ~ t w  

%ha4 tne dry smmer eLkaafe. The grwfng sestsor, m y  b %ram T woEbs co 

%early the c~cSre  :mar fn che s u b r ~ a g f c a l  h~~mfb climate typel 

Teper&Ee ~Efm~es are wt38lly found buFtweert fhc warn subrroplcaf 

a& eoXt F;)4real eliwres {TaBic 2mtc T r : e * ~ o r ~ b ) ,  WLrbtn tb tempelrate 

cELmr$,e greup are waaaic and c~act twaka l  types (TabLe 2-1; Rewartk?. 

%rcaakc e3Lwses F%%d EO FAY@ 8 C Q Q ~  E!&%WZS b r r ~   he grwisg ~;isoc% m y  

3@ as 4~3% ~6 :8'Y FO 210 days, Qrrhers EJFO~Q &A& Fha aasrixwaa~~rn 





c a a ~ t  of t%e G.S. have tampetate srceanfc clfmates (Ffgure Z-ZF, 

h f n k E i  2s &equaCe ZIZ &I seasons af the t~1~7;emfc eftmate, a d  drcbrghts 

p@Lar@es, and mgar ~ E J  mre gmm Ia temperace weaaic clhates, 

The e a s t ~ m  w ~ t c f ~ a  ~f the Xettkm Pla&as has a ecrntfnmtaE 

& q e f a e c  eL%aare {Ffgure 2-21, &Id t+tztsr temperatures gesreraflp pre- 

va2.1 i.3 ~ e s p r a t e  eaatE*e~taf efftsstes. gttezl half t b  aretar re temperate 

~m~fareartaL elfmrss reeeiue Less than 75 cap aE preefpif;a~ietk* ?fore of 

c%e preeEpf E J C ~ B ~  f&f LJ gzt the 

4mgsz @f ra%afafZ fa the  stainer has g r a t e s ~  affect gn wrteuLtural 

g r d w g  LvLt?f* 

D e  ~ ~ @ @ c % w a ~ a f ;  temp1~fa~e zype hss ~=.m LmpsrE&nt: wbcypes mXEtad 

she aar*sr 

paraEure% R P ~  &hue d kfm 22,2*C, m s p ~ ~ t  E ~ e l y  (TabPe 2-lJc Simtafs 

rgr~ Img, and W Z b  10 eke warm s rwbtyp, The parfed be- 

r=e ra  %.ZLZP,n& frmm k 150 ED 200 bays+. *jar eons pr&uctP~a 

afm-s are f a  rke wnr -F wbtype- 1% t'w eaoE mmmr wbtypa, 

f5we 8s- $3 weaoSc Emgmr&se cfdmt~zs [3m&l @rairrw, pc?tszeer, arrd 

stgar h z s Z ,  TB the %est&rn Pl;tiw, a =jar ~ r c i a n  ~f S Q P Z ~  Da40ta 

a& wrt%em XSnwsata hue c-L swrner e I i ~ m ~ e s  (Fggare 2-2), 734 war= 

s m r  ceapers~e c25mre e x g e ~ d s  '~r3urk$wrd LO ~ k e  ~0at3ern h ~ l d e ~  of 

*Rac%%as. 

1% fbe dry elfmre group, evspotkamgirsrfcm exceeds annual preci- 

I** .,*attoe - <Tab5e 2-L1- &-proxfwte b ~ a d a r i a s  QF dry areas we deter- 

%$.%@& W$.Z% a ~P-Z-~S this% ~ f i 6 6 ~ 0 s  Wa* 3abG2%L Ck?R1$QraCQF4 $88, 





?reef p i t ~ t i ~ ~ h  as =EX as t5e prcezcage af ?reef p i  tart a~ accurrf ag f 3 

%he -4ntet. Tbe dry cliaate grasp fs divided into arid and semiarfd 

t 5 ~ e s .  SsaZarPd climtes =cur fn much of the western U-S.,  irnlludirfg 

t3e westem prcioa of the Xortberrr Plafm &Figure 2-3). They are also 

preuaheat in aanp d c v e l s p f  ng coantries. Froduccion of drorxsht rolerant 

GE. wry short seasan craps such as s ~ r g b a ,  aillet, and smaL1 grains is 

poksi5Pe %a may sedarfb areas, Withaut frrfgarion, ersp production fs 

nor possible I n  arid regPoas, *&fch cxcupp 12% of the earth's land s u r  

faec C&ruzat=); 

CXiaze %a Mgblsab areas fs depeabent on arttrade, latitude, aad 

expssrir-e, Zones a€ ciLfcmte excur at dif ferent  altitudes tn tropical 

$am&& IatfEWdb~r mff@Z~@~t  rrsps are grow fa the parreus roaes up to 

3,500 m, sad wr;tcrwL s n ~ u  it present above 4,290 to &,TOO m, 

1. Pr~p5aaE and mbtsopicaL crops 

frap$ca5 &2d aapbzropfca2 craps are those are Limited to 

s~P=%vatSsn %J rropfcaL ar sabtropfcaL arras, because they generalXp 

rwui sc a Bong growl86 seasoe, high zenzpera turea , and abundant sot P 

S Q Z S E Q ~ ~ ~  Fan7 shore Masorrr czsprs grew in reaperats areas can also be 

gram $3 erepic& a@ si~btrepfeaX areas- muever, they are elassffieti 

3s ragerate crsp@ fa b h l ~  rspsirr. Starch prdueiag rropbeaf and 

sa5tr~pScaP ;fops ~LSCUSS*~ are cassava, y e n ,  sweet potatoesI a& rke,  

Sagsr case Ss €he ~ s L p  crspieal a& sahtropfcal sagar crop discussed, 

AZrbwgh cP&sse& as cropica2 3rd subrropEca1 crops, cassava ;uxb wderect 

patarms z a y  also =be grwa fz $om semiarid areas, but dry eondftt@~s 

f f s l ~  pr4tactf,on- 





&- Starch craps 

I)  Cassava f W I t a t  csedeats) 

p d s a . ~ a  f9 gram msr -xraafvePp frr rropfcal h a i d  c-l'lfmates. It 

f eqk~%tes at IetsE IO wncks for aax%mm tuber ptoductfon, dad hruestfzlg 

is as&l f~  daze L ra 2 years after pbntfrrg [XcCItsre xud Lipfnsb;  

. ~ s w s e ~ ,  Sis~e .CYt 5s setf~itfve to frostr cassava must mature before 

caPd hqerathpres QOZCuTr Terzperatures of 25 t~ 29-C and &-t lengths 

Less 6Wt2 PO go 12 hgt~ts are mqdfed for 0ptZraa1 growth (Kay; Onmeme). 

C&mseqearly, assaws $9 net adapted to r q e r a t a  ar asosc subttopfcdl 

ares@ [Table 2-23. Cassavs is aafrdp grown brevean ISD rrortfr and L5" 

amctc bt%cxt$$: CKily), bar rIbe crstreses af zhe prodrrcrfoa area are 3Qe 

zsrz3 cs 36" soueh XatPrsrda, Cassava 5s ge~erallp mc gram above i t ~  

a2z fzdc  af 1 , M  tit. i n  b m f b  krtepical areas ['Kay; Qtrweae), 

4fgbest yteldn are ~ B t a i m d  &en cassava receives ZQQ cs 150 cm of 

se.LZ-dfserLhtad + & 3 f ~ P I . r  Therefore, %t $6 s b p t c d  to areas which are 

cocc",w%ESy ha l id .  R@vcttcs, mhr prodPctLoa and grtaliry can be reduced 

by 5Pgb m u s e s  of PaLafalF, ff a d e q u ~ e  drabage La wr provided (de 

.&2vh &ad 'Xanle~uskZ2, Cassava Ls ~f ten a w P 3  crop La areas vltkottt a 

dry seasoa, heawe f t Its propagated by wtt i r rgs  rather t b a  by seeds, 

G r a i ~  crsgs are dfffLczpEc Ea cufcfvafe ia  canClrsrtallp butid candfc%ane 

due cs p r ~ b l e m  =&zh seed &cay after gLanrLsg, Also, d c h  contiemf 

rsta, Et fs dffficu2c ta "harvest, dry, and stare Grains (C~bley) ,  

Ikopfcaf U J d   rea as *with a dry soaaoo are aLsa strftablc for 

eassava, keaase fc, i s  draught tslerarrt at a L L  stages of grwth except 

pEaacLag t h e  (at a v d a  an$ Kszbauskf; Cktcnreme). Cdsnsequently, planting 

% ;> 5 a.s>aa:Lp 2~39 3: :be Segi~nLng ~f Eke perfsd. k c f a g  dry perfobs, 





p l a t  grabZ:h stops, aad aXer Leaves drop, Plaat growth and tuber for- 

natPon kgPz agah &en adeqorate ?rccipftation occurs* Cassava is grown 

La smae sedasfd areas -*ere amua3. rainfall fs as l o w  as 50 cm, but 

piefds are low. 

2 )  Yams CEEascarea spp. E 

Bere ate avez 600 dffferent specfss of yam (Kay). They belaag to 

E%e ge=tas 320s~orea m d  produce tubers, bttlbfls,  or rhfzomes trtxfch arc 

%P& fn s tatch.  ?an species tend t o  have growth requiremanta A f c h  

restrict cheir edttvatioxi to the h a i d  tropics at dt f rudts  less than 

i,Or;bQ o CTabLe 2-2; de =vim and Kazlcvski; Kay; Onmeme). They 

genera11~ met 7 to 9 nuatEts to masarc, and 25 t o  3BQ& tetzperaturcs are 

require0 for - t M l  grouch (8nwueme; ITSDA, 19746; VSDA, 1976: OSDA, 

197753, Growth 5s rescrfcted by tcmper&turrts k fov  20aC, and must yams 

are seasPrfve E a  frost, Howewer,  tso species, Diosc~rea opposfra and 2. 

Japcbatcsa, are adapted t o  s t tb t t~pfcad  humid or even warm temperate 

eEL=tee- 

Yaw are *at as -ddely distributed as cassava. In West Africa, 

aost ?pass 8742 gr5m kt'deen 4 aad march iacitude (by; [Xrweme) . 
me lgsitrs of p~t. pxo&~@rion are 2Q0 narrlit ro 20° south latitude, 

bceause sborr-dag coadi t io~s  of LO :a I I  hours are tequfred for tuber 

dwefsgwmr CKap), Tams axe =st often grown f a  areas with a Long rainy 

swssn aad a dearfp  dezmrcated dry season of 2 to 5 months Cde ATvtm 

a d  'XcrzLa-eki; Kay). Eawever, yazs can  not tolerate dry periods Longer 

e b a  3 or L ~mnths, asd abeguate r a i n f a l l  i s  especially fmportant dutiag 

f~hf f ~ - c l ~ f k r  FAghese yields occur u l tk  120 t o  150 c z  af annual 

rsZnfaLf [Qe i S k v i ~  an0 '&z~ouski: Kay; Wwuene), WaterLogging, however, 



restrfcts tuber inirfatfon and causes cabers tu decay, 

Tubers ~ a s u a E f ~  =tare h d f a t e l y  before the dry season, & they 

ate p f a a t d  Zn  the dry sexsolro. or early fa the  rafw seerio~. Tbep wed 

COmwues4. Teaperaeures raqfng; frcm 28 EQ SOaC arc tegof red for 

3) Sweet potatoes (Igmmea batstas Lam.) 

SubcropfcaX m d  trcrrpiral b i d  clLwares are suftable far cdt.fva- 

cmpcrarc areas, because ft requires 4 to 6 months of wa.m temperatures 

t-peracsres above 26 or 2teC are necessary far oeximm grwth, h t  t e e  

psrtacures aEFoYe 3Z8C -7 fafare t t t k ~ o u ~  mots (FBO* 1978; Martiat 

Leonard, and Stamp; &m). Tukroluo toot development is pronroteb by- 

rektfvely Xw twptratulce and Ught irttenstty [de A l v h  and lbzlawskf), 

SustaLmd temperaturea below 10°C can #*we damage, and eprourlfng does 

a o ~  occur kLsa 15% (Hartin, Leonard, and Stamp). 

to Mgh O%spsraSure rq~ irer~ents  fer grew&, meet, patstoes ate 

grswa between 6OQ north a d  40" south latitude (dr avim and KozLswsldZ, 

~&Irfmdes of up 2 '30 ar are aslcabla for sweet potatoes l a  huarfh trw 

pica8  areas, Tbcy axre: mare *&defy dfstribu~ed than cassava and ysw, 

beeaase they have a shorter duragioa, and eulsertziatloa can mzcux: at day 

Is 4 t h ~  as Zmzg as f 3,g hours, 

X-er p~tsr;ues are =$zed hg:er ts tropical humid clfmates a r t z  a 

dry wason t5an go co?tPadlg wet eLfmar&s. Optfmm raLnfaZl fs 75 ta 



PQQ c=rjk amuaLEg, a r b  appr~a.trrtaTy 50 em occurring drrrittg the grawiw 

seasen {Xartfn, Leanard, am3 Stam; Qnweme), Euwver, they are gram 

ahere annual ~ f i 3 f d l  is as l a w  as SQ az (Kay). Excess%ue rairtfdL caa 

result ia l o w  fields beease "ash Pine growth =curs ar the expease of 

caber prduccion. Xederately d q  coadftfoae are desieabLe brtrhig 

1"~akrous toot f o r m c P u ~  (de  Uv%m a d  Kozlowskf). Waterlogged safl can- 

dicions retard root Eomatfon, Mnder mot enlargesent, and cause  roo^ 

ruttfng Cde Uvfz a d  Rozlarskf; Onmecte). S e c t  potatoes are s m e w b t  

Brought tolerant e e c g t  50 to 60 days after plaatfrag, is the 

begZWw of t u b e  'buTkfw* 

4 )  Ece ( O r y z a  sat%va t.? 

Rtce has a rather vfde range of adaptstton, espeeAallp if frriga- 

eioxl ts available. ft i s  g r o ~  between 19* north and 34" south 1ar;Lcudc 

Cde =via and KorXowskf; ~McClere and Lfptnsky), Tsr troptcal hwfd 

areas, f t  i s  g r o ~  at d t i t u d e s  as Mgk as 2,000 m. The wtde adap- 

rabPlfty is k c  to  fhe great geaecfc variabfliry utthfa &he species. 

mere are an estfmated 30,000 rice moictfes i a  the woxld (Gabel; 

-Xarfia, homrd, and Stamp), %me varieties be grown m upland, 

others under sladerately flooded caadirlans, and others where water be- 

C Q ~ S  2 r S  to 5-0 ar deep [da Alvb  and Mozloaski). Varieties dm dAEfer 

glreaeLy 5fn drrratfozr of ~ s i u t h  and respame ta  day .length a d  

Eed!peracure, Therefare, gcneralfss~fans about the growth requfrenreats 

aad adap~sbili~y of rice are diffi~s2f EO make. 

R i t e  requZzes temperatures of greater than 2LQC dering the growfag 

scassq, &fch i s  90 ta 250 days fa Asia and LTO t o  180 days in the US. 

[?lnr=Ea, Leomxd, and Sraatp; XCPure and Lipinsky; Papadakis, 1964). 



CadsequentEy, =st Hce l s  grc- fa sabtrspfcal and t t o p f e d  httmid elf- 

varieties can be grow &%ch me tolerant to Eew tenrperarvres at the 

seeCliag a d  reprdact fwe  stages fde U w t n  and K s z l o w k f ) .  Eee fs cold 

erle~~~Z=~ve,  d tezzperarztrres of S°C for 24 hours kt11 rice plants 

16 aa.4 l9'E CcSe ~v~ a& Kezlrmki; De Datta). Opt- temperatures 

for Leaf elsa.gas.Xoo~, FlorcerPtqg, and ripenfq are 3192% 30 r;lcr 3SQC, and 

20 to 29'61, respetive1p (dc awkEB and K o z l o ~ k ~ ) .  cool night tenr 

peratares are *portant for ripen$ng in  sttbtrcrpfcd and arm e6rrriae~taT 

+saperare areas Cde XZ-vh and KQzX~wski; PkPp~dakLs, 19701. They are WE 

as hportarre l a  tropical areas &f solar radiation is adequate (tie t U u f m  

a d  ~~3io~sPs.f 3 ,  cr, Ugh temperatures and Zsw solar radfatfaa are 

rtaa rasrlaur fsr lower rice yields in eonr2mdfy rper t r o p f d  c l ~ t e s .  

are fotpad $3 teaperate areas or fa dm sEsarrs of Eropfcat areas nhcs 

$rrLgat&oa &s gtven (Papakkds, 2970; De b e t s ) .  %uevcr, l a w  temc 

E.rrsufffcienr raiafall &so Zmrs productfan in Eelaperate and 

subfragfcal ~Lhates Om PatrsL The WCBF requiremnts 6f rice are 

dapadeng an wto-grapbp, mi l  comilcioas, knd length of growrag ecssea. 

GewraIXy, ac  st EOQ ca of amwS rainfall are requlrad far dryland 



&3p?oxhtare'1.y 20 go 50 cn of eveinl~ distrfbuted rafnfall per math is 

reqrxLrd far k ~ t  fields (de A l v h  laad Kozlotrski). Yields are highest 

uhea fZelds aze Elmded ro a depth rrf 25 to 75 cuz unless deep water or 

flsaefag warfetzes are wed Ck Batoa). At seedfng time, however, many 

warfcties CesgeciaTly bd&ca types) requtre efther exposure to air  or 

shallow rrlcaadiag ti-ter for jipxaiaatiorr and rootfng (de AZvfm and 

 powsk ski)^ Water stress is most ha&d durfng the period f ~ & m  10 days 

beEorc fXoweriag to fSsueriug. 

b ,  Sugar Crops 

Sugar -ole CSacehamnn offfciaarum L,) 

Prduc~fom ~f sugar case is Ifaafted to tropical humid and a f e w  

subtrsp5r=al areas, becawse sugar cane requires a long mrn growing 

season (Table 2-21. Sugar saw le gram between 35" aorrh and 35* sooth 

Eatitda ar aleitudes up t o  900 ar. Ez frostless &hates, sugar cane 

m y  rtleaaes i a  ffelds for over 2 years before harvest (de a v i m  and 

Xet%~wskf). The average duratfcm 5s t 4  t o  18 months, followed by s 

ratwa crop 2s hawested after 12 a ~ a t b ~ r  Brvestiag i s  done when 

saxijwnr stlgar content 2n the stalk ts reached, fa e001 cl3wces, sugar 

ease fs  hamesEed fJiEMa 9 to fO ak~nrbs, depeding  orr the t f r i ~ e  sf frost 

o e e  Tewratures of -3°C k i l l  leaf tissue and s t e p  mgar ac- 

cmulartfsn (!krtia, koaarb, a d  5taq) .  S t a m  are UTlted when temper- 

~ t ~ r e 6 ;  reach -5*C; the stalks tbea detertorares Freezing temperatures 

ro  a s a f P  depth of T ts 8 em will M5h seed pieces, preventing emergence 

(ds f i a ts  and KtxzZ~~~kf) .  me  OPE;^^ tenperatf~re for sproutf ag Ls 

2hsC, a d  apt-% teaperaturee for grout5 aw kegween 26."f%nb 32,2'C, 



S:- eL6agaEZcm fs frzhfbi ~ e d  &gr nZgPot: teqxzratstres less 22°C 

(XeCTore a d  if pi~sk~3. 

Fqar saae Pa best suiaXted for trrazpical &mid elfmates uitk a share 

b,y seaserr gr f~r  ts brwesring &wfkli-E, a'lrp, caul, and st~anp ma- 

d5tian.s sthulare w a r  a c d a t i a a  in tke stalk, U&er eorttimtaJlp 

wee cod3cfam3, ti1Zeri.q is excesstoe and tZanaag@ Wgh, bat Ehr =erase 

eaateat is law.  ginifam ( I l s t t fha~ i~a  af 150 to Z I Q  us ef rctf&alL is 

s e e e s a e  k f ~ r e  the begfm.%qg sf the aaturatioa. stwe (IkCIare d 

EltgZnsky; Paul; WUite), GeneraUy, sugar c=aw req~&retrr 2.8 ca crf 

wZ~E@X!C of ~ ~ d ~ ~ ~ t f i l ) t I -  d E 8 f ~ g e  .iS ~ ~ O L L ~ B I % E ~  ~ k C b t l ~ . &  SU8EE.X 

EaZarares sceasfeaak f l a d E q .  Tkie -tar mbLe should r-a at least I 

s %low *A mrfaet for eptfml g r w h  @artfa, Wnard, & Stimp; 

ReClure LLpfmky; Paul), L w  Itvela of w g e a  ac eke 70 cm l a v d  or 

&me retard raac grevro (+&artfa, Uafterd, and Stamp). 

2, Tqerate  craps 

Testperate craps ore them &5eh can be in areas Mfh a rela- 

rfvely shaxrf growiag season, ~ q w i r t l p ,  they are adapted to  w a y  

femperafe areas &ere &a b q ~ b  of the grawtrrg seassa ts resrrLcted by 

cool ZeaPpcratures. brn, grafa sorgbtm, ptatoes are stdrck p r e  

dueiag temperate traps Ytricb w i l l  be dfscussed. Temperate mgar crops 

go be desertbed are meet sor$kw, estgair beets, fodder beets, artel 

Jezusalea art; lchoks, 

Tkese t q e r a t a  crops are c x s t ,  hewever, LLuxLted t a  crsle;ivat;fan tn 

areas W % E ~  teepetate eliaates (Table 2-21. Corm, grab sargbuan, and 

aueer: sc+rgkrws dca *well Ba warn S-er EeRePerzce cXirastes, kt ate SIC& 

-- -~5L-suieed - =a many eropLcaS b F d  sad subtreplcat clfmtes* Grain 



prkxarily Zrr c-2 teqeraee sres. %me.ver, they are &so gram fn wmie 

EfhppfCaX & a d d ,  S ~ ~ b t r a p f r d ,  or CeSjzerate efiiwtts* WSE of the 

textpera~e craps can be grm fzi t~sperate Z~ZQCS of Mghfasbs af ttopfed 

$ 9 ~  eem, aE~kw&h eom Ls a% martant ccsp &a s m  QOUL feape?ate 

a B e  mei~m1 rmspsrawrcs for grwth are kt*iteecz 26 ~ n d  5QqC, a d  

~ 4 0 %  fb #e%?rqLLy' w!: &i:~ . ic~.  r;ck9rs F,fddLe swm@1 FW&3eE'i3tt,$rei average 



Less thaz 19°C CAldrE~k, Scott, and *Liz@; Raf TfgerJ, 30 gennfeatEo~ at 

phsf g,g,@wtS .xc=ts et heaperatures &sf@& ZQ"C. Pr~Luaged te-rdtures 

Satween T9F: a d  £r=oisg 4 f f ;  MIL c ; t k z n  war&etfcs (Sartie, kcmart&, 

azd St-$- FIesxts  SF elme L5 ea EeLerzkte a 'fight f t w t  tu f~kw~t  

fajory Wt2sie2, A t  beer stagesz ttqwratares QE ZCfl  $8 exear, stiff 

zfgbes caa cause P a j u q  OUdfieL, k~tt, a ~ d  Leers), 

Q i t k  adequate rprjbtscare, eem tea* ta yfafd better fa r-rare 

t b a  13 tragf#i cldazaws, kawse ~&se&roo tqerarures s b v e  2tQC 

B @ & Q ~ L  field (%artin, Leonard, an& Srar~g), Taqwrsturea above 3S°C 

1 a b ~ t 3 i ~  12% gr-b 4fe ~.Lwtt.f~tf & Wzfg3~m~kt)+ b w  mXtr radfottorr 

&uirtt&$ szleudy esradi~iams amp a ~ c t k e ~  P2sxtcing Paorsc fa RnrmFd trap%- 

EIE e ~ ~ d f z f ~ m s  brnfL%~ge~)r Cora COB k &aaged severely Bp excessSve 

war-wr a d ,  cherefoea, rquIres geud &rLmgaz. €xe@ssXvc: mfsCurrs. dart= 

the ~ ~ ~ ~ ~ f & t t k @ a  IXfQd 

sm~btge s a y  be s$uere, bmeqw~0k1y ,  C Q ~  63 ~ f ~ e a  gram in  tropical 

h-3.d clksasarr *&rzh a dry seasan rather chart in caaeiatsalfy wet 

cPf,zmres, 

am woaElr caa sm be grow far graOn groBuctLor- *n msf,artd 

regL~08 w t c k w f  iicr&p$ion. Subfr~pir=al areas a dry stimmr requ2re 

irrtgation for emmar C U ~ ~ ~ Y Z ~ ~ ~ O E I  of COM, and they may be tao em1 far 

e53ter ~ ~ I f t v a t b o n .  art3 than 38 cas of preeipttatlaa armualty mtd 20 e~s 

seassn.aLly are aswfly regu2red for corn prmiact0on @faxtin, Leonard, 

a d  S r a p ;  YxCfare an8 Lipirre;kyl. b e  am of wrer LC reqrrtred for every 

20 kg af ~ o f n  praduced per hectare. Mnxiwn ps~ductton generaLLy 

~ c c s x s  fa areas " & F ~  66 EQ 100 en of a n n u l  ~reofpftatfom (?fattin, 

Leazrsrb, a& Stsag), Prerfpfra~faa requfremmts are higher in ~ r e p i c a l  





csa ckatkafr. see& . g~mz . i~~ t f~ ; r  f E  the wed eoatains mete t h o  '2% aczisrare 

F?ar ta~ ,  "LmmrS, and Stasp?. fn :he f i r s t  3 w e e k s  BE g r r n t ! ~ ~  pLaacs 

s a y  mmfve aXfgh.er frast, kt EeqeraEufes ~Ligbelp kfau fteerfw ~$11 

a r l l  alder $Basts. 

ktgkmz $5 *erer damted: to w s f a r 3 d  regieao thaa a n y  other 

ceeeaE~, beawe sat&- pleats kccase ~ r l y  dr;bmaat &art% k t  m d  d q  

da%t$@w* .Mrer b k a g  &It& fat I& days, .sorghum pZants h a w e  beca 

~~ fa m~81vel: F~CIC%E~B 5 drys  trt ptaf%sl@a ~f adeqwte 

mi%~afe j b m ~ e e 3 ,  % r g b  &.st h.m a tucker leaf mrfda ,  lawetr f a €  

a a a  mr ghwt, as& a atexsL*r mar; systttm cnse earn CLipfwky 

Xrsda+rTs%; ?*&sT%s, l&zemrB, SE~IB;B?~  X i z X f m  $fMutt lsm ~ X E U ~ Z  %&art 

a w ~ L  3r&eLpfta~Pm a w e t t ~ ~ s  65 emw but: mrghat is gram tn amas d t h  

kith SB of $ r ~ X p % f % b % @ ~ ~  ~ ~ f ~ z i m f a t p  532 kg of water ara 

gw~Errk.4 LO PE&~PCC E kg eC dry matter (Eeaisat), Q,m and tJFrstaf wse 

368 sad kg of acer* P S ~ C E W ~ X ~ ,  fe grodoce 1 kg sf dry matter, 

 fa^^^ epcake @Z wher 23 mrghw X t  d ~ r i t ~ g  Zarr bast a& f lwecleg 

s~ages Clrar~fa, kemrd,  and S e w ;  %awe?. M c g m t s  set1 ;aaLstrzre as 

< e L P  as rtsm cmsper&cures are ~ r r a l r r c  far gwd stand eerablfskment in 

sw2&rl& areas, 

Za rroptcal areas. pZaaEfm8 sh~uLd be ~ t m d  sa char the mrgbwz 

SEwmw .&ert t-rsE~re8 are wf e~trk?n!teLy high- %rightas san be rtdst- 

P&Z& &FLW S%kz~ e r P % & ~  ELZ S@W? kXb~f~i.%t b i d 8  W€WS).* k~&#&t tt C&tB 

r s; r r  ,%spn& m $ E  w c c s l c t ~ i ~ g  h t r e r  ~ h z m  orher cersaLs, espee ta t ty  e ~ r n *  

hek3e OZa3. a d  895;s) ~bsep;r& t:b.r wrghws s~r"rEve4 t ~ t  e ~ m d f a g  W ~ ~ % L T  

far wrwrok .m&s, %wee il&ieasrd  hat m+$bw grf-pus, rh@ugR LWZ * w ~ l f ,  

2% %-b&e& ~DP&~%%QP,s where cern wfE1 d%s, Fkwe~ef, fEght* well drained 



*~~a=aes are grm =hrmg&mxt rhe *tf$ k t  arc mast =%red got 

em;. c,&sporate G=Pia&tes %TabEe 2-23, &ml d5mtas  at &.leEtudes oe 

2 ,  WQ E@ 3 ,  %R% 3 a s  -jar pratbt~ticta WSBS fa sume Paw fat% tach areas 

C%se,gs), VsrZatgas *Seb &re 

a t  stt%t~.des Ugh w I* XE k u S l b  ~topLtar  && R%btrlrp;feSd 

arwr, Fgf& z&sp&rat~ms f Enel! t pacato prduetf an CKL~gutsl. Fhwer, Pn 

S- arri3wr E&J X@ gm & t f i ~ &  -1 ~ f f & ,  t b ~ g h  ~&it%w 

say WE "c epclaaL* W E  grwt5 is famrod Bp tempazatorer ctf 20°C, 

*$be 25°C &s opetsaZ tar: st- grw& IEJiaab~)~ 'Fcqmrartores abve 2L06 

e m  re4age p.&&, a d  cm2 e g h t  tqer;t-:~rsa are ~ P ~ C S S Z ~ ~  h ~ ~ r ~ z s t  

CUP; Yarz$st F a ~ w r d )  OrxB Staisp?* Tesrperarurar sf L4 EQ X8'C reear& 

.segacar;Owe swath ad srtmhra tuber f n i e i a ~ l m  arid ,growth EFM, 19763; 

UaAs; %rf$t~, Taorllord, Sfamp), Tuber growth La ree~rdwi ??y 

%s@per~t;rp~s &we 2Q-C [wartta, kbwrd, a& Stam)" +4 s i e ~ ~ a d  g ~ % ~ t h  

m y  m a r  ag ZPQC, h e  ruber p s & 5  stops se emFpctatutes abarce 2geC, 

BXg% LLgbz CqFewOty & ~ r Z q  the grwfas seasas rsrsy caswa t t ~ b e r f z a ~ t ~ ~  

re wesr ar k4gkr tesprawres (by>. 

P3ra$ees are pkt~tsperid sem+ttfae. l a ~ g  Pags wi.~)t warn EBP 

porarures favar vegetacf~e grsucb *JPrSSe sAsre days amif cmel remperafwsaa 

f awr rarfy  'c,ukrf eat f an &art in, TLe~mrd, a& Stamp : XeCXttrc m d  

t f  plasky), *ad6,f,wi% :%&r ~ F M u ~ ~ ~ Q D  w e w s  u i ~ h  L~remeBLate dagr 

~ @ p , , ; ; i i c , % ~  ig~d cdof Eempexatwes, Mowe*feril ~btteffes cilffnfk fn 



p&oto-pe;l-PdEr;r respase- In !bath ,berkea, rarierics mL7 produce 

acceptable @elk& PZ to 13 hmr day fe=ths &Eay), In temperate 

oreas,  earI~ warieEfeS rqpEfcrc L5 EO 16 hour days* & i l e  late varieties 

predurse reasaaab2e fleEBs at efther short long &y Iengtfts, 

Fstatses gerrera1I.y hqtrPre 90 to l4E: days t o  =cute, b t  stsr~cr 

tarfetges mzy teed up 00 210 days (Zap; XcCTara ;rmd LTpfa~ky). Tubers 

are plantrod az least zwo weeks prior KO the Paso U E f f n g  frusc €Xartin, 

*LeamrQ, a d  S ~ a s p ) .  We! ~a~ teasparatotre. for sprotttirrg fs 4 ' ~ ,  and 

zhe e p ~ ~ ~ l  

a d  t@#pZetaXy Erszca tubers dfsLntagrate upon ekavjtq. Pataro~s are 

g ~ ~ r a l l p  sers~e2t fwce  sa frost, ssnd short periods of -2*C tempecaertres caa 

cmpkeraky &eersy a crop (by)., bueeer, same .tarfatfee m a  withstand 

e ~ p ~ s u r e  EQ ~ e s p ~ a e a r e s  OE -5 t o  -fQ"C* while other uarfetlcs ma rst 

~ L ~ b c a t r d  ewaratrarao (~pf O to - i ° C  (EaaPa>. Petatlees are parttcularXp 

scasStirc ro  frss~ Ln &e e a r l y  growth emges tKap). 

adequate soi l  mfsture thtough~u~ the wascm 1s necessary for P ~ O -  

duert.Sun ef &sell-fsmed tubers (%rria, ~Leuwrd, a d  Stamp). From 30 to 

6Q em are required durtag the grwfsg seassa i n  thLF Ereat Plains aE ehe 

U.S., k c  up to  16 ca apap ke: requfred fn mbrropPsa2 areas (Ray)* In 

experbeers &E BzLza~Ftx, yfelds f ~ c r m s e d  by 1.4 dha  far each eensfmeter 

of rzrfnfall [Elam&;, Patnfees are mst sensffive to drsugkr condtttsns 

durlag rhe periad Prom tuber Isltfatfsn fa  ~ E u r f r y *  Poor dratnsge 

redaces soif seraEfsn, resXr%cci~g W Caber Fsmwrfan. Cold, 

waterlogged sadE condfetons af ter  plantfag m y  grevsnt tubers from 

spracrtcg, befbc~ce  of b r e  bESght and other dtseases are relaced to  

h m f d  grwtk C Q C E ~ Z ~ L ~ R F ~  3rd arc especiaPEp di$ftcuLt ts congrot tn 
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3. Sugar Grops 

I) S-t~ec sorghm [ % r g b  bIc010r L, Pberrchl 

Sweet: sorghm is a m k r  of the sate germs and specfes as grain 

s 'hz is &stfmgufsbr;cE Era grata scrrghuaz by higher sugar cuatear 

in rfre stalks and Eoer seed prducrt~a.  The staLks are used for pro- 

bwt%aa of syrup* Oaet-stmaed p a f n  sorghum warltttes are being, deve- 

loped vfrie3 Wve both high sugar content fn the stalks and high grain 

-a * l  Z.-d-d~ f3Faeks00 a d  'I;a&on; Upinsky and Kresovich), me varfetfes are 

&.&her M e t  mtghm hybrids or: crosses of m e t  sotghtnn attd grata 

$~r$hSJl ~ a ~ f e E f  @ZS* 

S w e e t  mrghum kas growth ~:oquirmeats sfdlar to grafa sorghum. It. 

%as a w$&e area of adapEat;fsrr wMch kneludss tropical, subtropfeal, and 

stam s-r teaperage &hates (Table 2-2). In the U.S., sweet aorgbrmr 

fs  g r w a  Za an area from Ft5nmsata t o  A I a m  [LiplmkyI et  d.1. 

qowewer, 90Z af the prd1pctioa 2s Xrz the southeastern states. Lfpfneky, 

+f al. tadkated that: weet sargkt~a can p t a n t f a l l y  be produced wherever 

csteoa, C Q ~ +  grain sorgkt~m, s08ar beets, or sugar cane are grown, 

&tween 90 to  250 days are required for the crop to  mature, 

dcpcndzrrg oa cba pbocopcriodtc response of the variecy CMcCZure and 

Lfpf3sky; P i 3 . e ) -  In hstraLian vasle+y trfals, crop durattaa ranged 

ftw 82 ta 124 days. Qam tqerratures kcmen 20 and 35°C are requfred 

for grow5 (FerrarZs BE& S ~ e w a r t ) .  X i ~ k  adequate mfsture, meet 

sorgfiws *&I2 zbrLvc at temperatures as kPgh as 40°C C?kCIufe and 

Lbaimky). C r m h  s ~ o p s  -dTh c ~ o f  ramperacures sf 12 ro lS"C, and 

pPa$t ~  sheufd =sure befere fhe fLrst fr~st for mxilrmar 5fomass and 



sugar praduccisa Cferrarfs and Stewart; Jackson and *mwhan; XCkure and 

Lfpfraskp)- Sveet sargbm is generafly planted when soil tenpetatores 

are 21°C or higher. &~seqaentkp, fn cool summer temgerate climates, 

sweet sarghra say tpot be pianted early ensugh ta mature before the flltst 

f ~ O S E ,  Yields of s t a l k  sugars aad biomass per hectare are carrelared 

~ L z h  the miitber of growing degree days, when other factors such as asdl 

z~is~ure md fertility ate o p t h a 1  (Jacksan and htttron), Sugar con- 

centraciaa af st;alks Ls MgZrer fa coo2 areas than wars areas; however, 

bfoarass praductfon fs less, resuzting in less sugar per hectare. 

Ira the U.S., sDPp m t k e r n  areas have growing seasons which extend 

beyoad Heer sorghum aaZurPcp, aad double crops of sweet sorghm can be 

produced 5s sea@ bumid sxsbtropScal, and u d  tropical, areas (Jacksaa and 

bwhoa). 1% temperate areas, bL-s and stalk sugars are produced 

anti1 rhe first UlEing frost, merefore, tf varieties with amre cold 

ro3etaace -are deuelspect, tzfgher could probably be obtafned fa clre 

Sortherr PPa2ns. 

Sweet sorgfoura varletfcs are noc as *well-adapted to seui%arfd regions 

as are @&in sorghum warSetXee, but sweet sorghum i s  mare drought 

rsleraac t b a  corn IXcCXure a d  Lipinsky). Approximately 3 cm of water 

are requLred to pmduce X t o f  stalks, and opcfml precPpftation ts 

greater t b a  &Sa ca dwafdg the growfng season. In vet climates, good 

dra53i3ge %s b p e r t g ~ t ,  especfallp during ttre early growth stages 

Crsrraris and Scevarr; r"rElure and Lipinsky). 

LOP levels OF -far radiation m y  be a Lfaitfng factor in con- 

cfor~aLlp rver tropfeal cLim.aEc?s. Adegmre solat radiation i s  especially 

fapsr:anz darfng the Eruttiag stage dFarraris and Stewart). Xrt trials  



fn Texas, approx5aatelp 75% of the varfation fn yield ~+=s accounted for 

b~ differences fa solar radiation during the fruiting stage. 

21 Sugar beets  a d  facid~r beets (Eeta - d g a r i s  L.) 

%gar beets have been bred for high sugar conceatratfon and for 

processing iaro sugar, On the orher band, fodder bets have a larger 

FOOE -dtb a lower sugar coaczeutration than sugar beets. Fodder bets  

are wed exceasfuely far fivestock feed in Europe, Sfnce the two crops 

are closely relate?, they are asstrmed ta be adapted co similar 

geagraphle areas. Sugar beets are groun in so01 teqcrate  elfmates a c h  

as E ~ Q S ~  found in Europe, the 'S. S, S ,Re , and Canada (Table 2-21, In the 

D.S., they are grown In the north central states and the Northern P l a i n s  

w i thmat  itrigatfoa {L iphskp ,  ct d,?, Ylth irrigation, they ate grown 

st altitudes of 2,lOEZ o in mbvntafrt stakes and fa the California 

raperial Valley. Sugar beets are not cultivated fn tropical areas, but 

?oasLbLy cro\rlb be grown at higher altitudes. 

Present sugar beet dfstribueiorz Ls not only affected by rrlLfmat@Eo- 

glcal factors, but also by the Loearlon of processtxrg facillrfes, The 

USPA esrimared i a  the early  1300's thar 270 rnflhioa acres of land in the 

F,S, bave suitable elfinate and s ~ f 2  for sugar b e t  productton (Doney). 

CansLderZrxg ekat  sugar beets are mrmaUy grown Ln a 4 y e a r  rotation, 60 

r o  70 aillfaa acres could be gram artnually, However, only 1-2 millton 

acres of sugar kets -ate harvested in 1980 (USPA, 198Lb). 

me grerfsg seasan i s  approx2atety 5 aonths for buth sugar beets 

o d  fodder bats  [Hayes; F a d ) ,  Their grout% rrequtrements are similar 

EQ chase 3f ptatoes- 3prZaarE temperature for seed gsmiiaat ion fs 15 or 

i 6 " C  (FAG, 1978; Mrlfn, T~onarb, and SEsmp), however, Esdder beets t t f l L  



ge-rzate at temperatures as l o w  as 5°C ewes). Plant; growth is 

favored b~ temperatures sf ahgat Zb'G C%rria, Leonard, and Stamp). 

Cool teaperaruras befare hamest otimrrlatc sugar accmmtdatfon, and d- 

taw sugar prductfon occurs with d g h t  temperatures of 15°C (Johnsm, et 

af.1. Tqerarures durlag the last moth of growth should average 18°C 

o r  less, but a sail trrmpetarure of POeC causes roots to be d l  w%rh 

low sugar canr&at (Xnternatiod Land Development basdtants; Johnson, 

e , .  Xa subtropio2l elfmates here irrigatisn 5s gfven, sugar ae- 

carroulatioa -a be stimulated by vLthholdSng irrigation. O p t W l  weather 

for seed p~oducrioa is 6 weeks of temperatures less than 2LeC, cloudy 

days uith less thaa ZQ,b hours of sunshine, and wet conditions followed 

by 2 weeks af dry wearher CXarl~fn, Leonard, and Stomp), Seed productim 

I s  also dependent on Long p h o t o p e r f d ~ ~  Top grouch of mature sugar 

betas fs Edlled by temperatures less than -2 or -3*C, while seedlings 

pap be U l l e d  by -4'C tqeratures (FAU, 1918; Martin, Leonard, and 

5samp), Fodder beats tend co be mre resistant to late season Erosrs 

ehaa ss-3r b e t s  C?byes). In teqerate climates, roots must be 

bmested before the sof 1 freezes. 

Sugar beets require frrfpatian Lf a o n a  rainfall is less than 45 

C% CXartin, k ~ m r d ,  a d  Stanp) .. In COOX areas, 53 r,pl of water 1s 

needed zo produce a 45 to 67 ~ / b s  yfePi;, arrd i r t  uarm areas up co 1QO cm 

m y  be req:tufre&, A dry per10b before barnest is necessary i n  the tra- 

pies or subtrapics (Tatemaatbaml Land Development: Consu2tantp). The 

month of E a r ~ + s t i ~ g ,  sZ10tiEd have 5 cm ar lass  QE rainfall .  Sugar beets 

yEeLd as *we11 =&=en SOBL mf stare Ls eat ntoLaed ar. .a Echigln Level as *en 

fr be aXloweb a t  fal l  co 60 t o  70% o f  avsllable water between 



frsigatioas CJohmom, et d.), Sugar beets are -st seasft&ve to 

aofsfure stress 3 to 5 weeks after mergence CLntematiobsl Land 

k v e l o p ~ e n r  Colsdtants), 

Sugar beet pzoductf~a has been hindered in htmrid srtbtrapfeal and 

tropical  areas by ~1%-tkc condfcioas that not o d y  reodt  in low sugar 

gmductioo bat also in excessive disease tzfestatfon, Rhizaetonia crown 

rot and Sclerotlum root rot atracked sugar bets  grown frr Eou%sfans 

(Jobson, et d.). "Gafba" {caused bp Aphsncmycas cocUioides2 bas 

caused sugar beer praducttoa fn bWlf and Argentina to be Uudted to 

teaperate areas, Even in warn temperate areas of the north central 

Z+S,, Certosp~lt~ leaf spot snd Aphanqces have Umfted atgar beet 

grobuct%oa. In Sorrch Dakuta, =gar beec ~ l t i v a t i o a  was dfscantinwd i n  

the eazJy 1196O*s due EO leaf spot diseases and law sugar yields ("FJhat'e 

With the Speefaity Crops?"), LUL fodder beet uarfeties are hfghlp 

sl;seeptfble to  :urXy rup disease and mderatefy susceptible t o  

Cercospra leaf spot: (Theuter, Doaey, and Galliaa?. The disease suscep- 

tibi3ftgr of fodder beets may l?iit Pts dfsttfbutioa unless resflstant 

warietiea are deveLoped, through crosses vfth resismnt agar beet 

varieties. 

3) Jerusalem arricbokes CEelbanthus tuberosw L.) 

1Fncil recently only Ifmited research had h e n  co~ducted on 

Jerusalem artichokes, sa f ~ s  growth requiremears b v c  mt k e n  detafled, 

Tke crop Ls adapted fur culrivation ia teaperate c l h a t e s ,  a d  France i s  

a a f a r  prducfng country ["$A - the Eycb and Reality €xpfafrzedM; 

-Xarrta, Leonard, and Stamp; Stbuffer, mubey, and DorrelL; USDA, 1936)- 

There are caaflictfng apintoms corrcernfng L t s  a h p t a b i l f t y  to  eubtropieal 
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an4 cropf-l cffmstes, bat ~ f t f ~ a t f ~ k ~  of JerusaIi2m artichkes m y  be 

psssfble 12 subtropEcaE arms -dtb  em1 a d  rclarfuely dry seasons 

[Table 2-23. krcrdflq ro TfacEal~, l o w  fields are obtained t r a p f a x  

areas at sea level,  but Jerusalem artlcbekes are grtxw at alt i tudes 

a b v e  450 m. Kay WEcateb that in tropical. areas, Jenxsalem artichokes 

yield k s r  at dtfrudea of 300 t o  TSO n, h r  h f d f a  they are sawn at 

aEtitdrts as Ugh as 3,600 at, Waysfa, West: m b  b a t  Africa, anb the 

S=;Prtbbean are orher tropic;al areas &ere Jerusalem artichokes are grown 

CTf a&all). En &await, I t  serves as srr omumentsl plant (Yosfiida] , 

Buwaeff <ESD& 1936) reported that Jerusalem artichokes appear to be 

better &pf;ed co tbe northern c w c ~ t ~ f r d s  af  the U.S, than the southern 

oae-tkf rd, Freblms -4th planting scock aad paor y5rtlLds were asled by 

rrrsaarcberr fa 1~~uthem bufsPenir snd sorrthwestera Texas, 

3 e ~ l ~  szrrtcbkes regdtr a sawing -aa of at least 125 days 

(Fay; %'P~%SI, Leonard, and St-; USPA, 1936). FXuwet%ng fe  stbafatad 

by 30% 13fghrs, aad cuherlzatfon occurs shortly before flowerfrrg (Wyse 

rad X:ZEahrt). 'lemperatitres rang2 kg from 18 to 27'C are opt dmal fqr 

grawtir, an8 plants appear to have mdertate Eolerance t o  frost (T+,ndaXb; 

Stauffer, %beg, and FloxnreLl; Vyse and Wflfahrt), Tubers survive 

freeziq temperatures of teaperate dfaratcs a d  uffl sprout fn the 

sprfag i f  Left ia the ground over d n r s t  <&kens). hrcrancy of tubers 

ausl: be broken by exposure to 4°C temperatures for 26 weeks, and wed 

doman~y %s broke= by T Qays of 2"- Emperatares (IJyse and WflfaZrrt). 

Vater r q u f  reaeets! f4r Jems tlem artichokes k v e  not been 

SezersAaed, but the ccap &cs nejlt appear co be adapted EQ mfrrfgsted 

sesfarld regfame ft 4s geserslfy g r m  La areas vdcb at Least 5"icpa of 
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anam2 ~a-EdEdl.  Q b k e w ;  USDB, EJ77al. EoswelP CUSDA, 1936) reeommeaded 

that JemsiPeis artichokes t ~ 1 t  be gram where mfsture fs frmifffefaat 

for earn, h Z  Luke= tadicated chat it ell produce a S e l d  *re cord 

fafls, 1 1 4 f t d E  CVSDA, Igffa) reported that 3 e m d a  artichoke can be 

g r m  &ere eoadbtioas are too dry for patatues ~ r :  beets. lrrigatfon 

aaf be e d c d  ro promre sprorttirkg sf tubers LLZ d r y  soil (Ray]. 

Jextrasalm artichokes can tolerate up eo 125 cut of &&all when good 

drafaags %s waEEabZe (my; Lakern). Wke many other root crepe, 

fcmsales artichekrs ptQduee woe fields fa heavy sofPs, espeetally 

saterf 0&55ag ware Clhy) * 

B P~&&?at*%&% ecbe~P f i e lds  from d t b ~ d ~ i ~ e  erbps 

PPaZd bra  far e%ttmtfwe crops a n  be coaverted to patentid 

eeha -31 f l e fb  EO sill- ~ ~ X O O W C  cqrrrieoas meng craps, The field of 

ozhml pez ktcsme %s &p.snd.tne sa the mwuzlt eC feedstock ptrsduaed per 

Seemre the amant af egbaof  whIteh ma be produced Zroer a wtt of 

f e & s ~ ~ ~ k -  Therebsra, the csthatc of perant%& e t b o l  field i s  

expressed a% the mmhr of liters prdrrced p e t  hectare of lad 

c~Pziunts;B- 

Zcharm!! p r d u e t t ~ a  frea a undc QF feeds~mck varfee according ta &e 

wmyry.?"c af femearsbLe catrbbgdrskes prtpbwc& by the cropC the p r ~ ~ e s s i ~ g  

aberhd ~ s e & ~  aad tbe q d f t p  ~f e:ELifmL prBauced. ~ n ~ e q t ~ e n ~ f y ,  a range 

af lygP~es =&EX be usad Zn t h f s  seeefan to  canverg crep yields t o  poterr 

k f n l  a ~ W f  prduct8aa per kctare, 

CmparSsms of p3~errEiaT etbanoL *fields from crops gram tmder &f- 

fereae oHba~Sc a E ,  marragement ~oedifLsns are =be. ~ ~ v e r  p~s i>Ie ,  

average #el4 Eevels l a  &relopfag csuatsles are rcgqss~d ~o &hose La 



dewelsped eouacrfes, as -11 as to fthaec under mar o p e W  f a m r  ma-- 

$-at a d  d+5aatlc ~ ~ a ~ d f t i ~ ~ r  The definftfan of deuelcspfng ~atmtries 

a s d  fa thZs repart is frm the FGQ 1980 Rduot ion  Pearbcrk, V 6 X a c  34 

[F&O, l98Ela). SratistScs collected by the FA0 and U S &  are used for 

esth:ts af crop S e P d  Mt~net~er pssiblle, If statistics were act 

awaiXable t o  as, experts' csthates of famers' yfddo are usec3, 

Experr-fmentaP fields; sf s e e c  %crtgkr~sa, fudder kegs, and Jeruesllea 

artichokes are & t d  hearse the crops are not extedsiv&y d r h m t d .  

For cboe  crops, famrs* pfelds =re grafected u 75% of e q e r h n t  

yicxds smder the mswpcfens t h t  the faxmers are mpp~ftetd by an ad- 

qa=c  ex=r~asferp. system d tErat experf.meata were reliably crunducted 

uadet: ' p r a c ~ i a l  f i e l d  condftiansm (brtzwrirsml Land Dtvelopmrrt 

Cmmel~an~o), ~ o r f s ~ ~  of the ecbzml IrftLds Tram EAt vsrfous erope 

a w e  & made auc3irualy- coasfder$ng the a d e  variety ef 8fWrrg eon- 

d2e.h~ns am3 eti l t iratT~n umckds, 

I., l'kop&carP am3 84tb~r0pf~al C~OPI 

s. Starch craps 

L j  Casnat~o 

Qslsava t u b e  yieLds ean. be sxtrereepy variable frua locatfor2 t~ 

another, deperar31Lag cm raamgemenc IeveL, -&I codft2arrs9 sad cxtmte. 

P r e q ~ a r l y ~  low1 mxfetlss are grsurs mdcr mrgLnaE, condfrLaas wLtk low 

fereilirer or h b r  Szwescxsertts. O&er aush couh%tioaer, fie%& are 

generally as LOY as 3 ED 5 t/k <Kay; !kClure and LfgSn~Zy?, Wever, 

wErh etlvtrsamxtal csdf  tfoes a d  low toput ~ t w e l s ,  gfaLbs m y  be 

1Q es 22 c h s ,  yteTds are 25  to 3O c / b  @a plantatfens tcrtrh .gmd 

saki fert f t lry ,  tw.ffdeiesr mL~twre, am3 sefeeteb v @ r i e ~ t i e ~  CXeCLura ead 



LfpP*Eh)r), 'PfelZs aWve 50 tJBa are repartrrrf, bur are rmcamnon, 

me wrPd average a f d d  ~f cassava in E98Q was 8.8 t/ha (FAG, 

Z98lal. &hmst d l  the cassava fs grm in deaelapfug cuuatrias. In 

SraziH, I&.%& Bs '%re sarTbms largest pr&ucer of cassav.i;, the average 

pie1d a m  lEl,9 tib. Other =for pr&ehg cooattrfes are 'hafxad, 

Z~daaes&a, a d  hfre ,  which k d  ar;rtfmal field merages of 13-3, 9.4, 

a& 4,6 ~/b,  r e s p e ~ ~ f v e l ~ .  &$fa Wd the MgResr averme f ie ld  fn 1980 

17.5 ttbr fa general, ytelds  Ln Africa are lower -a. ia South 

AsWLea or Mia, pat~r=folXp due t o  s d e d d  corrdftforrs in some of kbet 

pred~eiag eamtr4es, 

The -uac a€ C ~ ~ P O I  produced frm cassava tubers may range 4rsm 

150 ra 200 Ur ("Pr&c~&an Per &re Equatiaa"?. Kasarfc, et d, cited 

a raw& ef 165 t~ X8Q Up. & e t a  pfOductioa 1s dependent au the 

starch cmrcnrt of &ha w b r ~  as *EL u the process used. Mfferent 

cdLrbvsrs pmei~ssed skxtLarrEy may mot: groiluee the sate mounts OE etha- 

ac~t (Ye&, et &.Z. Psfa  ~ s s r f c ' t i  cumverofon rates and the average 

y2aI.d f r x  t9W, =%a 3teacisE ethanol yfefd fn BraziL i s  1,964 to 2,142 

LfPPtar. 

Fable 2-3 illusitraets the potential for e thna l  prductlar2 under 

v=arferr=s ezs; ySeZ4 TaveLs* En devclogfng csunLrfes, cassava e~hanol 

y i e l d s  wr hectare are Eafgk~r tIran mat other crops except sugar cane 

a& w a r  beets, However, tn making mapazisaas among crops, cha time 

f raa pEaatirtg KO barvest webs ts be e~ns%&cred, Cassava may nor be 

barvesrred far 1 ar 2 pears after plantirtg, 1% some areas, several short 

seasem Chaps  COG^^ be i n  a 2-year pert&, resultiag fn kLgher 

TsC&L ~than0Z ;p%tLd per kccare c h ~  obcaf ned xJltcR cassava, Cassava may 



Table 2-3. Cmparlsaa of  €kop asd FetectfaL Ethanol Ytelds Ln Less O e u e h p e b  butttdes 
(TS), E k ~ o @  f ihmmes C i X )  and EL& YLeldftrg. &*as. 

g1980 average fields (PAO. E9aLa)- 

2 ' ~ * 1 . ~  u ~ c u ~ a ~ c d  ~ X f i p T f i q  LJC x ub. 
?.(%Ed fie30 YLth gom3 -emeat aod colod i t t~ l~s  C!!caure and LipPnrk-y). 

? i ~ v e n a t  vte.efd $n J a m  irn 1980 CPM), t981r) 

ii~orLd average *eM, t365-70 (tlmmem2. 

?wgh rtr;h -g-t ami c o a t i o n s  Cthwwme). 

yZeld fa CalLfomba frx X9W CUSDA, E98Pb). 

?&verage $eLd i s  Spat3 i a  1984 CBSDA, L98lb). 

9i~verage eel.& Zz  3asIzPrrgran LJ 1980 (USPA. L98ib). 

g / 1 ~ v e r 3 g e  $el$ i a  d2e %ecbrh& Trt 1980 (FAG, 1981a). 

r * f  
*.. Average yfeLd fn Celwbfs i n  19.80 CFXO, t98ia). 

Stf&4enge $*-cLd %% Orsgoa ts L9SO C USDA, h 98f b) . 



b v e  c%e: =st pteatfd &s zwas wfz~ee sugar cane r=;aaa&tt be grcrun and in 

areas %%ere d~ m e  crop fs SO- pet par. 

%for %ztzprrsveswnc fa cassava prdartfoa teehology a d t  be expe~f;e?b 

3.2 ehe fatare, because E%et=le a g r o ~ d c  rese&reh b%s k % ~  Cfane at 

cassava ccrvard to other armjar crops- &krfBs a%th faqratter3 disease 

resiatame and _deld gcteatfal are hfag davefoped C'Wm-1- 1Lacreaed 

eaphasis m ~??PCC~P.QFE sf Bettar fleldfag bcal vatiat&es s b u l d  also 

iwrartre flexihs. 

2) Yam3 

?&tar& a h  zhe paas are prodazed &a devePeping couatrf es. Frerw 

1965 t;o 337&, A f r i ~ ~  produced 98% @of &e wrld prolbuctforx oE pas urftb 

Lfger5a d ~ t ~ e  ~ w P %  S6Z of the wrld fgm ~ ~ ' O d u ~ t i ~ t f  C b S U e l r  R ~ C Z B A ~  

offfc5a1 stattisties of yarn pr&eioa e r e  mar anflabla t o  w. 

Reported esrhmeao of p fields under various cranb%~tona are qtelta: 

warlrtbke, Omwm Lndhes~d  chat d c h  cmaeseLaL ysre prdu-ctlaa, f ields 

rawe from 8 to 39  ha, bcgendfng an lamtforr, varfety, d cultural 

;ara~rices. The average $world y%sZd frm 1965 to  1974 was  9-6 r f h ,  

+$ccor&isg to Xay, rrarjxal fields Ea iElesr kfrrfce, %ut;haasr. &La, a d  the 

West Indies are '2.5 ta 17.5, 12-5 te 25.0 and 20-0 t o  30.0 t b ,  

rcsgectf~cLy, F ~ x t i n  CCSDA, 2976) feeis ghat these yield esttmtes are 

BW Ugh,  b r  he stakes ghat under very geed eaadttfous yteLB@ avsrage 

kS ta 20 tIb. hmeme e s t h ~ e d  man y ie lds  at 9 elha In Mest Mrtea 

and 1 l tBha Pa the 2est ZnOiesc 

Expertaeztal fields E m u  D., alsta have ranged frsm k0 ta  50 t / b  

(YSDA, 1976). Ths highest ybLd of - D. r~zunda~a $8 67.3 t/Aa. There 

yLe5ds Lndlcatz the p E s n t  Lal. of yam Lz gwd 5oLL ~ 3 5 k  prapar agroaoalc 



pt9t=r=fc.ca sue& as &£afaatfsa af aseased plants atrd use eE high quality 

tnbers, Lppro~mteEp 2-24 t aE tubers/ha are nqufz& far planting, so 

~ i e 3 . d ~  awsihEsPe far: use are less aose given &bere (Xay-3. 

Bere is pgtentZa9 LCO bprove ~ r f i t ~  ,aEeEds, because research b s  c d y  

r e e a t l ~  begun arcr 5:Zat~ crop, hvelopenr af hproved vatfctfes offers 

c~m$f0etmb8c pitmaise, b w e r ,  ErybrPbfzatf~n is &fffcul t ,  because 

fIt4wariag .a& seed prduerisa are % w a r  CQrzyttene; da i l l v t m  aad 

K@zEem&i), Thfs prab8ea 5s psrtt.ally affser by the vfde genttic 

waeSabfPfcp &a I d  va+%etcies a d  spefes eE yams. kcording to 

* wizboc & t & f ~ m a t  aCIB EwZearearatiea of hpto\tcecf precSuctfea 

praszEcas, yam @f f ~ Q B T ~ ; ~ M E  69 k replace@ frr West Africa by caaaavrr 

a d  seez patat-s. bsritva sweet putataes art raplaeiag pa*, 

h a m a s  they d~ =C req~frc staking, are propagated by aonecZlbLe plane 

parso, 4 are better adapted far mcbt&zatf~n. Cassava has a8 added 

aE.rpaaza~s sf adaptabiiicp te ssL2s -dch Law ferttl.ltp, -1s weet pota- 

ssas %v+ a C ~ ~ F E Q F  burattan C F ~ R  ~1Eher cassava or yams, 

So are wzawzsre 6f S E & ~ ~ S  &me te &rermbne ethanol yfczd from 

pas- Bswe~ar, estfmtes besob sa EemeacabEc cnrbhydrate conteat 

saqe fr- I f 3  Eo 152 24% (USQA* 19381. Using these sewersisn races, a 

8 5 eP5a 7-$eL4 c~u3.d pcentfalPy result i a  the producttan sf 1,ILQ t o  

2,280 L sf etb~aP/tsa- 53der s i ~ i l a r  conbf izisns, eassava wuld  probebly 

autyLefd yams T k  czbnsf prodacttoo, because y a m  b v e  a Lewer -rim- 

hydrate c s n t e ~ ~  0"abPs 2-31, 

32 Sweet gmtatws 

L O ~ ~ a r G i ~ g  $0 Kay, y$elds frw sweet potatoes range fro@ 2.5 t s  50 

rtba, *cA 17.3 ga 26.0 6l'w bLsg ussrtsfaccary* yie lds .  Ws6 sweet 



goratws are grorzr is deaelopfng countries kith China, hdariesfa, d 

V f e t ; z a n  being mjor producersl n e  averrage pfeld fn develapfqg 

csuatrtes far I980 was 8.Q rlBa. In contrast, y i e l d s  aueraging 21 -5 tt'ha 

sere prgdrtcrete ia Sap=, &ti& ms the largest producer of meet potoroes 

aaow developed comtrfes (FAk, L98faZ. Oa a l lmf ted  area, average 

sweet potato fields ia Israel +sere 40 tjb. Average fields of 18.0 tlh9. 

were ebtatard fa the Republfc of Korea, uhich fs a developing country 

dttr favorable grodag coabitiozls, Ugh pfelds &ere may aiso be the 

result: ef fertiilization, sbee  average fertilizer use pet hectare of 

arable h a d  ts bPgh en Kor- CEAO, 1981b). Even uith Mgh input levels, 

average p,e lds  %a che U,S. are 12.9 tr'ha, due CQ less chan o p t f a  

grwh$ caadEtians 23 prdrtctiort areas. Poteat id  for developfng 

f.spratfed tssrrZetltes 2s great, because a Zarge number of cultfvars exist 

aad 3gtta~P0ns wcuz faeqrreatlp. 

EthaoP prductiaa fro= meet pta ta  roots is variable, because 

starch C?3BE@nC rawcs frmt 8 ro 29Z (Qauuenre), Jacobs and Newton [USDA, 

l.9382 astfs.ated that beeveen 142 and 19b 'L 05. 99-52 crtranol can be pro- 

duced fro= 1 z of sect potato mots- In developing countries, the 

?otenciaP erftatrol ptezd per hectare from sweet potatoes i s  lower than 

$or cassava (Table 2-3), Er La similar to y a m ,  even though meet pta- 

t w a  usaralty mature in 6 €s 6 moaehs co%apiir& t o  f t o  9 months for yams, 

=e porerrstak erhttal f ie ld  for ssee~ pota~ws i s  higher than other 

starch w ~ p e  ~Z th  sidfrxr durstfons, 

Mee 

%.wh of %he wsrfd's rgce t s  produced i n  tropical areas, Ifowever, 

yfcLde %cad te be bfghest fn -am t q a r a t e  or sabtroplcal climates. 



?-lad rZce fields of 3.4 and 5.0 t h a  are normal vfth Ugh yieldfag 

varieties, Ugh %=put we, and eaatte1PeO water l e w e l s  [Iaterrrratiomd 

'"dm3 B==vefopmerpt Cansdtants). R~sever, %n Califcmfa, vfth frrigatfm 

sad a ,mbtrogfe& elfaace, the average field was 7.21 t/ha ia L9&@ (F&C!, 

E981a). Hghert  recorded yield far m2 crop of rice is t3.2 tPhx frr 

f aj~af~ (de Uvis d Kaefa*aHl. PB developing couatrPes , IoeaL X ~ w b a c i  

rfee varierfea field 1.5 t o  2.5 rPba when input we fs low artd frrfga- 

tion is aaavaihble. YgeTds of floacisrg rfce sr aplaa4 rfce are aften 

I w e x  &.cr iwbd Hce. 

rX3tfFmqgh prtSdlactfC-irp per crep may read thz bs higher i~ ofgm teer 

pierats clf-tcs than in chc tropics, arm& p r d u e t i d t p  i s  oEta higher 

&a traplea2 areas, bewse up EU fear ereps msy be grove fa a afngla 

gear, Xn Japan, piePbs of 10.9 and 15,3 t/ha!p-r have Been reported in 

fsfasrtrrsX EfcLds ~ 5 t h  ma B X E . ~  threat crops, respectively (da Alvirn and 

K o r k w s k f ~ ,  ;E=t &c BbiElfp%ses, four crops fn L peat produced a totax 

yfeld of 23.7 r / h ,  Spst- -4th two rtce crops per year are comaon in 

%evei~p%rrg cawLrics. me prsbryctioa of three or Tour crops is 

gawraXLp wt practiced for several reasons- warer Levels =st be 

canrraltled t!muug$. itrrigaeiaxr and gmd drainage- ~ c ~ r r f r c d  titrage may 

3e requZseb EQ reduce E i r d  preparazPae tine, ralsss tramplanting can be 

403. t P I t 3 ~ u t  tffkage. PfnalPy, caaslnuoun rfca cuftivatlaa my Lead to 

the kr2ldrgp of pHant diseases and fweets. bfsease r e s i s t a n t ,  high 

p$eld%n.g varietfes, as * e l f  aa impreved ~groaom~c practices, have been 

deoetapd through fnkarnatf oaal research efforts However, there &a 

s f  3 ;  P gresr pateacis2 for yf eEd fmgravem~nt GBIQU~R re~earch to meet 

T~caPEreb r t~eds.  



An es~haced 332 t~ 409 L af 99.5X ethanol can be praducet per  ton 

of mhushd rfce <W; U!5DA, P98Ob; USDA, 1928). 17atentfa.l deahol  

praducti~ra per kcrare fro= a si=Le mop of ciee fs 10s ceau~pated to 

cassava, w cLoe crops tau probably be produced ufrlrin the time 

requfred t o r  produce a sfrrgle crop of cassava or yams (Table 2-31, Two 

Low or t;redfma yte ldiag rfce crops wuuld produce roughly the same mount. 

of c~btpol as m e  30w or =cfun fief df ag crop of s tropical ttxkr, 

Bree at four r ice crops c3iiZ.d result in the produeticm of etha~ol  gn 

gmrrxftfes equtvdent to that obtafaed from the Wghest yieXdiag tubers. 

A s  a rresfktlt,  *ether flee or taber crops are gtovrr for erhaaol 

depends @a the eaviromental and e c s a d c  eoadfrioaa of the area, Ea, 

a s r  a r u ,  rtce will probably nor replace rhe tropled tuber crops, 

bemarsc the tubers are offen ~ITUM under condfc%ons too dry or otfrem2sjsa 

u$suft%ble for rice. Rawever, fn so- sftuaeiona, cassava or eweet 

palatoes eoald possfbly be wxe productfve than upland dca .  Sweet 

paerrws c=rluPd also be facarprated P n t ~  some rice baaed cropping 

s y s ~ e a . ~  kaaxtag a stgn-fflicant fa3Lm period. 

B, Sugar craps 

Sugar cane 

Aqproxhmtely 95X of the sugar cane produced %TI che world is grgwn 

bn develsptng sslutrtes CFAQ, 1981s). Brazil., India, and Gabs are the 

.rtrrEd's br&est producers. CkmparZsuns of f i e l d s  of different countries 

are dbfffcult t o  mke, because annuax yfelds are often reporred, En 

some gravi% areas, such as Rawail a& Peru, sugar cane Ls harvested 

after a grmfzg mrfod of bdo years. b r L d  average y1ePI.S from 1977 to 

1978 was 56-5  t/b/pcar CXcCkure and Lfpicnky), The country ~Wth the 



?x%ghest averags yPeld -as Colmbfa, wfth I17 tfhafpearr. Brazil, India, 

and Gsba produced b 3 ,  56, m d  54 t fhaigea~,  respectively. 

k dewehpfng c~*~snrrZes, Hdds of EOO to 120 rkbipear are 

possible *mder good aarmgeaent and favorable figmatic ccruditions often 

Emad m~ large eseaoes (IntemtLoreal Laud Development basultarxts), 

SmafSt 9uLdirrgs pnerally produce: 50 to TOX less than large estates. The 

theoretical mxbum gfe ld  af sugar earre, based on photaspnthetfc 

capaczfty, is 280 r h a f y c s r  CEcC;iure and Lipfasky), Eowever, the hfgheat 

recorded f ie ld  i s  190 cjha/year. In mbtropfcal areas, cool tem- 

ptracures I i d r  the Length of $roui.ng season, resulting in l o w  yfclds. 

Far mzapXe, in LwfsLaria, tke graving season is a d y  5 p l ~ a t h ~  because 

ratares arc too cool f ~ r  emrge~ce (Lipinsky, e t  a L j .  

C ~ ~ e q ~ t t t l p ~  average fields are 53 t/ba/pear (BcClure and Eiptnaky). 

Even in bra5f, where a 20-atonth growing season is possible, tern- 

paraewes are rcos ept&maf for maxfmm producttea. In  same areas, 

ao2srutte wrrditicbns say d s o  1i;pi.l: the length of the growtng season- 

ErrLgseed sugar cane itswlLy yields =re than trafrrigaced, except in 

high rabnfsEP arcas. 

Expertme~tal results have ind2eateb that yields can be increased i a  

shart season areas by wing close raw spactngs CXcCluxe and Lipinsky). 

3.cm fs d s a  pxenrbaS far t8e develapmexrt of hybrids with greater cold 

tolera~ee and yPeBdiq a%fXir;p than those preseatly growd (Lipinsky, et 

aL.3- me d62~&3p~~3n~ of hi&h yPeLbing Irybrlds for ethanol production 

Es espectalky ?r2afsfsg, because high yie lding hybrids have we 

Bcea used i n  8ke 7;zst d ~ e  to pear ci.aracterfst%cs Ear sugar procsssbg 

CJaaea?, 5ume of  ~ R c o ~  v~rLetLes m y  k acceptable for ethanol 



production, kcarrse srrgar qrralftp is not %nportaat. 

poteztial ethanol jfeld froa a 1130 t tha sugar csae crop could 

be f r m  5,250-8,330 -dha, based on corrpers%on rates given in the 

a &1LloagEn and W p p  CSEPtI, f983) cited several refereaces 

irk&ieac%sg chat 53,3 L of ethanol can be prrodaced from a tan sf sugar 

sme. bnversioa :ares of 62.3, 7Z,I, 76.3, and 53.8 L i t  are noted by 

ozher authors (Bagbey; bnep; Rampen; USDA, 1480b). VariabLT5rp of 

feedstock sugar cooteat sap partial& account far the differences in 

alcohol f i e l d  fro@ susartane. 

Sn dle~eP~?tng countrfes, ethanol production per hectare of crop i s  

t*dce as high  fro^ sugar cane as from cassava aad yams, which are simf- 

2ar ro  sugar carte ia duration (Table 2-33, Eowever, cassava 1s usuafXy 

gram r4th lower sanagenent Ze~els a i d  ander conditions unsuitable for 

bugareanet 

C tn Lorsisiam, -&ere the gtcrvirag season 1s only 5 months, eehaaral 

pieLds caul& average from 3,286 to 4,400 L l b .  Consequently, under 

$:?tort reasan conditions, ethanol produesfan potential f rom sugar cam is 

greater tb tn  short seas03 starch crops. The ethanol yields  are similar 

t a  sugar b e t s  and fodder beets (Tables 2-3 and 2-51, 

2, Te~perate crops 

t. Starch crops 

1) am 

S f x q  percent of ;he corn heetarage i n  eke w ~ r M  Fs in developfng 

co~anrrics,  Bcr 53% of the .*.ortb product Lon is produead i n  developed 

counrries ~ F A c ~ ,  f?8fa?. Forrp-three percent Ls produced i n  the U.5, 

glaze, 4ues~gc ~ % e l d  Pa Sort9 herfca is 5.71 t{ha, compared TQ 1 ,22 ,  



1.85, m d  2-24 t/ba fa Mriea, %ut:'f; Raterfca, and Asia, respectively, 

HiePds of appz~xixoateX7 4.0 t h  are possfble fa ttop2caP areas with 

adequate a~PsEare  a d  goad =nai;acnt <Znternatfonal Land DeueLopment 

Cocsdcaats), Since tpbse eom tmrfeeies have a short duration, more 

rhaa aae crop -a Ere! prodaced per year ia same tropical areas. 

E;xpeti~enEa3 yields of 20.0 tildgear: have k e n  -ported vfrh mre than 

crop per year Cde dS*05m a d  Kozl~wski). 

%Ughtrsr f i e l d s  in the U,S. %a 1980 occurred fa Wifotnia under 

f rrf gation, The average field was &,4T .ti'- [USDA, 3981b). In Ohiep 

where precfpication 2s generaPEy adequate wiri'nout irtfgatioa, average 

yPclLd %.a I989 uas 7.09 tr/ha, Average fields ~3ay be 2.5 to 3.6 t/ha fn 

areas of the E,!L &are soil crr cLfmatfc factors are less than optimal. 

Cam yields f n the U, S, increased from arr average gf eld of 1.63 

tiha bet-ween E910 and L91b to 5-77 t/b between 1970 a d  1972 (Martin, 

Leonard, sad St=?). kvelopent  af  Mgh yielding hybrids has made a 

major o=onttfbutios ca 2ncrrtased yields.  h r r a l  y i e l d  imptovemenr due to 

$ezetZcs ~ponkSmes at a rate stmdhz to the time when hybrids were Eirsr 

inrraduced (YcCXure and LBpfnskp), En &velspfng countrtes, low yields 

are ?partiaPPp dae to s u b g t h a l  envfronatental condftiow and to infre- 

quent use QS $ybrLds. Produezion of hybrids requires resources often 

unavafhble fn &vefopfng caunertes. Hybrids $ruwo i n  developed 

countries aften are inapproprfate for dsvelaptng countries because seed 

susr be prcixase.8 each season, and seed distributioa systems i n  many 

deveLopZng countries are aot deqtzare To provide farmers a dependable 

seed swpply. 

Because of i t s  relatively high e r b n a f  y i e l d  per ton, carx; Ls the 



major feedstock for ethanol production in the D.S. Apptortimatelp 387 L 

of etbnoZ can be produced fr- a ton of CGeXIisx; EEartwap snd 

Earlan; XcClure a d  LfpZssky; SEE, 1982). Conversion rates ranging 

from 350 ts 416 'dt have been reported (Doney; SEE,  l981), Ethaaol 

2roductfon pet ton of corn fs higher thau frm barley, we, a d  oats, 

and P t  is approximately equsvalent t o  wheat ( B a l l ;  S R f ,  1981). 

h n g  the small grains, wheat; has the Mghesr pateatiaf ethanol pro- 

duerZoa per heerare based m average erop ytrrfds. Cora has a much 

higher potcn;fal for arban01 productfoa per hectare t b  wheat fn deve- 

loped courrtrfes, but i~ developing countr%es irc is about the same as 

shear: {Table 2-3)- bra  does nat yield as much ethanol per hectare. as 

t3e trspfcal root crops or msr sugar crops, except possibly Jerusalem 

artkhokes (Tables 2-3, 2-4, 2-5, ad, 2-66), Fhwever, corn i s  more 

easily stored then these craps, Wfth the Lou corn y i e l d s  now found fa 

develop5ng countries, corn does not appear to have Ugh immediate paten- 

r i a l  far ethanol production* Sn deveXaped countries, it has better 

;rotaatial than other starch craps except r ice and sweet potatoes, whfeh 

are restsfcteb to tropical a d  subtropical areas. 

2) Grain sorghum 

World grafn sorghum hect;arags %n 1980 was approximately cm~t l r i rd  

that of corn, Grata sorghum is grown predo;ninantXy fn &velaping 

countries, Eighty-sfx percent of the grain sorghum heetarage and 71% o f  

the productfort 5% 1980 was in devefopiag countries (FAQ, L981a). Hafor 

areas of grata sorghum cuktsivatfoa occur in Asta and Afrfca. b r a  hec- 

cares of FaLn sorghum were harvested fsz I&%a in 1980 than irs. any ather 

country of the rrarld, bur the U , 5 .  f ed  c5e %ar&d f~ totag pr&uct2on, 



Sface satghm is often g r o w  mder lor moisture candftfoas, average 

yfeHds are t:suaflg low, frr developing countries, pfelds are also 

affected by l a w  -pot; Pavescsernt, For example, y t e l d s  in India i n  t98Q 

averaged 0.75 dhii (FAo, I9Bla). Average *&ds fa Afrfca in L98Q were 

8,fQ tibia, while %Q b t f n  h f i c 8  they were 2.35 tlha. Yields are 

hfghcr Pa b h i n  dmerSca chart fa Afrfca sad Asia largely because hybrids 

are gram in brta herica.  In rfie V.S., where a major porrttoa of cha 

grai.2 sorghum is in d a r f d  areas of Kansas, Texas,  and Nebrash, 

average y3rX.d frace 1978 t o  1980 was 3.40 E/U. Yields in sorrthtrtestern 

furope averraged a.28 cXhe fa L?&C?. Farmers frri&attou b v e  pro- 

duced yfcPds seater  than 11 -0 t h  (Same: IkCfure an& Lipinsky), 

Cadet sptiaral eoadicfoas, pfeZde can average 7.0 t o  9,0 t/ha. 

Tbc perene&al ethrrol f i e ld  per hectare fro= grafn sorghum fs IQW 

soorpared ca other srups Usted  in Tabke 2-3, due to low average crop 

yields, Ethanol ,&@'Ed per ton of grairx sorgkum fs  s i d l a r  t o  corn, 

Kellarrgh md m p p  [SERE, 1985) cited sotsrcas indfcatfng ethantrl yields 

of 332 t o  025 Lkt af grain sorghuuz. Cmmi~nZy noted rates for eonversZon 

of grain mxgfnrsra to e t h n o l  are 387 and GQt Ut (hll; B&muag and 

RarFsn; SERE, 1882; SSSDA, 1980b). Grab sorghum may have potential as 

al?z etb.ax~.aE, fuel producbg crop i n  &arid areas, but where candftium 

are -re favorable, other craps appear to have more promise. 

3 )  Botatoes 

Siace they are a coal seasan crop, appr~zLmra1y three 2frpes as 

may hectares of ptatses are cuEtS~~ted fa developed ceuntrtes as in 

&evelapfag countries CFAO, Z9FPa9, Xarld poLaco production Ss centered 

fa Europe B R ~  the !J,S-S.R- Apprcx:mrelp 30% af the warlb's praduction 



of porrarwrr Zs probee8 i;r the Ft,S,S,B. h n g  beutlopiap; eaantries, 

C b t a  sad Xeadita aze major peBciBuoers, md ptates are dfso gram rate* 

szfely 2% ktgUaar$ areas aE Sou& AaerZac 

Awerage ISSO yiezcft ta the U,%.S,R. aad: Eastem Europe a s  fQ,6 

red t o  22-2. a d  28-1 t I b  Restera Europe ad. North 

&ar%ea. reapezriveEy. China pr&ued 8,6 r t b  of potataes mi3 India 

prt&czb 12.0 r ibL  Ia the US, higgbes~; pfefds geaeraLfy meur fa 

%asUqg~oa ~regcp~, &ere =Be grow&- seasea is lea& and cool (Table 

2-31. fir :*rs+e$d fcrr fmpfoufag yields %a e~tmtt ias &ck IQW 

y%elde, Atlcr&gt(t f le ibs  XPZ~ the U r S *  bcreased frcm 5.4 tiha i n  189Q to 

ZSld r=P* La 197E, ~hrcwgb turc sf kdgher 91eIb iq  varieties, better 

pkat3a.g sr=ecks, d fmpraved d t u r a l  met'tt.&s &artia, fieosard, a d  

S~am$) * 

krulcea 83 and 117 L a€ c~hanol can be produced Erm a tee G€ 

potato tubers. hid Ekr10a sad a U.S. Department of Energy 

Repor= (SERE, 3982) f d t c a ~ e d  t k t  e~*mnol fields of l k f  X S t  are 

possLbliec Botxey a d  GalLfan cited ethanol y ie lds  of 83 ash 89.8 L l t ,  

rcsper=tively. 

Basad sa the above etbml fields m d  present crop yfslds In &ve- 

loptng c&?ptxE;rfebil, p e a E ~ c t s  have Less ptef2ffal for ethnof. ~ I C ~ U C ~ L Q B  

per heetare :%as other rrop5caL rztase crops the mg8r craps [Tabfe 

2-3). BEhnuI pfePd C L h )  pot#.sML is equ2vale~t  to rice and more 

ghats c ~ m ,  wheat, and gs;tfo s o r g h a ~ ~  Ebwver, the aztocmtr r>f area 

suirabPe far potato pro4uectan in develsptng cuuntrtes fs ;orrraLX campared 

ca Chaf suPrabk% COE rke, &em, -&at, and graia ~ ~ f g b ~ r  

WfCb awerage pieZds L3 &'~ce:Pa@ eauntriesr parene%aL ethanol 



pdue~%a%x per beeare of ptatdbes ts Iess than d l  ather crops except 

grafa wrght~ep a d  -&eat $Table 2-31. FEoever, crop y t e l d s  in Eastern 

Lam- md the G,S,S,$,, tthicb are classed as developed, arc? lower t h a  

average fields fn &vePopPq camtrfes, Therefore, the average Held 

for &weE~C?gd: caaatFEe$ 3,s WE: represea~at5ve those ta R a t e r n ;  Europe 

sad %or=& AtwrPrza. In *stern Europe, pteatfal eEisa~L f i tLc f  Erm 

pataroes ks E ,$% to 2,585 Lha, h f c h  fs greeter than =he patcrrrtiab for 

cereals a d  possfblg Jewsalea artichokes (Tables 2-3 an$ 2-61. 

B. Sugar crops 

1) %err ssrghunz 

Freseatly, wee: mlct$brrm fs a &nor crop in the U,S, ft is used 

for feraga and siTage %a =he Great Phfm regson and for qmup in the 

more bra.E.d a15 and Xpphc%iaa states (XcGlure and Lipinsky]. Offfetal 

sraefLscfcs of production are muai lable ,  bat ars estimated 800 t~ P,200 

Im *re aEtfeatc$ aam.t.aPlp Ear syrup pfcHtucrioa between 1976 and 1978. 

$we=: sorgbam syrup prcdwctfan bas bcelinad from 190 mfll%en L in 1920 

KU prese~zPy less than 4 nil3ioa L, Recent developments tn sugar pro- 

cessing b v e  made b t  pssfkle ro refirxe sugar from sweet aoxghuar 

Ctipfnekyt et al,), -. 
mere are OW groups of sweer m r g b  varieties grown. S p p  

varietfes are g r 0 ~ 4  12 the southeasten D.Sc, *lPe Btrgnr vaxfecy cult%- 

vszfaa 2.s ?lamed far the M a  G r a d e  Valley of Texas (Upinsky,  et &,), 

$ y m p  varfe~ies pfoduce abut: 302 more bfeszass per hectare than sugar 

rar ier ies ,  h e  sugar varretles hare a greater total soluble solid con- 

reat C=CXure sad L i p i ~ ~ ~ k y  s Paul ), MQ+ Rotis an& Ramada are exampLes of 

st-gar varieties, nad Sart , Dale, a& Bran&e$ are syrup varfetfes 
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(~GLare azd Lfp5nsky>, Sect s o r g h ~  pfelds arc often c i t ed  vkthaut 

reference to varfefy or type. Cunsequenely, canrparissns of f ields among 

&iffereat grorEng areas are dff f fcdt:  to make, 

Camat  seet mrgkum jrields in the U-S, have been estimated at 44 

cf4ra by ?hrtfn, Lr?oaard, md Stamp < T9761, Lipinsky, et d. (1976) 

c f r d  *eIds cE 22.6 ro bQ.8 t of m i l l a b l e  stalksfha, uhfch i s  approxi- 

mately equi.vaPetlt co t o t a l  set bio-s y5e36s of 31.4 to 62.7 tfha. 

Z"htp d s 6  ue-goteeb f i e l d s  af 4&,8 t c  112 tiha in T e n s  and 90 tiha with 

frrigati~a fa Ariz~aa* Ferrar%s and Steuarr (1979) indicated that in 

Qrrruewhd, Australia yields of 40 to 50 tihs uccur frequently fn the 

Ca316dc Vallley, &fek is somewhat dry. Under: drier canditfoas aad with 

pear mils,  f ie lds  rmge from 25 t o  35 t!ha. 

I i r X d s  of svectt sorghum are correlated with growing degree days, 

u%en suf Zfcient wirer a d  nutrients are avaflable CJacksoa and Lawhofi), 

Conrrcquen~ly, yields are greater Ln the tropics and subtropics than in 

temperart areas. Yore tkaa crop i s  possible fn tropical areas, 

s%nce maturLty occurs a t h i n  90 ro 150 days, depeadfng on variety 

CLipiasky, et al. 1, 

Table 2-4 canratas yield data from experiments at several 

f ~ r t l o a n -  &cordfng to Jackson and Arthur, there is a aentiency for 

Esvcr pftEds in faperate areas than subtropical areas. 'Nowever, short 

durat foa vaa&cties is subtropical areas produced yields stmilar t o  those 

fn teaperate areas. $met sorghum yfelded poorly Ln India and Fuerto 

Bica, but result+ axe from single experiments and may not !x fllustta- 

tire uf ~IcePd mrentfa; i a  these areas. 



Tabre 24. P o t e a ~ U  FtbmoX Yield m f  Sereet Sorghoer W e d  crt Yields Eroln Rescareta Trfal.~. 

h r z o  Wco 31-8 ~67-~-15?Z,IiI l .G & .207-f4&! ~tstar, I f l T l a - m y ,  
and ~ l r z ~  

t t . 8  c ~ t i ~ E f E f  IQ ,a 72~-83&[ * " 

g ~ a r t s ~ y  - a d  dapr to aatur l ty ,  h irua~able ,  ase trr pareat-heats. 

&L@avers~m rate af M 51 L o t k r l ~ ~ l / c  of aveee x profeccccd fa-rs' grisclb. 

Af752 of 5/lu elred 2.a Lfterature f o  get projected Eomers' rfkamt yie ld .  



h esrgaated 44 to 5 1  L ~f etthan03. car; be prwrrced. Erom a can of 

fms3 wbm3ie plants of sweet ssrghut~ C S R L ,  I98IE. Acttta3 ethanol pfalds 

ftm sweet sorgtawa v a e  wZth f e m n t a b l e  content, vhfck fs i n f l u e ~ c e d  

by genetzcs and growing coaditfor~s. Wing 44 ttha as a consemtfoa 

@sthate of present *cEd 2n the D d t e d  States, ethanol potentta2 be 

btr%.leen 1,936 and 2,2&4 Ulra . Fhfs is sEPghrly higher than potent id  

yfelds frm coza ia developed countries CTabTc 2-31. According to  S f d d  

cszfmates e v e n  in Tables 2-3 to 2-6, sweet s~rgh- appears to bare 

greater potential per &crate for eeksnaf productfon than corn, but less 

potcn~ial production per hectare than sugar cane, sugar beets, and 

fodder bees.  In irrfgated f ie ld  rrfals fn CslLfmrnfa, ethanol prudur 

tdlan patenrfsf frem sweet sorgbua uas 2216 L marre t h  corn fa ane par 

and 981 t mate in another year ( E i l l s ,  ct  a l , ,  1983; Ells, et &Ir, 

1981). Ia the sme s~udfes, w a r  beets and fodder beets had greater 

trbhcrl potential  per hectare than sweet sorghm. 

Altb~ugh p t ~ s t f a l  ethanol prsductiorr frm sweet sorghtrm may be 

Less rhaa Erarn the achier sugar crops, the crop has wider adaptabiflty 

a d  can be grown under somewbat: parer conditions. Sveet sorghum also 

produces large amounts of bierpaas, which couLd be utilized as technology 

i s  developed for cunversion o f  ceflulose to sekanol, Yfslda can pro- 

bably be bcreased s a r k d y  through plant breeding a d  agronomic 

research, since Pirtfe amealian P a  been given &Q this crop conzpsred t o  

sugar cane and sugar beets. 

Efforts are befag made to develop sweet-steamed grain sargFrm 

hybr:ds (Lfpf&sky a KresovPcb). A bybrfd tested Ln Nebraska produced 

2,177 L and 2,529 L of ethansf/ha frrrar rbe scalics and seed, respectSvrLy 



C Totax ethane1 scfd was d p  &ES L!Ra more than the C O ~ U K E I ~  

gr-'~~ Way m e t  S O ~ ~ ~ ~ E E P P  ' m t f e r ~ ,  kcanse the ~ t f  lizatioa a£ earbe- 

hfdra=es for seed prsductfoa r~su lhed  ib rawer sugar IeveLs &a the 

sPaEia, Bc&ewer, the prt&aeriaa af seed rather t b ~  stalk sugars map 

e d u e  starage probleas a~scxfated vfth procresslag; sweet sarghun, 

bearrase t%e wed caa be srezreiB EQP prueessiag at a time V b a  s rdks  ate 

es k.~agar avatfable. d s a ,  less room fs waled for storing aced t h m  

stalks, 

2) Sugar beets 

h e r  hP f of me warEd's m g ~ r  beers are prduced fa Europe (EAQ, 

tBQ1a). Sugar beer krsrage fs E o u  fn &uelop%~xg courttrtes, sknce it 

is (s esarpcraccrt cZhate asp. China, Tran, asd the U~ited Arab E m i r a t e s  

had 7W,W ef &a 8 W , W  &a planted Prr cfeua'Lspfng tetmtrfea Sn 1980, 

4pprexhar~Ey 3*9  nfZl%cmr ha of sugar bets were planted tn developed 

cewaz~$ea, 

TTe2d.s E&& fa he eorrebted rJfth Elre lsagt8 o f  growing seasou, and 

irrlgaeed m a r  beets g~ne+alSy  fieEd more  ban mtrrfgsted. Irstgatgon 

Ps w~.a25y mwai3abte Lra &rope, and average yPeEds in 1988 were 39.0 

tPSs [FM, 1981a3, E3 the a,%, 40 t o  45% o f  rhe sugar b e t s  are Frri- 

gated tXsC5are aad LfpE=sky?. Vetst sf the 100th izebrdn i n  Berth 

&rim, a l l  the sugar beets are irrfgared CNartin, X,esnard, and Stamp). 

me average yie ld  frm 5978 t o  1880 was 3 7 , t  t/*a i n  N~rrrh Pakoes, &ere 

irr%gaFS~a fs ,mf gLvea, am-3 Eke grstrfng wason i s  shore (USDA, 198fb). 

Ia mocraat, &rIq the ZWP perfad, @sr Ecrigated condttfons i n  

Oregoa W B  CaPidarnfa, auera&e yf+Pds were 57.8 and 5 9 - 2  t/ha, 

respectfrcly, YieLcfs sf 78 t/ha are reported in tho e ~ a e t a l  reg f~a  of 
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elf Esmfia ( L Z ~ ~ X S " ~  ec a3, ) . 
Siace I S S T ,  sfgnfffca~t 9 e l d  Pacreases have oceured due to 

breed%% of &apraved hybrids {?Earzfa, teanard, and Stamp). FIpbrfds have 

been &rieloped for areas a c = h  were at one t%me considered urcsuftable 

Ear -at bets, a d  the area of errltivatfon may be expanded further 

rhroitgh plant breedfrrg (W-zep). '34sease r e s i ~ E a K I E  pdrfeties have k e n  

&cveLoped; !toue'tter, crop rorarioa is stfll required t o  avoid severe 

losses frm nesmtodes, dfseases, or Ensects (Liptnskp, er a3,). Sugar 

Beets are saerafly posa La a f f e t d  once every 4 years. 

3ecear: reports indicate that at feast 86.6 L of ethanol can be pro- 

duced Erm a con of w a r  kct roues (SERL, 1882). Bnvay and Harlan 

repotred an trbssrX yie ld  of 112,s L!tc A conversion rate ef 92.1 t 

er?tanoXbt of sear  becc roots i s  gZvsn bp several sources (Bagbey; 

Gallbn; SEBZ, 19811, Based on crop field, sugar beets have a hfgh 

pocenrfal f o r  ethanol production (5able 2-3). Amang teaperate crops, 

anZy fodder beets srsy psduce higher ethaaoP yields than sugar bets 

(Tables 2-3 and 2-51, Ethanol y i e l d  of four crops were cornpared fa 

irrigated fkaEd studfes coaducted ia CaLifornia ~ ~ l l s ,  e t  a%., 2981; 

B i l l s ,  cr all, 1983). Sugar beats yielded 7,700 L/ha tn 1980 compared 

t o  5,692, 5,916, axad 8,065 t/ha for cara, sweet sorghum, and fodder 

beets, respectively. In 1981, sugar beers yfelded 6,645 Liha, while 

corn, weer wrgbwm, aad fodder beets produced 4,411, 5,393, and 7,579 

LJIEil, respecttvely. 

31 Fodder beets 

?reducetoo af fodder beets i s  centered i n  Europe, and very f e w  are 

grcm %n rhe 6.5, Z ~ f a m r i o n  on y i e l d s  obtafned by European farmers is 



ast awailablc to as. Accxdirtg to Donep, fodder bee t  root yields are 

gerrera1I.y 58 ro IOQZ fmfgher than sugar beets. 'J3dcr this assumptioa, 

esrfsated fodder beer fields fa Europe would. be between 58.5 and 78.0 

rbha, based an awerage sugar beet fields fn 1980 (FAQ, E983a). 

Similarly, faddsr beet pPelds fn developing countries which prduce 

sugar beets + d d  be between 50.1 and 65-8 t/Ra. YteLds as high as 139 

tlhs have been reparted fn European trials (newer,  Domy, anb 

Galliaa] . 
Fodder bear jfeLds c i t ed  %n the O.S. are usually frm Efefd 

experZments. Sewer& fodder beet variertea produced yields raagfng from 

56,l t o  136.2 t/hs fa irrfgared trfsSs conducted on famerap Plelbs in 

Edaho CuTechafea1 Section - Fodder Beet Research"), Results of selected 

research scatfun trials are Piseed fn Table 2-5, An approximts profec- 

cfoa of average gtclds which farmers may abtafn has k e n  calculated as 

752 of mcperLaental data CInearrtational Land Development Consultants). 

Sighese yields occur wicb irrigated conditions and long growing seasons, 

such as found fn CaPiEoraia, Under dryland conditfans, yZslds tend to  

be hlgher 23 Mchigao than in North and South Dakota, due ca greater 

aakcal ?reef pf ta:ion. 

Esrimted et9anof yie lds  per ton of fodder beet roots range from 

64.6 to 225.8 Lft ~FWl; Sachs, 1980)- The estimate o f  125.0 Llr 5s 

grobabSy somewhat unrealistic, cowider8ng nanaal sucrase levels %n 

f d d e r  kezs, rtLe patentla1 etkaatol producci~rr from a feedstock ean be 

e s t b a t e b  using Ehe assmpttsa that f kg of €ementables will produce 

0.6 L o f  ethanol { B i l l s ,  et a L ,  l.985). Fodder beet  sucrose content 

ranged froe 9,8 t o  53,IX f a  a study conducted by USDA researchers at s t x  
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1oc.atfoxus CmG.S. Beets Top Europe's For Aleohcl Pradrrerion"). Eased oo 

a mrcrosc coatear of 13 to f3Z, 5 r of fodder beer roars triI.1 produce 60 

zs 78 L sf etban~l. 

Fodder beers can produce mure ethanol per hectare thaa mast other 

temperate craps, even under S s s  thair optimal conr?itfnns such as f~uocf 

fn tmfrrtgaced prcfans of the Xarrhem Plafns. Potential cthacol pro- 

ductfan per: hectare from Edder b e s  map range from 3,510 to 6,084 rSt%a 

i r s  Eatrope a d  Eras 3,006 co 5,219 Uha fa kvcl~pfrrg ccrurttrfes, 

Sources djlffcr on rhe question of c3d ethanol producrfon potencPa1 

of fadtiler beets empared to sugar beets.  In the USDA s t u d y ,  fadder 

beecs as$ =gar beets produced the sane areout of sucrose p e t  heetare at 

431Z Xscstiorns C'D-S, Beets Tap Europe's For Alcohol Praduc~ion"), The 

hXghcr lyr-feidr sf fodder b a t s  uerc offset by louer werose content; c o w  

pared KO sugar beets, CoaseguentTy, potentfa1 ethanol prductfon per 

be~-,are was the w, Fotenr5aI ethanol ptoducrPon from fodder beats 

uao 360 Utoa greater t b n  sugar beers b one year and 935 Llhs wrre in 

arzother year of a etady conduotad in CaEffomfa CRills, e t  ol,, 1981; 

B%PEs, eE &I.. E983E. --ewer, grouing casts were higher for fodder 

Bears than sugar 'beers, so costs per liter ef ethanol were stnrilar, 

Wanep &dicste$ that. fodder beets produce 20X more fermentable sugars 

f*mn %gar taecets, a f l e  Theurer, Daaep, and EallSan fauad that fodder 

beets pzduce 3 to L5f more, 

Sybrfds frw crosses between sugar k e c s  and fsdder beets tend to  

pro4uce hfgber yields of fernentables per hectare than either sugar beer; 

as fodder b e t  hybrids C~rrey;  T?teurer, Baaep, and GaLlian), Fodder 

beets have h 3 ~  dPsease tesgscance, bur tt shsuld be possible ra develop 



disease resxstant hyhrfds t?arough crasses w i t h  sagar h e r  vsrietfes 

adapted t o  :he U.S. 'Ehearet, bney, and G a l l f a 3  stated that fodder beer 

or sugar b e t  x fodder beet Erpbrfds -st produce at Peast 18X Bore f e r  

aeatabEes pr hectare than sugar beets In order to  be more fessfble than 

ssgar beets Bar ethanrcll produecfon. n e  highzr 'ormentables pfeld fs 

needed to offset bigher r;r~nsprtatforr casts resulting from the lower 

strgar coateat per cola cf fodder beers or sugar beet x fodder beet 

5ybrrds rsmpared to sugar beers. 

Jerusalem srt3chokes 

Xo+e Jerasalem artkchaices are $r~m in Europe than in North 

berfsa. &cordlng to Narcin, k~nzrrd ,  and Stamp, Jentsa3am arrfclrokes 

kave been grow i a  Prance 197,600 to 321,100 ha annub17y. Official 

st.sa;%srfea of y%akbs ta Euraps *were not avatlable t o  us, but Kay h d f -  

eared ~b.,t pte2ds average 30 rJha on sandy soils ,  

M o s ~  sf che Jerusalem arefchckes in she Unfted Scares are grown in 

rw5,  bwP& sections of the 3acffSc XorEStwesS. ?lart%n, Leonard, and 

Sraxp estimated y i e l d s  rs Eve 22-4 t!b uith  favorable conditions. 

Y.ields Pn the WLdaest and Easc -ere estimated at 11.2 r o  13.4 t/ha. 

Kay state4 that fields fa I=rcita range from 12 t a  25 trha and cam be 

as kzgh as 37,s tiha. &a%$. estimates o f  yLePbs Xn ather developing 

countries =ere got available ro us, 

QnZp Ifdted research k s  Seea conducted In North tserica on 

Jerasale3 arccichokes. Reported experfmeacal gfelds b y e  been quite 

variable i n  the Sorthern Plsias area, rm&ing Eram 67,9 eo P$,[., t/hs 

I F  %&able 2-52. Yield variability fs probably due co a Lack of Xnforaatim 

sn proper sulzuraP practices, as we11 as ra d l f  fereaces fa y i e l d  



TabLe 2 4 .  F o t e a t W  EthaaoL Yteld per W t a r e  of J e r u d 5  Artfchokes b e d  w YfrPds 
dram Eeatanrh ~ & 3 .  

ZfCormers~um raze of 70 to 110 Ur: ef mhsbs x farmers* profesred y i e l d s .  



poredtiaP aaoq vafieties. In a study coaducted 5.n Canada by mubey and 

ZLorrell, a Russfaa strafe of Jemsale;rr artichoke ~ i e l d e d  76.2 t/k, Ears 

yields of Xorth herlean warierfes averaged from 6-7 to 9-0 tiha. S f w e  

l f tr le  research effort has been bwested in Serusdea artfetokes, there 

should be potential ta farprove fields through varietal selection, better 

bertilization, and refined 4 r u r a 3  praectces, 

Projected farmer y ie lds  are given fa Table 2-6, Etovever, farmers' 

ylelds aray be less t;b indicated fn the table, because wtth present 

;oechaaical harvesting mthods, c d p  60 Ea 70X of the tubers praduced are 

harvested (Dorband). Baforturm~eXy, hsrvestfng methods used to obtafn 

the experbcntal data were not stated. 

Ethanol productfoa per caa of Jertlsa3em arcfchuke mkers map range 

frm 70 to  110 t, depedfug otz the femeatalrles coateat. Chubey and 

Dorrell found that sugar contene of dff ferent varkttes ranged f ram 13-2 

co 27.7f-  Average sugar content 1s 15 to 18% (Wysp: and WiPfahrt), 

Consequently, a range af 70 t o  91 L of et?mnol/t oE tubers uas given by 

Underkofler, HcPhersaa, a d  Fulmer. KelPoug and Kaapp CSERZ, 1981) 

eft& several sources tadicattng an ethanol poteatid of  83 tft of 

tubers, The highest ethanol field noted was 110 L/t of tubers (Sacha). 

Saaed on cEr& eonvera2~n rates, ethanol yie lds  from Jerusaleln 

artichokes aay range Errem 2,100 to 3.300 Lfha in Europe i f  rout yteXdo 

average 30 t /b.  Buth fodder bets  a d  sugar beets probably Iravc 

greater pote3tl;W than Jerusalem arrfchokes far ethanol. productton per 

kctare in Europe. Bthmol yields fro@ Jerusalem attickkes in Zadia 

could range Croa 840 to 2,750 L / b  based an tuber yfe lds  o f  12 to 25 

rJta, Gerusalcm artichokes my leave y z e n t i a l  for ethanol production in 



cEe~ePopf ag cwn t  ries ~ i e a  coqared d t h  pf elds of other crops (Table 

2-31)- 'EEo~c=ver, deEfnitPve coaclusPans can not be dram because yield 

data are frrsufffcfeat. mere are also puestfoas regardiq Jerusalem 

artfcbke daptabPIitg to tropZeal czE%aates. Ir Nisrth herfca, 

4cr~l lem arrXchakes =p have greater pote~tfal fat ethanol ptductfaa 

pet kctare than starch crops; however, ~ e r 5 m e a t a l  msdrs have been 

guPte arsrfrrble, 

As a forage crop, JemsaPcm artichokes carr produce 16.8 to 21.3 + 
crrf top grwthlhr ["JAW the Xyth atzd the Realitp Bplained"), 

Sqggttri6)z.m have be- made to use both the tap growth aad tubers for 

eEl"amP prd~crfsn (Eraid], Bavever, practkcts ta abtdn maxfmum top 

growth msule &n Pow tuber fielder, Fmea tuber yfalda are optimal, f o p  

gr~wcb q m l f t y  3s Zow, ALSO, technology for producing ethanoz from 

aPe~amkle!a artfcirsoke t 8 g  growth $s not adequateLy developed at the pre- 

oenf ffwe. 

6, 

Selection of the avrsr ;rgranoa&calLy approprfatt feedstock for etha- 

aol prducriaxt caa wt be based only aa general descrlpt%oas of growth 

rqufremnes asd cra petentiax et2maoI @eld per hectare, A necessary 

park (06 &e selection process Ss to test the crops trrlder the range of 

elizaaCfc irxrd s s f l  coadirlions found fn Ehe region. An undcrstaadtng of 

the growcb requiremeats of rtre crops 2s necessary, however, t o  choose 

craps Ear fieEd ewz?fuat%~n. Mter fieEd evaluation, none of the craps 

m y  appear ~o be appropriate, ar mre than oac crop may seem t a  have 

poceociaL. Hn any case, e c o a d c  and processing corislderacfons, which 

are dfscwsed 5a the EolLo~f= ckapters, are &so critica2, 



LPEL the temperate crops discussed fa thfs chapter be agroaoplfc 

~ Q Z P ~ E ~ Z ~ P  for use as feedstocks In the iYorthern P h f n s  regfon. Bowewer, 

prohbiy zmae af ttre crops are suitable for the emtfre region, b m s e  

+Pbatfc coaditfons h the regfon are SQ diverse. Tropfeal and sub- 

:rogicaP crops are mr suitable "fir large-scale coxmi~rcial production in 

:he regron, although d l  amounts of sweet potatoes are produced in 

sgrtcteaaretr;r pt=s of the regferr. 

Xr the Sorrhera Plains, the adapcabilbtp. of c=crmraodp g r o ~  t e  

perace crops such as rmx, graia sorghum, and ptacctes is probably 

gerte5:aIXp inilfcated by the present dfstrfbutfon of these erops frr the 

ragion, Uf~hout irrtfgstton, corn cends t o  perfom best in southern 1 ~ d  

easitem portlorn ~f the region, ubich are mast hrrmfd and, warn. Sorghum 

is also so*- gz'k the. a&m+esE pxcfoas of the regfon 'bur: eften where $t 

i s ;  teo dry for corn, Usirrigated potato productioa occurs rrtostly in &e 

cooler, mttherrci parts of the region, Sugar beets =. also grown 

v&f3wuf frrigalfoa b the cuolcr areas as as in  southern Wnesota. 

'tEoever, eke disrrr&btioa of sugar beet prodaction may nor be a good 

idfcator of =tent of ndapmbilitp, because production ueually occurs 

only In che psofmZty of processing Pacglitfes, Consequently, ecoamic 

factors, which Mluenee the ambet a d  Ioeaciolt of plants, as ell w 

agro~oatc factors, affcer sugar b e t  geographic distrtbution. 

Fodder beers, weer sorghum, and Jerusalem artkchokes ate adapted 

to al: h s t  part of the Northern P ~ I P s  region, The specific areas &n 

uhttch tXtep can be gram are d i f f t e ~ l t s  t o  predict, because they are not 

e ~ t e a ~ i v e i y  cuktTvated, axd only a lfmfrcd number ~f f f a l d  studies tram 

Sean done* Fa)O&cr beets can probabry be grown -here sugar h e r s  are 



taZtkvated. Rwsevet, research is aeeded to detenaZne how far wsr they 

can Be g r m  *itbout frrfgatfaa, The sane question arises d r h  sweet 

satgFsm and J e ~ t ~ s d e m  artichokes. Another questton concetnfng sweet 

S O ~ ~ ~ W I E ~  1s warn the grcw%mg season must be to produce eeooamkealfp 

f -sf ble yLey is. 

A ffraf, p P n t  fs that the arm of adaptation may be d a r g e d  for 

swrrr mrghrxnt, Je%salrrrr artfcbokea, aad fodder beets through plazt 

Era?&hg, sface ad? a I h L t e d  amouEIr of msedreh Itas h e n  candrreced on 

cbeee crops. Varieties wtth sETorttr duration, greater cold tolerance, 

@r =re drought toZerantc present varlet2 e% could possibly he 

dcweLopd, V~rliecfce vtth greater asease resfstance than preueat 

ra+Sarle+ amp be seeded, especiaUy irr che case of fodder beeta, Fodder 

beers are suectprfble to  s m e  dZseoses which. have been problms Zn sugar 

beets, ~ V I :  for shich msiscanrr migar beet arie t ies  have &err developed, 



111. Raraesting, Storage, and Processfag Consfderatfoas 

for Altematfve Craps* 

A. UreraaE%.ae teehrno30gZes for Itamresting 

The Intrdaerrioi~ of a m w  crop i ~ ~ ~ ~ l v e s  the fntroducrSon of tech- 

nu?-egy aewdetd co produce the crop, The technoZogp to be fntruduced 

ftaeldes npip~b~prfaee agrodaraic prac+fcres and p s s i k l y  machfaes, Local 

editioas detemhe the rccbmlogp d c d .  This section -1 &serfbe 

atjltlrmatfves Zn bumresting ~achnology, because a ~~petcffic crop can often 

be 58meocd. by severd &iffexear methods -- ranging ftum very h b r  

5ntra9ltwe re 'bi@Zy atchaafzeb, Starch sops are grouped ae e c s * d s  

[eon, grafn aorgb,  rice) and rocrta and tubers [potatwa, cas-va, 

sweet patatas,  end -1, ?xcause of sidlarirtes irr hawesting metEtoda 

mn$ crspe fn esch group. SWhrTp ,  the sugar crrope are grouped as 

larageer (sweet s~rglwaa and sugar cane) a d  roots and hfbers <Jetuadeoa 

artlicWbs, sugar ~ ~ E E I C ,  & fodder bets), 

I.  Starch craps 

a* Cereals Ccom, grain sorghum, rice) 

Za dweloped amtries, sepWsrfcated ta&&nes cut, thresh, and 

c1ea.3 cereal grains Zn a siagle operation. Rtrt saae basic. rpachinc can 

be adjusr& rn hamest differeat crops, Rice bamestfng ofmn regufres 

zbc; the amb$ne be equipped d t h  half tracks srr large tires havfag mud 

lugs, A speehl &ad stt=acIment, ubi& orzaps the ears from the stalks, 

i s  necessary for hamesflag eora. A Eread acrachmenr with a reef and 

carfirfq bar lsaa 5e. used far sorghum a d  Eet rlsrect hamesting of 4 1  

+PrincL?aZ atozhoas: 3Lilfam G I S k n s ,  Aueh, and Car3 Westby 



gzaeas, although Zmprooed attachments are awailable Ear sorghum. 

Farsers sometimes cat small grain vith a swather a few &ps Ware  

cdfarPbg. 'Phfs practfce d 3 ~ w s  p a i n  a d  green weeds t o  dry. irz a 

virrdrow before c-biaittg. The cmbPne here, however, must be equipped 

prith ma attachsent to pfck the dried plants off the ground. 

The threshed aab cleaned grafn is collected ta a mak oa ehe 

caob2ae+ When zhe tank beco~es ZitU ft. 2s q t f c d  into trucks or wagow 

which hatll z k  grain to be stored in krLk at the farrastead or local 

cEawaeor, Ia sftuaciom *ere facilities 9nb equipment are not 

arwaifcrble for badliag bulk groin, cotmbines are used W c h  have a provi- 

slon for 

T E l e  q s t -  Ls .ooc widely us&, because the labor requirement is Ugh 

compared m pUrk handling. 

Corn or r ice  may have up EQ 282 moisture, so they tratst be W e d  far 

S C O ~ ~ ~ E I  Cmb%n&mg of sorghum or small grains is u s d l y  not dune unttl  

tkte graim. has 13% ar tese misture content, Serghm sometimes requires 

dryfag, *PPe small grains ass generally mr dried, 

3ar corn can b~ picked for sE~ragrc in cribs *en il: has 202 grafn 

aao;fisture or less, 'Ln the mttchern eT,S., scme ear cem i s  picked but not 

bush?  go reduce fnsect chiage, After drytug natural lg in the cribs, 

ear cam ks shelled w%th a =chire or fed to Pivcstcxk. Prckex-shellers 

a k l l  the corn as it fs picked, and the grab f s  usually dxfed 

ixttif%ci.aEly,  Wirb the &vent o f  Ugh capacity grain dryers, cmublnes 

have -EZy repheed picker-shellers and corn pickers in the r3,S., 

bccstrse rtsmblae hwest%ng requires less Pahr and resuZts Ln less fieXd 

ioss, 



Sia&rs a d  ststfonrplry threshtag machines were the roosf: adoancl?d 

~~ackti.aes for harvesting small grafns before ca~bines e r e  deeeloped. 

Biders are horse or tractor dram =chines d& cut the grain and tie 

it fato M d l e s .  The bundles are set trp by b a d  fato oh& to brp. 

Ucer $ry%ug, the h & e s  are loaded Into wagons and taken t o  er ste- 

t iuaaq~ threshfag asachfar;. Threshfag macftrts separate the grdn frare 

che straw aari d m f  f , 

In developing crrtratries, the garhering of cereals for thresh5sg or 

sbUing *Idam hvolvea ~#ee%dizacion, d e a s  farmers bave Urge, 

urrfrqpented hold%qs, aad labor 5s scarce, Ears of corn are often 

ixullw%hallp picked by haad, f I eak  of &her cereals may be picked M i -  

vtdually, or the hoXe plant is CW wfth s hand sickle, Eand bmestiag 

m ~ y  btt practfecd mot cmXy because Ubor i s  s W a n t ,  but also becatsse 

f i e ld  wndfttons map bz rmsuicrbfe for mechanization, For example, d c c  

i s  semethes bames&ed &mu fields are flooded due ro heavy rains and 

poor surface draPmget In some areas, crops are ~~ oa rough terratn 

which may prevent the use of nracMrses for f i e l d  harvesting. 

"hhreehhg or shellfrrg of grain is usually dune near the homestead 

or at the edge of the f2tLd. Farmers and laborers oftea csrry the p i n  

coaraizx.iag; plants or corn ears to the homestead unless roads are 

awafkable for ttse of t.~&eeEed cares or fourvheeled wagons, Cattle,  

aules, or b+ses are wed Ear draft power. 

Small thxeshiag mchtrles, pewered by gasoline or diesel engines (or 

by e.le~m-Zcitp, when available), are us& in many developing countries, 

Om developed Lnclfa bas a cayacitjt of I N  kg of grafnfhour (Congdoa), 

Eoae of these mach.%~es thresh and separate the grain from. the straw, 



Engfae and hand dsiwen c a n  stzellers are also use&. Effotts are king 

made t o  develop thresh* machfaes skkch wodb be econasfcaPXp feasible 

for farmers ~ E B  sma l l  bl&fags, h aaehinlr wftB a treadle and rutatfag, 

spiked qdftt&ee fs d to thtesb rice. h e  persob is able to power the 

m.ach&m VCitb his £06~ d b l d  the @a beads agaiast &e cylinder to 

Bt3& the k e ~ ~ e b  100se. mcpur: of the mgchtae As approdmrrtely 150 

kg of graidhmr CAPPI, Bmevar, wheatl, gorghum, tmd barley can wt kt 

threshed dckr the rhfesbke thresher, baase the kernels are usually me 

t i g h t l y  BCEO~E&& to  the heail. 

FtadSciaarS aethds of & r e e k i ~  uwq ut i l ize  cattle to k r q l c  the 

grafn Errw. &a heads, Tbt cattle sonreti~res pull. a sled or similar 

dewfee re Aacrterr t b r e s w -  An kspleaeat: tdch asks 'rxers k developed 

r e  imgrsvm threslahg *tb cattle* Many fatrarers thresh grab mntralXy by 

chgp11ryy the phrxts rargainst a bird object or by beating the heads ~ t l t  a 

rePct. 

After thresh$% the grain & pcddre thresher, eat t lc ,  or hand, tho 

graPa amst be separated from chft straw aPid chaff. Eand powered w&rr 

amdm aachiaes h a w 4  beem developed, Ewever, moat w f n ~ ~ ~ ~ % n g  fs dune by 

bnd=pmrirxg rhe grain a& chaff Orat a platfsmn so chat the e n d  blom 

Ehe e h b f  away Eroar the grain* idfnnooing baskets are a s s  used, aape- 

cWlp  &en w i d s  isre wt prevale~t .  The grafn i s  shaken Ln che E l a t  

baskets ia a farward ar ckrcuhr mtion so that Tight matertal moves our 

sf the basket, 'isater b scmetsfjaea wed  with tkrc basket E a  float out 

lfght arateariaL, and t B m  the grain i s  drteb. Uith the baskets, about 49 

kg af graia can be cePeawd per b u r  (AID).  

3efore stsrage, ~ Z e a r E R d  g r a b  18 -LPy Qrted by spreading it in 



the srrn a d  stdrrfng it mcasicmalLp. Eat corn =y be hag to dry sear 

hoasehalb ff rr~s or f i ~  trees. 

b, Roots =arZ tubers (potatoes, eassaqa, sweet potatoes, yams) 

BarVe~Eiag of r o o E  and tuber crops tends to be more labor hteaotve 

cbhiEt. bamstfmg of cereals. Betrer zuechadzed harvesting spsteus have 

beea develtoped far potatoes than Ear seer  potatoes, cassava, and yanrs. 

A side mrfetp of potato harvesting nethods &st, and the type wed 

depea&s severd factors ~ c l ~ d f s g  soil thamacterristfes, sto.zriness, 

tspogeapby, Z a b t  supply, crop use, a d  desf red storage. Lf ft (Wth). 

The methad Vith the lowest fabr requiresent utZlizes machines that Uft 

fk tubers from the mLP. shake d screen out Ute soil, and theu clonvep 

tk tubers Snta trucks art c;iflora (Xartin, Leotard, sad Stam). Tn the 

Setherla&, oac: person can hamest large areas quickly wf~h these 

=b9ats (Sazslef, Azw, a d  3uraim). Bowever, potato hamesting m a c -  

rtes are O ~ E Q ~  Lseffctcive 14 SeparaETrkg stones a d  clods from the 

t u h ~ ~ ,  m h areas 6 t h  stoaes or havp soils, two to  seven people may 

be to ride &he d k a t s  and sort wt unwanted matertdl, 

Cmseqwaelp, Iabr costs map be high in areas vLth stony or cloddy 

sofl .  &su, mre than XOX of the ntbers can be bruised, if the speed ef 

separstfq compoaencs of tke machfae is bereased to break C b  clods 

45adrh). Pnsees can be Xess Ehao SS, or qu%valenf &a hand hxvestfng, 

e t b  prowr mehfae adjlrrstment, 

Yachlrses are wed wk!ich gut the cabers i n  a wtPdr~u on the ground 

rather tbm conveying thea i n t o  trucks or wagom. The tubers are then 

pfcked ap by hand and put h t o  baskets, crates, 01: bags. Sorting 0.5 the 

rukrs is dalere either by had fn the f i e l d  or by machine at Elre 



-rehouse. Wltb wet, heaw soil QP weedy c~dftioms,  this  method 

rftsdts izi oHeax.er tubers than a e  colapIetel]r r ~ e c h d z e d  systerp. 

PzeseatPy developed =zchaatcal harvesters can not be rrwd on stme very 

heavy, strong sofIo or steeply slopfng f ie lds .  

As S a  potato hamesting, sweet potatoes iire harvested wfr=b mcfrtes 

which PZfe the mts,  sort them, and convey &ern onto trucks or 

trailers. Other types of =hinerr lift the mots, separate then from 

zltc aafl,  a d  drop cheP rm r~ grottad, The roots are allowed re dry for 

a few haurs asrd are rhea pieked up by hand. Sweet potato *nee 

generally do mt die before hamest as potato vines do, so the vfws 

are EUE befare Uft iq  rhe mots, Shfdded 8-Snch wfters m y  be 

memred oor cbc ImmestSmg machiae, or the cuttimg msy be done fia a 

separate operagtoo e t h  rotaq or fbfl mawets. 

Sweet potato ~ O Q L B  are more susceptible rhBn potato tubers to  

~cIzaaical injuries such as bruises, scratches aud cuts, wkich can &a- 

m t i ~ l l r  redace storage Ufe of roots. Euwtvet, even htrnd trarvestlrrg 

caa result Ls sigdficaat bruising i f  roots arc carelessly tossed on 

pZles, 

BxteesPve efforts are being nadt La develop mechanicat barnesters 

Iox: emsaga and yams, and i c  may be possfbke t o  develop tpackims 

sdc3bXc for use on lfght mtls tYfllfama). Designing machines t a  br- 

vest cassava and pas 3s fifffcult; because of the grovth characeerfscfcr 

o f  the: plants. Cassava tu'oers are Song and break easily, They also 

spread ever 1 e from the plant a& pewtrace d m  to 411 or 60 cm. Hany 

gaat varieties praOuca oae OF ~ J O  brge tubflrs per stand. %'he tubers 

also paetrar;ce deeply t ~ t o  the sofl. uith iqsaved managemat, the 



ttzbets are *urger and deeper than mdct pool: mnageaent, ai&kfog mxhanf- 

-1 ttamcstfag e e a  =re dif f k d t .  In Triafdad, sac g. tuber 

pas e;rm hMch -%shed 81 "a, but mid  sfze fs mrh smller {USDA, 

19753, Some mr-Eetieo produce branched tu'hers, uhtch are damaged 

ce;ss%ly- mere fs a see& to develop cassava a d  ~ I E  v~rleties W c r h  are 

-reststeat ro b g e  iaad aze s W l o v  bea~i,ag, so that ehey can be E t a r  

vested toecbafeally [har;lae~e). Moscorea a a d e n t a  and s&WXat ewes of 

ysm can be brue~tP?e Hth =ehilges wed far pueittoes, hecause the 

zuberr me a d  nrrPlerous CFTSDA, 1974a). 

V x r r r i w  types of p l m  axe scnetita+s used t o  U f t  p t a t m s  and 

meas pzsroes out of Ug)rtet textured soils, Tractors or anids pre- 

W & ~ Q  the draft P-Ir Ewcn a developed countries, moldboard plows wfth 

vXdc bttcms are WE& to lLft meet; potatoes, because mechanfcal injury 

&s hss atad storage Ufe Pmger tbsa vfrh hamesting machbnes. The 

p 3 m  kizxg the tubers eu t k  surface but do not separate tkrerrr from the 

soil, Takes arc r;he gathered m a d l y *  Plms are &so used in sorpe 

masee for tifelng wesaw roots, bt losses arc generally high, Studies 

have sh~m that f 5 t~ 832 OE the assava tubers can be recoverecil uefng 

s u E d h + &  pTr)ws, h l  aechanleal %fury mg be hfgh (~avueme), Froblems 

fmeXv& uPeh usiag aakd'board plows hcZade clogging iroar pbnt residues 

and cowertag, af tubers by wpt.vmmd wfE. b. 78exfca arxd Braz21, tractors 

morurted arb bxvg sretas  aaA rotary mowers are used t o  push down and 

etae w m v a  pbnts  befare U f t i n g  the tabers- 

F a d  barvest%sg of rout and tuber craps Ls ulldely practiced tn 

d s ~ & ? l ~ p i ~ g  ea~ntrf ss, P O ~ ~ E Q  u$nea are asualEy rerrtoved a b u t  a week 

before hameating i n  tr~pica'k areas, and hoes er forks are used t o  dig 



up the tubers (my)- The putago tubers are ofc,ea left oa the sofl SOP 

face to &Em the s k h  t o  and toughen, Thep =st k picked up 

vitbfzl a few bars Z n  bt, dry  weather to avofd sun scald (Hartin, 

*Leuaa.rd, am3 Stamp), Sweet potatoes are brrtested In a shilar  tparmer, 

h t  rhe harvesting is :zfadf.t%onaUy dme as the tabers m e  rteeded. 

f%amwer, delayed barvest5mrg msdts frr ftreregsed sweet potato weevil 

Cassava t&rs c a m  be Itamrested by @llg the stems h Light 

soils, bur they m y  need to  be dug uith a btae fa heavy soils 

[Zacernatio~al Laad Developat Cbnsdtants j ,  Clne man can harvest up t o  

1,000 kgldag kf rhe -21 Imse, but adlp about 500 &/day &en the 

sofE Its contpacted (Ommeme). Esmeetiag 28 &SO harder when the s a f l  is 

dry Ehan whts it Ls wet. Before Ufcfng, the stem ia cxrt a f e w  hckee 

abge the ground with a raacbatte, which fs also used to lmsen the sail 

around the taberr. Xb the tubers =e aot l i f t e d  soon a f t t c  the stem 5s 

cur, tkep win s p r a t .  Cassava tubers keep %ct the roff for a 10% t~;Pam 

S f  the pT&n~ar are a a ~  at, Earnesting is usrrafl,p done ia cha dry  seasm 

where rainfall 2s seasonal a d  throughout the year in conrf~xw.lIy wet 

K m s  caa be bzveaeed once or mice fa a growing season. The tocar 

yield in a season i s  mt affected by kameattng frequency, Rowever, 

farmers m y  get Ughar prices for early brpesre4 ~ r a s ,  and better 

quality planttag mtsrial is produced at the second ?mweat.  EaeIcng 

quality ts best 4 t h  the sfngLe harvest system* When double hruestfng 

i s  practfced, the f i r s t  brvest =st be done carefuLZy so that rhe plant 

surul.~es. Soil is ramved Erma around the tuber w%thoar dismptfng the 



r606C S;SZSZ~IZ.  T.ae a s k t  %s Ctfr -below zhe base crE the sten s d  the sofk 

is replaced over the roots. Tubers arc fmarvest& agafn witktra a feu 

veks after the leaves drop. Under the sfnglc hamest system, lifting 

Ps done after seneacenee. The vine Ps discarded, antP the tubers 

are dug wtth a spoon-shaped st%&, a fork, or a shovel, Large tubers 

stset be d ~ g  csrefofiy. Stme varieties produce particularly s~~ccule~t:  

and ftragfle ~ubcts.  

2, Sugar Crop$ 

a, Potages {sweet sorgha, sugar cane) 

Both m e t  sorgh .~  aad sugar caw are kmested for the: sugars pra- 

dmeccd I r k  their rpCa1'a. A wide variety of hawesting systems have k e a  

developed for sugar cane, Bowever, efforts EO develop suitable kr- 

stestfirg rarrchim~s far aorghm have been ;abnitml, bcauee meet 

sorghum is a anor crop io met countries, AnauL production in the 

V,S,  averaged Eess t b  &,OW ha betweerr 1973 a d  1975 CLipirlsky, et 

~ 4 , ) .  

Cum bhders are presenrlp used ia hamesting sweet sorghum, The 

budles  are ~ ~ t b a e s  s%ecIred ro dry i i n  the f i e l d  or war the prcee~sing 

facllrty. Ba.nr?Xes are Paaded into trucks or rraflerrr by h a ~ d  or with 

~ e c h a a i ~ l  Zaa&e:s. TApirtsky, et ax, rmgges~ed that some af the athods  

used far haodling dry alfaLfa may d s a  be feasible for sweet sorghum, 

b ~ t  ao reports OE theis w e  -re. found, 

Wcbfnes for bmestfng sll;rge can be ased to harvest fresh sweet 

sar~~tsz .  EXawevtr, tfie resultin& short storage Life may be a major 

prablem for st5aaaf proc=essora. If sweet sorghum i s  chopped t o  rhe sfze 

a f  sixage, cunverslon of sugars by reapfrarlon occurs d t h f n  26 hours 



(Broadhead), Breakdown of sucrose can Meur within 2 or 3 hours on a 

hat day (wall and Ross). EEswever, forage harvesters can Se modified to  

chop sralks * t o  b i l l e t s  13 ra 15 ca long by ~ v 9 n j 3  some of the 

knives, hereasing the feedlag rate, aad s l e ~ a g  the cylinder spe9d 

CWright, et d . 1 .  The cylinder speed, 'trowever, can mt be slowed w 

*cut and throw" type aacbfnes. On all mchiaes, hfocs mst be kept h 

good eoadfrfaa, and a sZow ground speed of 0.67 nr/aecond =sr be used 

for b e s t  petfarmaace, Billets of 20 to 60 cm length can be kept without: 

sugar Xoss for st least 48 hours tdth outdoor storage (~roatbead).  

Vri.gbrl er sl* poexnaatfcafly separated seedheads a& leaves fro* billets 

af s &zraaU (1.8 r)trou.r) processing pknt:. Appro%imtsly 13% of the 

seedheads -=ere tmt separated but could easily be picked out by ban2 

whfle &c biElleta were wnveyed to the m i l l .  Also, 162 of the b i l l e ta  

were last co trash, bzlt aosr: of these. were frcm the tops, .which are l o w  

in sogar, &fare p r o c e s s b q  for sugar a& sgrup, &et sorghum leaves 

aad tops are rewwed; however, thfs pracesa =y mt be necessary for 

etrkml prductioa C~Clurre ad Lipbzm'ky). 

A h i r e d  awsber of kams.stcrs have keea developed whAch cut the 

r~talks, rmwvo! *fee, and leave: the nXng fiber in the fLold 

(Bd5 laad rlrossE.. Sugar cane harvesters atay d s o  be used t o  harvest 

sweet sorghum, kut oladfftcatfans azity be necessary to  coflect seedheads 

separatel~ r[Fexrar", and Stewart). 

A 6 d e  wariletp af agar cane hamesting macMizes! b v o  been & w e  

loped aecordilrrg ta  the meds af spe~ific growing are&$. Probably the 

aos rt 

rhe harvesting steps. ntae $agar afie tops are cot Skrst,  then the 



stalks are cut or broken at the base and conveyed fnco the machines. 

The  talks are cut into billets, aud then forced d r  separates the 

bfflers frm the haves, The b i l l e t s  are dropped Into tractar-draua 

trailers traveling aloagsfde the hamestors, 

Generally, the fields are bu-d -before barvest to reduce the 

amount of 1 4  rmterid and t o  hpro0ae sugar refiaabflity. Bawever, the 

sugar eontenc of bumad caae 1s lover than t?mt of unburned cane 

<Baxte Wrcitz, Leonard, aad St-) . Some machf aes are able t o  harvest 

t*nbumed cane and are advantageass in areas where m i s t  conditions cart 

hide.rt burrdnq (Baxter), They are also used for harvesting unburned 

e m  for pfanttng stock, NschLne output is lower when hamesting 

uuhrned cane compared to burned cane, The difference tn oatput between 

C l z t  t w o  systems depends on the variety and extent of lodgiq.  

Coabtne harvesters are used exceosively fp Austral ia and in are- 

p r : , c :c tng  maderate fields (MeClure and Lipinsky). Bfgh yielding recum- 

beau, Cldgcd? sagar atrue, such as fotmd fa Florida and Rawaii, %s dif- 

ficult to harvest with most cwkfaes, although some recent mod&% w e  

dagigaed for w e  oar recuakat: sugar cane ("Harvester for Recumber& %arm 

" 1  Qtbec prabl- sasoclatcd wZth cmbine btvestiw include soSl 

compaction fro3 the h v  msthinea, as we11 as sugar -3ss -,ad decerior- 

atzon resulting frrw choppi~g CBamas; &Clare and LipLaskyJ, Sn some 

axeas water must; be used t o  olean the chopped cane before mfklfrrg, and 

large amxmts sf sugar are d2zssoLved an4 not recovered from the water 

Clhf fLngWeL11, 

"Sald%er" zsaehines are w e b  %a areas such as Louisiana where sugar 

cane neXd fits bw, lsna stalks  are erect, These uachiaes gather the 
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stalks, WE them ac the cop and base, and lay them m the ground in a 

heap, h e  machfne caa CUE ~EFO to six rows at a time =el place them fn 

orre heap, After mtciag, the heaps are burned* Xecbnfcal grab loaders 

are used to load zhe rtole cases fnto trucks or wagons. 

4a early roethud of mechanized hamesting, h i c h  is s t l L X  prsctkcd, 

fmolves the use of a bdldrrzer-Xikc push rake LO break burneb cane 

stalks and fsece J9to w%nctrovs* In wt areas, the push mkes arap 

pujil up 8taol8, so p-cutters are wed t o  cut the stalks and form the 

w f . ~ ( S t w .  Nechanical grab loaders pur the cane fnto trucks or traflers. 

W s  -sten i s  videlly used fn ElawaLt +ere sugar cane growth often forms 

a tangled mat uhich fs dif fictdr ro hzv lea t  by other a~~~zhanical mthorfs , 

Estit~aterr are that up to f K  of ttre sugar cane fs not recovered when ft. 

is barneared bp p~sh rakes and grab loaders (kmtert). Uso,  m i l l i n g  

probll- occur, became the stalks are not topped, and a great mount of 

extraneous mterfal is &xed with the stalks, Up t o  one-fourth of a 

load transported t o  a m i 1 1  zrcrry consist of trash, rocks and mud. Rocks 

map iwdvertertlly pass through the Cfeaang process and cause severe 

U g e  ts df ling quipenc,  

m y  about 20% of the wurldys sugar cane harvesting is fully wchs- 

3 i z d  ImPieLd &chanfzati~n'), Tbe remainder is wt by hand with spew 

c h l l y  designed knives, The process fnvolves cutting; the stalk at the 

bqse as well as the top; cben a special instrument is used to remove the 

Leaves, Senheehanized bfvesr ing system are used in Hexice and parts 

o f  Florida. Tfte stalks are turt bp 'nand smtd placed at right angles t o  

the sugar rows, ?%a the u%adrotrs are Loaded by m;ack.lae~ that c o w  

tinrrousTy pick up thk stalks and coavey rhea onto a cmck or wagon 



so~rlng allongside the araclri-ne. The wldrows iaa? a lso  be loaded by use of 

grab loaders, ?&mud EoaO.fag is daae in countrPes here  labor is 

e3eap and abrrndaaC, W%tk totally -1ta1 s p s t m ,  one Wrson ean '~ard2e 

approe=teky 2 tidisy CIarerzmtiosaf Land DeveLopent Conadtants). 

'*lea oaly *e c u t t b n g  fS done s a ~ r x b l l ~ ~  3 to 4 t caa be done Isy me per- 

s m  per day. Echevartta repartad that in bxico,  3,s t can ks harvested 

per day per tpaa ff cartag m& loading are done manually, and as mch as 

5,s t can he hameet& per ;oan per day with semiroecbanfzed systems, 

S w r    nap needs to be transported to the processing p h t  dthltn a 

few buts  of cutrfng t o  avord faversion and deterloration of sugars. 

The msc; rapid cam transpart system is coataiacrrlzed delivery by 

sd~raLPers* fn Mexico, tractor &am trailers ~ 5 t h  apadtfes  ttp to 

20 t and trucks virh PO t cq+z.c%ties are used CEchevarrfa). Zn the 

PkillipgPnes, trucks wfeh up tu 16 t capacity are used (Atfenza and 

Demeretto). The t a c k  and trailer boxes nay be equtppd -with chains or 

lateral discharge for rapid i;rrloading, Buffalo or bullock dram carts 

are used YhRrt cu~rJ= and leading ts d u e  b~ b a d ,  They are especfally 

usefd under wet: f i e l d  ~ a d i t f o - ,  because they are Xfgbtweight and very 

-euverabLc. &adage rate is ahut  0.6 f/b/hour, Steel framed 

dump%% kmllcarrs haue recently bees tnrrodaced tn the Fhilippfnes, 

'&en s m k l  ZranspQzrE vehLcXes are used dad f i e l d s  axre a long distance 

f rm the plant, the leads are oftea transferred to more ef f fcicnt 

traasporultion vehfcPes ascb as ratlroad cars. Xn the Philippines, pot- 

cable mLLs are s ~ t i m e s  wed to nrave hhe ragIraad cars Lato the f i e l d s  

far df met tramparc to Ehe sfll, 



b. Wots a d  tubers (ferssalen arcfchekes, sugar beets, fodder 

bee ts ) .  

As in the ease of sweet sorghum and sirgar c a m e ,  much -re effort: 

h u  been prpt fnta the &welopetlt of sugar beet 9nd fodder beet 

b n t c s t ~ t s  &an J e ~ s d e m  artieLoke krvestsrs, because Jerusalem 

artX&okes are a anor  a o p .  Steak eettia;ated chat at least fffty dtf- 

fereat, mger beet sod fodder beet harvesters are prcdzcod tn the wcrEd 

by approdaately twenty afferent companies, &westPng of J-saxem 

ztr~fcbokes fs m k n f y  done vi th  modZffed potato harvesters, although h a r  

Q&SE~XS d@afgBed. specif fcallp for Jerusalem srtichoke are befag 

&we loped 

Potato 'Lrarvetrters aeed rmliffcation because the Jerusgllern artZcheke 

rubrs  have smaller sfze, Ehfn.net skin, and uidar distribution in the 

soil * A n  potato tubers* The tubers are also strongly attached t o  the 

plant ,  so agitaeion of the potato digger mat be increased t o  break the 

tubers 3ioose CLdterrs). Injury to the tubers may result from exeeasive 

ag irs t i~o ,  Coaventfonal. potato Uggera collect o n l y  60 to 70% of the 

t a h r s  produced CDorSsd). Using hand 'Labor to pick up tubers missed by 

the machfm, 70 t o  80X af  the tubers produced can be recovered, Plma 

can be wed t o  l f d t  tubers, but they are generally less effeecive than 

pobro bmesrers or hand hasvesting (XcCfure and Lipfnsky). a n d  

PifrL~a with e fork b the amst efftctrve methud, but 1s nut feasible 

far Eanrge scale pr&uctioa where wges are high, Even when harvesting 

f s done ~ ~ t m a f  Ly, suf f fcZeat nupibere of mbers remafn in the soil to 

-cause sign;lfScaot voLuntcer -ouch the fallowfng season, Harvestfng fs  

dsrre when Ehc Leaves k g i a  to  wither and dle. The large woody top 



g;rmth -st be removed beEorte wc2raaf.cal hamesting. In temperate 

clfaates, ba~~estfag can k delayed ~ t n r t i l  sprfry, bar tt trrrrst b~ 

coppleted before spronting begins. 

Sugar bets s b d d  b haxvested when sucroee content reaches a 

m. Ac t M s  stage, the lower leaves ~ r r i  brown and &he upper 

leaves mm pUoo (Clenents; Xartfa, bmsra, aad Stamp). In temperate 

&replip, hmesting arst  be done before the ffrsc fro9:. Tbe harvesting 

operar;ioa fmolves l i f t ing the root, eurtlng the top from the ~ ~ l t ,  a d  

eeparirtirrg soil and trmh Erorp roots snd tops (Lipinsky, -t &.I. The 

top is cat efther vhile the ruet U e t i l l  is the ground or after 2% bas 

been If5cod, Usually, a separate top recovery machine fs used Lf the 

cops are cut before Uftimg. Tke pa chi^ eUES the tope fron up to sfx 

rewe at a c b e  sad gathers them -to a viadrov, Since &c tops are 

waluabLe Uwestocfi feed, ehey are collected by forage harvesters, men 

up to six rous of raots axre Ufted at one t h e  by a hsrverater which 

shakes boee the d%rt a d  conveys the mate -to a hopper or separate 

vehicle, Zf the taps are nar removed before lifttng, another type of 

br~rstlng mcbfne l i f t s  the plant s  a d  passes thest through rotating 

d i s h  which cut the topa from the roots. The topbl: are cat  froat the 

rmts at the base of t h  lowrtsc leaf scar- 

Barvestfag zrtackims aay hawe hoppers to collect the roots, or they 

may eleua~e the roots in to  tractor drawn trailers or trucks driven 

alongside rtre oacbiw. HachLnes -&th hoppers may not be effiefent h 

hfgh yielding ficlda ualtss they are *tied on be. move (Stealel. The 

topped rosts are hauled directly t o  the processing p l a t  or to a cenfral 

location for transfer to ra&lroad! cars or large semitrailers, With 



= e c M z e b  b~pestiag and favorable eoaditfons, 8 to fO ha oE sugar 

beets can be bweested &a a 24-hmr d a ~  (Lipinsky, et d.). 

frr the V-S., the transitfan frm hadd ta machine brtesting of 

sagst beets oceztrrd ktuee:tt 1943 and 1958 [Wpfnsky, et d,; Martin, 

kumxrd, a d  Stamp). lbwe4+2r, accordiw, t9 Steele, a signfficant p o p  

tion of the Bugaz beeta gt- ia Eastera Europe is presently harvested 

kp haad, Spetia3 rsjo-pruaged forks are used co Z f f t  the sugar beets 

mazuadly (Pkwling;). The dirt is knocked off, e t e  tops are cut, and the 

U t s  are pPlled in the ffeld. The topped beers are Loaded into cmcks 

or ~raflers by baDd or ~ c S m & c a l  Zouders, With a totally w a n d  system 

of bamcsting, 125 to 150 burs m y  be requfred to brvest, L ha 

CLiplplfnsky, et dl,), FIorse &awn -1em.emta for Iff ting sugar beets frm 

r k  mil were developed fn the L92OVs (Doulfng), They resemble two- 

T&eM steel plows ~ 5 t h  crrse or tvo f lat blades. 

3, SamBarp 

Cmplicneed, Ugh capacity hamesting a y s t e  are available for 

-st a i c h  are gram csxtensfvely i n  developed couatrfes. Rowever, 

s m b  system hawe amt )#en -11 developed far cassava: yams, sveer: 

sorghum, or  Jemssla artichoke, because they are hat important crops in 

msc: developed couaf:riss, Hechanjical cassava harvestars are being 

tested by researchers i n  several developing countries, so Increased 

mebniratiaa of c=iesssrrr ~ d 1 L  probably occur in the future. Also, the 

bamestiqg arethuds for sweet sorrgb and Jerusalem artichoke can be 

expected r(p frxprowe, tf the crops prove feasfble as feedstocks far eth- 

zoX or orher pr~drrcrs, Bsmd harvesting is a d s l y  practiced ~~r most 

crops g s ~ m  i n  develapfng countries. Efforts arc k i n g  mat.- - 3  tntroduce 

i n t e m d f a ~ e  form of tecbnr6Zagy for krvsstgng, Whether in, -eased 



iaechhatfant oilcure h a parrfcular developing country is dependent on 

the e c a d e  siruatSon and gcvemme~tal. policies of the country. 

. Alterwatfve: te&hologfes for storage 

The storage wizchod used for a particular erep bepads  da the tppe af 

crop, its u L t b t e  use, the Length of storage, and the avafiability sf 

technology. Tlte capacfw of the storage facilftp depends an the above 

factors and en crop aoaflabflitg v f t h h  a given radius of the starage sire. 

Ethano l  plants must be rtm year-round for fuel ethanol prcrduetftm trz 

be teck2caPLg a d  ecua&cally efficient. Therefore, if a crop 5s to be 

used for fuel ethaaol produccLon, it, or a substitute crop, must be avafi- 

ahre throagbut the year. Consequently, so= form of crop starage is 

muaL1y neeessazry durtag p a r t  of the year. Emever, storage may not be 

me&& Lf a crop can be harvested tkoughout the year, Likewise, if tvo 

or more different craps can be harvested at different times af the year, 

the need for storage oeay be greatly reduced, This assmftes, however, that 

the different crops caa. be processed to ethanol using the same facility 

amd process. 

The prim- storage concern r e g a ~ d b g  fuel ethanol production is to  

rn%d.sc&ze carbohydrate loss wing the =st cost and mergy effective 

storage aethocl available, ?!.any advanced storage ~echnologies for crops 

d e s t b e d  to become human fad are much too ecergy jlncensive and costly 

Ea be used £ox fw-1 ethanol pratfuctiw. On the. other haad, simpler 

storage aethads often used in less developed countries frequently do nut: 

p m d d c  long-tern storage. They may resdt ia excessive storage looti 

&for deterforath, thus making the rnerhads unsuitable for ethanol 

productim. Some a Wrage m-f;hods crrrreu t l y  used for tradttional crops 
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rreay be adequare for fuel etR%n~L productfsn. H ~ ~ ~ e t e r ,  it is elear: chat 

new storage techofag2es r5f3 be required ro stare the hfgh-bfmas8 crops 

cmrentlp be-hg evaltxatei! Ear clLanol produetfan. 

b s-ry, sraraw tectmolqfes for fuel ethaaal pradncrisrr should 

be sbple, eco~aa%cal, meem &fec~.f~e:, capable of d . a h % z h g  zPugar 

loss. E?slsfly adaptable t e~~ l crg . l e s  are needed far less develwed 

cumcries &&h labor, law capital kveststent) as well as dwaaped 

cotmcrAes {Zou labor, Mgb capftali h s t m ~ & ) .  

3, Starch mops 

a. Cereals (corn, grain sorghum, rice) 

Corn and rice generally contain 20 to  30% m~f~mre at  hamest and 

charefore msr: be dried prior t o  or during storage, Crab aorgFvtmr may 

require drphg, depmdrfrtg on armspkeric: and/or agronoatf c factors, Cereal 

grafns must have 13 to 152 aroistuxe ar 5ess before they caa be safely 

stored. 

X a  developed coumtr5es, 'batch and c ~ ~ r ~ ~ ~ u s  flw d y 2 a g  systems are 

ccmmon3iy used (Luh; P.e Darrm), These 3ys- are semi-autelnated and gen- 

erally w e  natural gas or other f o ~ s i l  f--1s as an energy source. fa 

recent y w s ,  Mews, solar energy has also been harnessed t o  power 

these dryers. 

In  1-35 deeLoped colercries, grada 4s generally dried by spreadfng 

it: on a fur: surface and all&ag 5t t o  sun d r y  for 4 to 5 days (Luh; 

De batta). This  precess, however, fs dif fLctdt  t o  control, because atms- 

pfrertc cd i t ims  arap be quf;ge varSatrle. Due to this f a c t ,  bacch dryers 

are ga%&g papdazity frr leas devehped countrfes. 
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Chee harwested & dried (if n e e e s m ) ,  tEe grab may be stored 

usfq  a v=9ew of !zeth&s. A storage nethod s h d d  n m ~ t  several 

irequ3~emesx~s: [I) it mast p r d d e  proper acrratia to prevent spmtstreOuS 

h a t h g ;  (2 )  it rsust errfntab the grab at a law mofsrmcr cmtmt (33 to 

152) sa as to preveat degxcadatfosn by aicroorganfsms and hsects; and (3) 

ft: prMde pruper caudamer~t to protect agaiast radaars, bfrds, 

&asect.s, d 9pLLhge CSfgEra ancI Muir) 

Xa d@%%!Topei comrrfe~, grain 5s genera31p stored efther fn large, 

~ e a t r ~ B k y  1-ted uare&etmes a d  elevates or t: -3Ier b5ns lacated 

w r  the prdueltlcm site* EUgb CZQE) fields per hectare, large hec~aragc 

WZdfags per famer, apd Ithe Q W L ~  lab5lf ty of t.rrmispartatim harmst 

4,-d to th3.s flexrEbiZTty. Storage Eer 1 to 2 yeurs is generally peseible, 

In less dewelaped wtmcr5ee, fs generaup $gored i n  stnsl2er 

qxpsac2z&es, aften 2st saeb or baskets dtltirr the farmer's hme (De Datra], 

&%(ML large wLtmes of &?ah are bpolved, grafn may be seared i n  bitzs ar 

bmakers. G r o h  5s often @tozed w a r  the produetion site, because crep 

y%el& m y  be "Jw, Lad k m l d h g s  may be sm9kl, or traasportacfaa may be 

1bSted+  S E G T ~ ~ C  t3xm %is Limited froos a 5- month t o  a year, and losses 

m y  Be h*h* 

b. WES a d  tubers Cpetatees, cassava, weer potatoes, ysmcs) 

The p r W y  factors whkh affect the seorage life of  root and tuber 

crops are taperature, re2azive h.&itp, w d  rhe cmditbn of the crop 

folloving hamest, Ttaeperature a d  relative h v d d i t y  =st be controlled 

d t h f n  sped f Sc Z b f  ts ta prs-t ro t t b g ,  S P X O U K ~ D ~ ,  respfraticun, and 

degradatan by P e S f B r  D m - d  tubers & rwts nmst a530 be elidmeed 

f ra  srorase p%les te prevent c o t t b g  (QLE;wwmrrl). 
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Xaay tubers Cpcaraes, sweet potatoes and yixzzs) are cured fulf&ng 

hzmresr ro increase srgrage IiZe- Garirrg -a a c s ~ ~ i s h e d  by subjecting 

t;he h~lbers ta ki@ teaperatare (27 to 3 ~ ~ ~ 1  and hi& ftmidfty (85 to 

$531 Ear +fi to 7 days M i a t d y  after banestZdg {Llmu-'E. CurZng 

pfamtcs rapid healfag eaE ~ d s  5nffPctd during bmestftig, a d  ft 

increases tbe t~rrgbne~s of rhe skirt (peridem] af the tuber. This fn 

cum sduces the EikeT3.hod sf ~cprabfal infecrlms a d  makes the tubfir 

-re res%s=nr: ccr u r a d * q  during s&sqrreat bndlf.ng (Ommeme). 

Potatoes are eft= stored &me or beJuw gratmd level fa mulated,  

ssbr?~relv~pat: -pru~f  b h s  or w&r&owes- These strueturcs a l l w  fur 

vek:rf%arlm and rhs precise control of temperature and relatave k d d f t y ,  

wLt5keh are etai~taSnet3 at 3 ta fsQc a d  85 t o  2M%, tcrspectively (Smfth) , 

Stsrage fez 6 re 9 months fs grmerdly possible. 

la 1-3 dewdoped emmcries, potatoes are stored above ground 

%a 3Las or barn ,  sr belaw g r d  ia.pLrs. nese storage metheds do rrot 

alLw far ceqerarrrzrc crr rclatbve Bsmibf~y carrtrol, sad storage con- 

4Ss5%rs axe therefore dependent on suwxqkeric factors, As a result, 

szorage time m y  be l-aed, and tube, . sses may be high. 

~ ~ n g - r e m  s~r01~3ge af cassava may nor be necessary, because ft can 

be ~ E W W S E ~  thr~ughout the year wbes roots reach mturit.,,. T h i s  is 

b p r m f , ,  shce prelidmry research indieares that che roots may be 

kept refrigerated for  crnfy up to 2 .week @AQ, Z977)* 

Swecz p0EaEoes are ofterr stored in temperature and *relacfie h d d -  

i ~ y  regulate&  areho houses fn developed countries. The wpt;i.mm temp- 

ersrure range for storage is 13 to le%, and ehc relative humidity 



Sveet potato storage less developed countries may be id under- 

p d  ;)its ar ia above ground barns. Tubers srap also be Eefr Ln cbe 

growad. aad hamest& say as needed. Amospher5c condftfaas affect 

storage r h  a d  tuber quality &0nwaeme] - 
Yatms ma?; be stored for 6 to  9 izonths in climate contralled roams at 

15 "C aad X a ~ r  relative h d d f  ty (Mestqf) . la less developed countries, 

y m  are generally stored b barns or on raised platforces fa the ffe1d- 

%th are ourdaor scruccuras dependent oa good veacflarfon for sucecssfd 

stetage. me vencUstion serves trro p ~ w s e s :  (11 tt prevents the 

5u3ldxrp of bf@ humidity which favors rartbg; ( 2 )  ft prevents the 

tubers Era mrezhesstlng due to respiriscfoa. These sttvctures are effective 

for yan starage through the dry season, but oxlee the rainy season starts, 

chrr tuber rapidly deterforaces. Therefore, storage t b e  is generally 

1ktxir~d to  less than 6 sronths, unless the yams are m o v e d  inside.  

The sZze af the storage facil ity for root and tuber crops i s  depend- 

ent 0s storage paerhcrd aad an crop availability. WIren climate controXled 

warebuses are u'tirfzed, economics of scaEe dictate that the storage 

5ztcLlity be Large and centrally located. The closely regulated storage 

c a d i r f o b s  reduce the rdsk of a rapidly spreading biefagical or physical 

action which could destroy the entire crop. Ta Less developed countrfes, 

small srorage SacilitLes with no environmental control are often used 

when transportarioa is l imited ut crop y i e lds  are Law. As a result, 

scarage Loss =y be hi&. 
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2 .  Sugar crops 

a, Forages Cswrct s o r g b ,  srgar cane) 

Sweet sorghum and sugar cane, when grwm Ear the praduction af 

crystal sugar, are getrerally Eranested and then Wediately processed, 

since sugar derrricbraticm beg%= ~LtELiri 48 hours after hamest: (Barnes). 

Therefore, in tropical or subtrapical areas where the crop ran be &raw 

aar2 'ha'poesred pear roirnd, tbe need for storage is elbLaared. Bowever, 

Ba t-peraee regioms where meet sorghm is behg  considered for fuel 

echaaol production, storage for 5 t o  9 mntbs is rqufred, Three form 

of srorage are currently befag considered for forage type sugar crops. 

The iassr g&bg process, which is adaptable t o  both developed 

a& less dsuvelo?eb countrfes, invoiT:v ,-"oppkny the forage crop into 

b55Xeis (stalk pfeces) 20 ego 20 a in Zc3gi3  (Wright, ez a l e ) ,  The 

b i z l e t s  are drfed to 15% w i s t u r e  using. ef",'.rer waste heat front the altco- 

bol pLant or heated air fm41 sir-htrt. c~:Lerl;ara. The drfed bi l lers  can 

chert 33e scared far 6 ta 9 montAs u~der xefl  ventilated, dry conditions. 

In dewelaped samrries, ~ ? ? t f S e . i  forage barwescars would be suit- 

able fur choppfag the crop iara b i l l e o s ,  and merbaizecE drying equipment 

C O ~ $  k no2if2ed t o  dry rhe bilEces. 'la less developed countries, ma- 

-1 labor ofterr could be used to replace machines in bath the harvesting 

azd dqirag processes.. "t nddizion, i f  a dry seasozr occurred dscring 

'rtamese,, "cke 522iers c~uEd be spread aut on the grad aad dried d e r  

atmspherie cox~diciom.  

X seconO possible storbage technique mkes use of technology devel- 

~ p e d  fox storage of kay crops, P.c forage crop Zs first mawed and f i e l d  

~ri.4 EQ reduce the mfsture  eonrent, 'En@ stalks are chen baled or 
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shscked 3~5%ag c ~ t c i a l ~ y  available eqnipaeat, The bales or shacks are 

 the^ stacke& fa such a way as ro provide adequate venrilatfon and cavered 

*5th t a q s -  The crop is gcxterally stared near the prsduct-iorr site, The 

=jar factor l M t 5 a g  storage tine L? the degree to rbfch the whale 

sra1b ran be dried under atmaspher-ic condftious, 

fa the third process, which is pru5ably must feasible $n dw-elaped 

cstmtzies, the forage crop 9s au*ired and then imsedfately processed 

tbrougb a roUt;r-type m u 1  t o  extract a d i l u t e  sugar sofatioc CLamb, Tors 

Bargcza, and Bashford). The fibrcus residue 2s left fn the field to help 

m.af.tsta&a sofl fertility a d  :Uth,  The dilute sugar salutfon, is thee 

rrzms;partad to a cwtrally located facflicy where the sugar I s  eon- 

ccnrratad t o  L.0 to 50%. Th&s solurfon i s  then stared in Large tanks 

anti1 use. me two disadvantages of th i s  pacess are that energy 

wag< far co~?ceatrzicing the $war solution is h&gh, arid a large anaunt 

o f  rz& capactty is xequfred for star2ng the sugar concentrare- Eow- 

(suer, %f waste heat or solzr-generated. hear: could be used to concenzrate 

the juice, this technique migM be feasible. 

b. b a t s  ard t-abers (Jenrsales artichokes, sugar beozs, 
fodder beeta) 

Storage a?F sugar containing root and tuber crops i s  primr5Pj 

dependent on twperature, xelarLve humidity, a ~ d  crop conditfon. ?%+re- 

fore, mxSmrP szorage l i f e  is achieved wherr wdamged r(sats ar tubers 

axe stored %o a c l b a r e  conErolled enyrlro~s;2r;, 735s meehod af storage, 

havever, m y  be too crss~ly Ear the purpase of czhanol producriorz, and 

o e k r  processes may be needed. 

dermsafea axtichokes E~ve  a thtn skkn which makes them especially 
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k 2 o v  zero fog) conditions mder high humidity can inbibit asicrabial 

aceack f o ~  prolonged periods of the  CFH-g atzd Groat Wassink). The 

m o s t  satisfactory storage concfitions are 0.5 to 1170~ and 82 EO 92X 

rezative hddlfty  (WGIumpLty, et d.) .  This method requires a climate 

controlled storage Eacfiiq. 

AxrlcMke tubers may &so be left in the g r o d  throughout the 

winter fn a frozen condfr5m. Tubers can then be barvested in the 

spri~rg. IP 83me c lhaEes ,  the tubers me? be harvested as needed duriPg 

the yearlong sat-kg aezson. 

Sugar beet and fodder beet storage methods have been Reveloped for 

beet sugar processfag plants (Fox; S d f t ) .  The most cost and energy 

efffrieat process involves below ground storage ~ earthen p f t s  lined 

and COVET& vich pdastfc a& straw (Bayes). The earth and straw sewe 

as insulation, ghereby miarafrtfz~g a low temperature ( 5  to 1 5 ~ ~ 3  and 

elhSrratLng costly zefrfgeration. Veatilacfon is provided by holes cut 

through the plastic I-ng at regular atervals, Storage for 6 t o  9 

momhe i s  possible ,  and thls method may be adaptable f o r  both developed 

and L e s s  developed countries. 

hother option for storzge of tuberous slrgaz crops Ls to slfce the 

rubers into pieces and dry tbm t o  10 t o  IS2 mulsrure (Dykgns, e t  al.; 

S ~ G 1 m p t y ,  et al- 1, This req~ires a large energy input, huwwer solar 

mere or waste beat might be used for drying. The advantage of drying 

i s  ghat the troy c o d d  be scored year-round in well ventilated bins or 



C, .XL=eZnaEivs tectrsQI~g5es for processing 

The follaring factors af f a t  the desfgn and/or operatton of a EueE 

ethanol p l a t :  (L) CEOP{S) to bs processed, (21 source sf energy for 

fuel e z b o f  pbnt*  (3) coacetratican of ethanol prcrducd, (4) uft5mare 

use of feed byp.jz&utf(s), ( 5 )  size and locatiua af eth-01 plant, ar#X 

(63 avafiatti1,i~gp of &LlSed labor, However,  regardless of these factars, 

an oper-atiodL f*f ethakzof plant wLU require equipment and tehufcaZy 

crdaed oep~atozs, Necessary equipment includes: (I) cook -cf/ar 

Eermarzir&ua raob, (2)  a dist5Uacion tower, (3) a Ed-byproduct re- 

eovezy system, a d  (4.3 a st- buflet. Tecknicrally rr&ke& operators, 

&ri the t i c l d s  of m i ~ o b b l o g y  and engbeering, are also required. Ocher 

requfrepreztts for rhe fuel etbamX plant arc sic& specific, and trade- 

affs  bere are possible between the needs of 1-5 developed catmtries and 

BmeLoped eotrotrfes. 

'Zu less developed cotlrztrLas, manual labor is relatively cheap and 

abuxxbmt, %owever, tecWcaL equLporent and people vttb technical exper- 

ience arc geaezaUy in short supplp. The opposite of chfs situatfotr 

occurs in developed countries. Therefore, in l eas  devebped carmtdes 

mamuaL labor may be substituted for equfpowt, whereever pvrssible, fizz a 

fuel e~hamf phnt .  Qa the o e k r  had, in developed countries equipment 

i s  l ikely to  replace maul labor. 

The s u e  and Pc.=atforr af the f a d  ethanol production plant; d&pimds1 

is parr, on E ~ d s t r r c k  ;zvaZPalsilSty and associated, transportation costs. 

PPiarrr sfzc is 1MteS by the awtsrrt of feedstock produced witbin a given 

radius fr- the pzant. k s t s  m y  be prohibitive, if the feedsrockmust. 

be :rawported from tea &rear. 8 distance, By the same reasoning, the 
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plasrr. should be cesrrrally located 5a fie praductfon area to da imize  

transpareation costs. If the fr&stock is stared in one large, ceacra3 

facfife,  the er-1 p l m t  s b d d  be located in close pruxkirp. If 

zhe Eedsteck is stored fn smaller SaciPitSes located at the a g r d c  

prgductfm sTte, the e&moP p l m ~  should be Icsca", ceztrally vith 

respect t o  these sftes. 

3 ,  Starch crops 

a. Cer&s (corn, grab sorghum, rice) 

lkm processes are US& to colsvcrt cereal gr& to fuel ethaoL and 

d%sriUersW f e d l  Zhe w e t  nzfllfng; process ECssepZ separates the cereal 

grain h c e  three major fractions-starch, protein, and o i l ,  The prateh 

and ofi fractioas a n  be llacorporated Ln human ar animal  foods, wh%Le 

the starch fracrion 3s saccbarfiied to glucose, w h i c h  fs then fexmentcrd 

ro ethanol. Thfs ethad requires a large iwestsrent fa capital equip- 

meat and 5s energy facensive. Therefore, due t o  economies ef scale, 

rbfs process Ls crrxLy ppractfcd for plarsts producing at L e a s t  20 to 30 

z&.l12~>n gallons of et-l axmually. 

Tbe 8rp onfiling prb~ess, on ethe other b a d ,  reqttires a much lower 

cap$.taX fmestment and 5s less energy intezsive (USDA, 1980b; SERI, 

1980). Therefore, i t  ts practical Ssr plants producing as Ilttle as 

0 -25  aillfen gallens QE ethanol an.malIy. 

Faur steps are ~ e ~ v e d  in ehe batch C O ~ C ~ * S ~ W  05  grafn t o  ethanol 

and dhtiLLersf feeds using the dry d l l i x z g  process Wsstbp a d  Gibbons; 

Gibbers and Vestby, L983b). Durfag cooking, c'ne first step,  grain i s  

tramsported f r o m  s~exage and clean&, using air cyclones and rrragnsrs, 

me wain f s  rhea m L l l e d .  weighed, a d  auger& fnto 3 cook-fermentatton 
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r;a& f filed k%th rater at~d a -11 quantfty af anqlast enzyme, The 

corrr-uarereaqmc slurry, ca l led  mash, is then heated to 90 to 95% and 

held for 0.5 to 2 bars. During tEris the, the amylase enzyme comerts 

the grain szarch to dexrrfns. Tbe wsh is then emled to 55 to 60%. 

ehe gE 3s adjusted E m  3.8 t o  L.5 rith sdftnic add, and a d l  

quantity of amylo@acosi&se e m  sis added, After biding fur 6 to 12 

bars, du- W e b  t h e  t3e des- are co.rmesrted to glucose, the mash 

3s cooled ce 28 to 30% and is hoedated *dEh a crilture of peast. 

During f trmtation,  the second step, peast c m t t s  @ucase 

t o  ot'tr;;euxol a& carbon dicrxkde. mar is also sererate& by yeast auring 

che femsmtstfsa process, and fr: must be dissipated by cmXig t o  p r e  

vexz.~ 2sUkitfw of yeast fezmentation. After 48 to 60 hours, femueatatfoa 

3.s complete, a d  the mash, new cal l&  beer, cantabs 8 to L 2 X  (vfu) 

etbnal, 

In the thkrd s tep  af the process, dist i l lation,  beer fs contfnuoualy 

paraped Snto a a%-e place d b ~ U h z i m  r w e r  t'nat produces 95% fuel 

ethanol a d  stillage <et"aanul free beer) C S t q ,  e t  ale). Alteraatfvely , 

the beer be centrifuged before d&sziUation, ti the dist5llatfan 

ccwex 2s of the type ghat i s  caogged by beer solids. Eouevex, here 

abur 152 of the efhanol 5s lost fa ehe salZd Eractiaa, The 952 ethanol 

fr- d i s t f ~ a i i a n  caa then be upgraded to LOOX cchrwl in a separate 

az&y&row distfilaEisn colsana, 

Ia the fourth. step, the stfllage i s  coatinu?wZy pressed or ten- 

erffuged to separate t.5e sol id  fraction <dfstLllerst feed) Era the 

LSquM ftrisctkm Cth2n stflbge). The dlsc i l lers '  feed is used pximariLy 

as a high proceirr supgLe~enc i,n l f ~ e s t o c k  feeds 7nd pate  of the t h h  
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s~akzge  is used to replace a pertism of the w a t e r  added to corn fn the 

C O O ~ ~ E  BmCCSS. 

ThZs general dry ~&lEZng  process is suitable for both d@v&oped and 

L e s s  dewdoped countries, me process is reasanably s b p l e  sad rqdtes 

a af operator expertise. R%e process dsct lends itself -1 to 

deropprocescor c m c r ~ X ,  &ereby reducing r h ~  labor reqdremeats Tor 

process d t o r i n g .  Xn larger scale plarrts eontfnuous cocrk%ng srrd 

c c m t ~ ~  f ~ ~ r ; i c f m  prmcrsses nay be subst;icuted far t r a d i t f d  

batch processhg to rake ad-tage of a-able t e ~ o ~ ~ g p ,  

. bogs and tubers (potatoes, cassava, sweet petato, pams) 

Ccanvarsim of starch cmzitfnhg root: a d  tuber crops to fuel  ethanol 

and dfscillcrs' feed can be accoraplisheb by asy of three processes. The 

wet: d l 2 i n g  process (Casep) separates the crop Znto a protein fract5m, 

whbcb can be used ;fa f& or Eds ,  and s starch fraction, whfeh, earn. be 

saccharif$& tu g I e r s e  sad then fermented to ethmol. Due to the large 

capfm1 imesment a d  e c d e i  of scale, this process mast be operated 

on .am annual grrrductZm scale of ar: least 20 arillion  allo om of eebnol. 

Zhe dry sf1Z- precess CUSDA, f980h: SERX;, 1980) can also be used 

eo camerr. szarchy root a d  tuber craps t o  ethanol. The same fo r r  step 

prwdwe as descrSbed far cereal grafzrs can be wed (l.e,, cmkirtg, 

fezmmtar5m, distillatfort aznd c~fr-ifugaclon),  The major difference 

bemeen ghe two  processes is that oafp k zo 6% (v/v) etlmanod beers are 

predtteed fraa tuber craps, as. emarrd fcs 8 to 125 (v/+v) beers ~ 5 t h  

cereal crops, 

Tee eifbferema is due tcr  r&a law starch, high mfsture eontent sf 

~ U ~ ~ F O W  CrQpBr t.%erl pulped 3rd dxed  u i ~ b  warer in the cwklng 
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process, the resdcant high visrasftp gf tuber mashes limits the mmt  

of ruEcer pulp chat can be added (wichat &Lug, d x h g  a d  pump* 

d i f f i d r ) .  T2iksy E O ~ ,  limits the etltatlol concentratfm of rhe h e r  

£ o P l d n g  f t ~ t a t % m ,  a& imreasts energy c ~ t i o n ,  for dfstf-r- 

latiort, &mequent.lp, p r d u c t f ~  costs are higher tharr costs far L 
ptarresshg cereal craps. 

The dry mi41- p r o a s s ,  W e r ,  be feasible for both developed 

asd less developed emmtc%es %f law cast energy sources f ~ r  d f s t ~ ~ t i m  

are avaf3abLe. Starch cmtaLrckm$ root 8nd ruEier crops cart be C C I W ~ &  

ccer Euel ecbawh a d  w e t  dbtiflkersc feed wit8 a &nf.mm of operatar 

~xptwr%st. As ~ t t e  e m r s i m  of =el;eaL crops, arfcroprecessors ~ * u y  

bc wed ro replace sate pl-z tecfmlcfam, 4Lnb caarknucms prceessfng may 

be des5rablle Sa IargrscLe p h s s .  

A tbkrd o p t f a  far csawerr* star& cantarnag reot a$ tuber 

craps to et-f i s  aefid phase fenmktokim (Mdoo, B e m y ,  and geed; 

Urby and 3ardarnI- fa &e se l fd  phase: femm2atfun process, the crop 2s 

f i r t~  pulped, a d  ekte pulp f s  $hen foM:datect wtzb micraorgan%ams Cltkby 

and %ardud. '13e msy be a ~e-eulture* ssrrutfdag both starch degrading 

ergmists [I.E., %ac33..lus ar kpetgil%us spp.) a d  glueosc fementisg 

~ f $ ; a d s z ~ ~ . ~  [f .e , Saccbrmzyeea or Z m s  spp. 9 , or it m y  be a 810- 

e;dzure, cextstsr9ng of an ar$tnnfm able to both hydrolyze &Ear& a d  

fenwar: ehe resdtm1: glclcase co echmol (S-c., Scbartnicmyces spp.) 

(Obwafe and I@&wl. Xu ef ther ease, the p L p i  i s  then allowed to 

Psmenr: f ~ r  36 zs 72 h o u ~ s ,  Z"oLL&ng Eez~enrat i~s,  the pulp i5 pressed 

as4fur dried za recetver rhe 8 so PO% (Y/.Z) ethanol beer. The beer &s 
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~ * k a  dfsziZk2 to pt&'~ce fuel ethanol and the d i s t i f f e t s '  feed is us& 

IZves~clrek rations- 

This gmcess sbms pterrscial for prdrt.citzg ethml and dist5l lers*  

feed E m s  mot sad c&r E W ~ S  a= Ps~t*er costs an& etrergy eaitsrzlrnprirxr 

r:ba efzber =Be w e t  or 8- taWLhg processes ( G i b w ~ % ~  and Kescby, X983b). 

'in addPricsrr, s5ace rrke prmess fs swler, =here is less need far skilled 

b e  B-r, the solid phase femtx&atfon prmess %f rdatfvely 

a-, a d  P P ~ C ~  =Z:C research f;?i a&& before ceuaerddfzatfaz can beghc 

%%at research s h d d  detembe opt* fementathm p%raneters &ad 

ops&trsi femakcor da9Qn. 

2. Sugar craps 

a, Furages [mze~ SCT~@=I, m&ar  cam^) 

Tlac asst widely used prwess for c s ~ e r t f ~ g  forage crops to atbrtol 

5s fermmtat%an of d2ffwgd fuke .  En the manufacture of ethanol ftm 

sugar cam. far -fe, she came is ccmveyed through rotdtfng ' dves  

d / ~ r  sfiET&ar~. The r~auPtbg coarse, f%brms SLariket: of cane then 

passes through a magnerfc c h t c  {to remove tramp metar) sad 5nto t;he 

ffrst  d k l  emher. F e L 1 ~ a g  this+ the cane LS ~ L ~ e r m t e f y  sprayed 

w5rb wager a d  pre~sed wleb up to six  or  wre mill crushers. The ex- 

h a w a d  fXber (bagasse) e d r s  the Last roll and 5s generally used as 

bfber fuel+ Tbc nil1 juice is cksriffed., csncmtrated, and Qemwted 

ro arhrm~ a d  the beer is suETseqrren~lp disrflled CBames; eTSDA, P98ab-1, 

nis; pxacessi m y  also be suitabfs far e E b r r o X  pzoduc~iurr frcrra NeeE 

S O X ~ ~ T Z L  Bmevetl the Large cap2taE imesrprent required far equipment 

3rd %be med fur fresh feedstock E ~ & E s  the oppSiear5aa af chis tech- 

asH~gp t e  Largo-scaZe pl:Aars Locat& i n  crepieaL areas, 
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hac&eraezPrad f ~ r  abra%aLx%g sugar juice frat furage type: sugar 

crops gfs frt-Tidd ~ ~ e c h i d  apress5aa &aab, Vaa hrgen, a d  Bashf~tb; 

B q a a ,  et ale). Pn this ~ ~ Q C E S S  the crop is p s e d  through a series af 

foEP.er m i 3 . l ~ .  The pressed stalks are PeEt tn tke f9el6, ax& chle jdce 

%s z a r t 4  te err afeokaf p l a t  @here it 5s ccrme=trxt~&teb, femwstcrd, 

&kf &SE=& CB P Z O ~ U C ~  d ~ o b l -  

l'h&s p1:~cpe.s~ fs sdtabPe f c z t  b t E r  dewelrsped and less drr~elopd 

cm,mcr%esj hewever the fdce  storage prebLez~% ~ t f e n e c T  prdoo9Lp ratv 

Z M r ;  5- appPiasfm zo c r u p f d  aresta where the fresh fe&tocfk can be 

hamrtra~d year-r . ALttrrtm~.%valy, Irs s&er@pfeerb ar temperace re- 

g%srs~ef, cbe eebmP pXazc c d d  bs = w h g  azmEhe.xr, mare easily stated 

fdst;cgy:k whea the fresh forage crop %is net mraibbla,  

k%er~ &fed Earage bidhetir ate d the et'bnrcrl plant can tne operate& 

k%ag maLmt& far etbw1 prsductfcm frm forage ersp bmets. ?Zit& 

BCEPIC$O@ e 0 v ~ ~ r P ~ s c  

h e  3mes.s uses t TL&y segsrzktsrl: ED rsirrcrrtfe the su@i%r smktabning 

pSrh sf forage biI.fem f rsrrr. t'ae fiber caarskdng r i d  (&CZure &ad 

LfpfwPj; &ipf&sky). The rind f2ber %s a vakmhle bppr~&ret; wed &n 

e o = ~ ~ ~ z z c f i e n  ? ~ ~ K @ ~ * % E I S ~  The pfch eazt be xehydr~~ted a d  pr5;:socEd to  

wsever sugar j w k e  vkLclj ezm rhe~ be femrpred Pa efhmX. 

fa E%@ EX-PBW prmzeas, 4welw& by RQEz, $e Cabrera, an4 Garcia, 

ferage ~ r ~ p  b i $ i e ~ s  axe ~sxrracced a d  Eemetz~eb siaw~taxeeeurr%y in &a 

&~E;(I)@w ~ L ~ P E ~ ~ F P *  FollwFng frrmerrta~foa the ~xt1:ab*t& )P i l l e r~  are 

reewe4 k ; 3% 05e Z O ~ - C ~ E ~ Q ~  ~ iquid,  3-& fresh Billets are added, 'gttcx 
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tcr  Eltree such c f ~ e l s  are necessary- co abtafrz I O X  CvJv) ethanol beers. 

Ta reduce ~aeer3.s.l 'aadlhg  pr~bfems EEarfzonzaJ: packed-bed fernentars 

are reclamaemded CWlz). 

A & f f Z a t % m i  of tbe EX-- pracess, tern& diffusfan fermentatfort 

CG%bEKaw a d  Vatby,  198%). sEHNS even =re ;rrdse frz reducing mtcrfd 

M d 3 h g  pre'ttlsns. Bere the b U e e o  are augered &rough a diffttsfetrt 

Zememcr agahr: a flw of water and scspaded yeast eeUs. As the 

bEUecs fiwmgh the fermentor, cbe sugar fs dfffused into the 

s u ~ ~ b g  ~7iter, vbre  yeast eelfs f m e :  this sugar so ethaml. 

Exitbg from one arm2 of the fe-rer are exbusted bfllecs which are 

a& $3 P&vesr;=k racism, and frm r;he o&er ex& exfts  8 to TOZ (vltr) 

azhmel beer SrhfctEr is ~ b e n  dfstilLeb. 

A r*hkrd process 3s seUi phase femetrtatfon [ E i b b n s  and tfestbp, 

l983b; B r y n  a d  BarrlsbP. Th5s prwess is used for starch, csntsfn- 

%ssj zmrs a d  cubem am3 fOP described the starch erop prscessing 

sar~ken ef t B S  rep?r~, The o d y  dffferencc betwe- processing starch 

a d  sega? C ~ ~ P B  i s  s b t :  gherr 5s no need fat: PmcuTatiag elre p d p  o f  

sugar crops w%th starch degrading dcre~xgaa%ms. OnPy sugar feraeating 

&trr4aW, s w b  as %aeeJS.g.r~m~(~es cerea~fside, are required, Ef drfed bfl- 

Bsm as& in fhe PZOCWS, Xbey are first grog&, and the resultant 

paEp 2s rehpdrared p r h r  ~a fwculat2on. 

Each ~f tbse  prmesses are llkefy te, produce c~hanol and Seed 

5ypaadwr frca~ farage craps at Imer t o s t  and energy e ~ p a s d i r u r ~ s  t b a  

rhe sqar c a e  ~ e f f 3 i n g  process C Z S ~ Z B Y Z E ~ ~  used, However, since these 

~r~ces.r;cs  are zerr~, research Ls ase8ed ~s sprfaclze fermentstfen paramsfere 

and fermea*-tmr heslga before cwm.exefaS sppliwclszr can occur. 



b. mats and tubers (Jerusalem artichokes, sugar bests, 
fodder beets 

& bras the case with forage cropsF  he =st commw me&od for 

prodax- etharnol from sugar containing root and tuber crops involves 

feraencstion of dfffusfoa juice, Sugar beets er fodder beets, far 

example, are slfced into cassettes and auger& throu~b a dfffusfoa tube 

against: a fXcrr- oof b r  (70 to ~ U ~ G )  water. Ttre extracred sugar so~ut50n 

&tfzkg one end of the dAffusar can be cancentrated and then fermented 

re ethanol, *fie the spent cossettces are used as Livestock feed (LSDA, 

1980b). Hais process, hatever, fs energy, cost, and tec'hnologp -5rtcen- 

sive ;md therefore f s  aoc practical for less developed and mest clev&oped 

csuacries. 

&re p r m d s h g  cornpersfon metbods for deuelcrped and less developed 

comrries 2nelude ehe EX-FPfm {Rolz, de Cabera, and Garcfa] and solid 

phase fezmeatatfan Ctibkns and Kestbp, 198%; Kirby and F a r h )  pro- 

cesses described p r ~ o u s l y  for forage cropti. These pmcesses should be 

=re cost energy efficient than rhe diffusion process. Hawever, 

sbce they are atUP tn the developocent phase, commercfalizatio-rr has yet 



IW. Eemdsss af Producing Ethanol frm Altelmatfve Crops " 

The preceding seczicms of this report have been raneemed ~ 5 t h  the 

physfcal and rccWcaI feasibility of produc2ng fuel altcahctl fram alter- 

rrat5-w crops. CenrraT to these d p s e s  has been the examination af the , 

phy8fcaP c ~ r a ~ t e f ~ t i c s  of each sf the selected crops-their fields 

under differeat cEhatfc and soil cunditfods; the merfreds af plarzthg, 

harwmtimg, d storing each crop; and the: nutrient and ch&caI content 

of each trap whkh fmifcate those processtng operatfmzs that are l ikely 

ro be suc.cessfd %a pr&ac&n& an aeeeptablc pfeld of fuel alcohol, 

urtaough beterm2n- rhe ammrt of aleohel. that= be produced fs 

a netesaary ctrp in seleettng a feedsc~ck for fuel slcoEroL prodarct5ea, 

i~ 5s WE a sufffcfent step. To the teehn5cal feasfbflLty analysis of 

g r & ~  a crop far fuel akcobol productforr must be added the: ecanamic 

faas&bfLPcy of sue& an wdcrtak5ng. This section of the report reeks t o  

emabbe the physica1 parameters of crap productiw, storage, and proees- 

sk-txg Lots fuel aEcob1 w t t $  the cost parameters aasoctated w i t h  each of 

E ~ Q S ~  pxcduczZrrn steps. The ontc-e should provide a basis for decar- 

nigizq T&aE crop or c m p a  are safred for fuel alcohol production at  

least cost frr var2.o;~~ less developed coune+ies (LDCs) throughour the 

w r l d  an& %a f3e So.r"t&ern FXains of the EI.5. 

The argaalzatfarzsl format: aE thfs seet5on i s  similar to chat: of the 

pr.se&in% seccims, TSe crvps selected for arralysfs are divtded fnro 

CYQ Q Z Q U ~ S - - S C ~ P Z ~  fP?PS a d  sugar CrDpS. From tkat point an, each Crop 

2s i s . . iv idual ly  e m l a d  ro deternine erap prices or productfon and 

barves~2as; cssrs, starage a& process5ng  cost;^, and byprodarer credits, 
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kEiere daca permit, a range? of east esttrsates is prcreided for each crop 

Co reflect: whether c s t  aot a amp 2s 5rrigared, ( 2 )  pr~ductian in 

d5ffer-r: climacie z a e s  of the! earth* and (3) different processhg 

teckmmlogfes that may be wed ixt dewdoped catmtrfes versus tecbslegfes 

E&Z e:~ be med in less d-eloped ramr=tfes. 

PSere are certah proe&res tkat are as& in this study to deter- 

Wne cbe costs of proB~t~=b.g fuel d ~ 0 b 0 3  regardless of the fedstock 

b e  me ikssqtiozw used with these procedures ere staced 

here EO ma%d xepetit5veaess through~~~t  the reaahder of the report. 

h e  rof these asmstpticms cr=zems the cast of grervfng and hsmestfng 

tbe bas%r= fe&stbr=b far alc~hol  pzeductirm. Wherever adequate price 

dam are abiflable, the eosc fs a s s 4  ra equal rhe average mtr'ket 

'S-, caIcz&ted wer the years 1379 to 1981. B e  

base )sear ~OP: ~ b f s  study's analyses is 198Z, All cost data are adjusted 

s,breugh rhe w e  o f  pctcs  Idices EO fndicatc their value in that year, 

Wr'et: pr%ce data for =st o f  the crops being exam2aed in thfs 

reperr are awsilable for the G-S ,  and b many cases, for SmrB Dakota, 

Tdose craps far ubich F.S. price data are avsflable include corn, grain 

C B F * ~ ~  r5ceI p t a E U Z S a  S#gdf ease, Sugar beets, a d  Sweet pQlstaes+ 

are mrt pabSfsbed, well-ese:rbEfs2re mazkeE pdees  for cassava, 

yams. weez s o r g h ~ ~  f&der beets, ar Jerusalem artlehokss. 

3%eorerie&Ey, the ;n;~rket pr%ees o f  c~mmtsdities s b u l d  refleer the 

la~g-om rssdl cast of prmhcicg, swring, arsd cramp~rt2ng those corrmaod- 

s FZms prwkckng frtsl aleahoL are competing wfth other users of 

i r f e s  a d ,  therefore. eaz expeck to pay warkerc prices for clle 

~ E & S F O C " ~ .  
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Batever, chere are same problems w i t h  aszag market prfces af cammad- 

%ties for the assmzed! feedstock cost Ln aLeshol producric,r--especial1y 

far those ecmmdfties h w h f c h  these is a 1ktxir;ed marker, such as pota- 

toes, sugar beets, and sweet gmtatoes. Gezerzlly, the prices paid per 

m3.t to fa-s for these types of ccmrawditfes are qafre high relattve 

ro ather agr5cdt~ral CFDPS. ft is ~ ~ ) s s i b f e  that zn axpansfan in the 

supply of 2 ?arrPcdar cararpaditg. could lead to Iuwr average per uait 

produC%hxk coatts, thereore lmer prices  (Lever akohul feedsto& 

coat) paid to producers (assudng a cornperfrive market for that can- 

mdicy), It is &SO p0ss;EbTe that higher prices will be required to 

hriag f ~ x e f l  larger quanzfrres of some feebst;ucks. 

A seeoad problem w5ch us- prices paid ee fame- for c d f t i e s  

to represear: alcohol Peedstoek casts is that the markets from which 

ehese p r i e s  arc eafserr may be dfstcrted by gavemment polfcies. These 

~&SZQ%?E~C~S wag result frm goveromefk~ subsidized price supports, govern- 

zect heLd r m m d l t y  reserves, or ~estrietfons on imparts and exports of 

cmmmdities. me Latter bfstort$*m is especiauy applicable t o  sugar 

crops, b w h  t r k  cbe C.S. a d  i n  mazry Less developed countries, 

The rwdr  of these distcsrtioas i s  often an artffic%aUy high price 

paid fo r  the offecced commdZzies. This, in turn, has an adverse effect 

an t'he eeo~cmic fessfiiliry o-f ahcahcr2 production from chose cmmo0ities. 

A t  present, tEese mrkez dfSstortfo~1~ are realfties, b u t  t5e elizdmtfon 

af  suck 82stor;c,faris i s  an ax- that policy zakers m y  want ra consfder 

when c:wsfn,frcg fuel alcoh~2, r;rodtrctlon ptsss ibi l f t iee .  

PubLLsheE l a f o m a z i ~ n  on local c o m d f t y  prices for most developing 

c~tu?rrZes was 30r: svaf&%le to US os we carrted out ~ u r  economic analyses. 
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a:cz ast readily avaiLabfe isere cost data for canstmetian and operation 

of fuel aleohof plants %n LIES. This study takes two  appraackes as a 

result of these IWrattons. 

f irst ,  fn irshg c~.zmdfrcy feedstocV- prices, we assme 20 &ifferenee 

in feedstock prices b e m e n  " X s  a d  developed cotmertes, =eept &ere 

specific data indicate otheruise. Although cbere is likely to be a 

quire differeat m i x  sf inputs far producing feedstocks in developed 

com%rfes corppaxed co LXs, there is no a 2rfori reasun to necessat'Sly 

b z l f ~ v e  that the average cost per unit: of fsedstock df f f er  between 

I! mm groups of cacurtries ,- 

The S ~ C Q ~ J  approach pertains: t o  the cos: of processing fcedarocks 

f n ~ o  fuel, alcohol- These casts are likely dtffer batween developed 

a d  less developed eou=rries. X o m l y ,  i t  is assmed t h t  WCs dll. 

subsr5r;ute labor for capital ft- where it 1s pasafble, since LDCs have 

a selazf~e abundance of labor compared t o  capital. Kuwever, this may 

w e  be possible in fuel alcohal prod~ccf~n . .  To perform bas ic  processes 

of t%e industry requires a cerzaia amcrmt, sf capital eoastruction. 

Also, may of zhe p a p l e  emp?.oyed in the alcohol plants need to be 

trained Ln micx~bfa iogy and engb.ecr-kmg at sma dnimum level. 

For most feedstocks, there 8T% 30 publish@& esthates o f  the cost 

af  procLkssf3g c%e cumirmb~+p taco fuel aXc~hct1 for LDCs. The World Bank 

(Farld Bax1i4c, 198tI)) notes that actual processi3g casts are going to be 

c o m t q  spccZdic- However, fo r  p u ~ c s c s  o f  comparison, the Bank has 

LF'%*wever, hecsuse agr fculture is generally less ef E i c  ieat  and lower 
y t e l d i n g  23 aany W s ,  costs per unfr of a csaraodity may be higher. 
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d2vided coun=ries b t o  three catsgorizs: f l !  Low cost cu~tntrfes, ( 2 )  

medim cost colmcries, and (3) high cost cau~~tles. These divis iuzs  are 

based on cowrtrfes' domestic plant c~nseructio~ capabilities. Brazif 

was given as a3 example of a low cosr cowtry, where alcohof plant 

techolugy is w d ~ - d e v e l o p e d .  Xedfmn cast countries, such as p~13a;a&, 

were asswe& to have capital sosts 25Z higher than low cost cauntrtes, 

and high cosr countries, such as the Scdaa, were asstimed t o  have capital 

wsrs SOX higher than medfum cost c~mtrfes. 

fa cases where there are no processing cost estfarates far TLDCs, w e  

used the Qorld Baak's critori, t o  make essizacea. Cansiderfng that 

Brazil's fuel alcohol! praducrion facflitfes are prabably at least as 

cffScienc as those of the developed nations, the cost figures calculared 

for the developed cocmtties for each feedstock have been assumed t o  

apply to LDC: **Low COSE C O U I L ~ ~ ~ ~ S " .  From this l a  cosr basepoint, the 

esrimces for medium and hSgh rosr: L X s  have been derived. 

hother fzctor =hat affects the total net cost oT alcohol produc- 

tion, aad for &%ch there i s  l f t r l e  iaf~~matfon relaring eo LDC con- 

dft%oas, 5s the value assipled t o  the feed byproduct. I n  the U.S., the 

byproducr: 530m corn is used as a protein ssrppleraer* in livestock rations, 

Xo this  use, it Bas a relarively high value In campnxison to the rota3 

cosrs of  ?raduciag the slcoficsl- Xn many LPCs, there i s  an absence of 

Large feedlots or livestock herds to which the 5yproduct: can be fed. 

Therefare, it zay sot have. the value i n  LDCs that it has in t5e U.S .  

Bmsevcr, Ltr Z.s possible that the byproduct could be used &a LDCs as 

Xrw3 500d. SO stuaies were f e u d  in which th i s  passibility was ex- 

plored and, sherefore, no value for rhe byproduct i n  that use Zs given 
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5% zhfs repart. Instead, it is asswad that the bypraduct rredft given 

for srazdieo d~rie i x z  developed natioil~ ~&l3 -  be applicable to LDCs, as 

veil. 

03e orher assumption is made in this  report Zn, relation to the feed 

byproduct credit. For s m e  of the crops d a e d ,  there were .rto studies 

f o d  tbt nade any estimate of the value of the feed byproduct in any 

For chose crops, it was as~~mred chat their byproduct credfr would 

be CirectXy related to their raw fedstock protefa conteat per gallon of 

alcohol. Z t rh  ccatent uas compared to the proteh per gslloa oE dcobP 

p + & w d  fraa corn. The ratfa camputed in this  c q a r t s a  was then 

aaLziplfreb by the value of tbe corn bypr~durt. credit to esra'blfsb a per 

gallo% byprodlucr: credfr, for tEe other crops* T h i s  method prwides odPp 

a very tough estimare of the byproduct: value for eerrah crops. A 

closer 30035 at t b c  crops as alcohol feedstocks v o d d  examine exact 

prozein cratea;; o f  each bppreducc itself, as w e l l  as the exact amormt af 

byproducr: produced in: relaELoa t o  the amunt of alcohol produced. 

%e 'have not systemtfcal2y treatad transportatfon and storage costs 

far alrerrmrfve feedstocks, axthough sucb costs may be SslrplicPItLy %n- 

clud& -& sme o f  the prductfm cosrs and prices relfed on. More 

decal led  amHyses of Wp~ZduaX. feedscocks would need Zo iacXude careful 

exadrt.ae%cm of these costs , bmwez . 
XZG coarrast go pzreviiow sections of t h i s  report, i n  which metric: 

eatts were wed,  the e c o ~ d c s  section i s  presented f?t United States 

wrirs. Cosrs are scat& in L'*S, ~QILIBTS per gallon, far example. 

A p p e d l x  A oE t h i s  report C O W ~ S ~ S  sf a merrlc corzversisn table, for use 
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by htematfmd aud5ences. USQ, Appendix E contains the cost taL1ns 

fxr C.S. dollar per Eitar tern. 

8- EZOQS 

The starch crops far W c h  ecmariie d y s c s  were cmdtr~ted are the 

as chose dCZfscussed izz previous sections. They include: (1) & r & ~  

sarghum, P21 cem, (3) rice, CtE potatoes, f5) mssava, (6)  sweet pa- 

tatees, rtnd (7) yauts- 

1, &?ah scar&= 

Tbm F~cr,rwrs are ~QgxLffcaat deterrubants OE the e c e d c  f eas ib f i f ty  

sf -3.q sorghum faf fuel alcobl pr&actionl Qtte is the deahu2 

pfeld ebmh&Ze per rmit of grafn rs6rgEruzrr- Tbe other is the per uuSt 

~ m d i v .  

Ifr rbZs studp, a %year average uf gra2n s o - b  prfees received by 

Eomrs h S Q U ~ ; ~  D a b ~ a  %s assurd to; represeat the cost eE surghtpm for 

a%m*mP productfm ZfE. 1982 f ~ h e  base year). According ts A#ric tcTrual  

Prfces &mvaX S-ry (UDA, 1980 ~o 1982) th i s  +year CIS79 ts 1981) 

merage F)P%C& 5s 52. L2/butihel. 

**ere are a varfeqr of escbar=es bf alcehoi y f d d  frm grafn ziorgb. 

'3%ess raoge frcm 2-2 galarm of 200 prmf a6cahol/bshel CSEIS) to 2,7 

galLsss ef ZW proof a3eoh~l /bwhe (Ball). SJstng the prfce o f  grafrr 

s~zghcm gbven aWve, feedstock ~ O S Z S  far ethanol production can be 

utZc&ze& LO range frw S.79 La $,SBlgaLSan. 

'Zhe storage sf grain sorghum and ttze ppr~cedures for pr~cessing i t  

inm fwl sLcaks1 are getwralPp che same as for corn. A f t e r  befsrg 

stored sc 10 rra 15% zaa-kfprre, ehe grab sargltsm is miILed, gePmtMztd, 
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Eiquif ied ,  sa~zc2rarified~ fem-ced, distrflPed, a& the whole ~tJfLa&e is 

cetktriEugeCL, 

?so tost e s t a t e s  far chis processbg have been obtained, The 

ffrst: eschate C 8 e u  md Sa&s) breaks praductfm costs d m  only by 

fixed and -,-F:riable costs. mis est-re is f ~ r  a plant ptbduc:hg 50,QQQ 

~~~ of 390 p m ~ f  acoELorF-~ear, assum.bg an Laterest rate 05 T T X  for 

amc~rrizatitm a d  for the eosc of operating capTta1, Variable costs 

Cflacl&&ng feedstcaeks, net of the feed by-product credft) w e r e  estimated 

eo be SH.o'i/$aPlaa, and E h s d  costs w e r e  estfmated to be $,62~gaUozx, 

far a r;ueal annual c ~ s s  sf $2,03Jgdlan sf e t b a l .  

The seemd e s f ~ t t  dSEIS4 placed rural fbed bad operating costs, 

exelwslvt sf zhe feedscock, at S.6SFgaLTon fn a pXanf pzodu~fz~g SO 

afllim gaE1as.s of 209 prmf e t b ~ o l  am~~udlp. Addfag this t o  the cost 

of prdtietzq z b  gra+s s u r g b  %n South Dakata (S. 79 to $. 96Jgaklon) 

rcsulrs Ln cots2 etbnog prduet2on costs sf $1-47 ro S1.64fga13on. Tkre 

author of  tb&s report e s t b a t e s  a byprduct tredit of S.S2/gaIkm. 

?%erefan, praductZ~u C Q ~ C S  of  eZ*batrc31 frum grafn ssrghaz nez of the 

feed 52rprdw~ range from S.95 to Sl,l2Jgaflon. 

Thxs, rhe letham% precEuet%c?n coats from grain sorghtmr in the Northern 

Pla-bs rsg5~3 5s e,stbae& ta be as lw as S-9SjgalTon (with byproduct 

c r d 3 ~ 2 ,  for s 50 r@%lllm gaElsm QZ 200 groof etbnsllyear pfant, and as 

hPgh as $$2-091gaLlou {uL~hr byproduct credft), for a 50,0430 gaLlorr of 190 

pzwf  erbwLfpsar pLaeE.. LC s b d d  be noted, however, chat: nefther 

srtipdjr a s  invot~ed w i t h  the aczwk production o f  alcohol in a wrk5ng 

P-E- ~ Q E %  s t d i e s  wed east data from other arsbgsas, as well as 

pt:eazia3, alr=ohol ylsLds* Par th f r  costs of productton c~;lrula~ians,  
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we other estimate of the cost. of prseessi~, grain S U F ~ , ~  

he3 sjicehl is prmdded frm experiments at South Dakota State Fniversfty 

@&EAhan a d  k b b s ) ,  This e s t h t e  ha?; a c t d p  been Prade using caz% as 

a fedszack, ~ P I =  the charaeterfstfcs a£ grab sorghua are sr;c shfLar t o  

corsl that &e same g.sleraL prrrcessbg procedures craa be assumed to 

~ W P -  

Th.? South D&~c.% State Zn5versfcy ($&SEE study exgmines annual 

%xed operae2ng msts for a p h ~ t  capable af pr~bacfng If5,QW 

gafbm of LBS preaf deahc~llpear. These cast-s totaled $ -87 /gallon, 

wr f~eldf'ty~ feedsrock ccsc, bar: iaeZurt* a S,3l]l/gaUcrtr feed by-pztc~duct 

erdft. #dkfqg cra the f d o t o e k  cost sf grab sorghm results %n a 

6 0 ~ 3 ,  cosc of between 5Ie66Xgalfen a d  SE,IIT/gakIon. 

f i l l  of the CDSE est3mAres Ifssed so far have referred ra ~ I G Q ~ Q L  

pr&uct%m &z fhe G*S. ?&ere were ne &ta found that referred te, the 

eescs 0f prducing fuel alcobP frem grab sorghum fa less developed 

- Therefore, ~tEe XorM BatZEC pr~cedures were used to  estf;mate 

fbwe elaats- 

Table 4-5 shews the raage of casts estimated for three different 

fuel aPco'mP p lan ts  tn T w ,  mxlttmt, aar5 h i  gls cost: L W .  %eta that **&or* 

cosr cowtries" cost eskhaEes are the saw as for developed e m t r i e s  

which were esgkzar;& earl%e<. Irzfiere~t. in tkga apprczaeb fs the asstrrap- 

rfoa z b r .  g r a b  sorghmz as a fee&rat=k w U l  LOSE the saute i n  D C s  as in 

che Strrcbern PEaZas regiaa sf the t'.§,-S2,lf/bushe~. 

Cosr e i ~ m r t e s  for -11-scale plants i a  "low cost counbrZesW range 

frm SL.66Pgall~n of 185 prwf aLcoku1 produced fn s 175,000 gallon/pear 

;alas& $a $2.09/;gdl~a of  180 prsaf aleohel pro&ced fn s 50,000 gal;lm/yesr 



g ~ l & a =  3 5s a s s d  t o  p m d w  175,000 galtoas of 185 prcot alcchol anno- 
al ly  (Eef5san sad Wbbs). me range sf: casts repraetat a range in 
per &ahel alcsbt yfcrfds, fram 2-2  to 2-7 gal~onsEbmk1 (SEE; EWLI). 

J4!lpl,mt t assumed t~ prcduce 50 million g a l l c ~ ,  at  200 proof tilechal 
srrmua31ly CSZ'E93, The zange fan. costs represent a rmge in per bushel 
aLeobl pfehds, Zrem 2-2 zs 2.")l%a~~oasf~shtl (SEXS; Hall). 
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plast- AlcCbhOf p r d u c d  a. 50 rniI1:arr Edlon!pear plant is c ~ ~ t 3 m t e r I  

ta Cast a c h  less, Bob-r, this reprt is pr-rilp co;ncemed w i t h  

=all-scale p r d o c t f  au leveEs.  

'"Wi3a east c@untrfesm c a d d  a v c t  costs QE $1.74 t a  Sl.QL/gaflon 

a d  SP.25fgdZast of. 185 te 190 praof e1coh~P for the 175,000 e;aLhn/;.ear 

5 8 , m  g.allcarr!pe.ar plilmts* respectively, For th~se same levels of 

prdu;cfcm, the '%fgh cosr re5trfesw preduccfeu cast estiih3tes ate 

SX.95 to 52.WlgaTlsn. 

nese case E'5gure.s m y  be stxta&at Taw beca~se ~ Z a y  includer s 

credff for an 2~a-f feed byprudutt* fbfs credfc be karder to 

jr;afrLgp fn LDCs the frr developed eountrfes, gfvw t b  absence of large 

$&Tots i.s LXs that e a  Wlit a wet feed bypraduct wfzheut atensive 

rrazspszrza:f@s. sr sroraga COBES. Eaveuer, the credit a&&t be applf- 

cabk ff  the byprducl: fs urrfllred as a Rtmwn f d .  

P* E-sm 

T3 zbe U,S., tern 2s =he feedstuck chat has been m s c  cbrmtgUp 

@WFT@& as B fa&stack for probochg fuel slccrbul. With the r ise irx 

t8e p r k e  eE petroleus faoLs, a E&T of experbentd a d  cmmerc5a.I 

p5aaLs have sp?mag up across the L . 5 ,  using C Q ~  as fSfeSr basic Inpsf. 

d R-T. 05 eslr;knar;es of  alcoh~L yfelh, war5abie casts, and capf.raL 

sdsrs axe therefor2 aua32abfe fox a l c a b 1  prwiucrian from corn. 

As w f t b  grah serghc* ;r mrkz for cem 2s well-escaBLTsked and, 

benee, a mr-ker 2rfr=e 2s azsSv dersmi=ed- This price ", fueL 

a3cobl pr&ucers esa expect to pay for  earn Esedsteeka, Ta South 

3tbra, rhe ?-year CL878 ts E98l.I arerage p r i e e  famrs  received Ear 

corn was 42.62/basheL $'u'59A, 1980 co 1982)* 
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AIcobP p5cfb fims corn bdill d t h  the tme of aplerarien &ad 

the prm5 khg p ~ d a c e d .  Redistie pSddo are in the: rmge oE 2 A  ECI 

3 cam. 5s srea& at a W r  fiZ amfsture. Then ft gees 

the steps of tgrbdfag, e o ~ k i a ,  feme~~tfmg, d f s t t l l h g .  and 

c m ~ r i f ~ 5 a g  

T3wz-e sre n u z z e r ~ ~  eerimres ~f eke coor; o f  precessfag fnze 

i ~ e f  a&eokxtL, tzuc w e  ef~lz &y m a  st&&= bcra, The ffrst: study €Eafhsn 

Wbbc) *as dane ar SBSE usf=~g dab  frobs the acttmf aperatiae of sb 

e s b ~ r ~ z ; a P  saaLl-sraPa sZsp s.Eklfng plant+ Pracessfng e o s ~ s  wart 

aarttral prducrticm XeveX af lfS,OUQ 

;gaELow of  185 grmf ;~P1=okl, Pxwessfng eosgs fur this plant were 

%B*I?/gaU~ra, nag fncPvdLng fcstb#.csck cosr, A byproduct ered2t o f  

S,3Gtg,alTsa was esr;lhwf&* 1eavf.q a net: case sf $ . B t / g a X f e a ,  The 

Szrtcresz raga us& E m  mmrefztng eapgtsl casts over their & c m d e  

Eifecfaes was ser sf EiiX, 

L%ea e5e eos'c af eke CBFLT fri3&?&2€?~k I@ a & d ~ b  6 9  the aEber capftal 

md swraz2?$ essrs s:escbwte for %he S S t "  plant, the raral east of 

%Was, $ti& EQ Qfffermt ~ % s & ~ f 4 w ~ s  ~ r %  cw55 sf the  feedsfask &o dff- 
fercar aecb&s of aecounrtag fax the B e ~ ~ u r m ~  esoc* 
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The ot3err study CSEIS) earhates -he cost of prducing f u e l  alcahol 

- *  LL -%+e S.S&/gaXloa, ncrE bc:Tad&g E e ~ ~ a c k  costs. nis is far a p l ~ a t  

probsacZq $8 mXLlicm gaEPcsm af 200 prwf e t b a u l  a d l y ,  e irtg  a LSX 

5ateresc rate ta a m r ~ h e  capltaf EOSZS. The SEIS study afsa e s t a t e s  

a f e& * w r d ~ c t  ere&& c af S , 3Sggal?..ca of slcohel, thus leaving net 

prwp."tsEag ca?ft& and operat- costs, other than f&stoek cusrs. at 

S,2QPgaUos, or S-ZL;"gakIon. &dex& ta 1981. 

4~4aZ:a, tbe t o t a l  cssr of skcohoE prductfcm, after deducting far 

rhe E d  b ~ f ~ u c ~  credit, is srrfvecE at by a6fng  fedstock casts 

Cprw&ewly eaXe:rtEac& t a  k S.93 to  Sl.Okd&alEoa) t o  $ , 2 4 ~ g ~ 1 ~ x t ,  Thfs 

F ~ S U B ~ C I  %a c9~aB. CQSZS for t h b  very 1ar&e planr i r r  the range sf $1.35 

&w do these aleoh1 predtrczicm costs frcm C Q ~  feedstock l w k  fa 

Zess beweloped comcrfm? As ufeh grab sor@um, the actwig coat vf the 

Fetaistock and kbe aperat%sg CQBFS ~f alco'FT01 p j A ~ ~ t s  are gabg t o  be 

emancry spaLffe. Mr: c~fber f .og  E O ~  ~brt~ts 2n specfffc 'Lacs {although 

Pr 2s LSBeLy that cam f s  =re stzrpiemsive fn many LDCs), eke operating 

Bspaes fer oSc~hal plants lawS cke pfant ~ ~ ~ l o g f e s  used are ass-& t o  

ke s h 3 b r  i a  PIeveP~fpd comerics a d  UXs. Fixed costs ~f capital 

cslzsekzpe~lore are Jact~red nrprd, ustag the U ~ r l d  Bank cxtreria refer- 

em& emelger, go re f lec t  LikeLy Levels of  eapftsl costa ln low, d i m ,  

apt kSgh cas$ UKs. Togal. aSc=~h@L prcQuccFon casts f , ~  ZDCs and frr the 

C.5. w.kh cz?m as a f d s t w k  are sham 24 Table &-2. 

f f a 50 P ~ P L ~ Q D  gaXL3dy~ar glaar: is buif r, aXcahol p~udwrion 

cosrs in a '%w essl: ~ ~ u R ~ F J * '  wLng corn as  he feedsrock e w d b  be as 



Table 4-2. Esr-te of b s c s  of P~oducifig F u e l  UCEI~OI in LDCS and iZE 
the E.5- f t m a  cam, 

r i - 
Plant A 5s assam& to produce 575,WO galX~rrs of 185 proof alcohol 
annualkjj (PpPFzaan and Dobbs). The rage in costs represent a nagc in 
per babel alcohol. yfeld, from 2.4 ca 2.6 pallans/bPPhel (&ofban aed 
kbbs; SEEtf, 1986; USDA, 1980b) .. 

*l - 
Plaat B I s  3ssr;~ed to pr~duca 50 miftl2ort gallons of 200 proof alcoZrol 
amurliy (SEIS). ihe range in coscs represent a range in per buskel 
aB&I yield, From 2 * E  t o  2.6 gsUons,'brrshel (Ifoffman and Dobbs; 
SEES, 1980; ESDA, 19803). 
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Pew as SP,17/ga.lTm. With a d P e r  pEa13~~ produchg d y  17E9QO0 

g&ms, the costs cadd be as hi& zs Sf.88(gallrm in "Sew cost cotin- 

tries"', 

3.Xcahak prductiaa casts 5a w ~ d Z m  cast ~~~m'prrfes~* range frgm 

S9.26kgal.lan b the Sargre?rrr p h a t  t c r  $E,96!gall~n b the smallest plant. 

Fer %igh cost ccmtrfesn, cRfs range is frm 53.48 to S Z . l f / g & J o t x .  

+be deed by~radue~ ,  whfeh may not be as applfc&?Le t o  L X s  as it is to 

Get~elcrped cea&r~rics, d e s s  ehe bpproducr ran be utilfred as human Eo&- 

3. B c a  

$',S,, and is not gzsun at 3x1 in Smth Dakota er the rest of the Northern 

F3afn.s regfen. Emever, rf-e is the rm9rr crop in ma- U X k  Located in 

crop%ca% or: sroBtrapScal areas. 'For that reasen, rice as an a l c o b i  

fieedsceek i s  g5ven scme ccmshkratias in this  rep=. 

Tke awerage price QE rice receSved by U.S. farmers for the pears 

1979 ',a L981 was $LO.F8IFmat {(IESBA, 1980 ts 1982). Average alcohol yield 

31 frm r k c  2s about 4 gablens af 2 0  praaf a l c o b l / ~ u t  (PSDA, 198m),- 

Therafere, fhe fe*$4stark cast rt;ll sa aPcohol producer using xfce w o d d  be 

Xa swdies  were f s d  in which the ccsscs of  converting rice fato 

alcohol were repsrted. Houever, the processing of rtee into nlcubol 

;Szul~lves she basic steps as wberr cant i s  wed  as the feedsrock. 

Zt.;ee aleohel y i e l d  assunned hers is ac the lower end of che range 
Zndlca%& i s  aa esrEier sect h a  of tbfs report t;. 
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Tke capf"eaP azd c p r a P b g  casts r e p - t e d  fn, the SDSU fuel aZeohuP study 

sbukd,  theltcfcare, be applicable. Since rfce has a prateh cantent per 

,&Ion sf aStobP aearlp eq~a.2 ra  that of earn, the feed byproduct credft 

2s ass-- here ta be tbc .saze for rice as for ram. 

rsing rlre SEE32 data, costs of praduchg fuel &cob1 frm rfce fn a 

if5,(80Qi @PEa/yar  p l a t  tscrdd equal Sf,l?Fgdloa 5x1 prucessiug costs 

plus  S1.30lg111ua far feedstock casts, h m g  a feed byproduct; credit 

of S , 3 8 / p U c m  (as e r h  corn) results in a ~ e t  fa ta l  cast UP $3.57!&- 

1en. Thh eost fs qdte  k%gh %n eQrnFar-f.sun to the eosr of gsso1f.m~ in 

the O-S. and may atber parts of rbe world. 

A&rs'noH pr&da~sr%~n eesrs frm rfce feedst~cb in LPCs certegurfzed 

as ftw, e r r r i r ; ,  sad Iti@ Cost eewerfes are s h o ~  in Table 4-9. A plant 

of ghc s-a 9 s d  here veaPct have casts t a ~ g b g  frnm S3.Tf/g;all~rr fn 

the F.O. and law cost LDCs t e  $3,86/g&Pa fn high cast W. In gea- 

eraf, alee&f pzbduetfon f r o m  rice is "~fcely to be mrrch rrwrte expensive 

t"hm fres erzrsz o r  grab sorghum. 

4. ?~zat;aas 

? a k s r ~  dlffrr frosr tbs starch craps discussed so far i n  that the 

srarch h the ,form af a tuber W t e a E  of a grafn- As such* the pru- 

cedura for pr~cessbg pcawes f n t s  IueZ alc~hvl 6iffers semewhat from 

chat of Che gram*  

:Ebwever, wbert calcdattug per gallon feedstock costs, potittfles re- 

semble f:5c g=%= in that; there i s  a ~ell-estabX%shed market In the V.S. 

Ear pocazees f r ~ m  wMtb a market prLflce/aLc~EPoI. feedstock cost can be 

dezedrt&. The merage plrlce receives3 by farmers far potatoes in the 

Fears aF th%a sr&y (2973 es 1981,) w a s  $3.62/ere (VSDA, 1980 to 2982)-  

This prfce was for prsdasers in  5auth Dakefs .  



Table &-3- Estiaare of Costs a£ Prducfag Fuel AlcoEtal in LDCs and the 
U . S .  ETDBZ Rice. 

Country T.qe I! AXeobol Plan' 

$/&!a= 



Alcohol y i e l d  frm patames has beea estimated co range from 20 

(Mne~)  ta 28 CIknwa~ and Earlon) ga3lansPtsrr. This breaks dmm ta 

Sezveen 1.0 1.4 gaPlcrns.icwt. Ac an auerzge price sf $ 3 , 6 2 / m ,  

feedstock cast for alcohol made frm potatoes voufd be bemeerr $2.59 and 

S3,62bgakEcm. 

There were no studies fsmd 5a tshfcb paratoes were used as a feed- 

sr;ack for f u d  alcohol graiuctiorr. The physical procedures far &ng 

fuel alsabol from pocaraes ~ d d  be clze same as far the d r y  mfllihg 

proems 05th corn, except for the ffrsr mu steps. for corn, these 

steps are zo afll and gehthize:  the kerrmls, whereas for patatoes, 

zbsse steps would be eo pulp the tubers and dilute them vFth w a t e r .  

The major d e f e r a c e  in producing alcohol from the two crops, 

however, 1s that the beer frm potatoes has a lower alcohol content than 

that fro= ecrrrr. aherefore, s larger voLuae of potato beer msc: be 

zai231fwrured and d i s t f l l e d  per cfme pedad to attain the same oatput of 

f w Z  alcsb~i as orre w u l d  achieve wing c a m  feedsrock. Xt Ls esthated 

(~aughly) rhat the prucessbg of c M s  larger volume of potato beer wou3td 

came axr hcrease ia operating cosrs of roughly 20% aver t h a t  oz' corn 

Another dlffarence 3s rrer p r o d ~ c ~ L ~  costs between the two feed- - 
sroclcs appezxs i~ the crebit  far the feed byproduct. The feed byproduct 

cred%c for con?. ($.30Jgall~n of alcohol) is largely due to the byproduct7s 

bigh prot;e&il canteat, which makes it a good ~upplment  in livestock 

5 Since p~tazoes  have abeut 85% of the protein content of corn 

on a per gallon aE alcabal basis (PSDA, 1980b), its feed byproduct 

eredir  is ass- t~ be about 85% of that for corn--or $-26/gallon of 

alcuhol . 



Wfrh the basic procedures for ~a~tzzfacturing fuel alcohol frwt 

potatoes being simiIar t o  those for corn, one can asstme that the fA~ed 

casts would be similar, also, &%le operating costs w d d  be higher, as 

described dbove. Usifkg the SDSE data presented earlfer for Wl-s&e 

fuel alcokol production frm corn, Eked costs for a 175,000 g&Lmfyear 

plant potatoes are $.33/gdlon. The addition of speratbg cases 

and feeds~ock cosrs, under the asstsiptfarrs stated, resdts fn total 

costs of between $3.93 anri $4,96/gallon for a plant czf t h i s  size, After 

subtracr5q the byproduct credit of Q,26lgdlon, these costs are reduced 

t o  bemeen $3-67 a d  S 4 . f O l g a U o n .  

Vsi; lg  potatoes for alcohol production fn Lacs v ~ d d  likely be at 

least as costly as fndfcired by the figures above, and maze costly in 

certain clounrrPes. Table 4-4 shews ehese cast estfmazes for afeohol 

p l a t s  located Tn ZMrs categorbed as Low, medim, and high cost. 

The lovest production costs shown Za Table 4-4 are $3.67 t o  $4.701 

gallon. Costs rise as one l sob  at mediura a d  high cost counEries, 

P z o d ~ t f o n  casts for P'~dirtm cost= cotxatriesv' range fwm $3*75 to $5,781 

a for '%5@ case cmtr ies ' * ,  t & b  range is from $3.96 to $4.991 

gallon. 

As was tbe case rJich r%ca, the high cast o f  potatoes as a feedstock 

causes fuel ~ l c o h o l  production costs to be quite high. Thfs would seem 

to elimb..ate potatoes as an econadcally viable source of fuel alcohol 

2% many countries., 

5.  cassava 

There has been much written z~*arrtly- on the poterttfsl  of using 

csssatra as a feedstock far fuel alcohol production. T M s  bas been due 



Table t - k .  Estate of Casrs of Producbg Fuel AlcotKz3 in LXs a d  the 
W;.S- from Potafcas. 

&-try Type Alcohol Plant- P i  

h- Cast Caurntrf.es and the U S .  53-62 - $4.70 
Mdium Cost Countries $3-75 - $4.78 

11 - 
lZlc plant fs assumed to produce XfS,OaO g a U o r ~ ~  gf 185 proof alcohol 
atamally (Hofba and Dobbs). The range in costs represents a range 
5n per huadrdwight iE~ah0l y i d d ,  frcm I ta  1.4 @ l o r s f  cut @oney: 
Igazwap a d  IlarBon]. 
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r o  the reparted adaptabZlf~y of cassava ro EXSIP clbates and s o i l  types. 

Tlz5s ;rikp~LISflfey has festered the idea that cassava can be gmwrk en 

masg2na.X laads not yet  5n food prduct5ua. fierefare, ir mbgkt. be 

arg~ed! that it c d d  be grown specifically Ear firel and not crasd out 

Zad us& EO grow fwd craps. 

n&s idea may w e l l  h e  9erf t in LDC:s;, s h c e ,  at present, ~tearlp 

afl af the world's cassava pr'oduet%on cakes pXace fir those cmtr3es 

(F', 198Xa) Hawever, kn a+ least somcr L K s  , cassava f s we of the 

~ ~ f o o d o l a p 3 e s .  

Bee- cassava is aar grm tn the US., there fs no market pdce 

to  h d f a x e  &a cost of cassava as an frrpttt h t o  the alcohol productX~a. 

p Bowever, there are several articles in which the cost of &OI 

mMag Ehe raw ems-a has been estimated. 

The first article (Florida Engineering Society] co~tains saw facts 

on cassava and fts potential as a= alcohol fuel crep %n Flarfda. The 

arrdcle states that (a% that: tlime, 3 d p  1979) Brazil had opemd a 60,000 

L/day alcohol fd p * ~  arsbg cassava as a feedstock, The cassava 

roots e r e  r e ~ r t e d  to (sost $14.85Jtcrrrl Total ceszs of producfng aleerhul 

were estimated to be Sl.h3/galToa, Indexed to 1981, these cost:. bocrme 

S17.52Pt~a of cassava and $1,6Qlgallont of alcohol. 

Costs of growing cassava 5z!% the Ph1LtppLaes were reponed a 1981 

stz~cfy cemleted. by Ebe Iwtitate QE Energy. Economics of  J a p a ~ ,  Aeeordhg 

t o  thgs study, the cost aE planting, hamesting, and tramspctrtfrrg cassava 

to place of stsrrage was $13.&/ t~a-  

A study by Y ~ C l a r e  m d  L i p W k y  esrimated the cast of p&ng 

eass-a~a 5n BrazSL rs be S ? + f S / t m  $B 1971- Thraugh iadexhg, chfs 
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cosc Z s  ~omerted PO be S20,23/toa fs 1981 costs- The McCTure-Lipinsky 

study die not gLve anp t o t a l  cost figures far alceErol prsduecLort f x z a ~  

C ~ ~ ~ .  

An ;rrt%cPe by Cecelski and Easap drew srz data Eroot ather sources 

%a e s t j t p ; B E h g  C Q S ~ S  of ethanol pmduetfon from various feedstocks. 

b8- as a fcredtstoekwa; tsthaced to eosc $.ET?EgaUmn af erEtana1 

produced. h addit%wr, =pita1 a d  ma-feedstock operatiag costs q d e d  

S.63CgaIlm. A $.0b/@ltm feed byprodu~t c t a t  was e s t ~ t e d ,  l e z w c t i a g  

a coca1 net pr&w%foa cost of Sl.Ui/gaIEm of aleohul preduced. These 

sssr data were 5% 1975 dollars, and wrdd be equal ta $1.42/g&Lurr fer 

the sass- feedsrork, $.8S/gaflon fn processfng casts, and $.08/gallon 

for a@ f e d  byproduct cxedft in 1981 dollars, Thus, net production 

~ S E S  i.iz 198l d01Lartf ma&$ be 52.3191gaUun. 

Es tzff;lac of the abuve studfes -6 the alcohol y ie ld  per unft of 

rassava a e ~ e d ~  alrbqgh i~ w a s  hpSfed kt the Florid9 Engfaeefng Society 

ar:fcPe- Tuo other at&%- do make such e s t h t e s ,  huwevex. These 

esthmees rase frcm 37.3 gal3om eE alcohaPlton of cassava (Ueba, e t  

a-2,) ko 43-3 &loas/ton {Kamdc, ez al.1, Cmbfning these afcoho'& 

7ieAd estf.ral;es vfth zhe cost esrh tes  for grwing cassava Eor aXcobX 

prs8w~km from the Florida sttzsp, the Japrirnese study, and the kclure- 

~ l p O n s k y  Q E ~ F  results %a 4 range of cassava feedsrock costs o f  from 

$,32 ta ~j,%IgaLlsa sf aZcsh~L r",k 1981 rerms). By comparls~n, the 

Ces;elsk2-3assay study p r  cassa-rz Teedsr;ack cests a t  $ 1 , 4 2 / g & l m  (ad- 

juscec? ro TF81 prfccs), but ~ h a r  nEv&f d i d  zral state the assumptions 

abur either per mAr raw cassava eosc ar aleskeE yield from rassava. 



accordlag to the gmera3 r-e of cost e s t ~ t e s  for the precess. As 

wfrh rbe other f ~ o o c p b  d5scwM p r d o u ~ l y ,  the cost estbat42~ far 

n f ~  east e&mtr5es~ ~represe@t esc-hated tests far alcohal pzedu~t5aa 

from cassava far bath 1- o s t  LEES atlrt the U.S. The '%&5wsw an& 

'%ZghW cost; e a m f . ~  estinraces refer co the LSXs. 

BSs cap be s- &n Sable t-5, eke cost esrfmatw for prlcxXac&ng fu& 

aleohutl frasn look quite favorable in plane A fn comgarfs~ trcr 

other fe&t6cks examrZn& sr, far. Per gallart casts m e  from ordLp 

SI -09 lgaUon -fa "Lou cost countrzes" rs a Ugh of S2-54Egallon b Mhfgh 

cosw for thfs prong are tatpea Erma the SKIS53 study referzed t o  i n  the 

prew%~w a d p s e s  OE other starch Eeedstaeb. Although the DSU plmt 

was desfgaed ro dry m9J.I c ~ m  feedstock, the sanw general eqd-t a d  

prosdutres c d d  be in  M k ~ g  as-, except for the iait ial  

feds.rrrck prsparatfa s tep .  Far earn, this was u&flZag and ge2&firriz2.ngr 

wb&le for cassava, rhe ia$~*X, pzspsrcatfm step would be pF. *t, pulp, 

a d  a d t S  water. Therefore, na s ig - f fcan t  difference would be 

expect& i s .  the level o f  fixed costs fer a mall p u n t  sxgfrrg cassava as 

speritt* tests would be expected.. 

As was the case with ptata;es, h e r  made Erm easeava has a fwer 

alcohol C Q ~ ~ ~ B I ;  than beer made from corn. This means proc=assfng a 

larger .,--,' -::- 2 5  ~ ~ s s a v a  ee-arec! to earn beer react art equal 



r l  - I%C baed arid varfab%e casts (other sw f d s c e e k  cost? ttp 
r h b  cast atstimate are for a pXwr of unspecfffed sfze pxtolhc&ng aleoh01 
%bar ks o ~ s u a w  EO be 2W praaf OkcdsM a d  ltassay). The range ftt 
mscs rep re sen^ a range ftr per ran irlcohoX p2eEd of 37.3 to 45.3 gahlous 
Cda,  tt a%-: Irtesark, et al.). The mnge fn per gallon coszs is also 
&%acste& bp dLCE@rc?nt. taw cassava east estimates, These range fmm 
SL*.EZ/gaP2m {far feedstock alone) (CeeeEsld Ransay) to ger ton of 
f&srcmzk s;a%gba:es sf $33.% t o  $20.28 CInstftute of Eaerg;pl Ecomics 
of  Japan; PkClure and Lfphsky) .  ~n S.Od/gdllm byproduct e r d l t  fa 

CXkCXtrre i sd  L f p 5 d q ? ) ,  

L.E - 
P5aaz E"i 2s assumed f ; ~  praducc h75,000 .pTlan o f  185 p r w f  alceh01 

i l p  ~ ~ f f b a o  and Z)obbxl. The range in per gallen costs is due to 
a r a t ~ g ~  3s per ten 6 E  f d ~ ~ c k  &coboE yield of 31.3 to 43.3 gallons 
4U&a, ek al,; Kosar$c, rc d.). The range Pn per gallon costs 5s a l w  
&Seer& by o range o f  raw cassava cruse: esrfmates crf $13.64 to $2Q,23feun 
CPnsrSrure of  h&;'gy E C O D O ~ C S  of Japan; NcClure and LLpinsky), An 
S ,68!gane~ b y p ~ d u ~ c  credit is a 5 d  CEqCCf uf e and Lipbsky)  . 
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arenu1 a1cobP output. B e  & d l i ~ g  a d  gracessbg of &is larger' 

ub8mse is .as- ro  iaase a 20Z $fpr=r-e in ~pzratfwg cast6 per g d . 1 0 ~  

o.E sleoEea1 p r o h e e d  fraa eassam 'beer wer the operatfng costs per 

~aP.1gts. cE d c o b b  p r d x d  frcm cam ker, fakbg tbfs hta aeeaurrt, 

tat& pr&u&tba erssrs 3s plant: B verro e s t h t d  co mmge Prare o fw of 

S 1 . W  gahm of &caEogl vletw teat ~.mstrfrrs~' ta a M@ @f S2,QS;/g&Tm 

for aleohfa1 pre43tpeetE b %Qb cast ecR,lm~rrf~"* 

T5ere fs p c a t % a E  Ear f&ticSrt%; the east cf the mu cassava L&to&, 

%d ~wF&% 0 B  tk CrQP %S 

lftt&a p ~ ~ s c t l f c r e r  af cassava 3s dewelqed #w~t::ries. 

ftr e b e e  h caaptfrlm fer cmsam as a faodsmff. bwwmr, 

f~ asp h gsssLbfa t ( z  b w c  

mt being wed ~cemsXveXy fm f w d  pracfttctfa. The better 

cte , 

6-  Swmr potaewts 

Weel, prat-* Like raoer rukrs ,  axe ~ I E  wmumdf used as a 

wuzetz sf hasan f&* fr: b a c.- fasd 2n less devaZapeb catta- 

cries, *ere 98% ef tbs wrld's pzm3ucrricm! takes g l ~ c g  (F#, X9i83.r). 

EWwever, there are wear: pcataes ~ ~ L L O M  2~ the wwtheastem U-S. 

fcr a C.S* m w c  pet;;pts mskel: to e x i s t .  The suerage price US. f a m r s  

rweiwed far suest potacws frua 5979 Gbrerzgh 1481 was $ L 2 , 0 f / w t .  

Ccsera, 2980 CQ 1982) 

ht that pr iee ,  and given the fael;. that between f . 7 1  and 2*33 galEum 

cf  sLtoba4: can be prodwed Proa ~ s c b  F,W patincts ef s e e r  potatass (IJSDA, 

L98Qb; " ~ s & t d ~ c e f w  Per Acre Eqlrtar;icm"), ckFe a l e a b l  feeBst9cfk cast 
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fraa ref; paratcres rrtEiDd be betseers. $5.18 an$ Sf,O6[g&lau. The protefi 

carrrmc ;per gsPPm sf drshal af s t e t  ptatoes is about; 3% esT that of 

cam $GM, 138m). Therefore, t&c E e d  hy-pr&uct erdft fs B S S W U ~  ta 

eq-1 39; of ~brz ef earn, nr s-tmuc S.lT/gdPsrz OE alc~he l .  

Thus* eves after. adf -tSing for tBcr Frypr&aet: cr&5t, the a l c ~ b l  

bfgh* 

Jagam esr-%z&ares rhs 2 ~trmhg weer= p t a t w s  fn the Philip- 

ED be =Xs 1-r tbas the prbecr paid Ear them & the U . S I  Z'Us 

ecaor was  tartisac& zct be S 5 * k O / c e a p  ar ~3rAy S182fwts The mrkat pxfce 

52s sweet. p t a c ~ t s  ia the ?bfl f~pfacs  was rtot stotkdp but F f  2t =re te 

reflees zhs esste of rhe sweet ptatoes, tscn price arn 

~ P s t s s h %  prdwer u d d  expat re pay far meet pcate feedstuck m d d  be 

br % . 4 2 X a ~ .  Flsis wmSd be rqu2vaIestt to  Ireearn 5.35 and S ,SQ/@%Uert 

o f  afeehaE pMw%&* 

Ea! TabTe 4-6. rhr sweat ptate feedstack costs h v s  been cewbfnd 

ar%& rha p r ~ e ~ ~ i n g  ~ o s s s  of  fke ~Forawmtimdd SDS? alcohol plant, 

which %as a. ammL ~ U E ~ K  ef E75,mO ga%Ssms, Swestr peagoes wmld be 

~ X Q C ~ . S S &  $a the % a m  manner as rbe erher tubers dlscusssb (cry; w155ed) 

&a#, ckersfere, z%e a.ssrrraplt5on.s co~eemfsg fixed and uartabPe costs 

asmc-&tr;& wfr:B eke g r ~ e s s l z g  9.f wfatcws a d  cifssaua are also applied 

bere. 

The BmesC pr&uctLm C Q S ~  sWda fn Table 4-6 i s  b l . T 7 / ~ b l m .  

=fs f%gvre represesgs prlaaEuccton costs for "Lsr costf' LDCs and for the 

C.S. wcez zhe a a s a p C i m  ?&E rhe cost rsE grw~Lng meat patames in the 

PhilFpp=zes accurately reflects gkr~ f  B R F C ~  %a BLCQ~OI producer uauld pay 



Table s-6, & % E h ~ e  sf &sts sf Pr~ducfsg FUEL Alcohul in LKs a d  the 
6i-S. E m  Sweet f ~ ~ t a t u e s *  

2 X - 
The plant fs asawaed tto prducre EtS,WG g d a n s  of l&S prwf alaekl  
oms.aPLy (libffmn & Imbbs). The rasge fa mer galleri costs represeat 
a m g a  2s aTeeW2 ,~el&s pe,;~. bdre&eXght of Eeedstaek ~f 1.71 te 
9.33 gaf las  kESM, 1980b; Itesarcbem A e s l y ~ t  Etbnal fraductfm 
C~SPLS'B.. Th per g d l m  CTOSCS are affected by the d5ffereeee fn 
assawd fe&twk test betseen tbe U,S. market pfics, which fs SPt.Qf/ 
ma 6!25;2&, 2360 go 18823, aa3 r'ne cost of grew5qg meet peatoes Zlr the 
F%%3Zppimw. which fa; $.82/m& (Ifisticure of Energy &memica fn Japan). 
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E Q ~  s e c t  ptatc f w d s t ~ c k .  The: $1.57 estimate iacludes a $.12/gaUaa 

fa04 S>q~r~c?luct credit. Ewex~"er, ff the aTcoha1 producer were ra pay U.Se 

arket prfrars far sweet petata-, &en ~ S E C ~ ~ C B ~  fuel produeticzrt costs 

coatJ.B 3e as hi@ as fa. 2 9 P ~ l I c m .  For w m d f u a  cast e~mtrfes" enti '7x2 gfr 

CQSE c m m t ~ e s t ' ,  the rsr.tses i~ per ga~ltm alcohol grduerim casts are 

$1,824 PO $8.36 azd ST.$& ts S8.57, respctiveEy. 

As w5tF rfce a d  pataroes, the hi@ east ef pracurfq the rau suet 

wtaraes senders the use of sweet ptatoes  for alcohol product5crn eem- 

mtkfcally u ~ ~ ~ E a e i ; c ~ r y  fXZ the U.5,  3x1 em par is^ to wther, less expamitre 

F e d s ~ a e b -  Haw+tcrl rhere appears t o  be the pss5bUfty of payins a 

zzuch 1-r pr%e@ Car weer potatoes in at least s a w  c ~ t r t e s - a s  

w5baed  by :he PfsrETipphes data. If sa, aleohel productfoa from sweet 

peatees so&Ld br slasr ctmpe~it%ve with pr~ducefcm frm ~feber craps fn 

s@se etas@$ 

7 .  Yams 

AE present, EEt~lc Lnfomstfas b atrillfable emcrrrring the ~r&rrctiuz~ 

of  fwP aEc~heX frcm pass, E n  ZST8, s- 21.5 mfllforr net r ic  ram of 

P4lZES VEX@ gEQST2 kl ~ X S  ( & E ~ % z s ~ ) -  WW~F,  ZZO &&T~BZTEZZZQIL W%S f @ ~ d  

cswsrnizag ehe @elI;Prrg psfcs a€ yams, the cost of groritfng y-, ar the 

COSE e f  prucess3q 7- into aLec.'trul, Scme dara on crop y i e l d s  a,rd 

~ s s l b l s  alrsob~l yields per ten sf y a m  were egged in an earlier seetdsn 

sf ~ $ % s  reperg, 

52we y a m  b v e  zu~z11.ent characteristics shf lar  go sweet gotarues 

a& are alsa wed f ~ r  b-WE foe6 C O ~ S U ~ K ~ B ~ ~  it is probable t b t  the 

per .mlr cost 3 f  y m s  ts She aleahel prsdutar waurd be sfnflar to that 

of weer  pQzarr;les. Lf ss, t h e  f-fndings fsx sweet ptst;oe;s have some 



for SW=E=EE ptatcces- 

iE, Sugar crops 

me use ef sugar cmps for processhg  b t o  aleobl  PEas CKI@ p o t 6 ~ t b L  

adva~tsrge wer the u s e  of scar& c r ~ p s  in &at the coo.kf.ng stage used re 

e m e r r  surcb b r a  sugar for fetmaentatfm C B ~ J  be eLLfdmtmi. As w%tb 

thtt S Z O F E ~  c*sc bweucr, the trta amst & q o r + $ ~ ~ t  factors Zn rezpIs of 

d r  oleabll, y.f,& frwr che Eee&stwk. me EulfaJfng section prcnrfdes 

SB 

E ~ l t  p r d ~ c r s  %n ~k D.S, and t r ~  UXS for Pfve sugar czops: {=I) saar  

, f 3j sugar beets, (4) fodder beets, and Cf 1 

Yr~rwiaf BET lch&es 

1.  Saga= cane 

Sasr east 2s emm&dek& to be, potaxtfaXljt, of the best Zeedstocb 

fer duel alsohaf prdueefcw, ~akkJ&rPy fa trepfcaP a& sabfr~pfcal 

regfsas -where per fxeecare p2.&& are Wgh, In Eaer, Brazil  has aradc 

alcohol prdwtim f r m  sugar cane a pr t  of gwenmrat porfcy whfeh has 

b a a  purswd s b c s  X975 CWy). Suner~w analyses comzer~2mg the cosr of 

p&wbg fueE alcobl  fram sugar cane have been done. kcawe there 

has 'mea a rtLBr&veLy large ammnl: af reseiirch bone ~ 5 t h  sugar cane, a d  

'saw @w?r rEaZre h m k  &pthd fa g r w h  b rke Sm?ETdm PIabs 

regLoc csf rhe C I S . ,  Zh%s rwrt: wtlf sdy b r i e f l y  mmmazrfzs the results 

aE a E w  o f  these stdies. 
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Sag&: c . z e  feedscock costs per g a E h m  of dcahol produced arc 

depsnd=rar D n  =.ri. m a r k ~ ~ t  pr-Lce of sugar cane and an the alcahol yield 

2rm s q a x  care Esthmted v i d d s  of aEcoIra1 frcm sugar cane vary 

sccardbg t o  the source, but are 5n the general range af 15 [Bagbey) t a  

3" - 4 5d1cms (&mgen) 1 ton. 

- 
-zg C + 5 -  %ark: prZoe for sugar cane experienced some EZuctuation 

frorp f4 f3  KZrqh but shad an averall average of $29,80/'ton f o r  

z b r  rhw perid C'ESSA, 1980 to  19823. Us- the above a3c~hol p f e 1 . d ~ ~  

t:hU cramsfares imco s feedstclek cost of $1.69 ta $1.99/galZ&rr of alc=crhol 

prodttcd- Thf.5 ignores, for the mumemt, any by-product credit. mat 

feedsreek -st is used in our analysis; hwwer, some sources have noted 

d3-a~ the I2 25. prf.~:e 5s s m e w t a g  Ugher thau the ~ r l d  price (Roy) and, 

zhexafrrra, C h a t  sugar cane feedstock costs may be lmer in some mCs. 

Earha:es af tbc east of  processing sugar cane inro alcohol can be 

f@uad in several sources. Ta a study usfag 1977 data for U.S. sugar 

cam krodut.tba, James estfmsted this cast t o  be $.6l/gallon, uhfch is 

3.82PpIhn Sf adjusted to  1981 price levels. Conabfniag feedstock casts 

= d ~ k  preeeissbg casts results Srr total costs o f  becueen $2.31 and 

$2,82Pga113~n.. M mea~Luxz was made of a credit for bagasse o-r for any 

feed byprodt*  

AxmtBer study QCeLis F I - ,  eir aE.1 eschaeed the cost o f  producing 

anhydr~us alcekl Z z  Costa Rica ta  be approximately SL.96JgaLlon Cad- 

jmc& EQ E98E dollars). Spdrow aicobl  csnrs were estimated to be 

$1,8QIgczEZsa Cin L98l dd1LifrsE- Of that fa ta l  cost, the sugar cane 

fedsroek was est-ted ra 5e Sf .F5/gaUan af anhydrous alcohol and 

S.BTPgalEon o f  hydrow alcohol. Crediza for bagasse or feed byproduces 

were ME faeluded ia the Celis W,, er aE. estimates, 
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C e c d s E r i  and Eazzsa~ provLde three cosc estkates of produc5n.g dco-  

hcrl from sugar caree. meir figures ore presented Ln 1975 dollars, which 

have been csia~erced to 1981 dallars, by hdesing,  in this repart. Thir 

f i r s E  estitsate 3w processkg cases (capital a d  aperatfng costs not 

inchadtag feedstock cost, & i n c r u d i r ~ g  bagasse credit) at S 1 5 4 E g ~ m .  

A byproduct credft of S-CBlgaElon was provided for, &so. The addition 

of our assmed cane feedstock costs based on O.S. market prices ucldd 

result h cotal costs of $1.95 to $2.45bgd.lozr of alcohol produced, 

after adjusting far rhc S-OS crdfr, 

The eecmd CeccrlsM and Ramsay estinrare indicated processfng costs 

of S.88/gsllon. hn S.081gaLZoa byproduct credrt was again a l s o  assumed. 

Thus total costs, facludhg raw feedstocks at U.S. prices, wcruld be fn 

the raage of $2.29 t o  S2,'iS/gallan wing these data. 

Processhg costs usbg sugar cane feedstock were estfmatsd to be 

5.80/gaSLoa sf alcohol fn the tbZrd CecePsM and Rmsav w i t h a t e .  No 

byprodrrcr sredit was assmed frt th i s  third instance. Therefore, the 

saral costs of purcWfng sugar cane at U.S. prices and processing ft 

tn to  alcohal using t h i s  processling cost eschate would be Between $2.29 

and S2.79Pgallon af alcob~P~ 

The L a s t  scudp reviewed used 5978 cost estinutes (SEXS):. These 

esthstes, u p d a ~ d  to L981, shoved process5ng costs o f  comtertlZsrg sugar 

cane tam E90 pxdaf alcohuP to be Sf.O7Jgallon--incXudiag a credit for 

bagasse as boiEsr fuel. I"A authors assumed char the pIar,t would produce 

25 ~il l iora gallam of ethanol annually. Total production c ~ s t s  for th i s  

planz, including feedstock e o s ~ s ,  troudd sq-1 $2.56 to S3.O6/gafXm of 

sf cohol . 
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Table a-3 sttaws the results of each of the prevtous studies, for  

cmpar2soa purposes- The Tow c ~ a t  countries" cost estimates represent 

expected coses 3 . x  back the F-5. and Zrr L E s  ~ 5 t h  well-developed fuel 

alcchof prduce%on techcpEagfes. . 

The data fn. Table 4-7 Tncffcate that: alcohol production costs from 

sugar cane fedsrosk are r&;stZvefy Ugh in campartson to certain ather 

feedstocks, The lowest cost estimates f o r  the 0 .5 -  and "3w cost" Lacs 

range frea 51.80 to S3,06!galI~a, depending on alcohol yield and on type 

or size of pEaa: frm which the e s t a t e  is taken. For "hfgh cost" 

LDCs, rhese e s t h ~ e s  are as hfgh as $3.63/gakfon. The reason far the 

rebtiuely high produccia costs fo prfmarily the hfgh sugar caae feed- 

seoek rust, Bowever, as noted in the Coam scan study, sugar cane 

5e&arsck, COSES say be Sower in some LDCs than is reflected in most of 

Table 6-7, The Costa Rieazi feedstock cast fa included in Plant B of 

Table 4-7, whereas U - 5 ,  sugar cane prfceo are reflected in the other 

cosr &ara coatafned %a that ~ a b i e ,  

2- Sweet sorghm 

Sweet  sorghum has been produced in the  U.S. on a limited scale for 

pr~duction o f  table syrup but has recently come under examination as a 

potentbl f e d s z o c k  Ear fueX aLcoh01 production (SERI, 1982).  Because 

such a small m u n t  af sweet sorgIrum 5s produced in the U.S. .  l i t t l e  

d a t a  ooncerm3ng alcohol yield f x m  sweet: sorghum or the cast of pro- 

dtrchg weat s~rg5wn are available. No major markets exist  for sweet 

sosghm Erm which an established p r k e  can be dertved to determine 

sweet sorghum feedstock coats. 
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-st available sEd2es es tbachg &coE.lol yield from sseer: sarghum 

are based Pargelp on theory, sad the tortzlslge yie2.d~ of m e o  sorghum ate 

based prb~f iP;r  on expetkmt plots .  E s t h a t e d  &cohsl p f d d s  frcrm 

s e e c  sorghum can range from 394 (WClure a d  Lipinsky) to 454 Ward, 

*=tin, and ~ockan) g d l o ~ ~ a c r e  .&{ 

Per acre costs of prOduc%ng sweet sorghm have be- deri-0 here 

fron several sut,uces. A Mifcm5.a smdy @i31s, et  al., 1983) c s t h t e d  

imlgaced s u e t  siosg?mm productfon costs to be S789/2rcre, includhg a 

$50/acre rerum t o  the fanner. That study estbated a3.cobolt yieJds of 

B e m a  435 a d  Sf7 gaJlcnns/acze, which translared fnta a sweet sorghum 

feedsteck cosc of between $1.37 and $1.$PJg&Icra of alcohol. 

A study r e w i d  fn the CRC Kadbookof Bioselar Resources (FtcChre  - 
and Lipin~ky3 est5mated 1978 dryland sweet s~rghtrm, productfan costs Tar 

the rPSdvestern 2.S. to be npproxhately $34flacre. Indexed tcr  1981, 

these praductfoa zosrs would be $4.75Eacre, In me study referred to, 

sweet aor@um y~eld was approxfmately 19,4 tons of star~/acre. Assum%ng 

an aZcobS y f d d  of PO gaUoas/ron of stark (the same yie ld  reported in 

1983 by E i U s ,  et aX.1 sweet sorghum feedstock costs per gallon of 

alcakoE produced m d d  be $2.15. 

Two other studies ctxamined the totaS. costs of processing m e t  

sorghum into fuel! alcohbl. The P i x s t  stdy ,  by Wo aad Sachs, used 1980 

to  1981. seeaadary data t o  e s t h r e  alcohol praduction costs from Lrri- 

gaE& sweeZ sorgbm 3.n Califirma- They ass-& an alco2ol plant which 

w ~ ~ b  praduce 50,000 g&.lcr~ls o f  l9Q proof elcohuf amually. Usfng a 15% 

Yrne bLgh a d  cf this  range exceeds the hLgh end ef the probable 
r q e  eit& earl5.er Ln chis repore. 



-131- 

amarzizaricm rate for czpfca3 equfpraent, they e s t h t e d  total prcrd~c.t%on 

costs CTPacl=d5q feedsro~~k) OE SP~6SJgall~a of alcohol. Tbfs frrcllded a 

S-S&!g;;n;tloa crredfr Ear the feed Izyptuduct. The sweet sarghuat pfeld per 

acre, alcoh~l yteld per con of sweet sargba, and the per: acre cost of 

produckkg sweet sorgh~fl~ rere not given, 

The other a 1 a L ; ~ 3 f s  CSEXS) ass=& an alcohol plant pzeduc&g 50 

~ ~ l P 3 k m  gallons of 2W3 proof alccrhal arcaually rts- - both sweet sar* 

aad corn as feadsrocks. Althougb not ~renrioned in me other studtes, 

am~her feedstock I M ~  h e  to be used iiz co~funecion uSzh sweet sarghm 

A n  may regions %P ader t o  keep the alcahol plant in operation over a 

substrt=ta pen&- of the pear. There azle aoa~e bf,fffcdtfes fa 

stor* weer s o r g b  for Xeagt6.g t h e  periods- 

The SEES study does, however, e s t a t e  t o t a l  processing costs f e r  

aa alcohcs; plant us%% sugar crsps only. These costa, nut facXud2ng 

feedstcsck cost, were S.40 te S . f f / g U c m  of aleah01 f a  1978, Including a 

Sa09/galloa crdft Eot the use o f  the bagasse as boiler fuel- Orr a 1981 

bsb, these costs would be S.50 to $-90/g&1aa, net of ap Q,ll/g;rllm 

bagasse czedit, 

Swset sorghum feedsrsatlk F,QSCS vary according to p;eomaph'~c area and 

according, ro wkcher or nut irr&gaticm i s  used, U s i n g  the range of 

f&srock costs already cited CSL.37 to $2.45/gaLLoa?, tofar alcohol 

pradizctbn casts, 'based on the SEES processing cost data, ~ d . d  be 

bezween 51-87 an8 $3.356gaLlon, 

Datz frm the prevfozrslp c3ted SDSf3 study can also be us& Lo 

eseizsice the cast sf csaver~La& sweet wrghum into fuel alrokol- The 

SDSC plant w a s  bulkt to ucfl%ze search feedstceks, especially cant, h o 
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dm zz5Uiag prwesa. &maewer, d e b  adjustments h the physical 

plant am3 a aperating p m c e c E u ~ ,  it 2s p0s05bfe that sugar cmps could 

alsc be precessed that type of fseillqr. 

us* sugar cmps such as sweet mrgku~, sane new cap&t& 

eqa5pmm~ ai@t be a d &  to chop the sweet sorghum h t a  gfecer;, Rimever* 

zhe need for a may be ef h&aated. ShdJarly, sugar crop 

eamersiotl te deolsob t reqdre a differerrt Eenrreator (S-c-, so2M 

phase er cclothuous dfifusic~n), bowever, som~ of the f emtar fan  tanlrs 

used E a r  eta- *awgd pss5bZy not be needed. Because of these and other 

ffret rbar;t the coaes of proc~~siag corn into aleohel 

(nsr; Z m L d i r r g  Eeedstoek cost) b s  o p b a t  shilar eo that at SDSV wadd 

aka appliy to the cost of prtbcessfrrg s m : t  sorghum a d  other sugar e m s  

-roc* r~eetm~26 

Pxocwsbg cost bttz frat. the SBSU reaearchr were available for a 

?laat that c d d  r b e o r e z M p  prad.uce 275,000 g a l l a s  of 105 prmf 

oPceb1 rmmsl3y, ZIze procea;shg costs frat tbfs p f m t  were estfsaced t o  

be SE*LTP@%@s of a lc~b3 .  C%ffman and Ebbbs). Cambfning this e t h  our 

e~r;~9sated m e r  sorg'hrPn fedsrrock coats uf $1-37 to 52,4S/gaTXen results 

b t~~ rusts ef S2.S te $3.A2Jp3tloaW Wevex,  s bjt.prodwt credit of 

$-P2/pIIorr is ahsm assumed, thereby redsrc5ng per g a l l a  cuscs aE alcohol 

61 mde f re+ sweet sorgEtws i n  such a p h a t  to f rm $2.02 ro S3,SO.- 

5dne SaSU p h m  dam were mr applied t c  alcohal prcducf i on  frm 
agar bsaasr af the large wmt; o f  research already conrp.Xeted for 
f6se E&stwk. 
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A suzmarg of the rage of costs reported in these studies is pre- 

sexkc& fn Table 6-8, The I ~ s t  cost estimates of $1-65 to $3,50/galm 

represent costs of alcohol production frm sweet sorghum in the W.S. a d  

%zz '*Pow cost" LEKS. "gh cost crounrq" alcohol producers could expect 

pzoduc~ioar costs in the range of $2.18 ta $4.06/gal'Lon. 

Bether estimates are an ehe laver or t2re upper end OE the range 

deplrrnds pr-rily on the sweet sorghum feedstock cost, which, fn tarn, 

depends a peat deal on geogtaphic location and lrrfgarfan usage. 

IUgker raw sweet soxghtrm yields were reported f o r  producers elhate a£ 

CalfPornf;l uho used irrfgacioa than for mibestern U.S. sweet sorghum 

producers not us- irrigatim, The Wgher yields corresponded with 

Zwer per m f z  sveet sor:gbw~ producrfon costs;, which, fn turn, prodded 

Tor a 1-r feedstock cost per ga lon of alcofiol. Ic sholild be noted, 

however, tbat mst m e t  sorghum yield data are frm experiments. Much 

research remi= t o  be done t o  deteraSsre meet sorghum y ie lds  under 

dif  fezreat soil and clbiatft conditions. Nethods of harvesting, storkg, 

and pmcebsiag sweet sorg5runr also need further evaluation before the 

ecemmLc f e a s f b l l k q  o f  processing sweet sorghum fato alcohol can be 

ascerra5ned w i z h  canfldence* 

Smae recenr;, unpublhlired wrk  done at SDSU resulted in p z - e l w r y  

e s t W ? x s  of awut SL.8QEgallon in costs fo r  pxoduc5ng alcohol from 

sweet sargh- Za a smaU-de plaat. %ore detaued research fs needed, 

bmmxer, 

3- Sugar WeEs 

The sugar beet Zs a cxap already grown in rhc midwestern region of 

Rbe C.S. ~ Q P  crystal sugar pmduction. T c s  high sugar content also 



Table 6-8. Est imate  of Costs of Producirrg Fuel  Alcekul fn UlCs and the 
US. from Sweet Sorghum, 

country Type Plant  BF Plant s- P l a n t  21 

IUgh Cost Countries $2.18 $2.23 - $4.06 $2.71 - $3-79 
~ ~ l m g  A is asswmd t o  produce 50,000 gallon. of 190 pmcf alcohol primp 

aJJIy, The sweet sozghwm yields were attafned under irrigatfort ftr 
CalUorPJia. 'Ehc authors did not explicitly state the yfelds d gretdag 
cages for ?weer sargbtmt (iea ard Sacfis), 

Z1-t B is asswid t o  produce SO m i l l ~ o n  gallons of 200 proof a c o b ~  
aolsurrlly. An S.U/galIo~ c r e d i ~  for bagasse is fnduded CSEZS), The 
range cost athares is due to dffferent sweet sorghum yields and 
padrrct%orx. costs d e r  C* dAfferent eirctrmstances. The lauest cost 
est-te comes f rum sweet sorghum grown Zn Calif o d a  using irrigation- 
Tke cast of growing sveet= sorghum there was e s t h t e d  to be $789/acre, 
with an alicohol yield ranging from 435 t o  S f  7 galforvrf acre (Etlls, et 
ax,, 1983). The highest cost estfmate for growing sweet sorgkum comes 
from ~weec sorghum g r m  in rhe midwstetn C.5. without irrfgatia,  Per 
asre costa were estimated to be S475/acre RlcClure and Lipinsky). Alcohol 

was assumed to be 10 gaLI~nS/to~ o f  stalk o r  194 gallonslacr+ 
<E1ls, e t  aP., 1983). Fixed costs oi' the a l c o b l  plant aPso ranged from 
S.bhbgalPons ta $.8l/gallos CSEIS). 

SIp3.a~ C i s  a s h  ro produce 175,000 gallom of 185 proof alcohol &nu- 
all? Oioffmn a d  bobbs)* The range in cost eschates ts due to the 
razxge 4m osti;nates of sveet s a x g b  prduccim coats per acre, from 
5.675 ra 5784iacre, w i t h  alcohul y i e l d s  varyiag ftm 194 to 577 gallonsJ 
acre fur ezcb cost, respecrfvelp (XcClure and Lipinsky; Hlfls, ee al., 
1983)- d $.12/gaUun credit for; bagasse was assumed CSEfS; H e o  and 
s a c w  
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mkzs %t a ptemetrrfsdi E d t ~ k  far EEL drakml pmdueticm. The sugar 

bet; d5ffer.s gram s+ w e  aEmhE sweet sar@re. in &at frs sugar 5s 

scored &a rwts kns~ead! of k~ stalks. Bfs meaas  that the h Z t T & l  

preparatfcm sr;qes fer emnrerchg sagarbee&ia h r ~  aXe~&el vd.U d%ffer 

fm tbS& d wmt&@fl  ~ f :  I- SUwr Ems* P-4lp W3 &S- 

%ere zBa+ these &Efereaees 3n plreparae2,cta do tzcrt -use =for bfffereneas 

the eoarts eE pmeessing sugar tubers into tiLceks1 the ccckrts 

ctf pmc#skag s w r  swdks fsrtcz &e@kcaf. 

The essc of sug;%r: beer: f ~ t ~ k  to  tErr a&eoheX prab=err 5s asmmd 

equal ra cbe pries s~qgaz b e g  Eanwzss rmrr5.e E r a  raw sugar masufaeturera, 

198% was 

536.77Bzcm CESiUk, 5980 to 19821, 

ficoM1 .]vfel& f r o ~ x  sstpzkats have Bees estharab go be batwst~ 

20-3 (SEBX, 1980) a d  17 q d Kar2ua) & E o t r s € m i ~ .  Therefore, 

g a price of S3t iLTf /sen of sugar 

ha-, be 5n the c-e O£ Sf. 34 te S f  .82/@Pcm UP &cub1 

pr&w&* 

TBtit costs of prmeaoi- sugar hem 1-nto ftre'i aPcsbl hem 

estZmsted *a ar E-t tm +E&~ES* E ? ~ z L L ~ ~  pug proeessfng costs at; 

5 , @ % ~ 2 l @ a  af a f e ~ b k  in $978, tEffb a f e d  bprprdrrer credit sf 6.25LpZ- 

Lam. Ha 598% d@fbrs, ~hfff. p m e s s h g  COSE *au2b be $,67/pbBoa, 

 he fee4 hypr&uct erexiit seal& b.*e 5-28/'pZLcs?ra- T@r& coats aE prodw5ag 

aKeabL frsm s-ar  bee^[^, usff~$ dam frm rbe D e w y  s ~ d y  usetld range 

frm 5E-75  re S L f B / p U a s  when fe*csc=k costs =I: of rbz feed ky-prBbw~ 

credfr sre ad&& ca the arhetr f*hed a& speratfos cases, 



wzrac-iag gar a ~ f  essro d d  be &rmPv&, 

The SDSE a&c@b5 plant (praduedqg Ef5,M?Q gab las  of 365 prosf 

hem- %5*34 d SP.8;ktgaLZm, total cost& for EMS size sncf type uf 

'Ir5be S.ZQlgsl2oo figure is cFJa average sf rbe argqr bace bypruduce 
credfrs fx F ~ C  Dmvf B R ~  GabPfa~f, ~ t r ~ d i e s ~  



t3rmtr;r Type Plant 21 Plans B- 3/ Planr c- 

Law Cost Countries 
a d  che Q.S. $1.75-$2.20 $1 .91 -$2 .36  $2-33-$2.78 

Eigh Cost Countries - - $2.62 - $3.U37 

Ijme artalrilx output a d  a~cohcl proof of plant A is tmks- (~oned .  me 
range is due to a range in per ton alcohol yield estimates oE between 
20.3 (SEIUI, 1980) and 27 (EX9army and Earlon) gallom/tan. Processhg 
costs were not broken d m  into f ixed and variable costs; therefore, 
e s t b t e s  for aediem and high cost LDCs could not be made. 

Brntlal output and a ~ c o h o ~  proof of plant B is ~nkn- (~a115an). 
The range h c o s ~ s  is due t o  a range l a  per ton aleohel yield estfmates 
of between 20.3 ( S m ,  S98U) 2nd 27 CBnway and IEarlon) g&ms/ton. 
Pzocessing costs w e r e  not t r w k m  d m  into fixed and variable costs; 
therefore, estbaces Fsar medftan and high cost D C s  could not be l~ade- 

I p l a n t  C i s  ass-d to produce Lf5,UUU gallons of 185 proof a l c ~ h o l  
a-llg CEXcfhan and Dobbs) . The range in costs is due to a range 
1a per ton alcohol j;.ield e s t a t e s  of between 20.3 (SERL, 1980) and 
23 (EIaliway and Eaxlm) gdlonslton. 
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As Zn the tabfe, per ~ ~ U C E S  casts range frm a fa* estimate 

of $1.75 h pEmt A far "fm- cast" LDG a d  the E,S. tct a high of 52.78 

far this group of carsrtrfes 2.n plant C. Fur ''high cast" LIES. tests ~f 

produchg dcokal  fueL from sugar beecs are expected ca range fntosr $2.62 

to 53-OSBgaIlarr. As wit& sf the other Eeedsrdcrks dfsctsssed, if 

alcahel producers zmst pay =he "faad usage" prfce far sugar beets. the 

rosr =y be m a  h@ far econamicaX fro& alcrahol produetion. th rRe 

other bad, w e t :  zesrrferfms cm sugar pr~bablp cause the mitrket pdce 

of sugar Beets ED exceed wi tat  a free market: east of pracfurrfcm wrrd8 be- 

Thus, ZE sugar b e t s  were - as an eaergy erop, casts t o  dLcoIroT 

predusers for Eke femisc~~ck aighf: be 10tse.r than these us& m sur eccm- 

mfc taLeulrrfms bere. 

4. Fed&?= b e t s  

Berzatsse of r k i r  very Mgh E m t a b l e  sugar: content, fodder beets 

have poreat%~.1 es bee- a= ~ ~ ~ c s l  feedstock far fuel &coho1 pro- 

Btrctfas. At presenr, k w ~ e r ,  fodder bet5 are not grmm i n  large 

qusnr5r5es. Therefore, dam caaeemdrrg f ~ d d s r  best yfelde~ a d  a l e o b l  

y&elcb fran fodder B e e t s  arc based sa prePbWry experfmental trials. 

b e  ;it;&? presenting such data was campfeted i a  6983 IBi32s, et: 

al., 1'9831, Fodder kegs were grown on 8. experfmentaE bas23 f~ Yo20 

Csmty, Q22famia under irrigated cadirions* Fedder Beer prodrrctisn 

clasfs were estZma%ed t a  be S912/acre, fncLudlng a SSOlscre charge repre- 

sezzcing return ts rbe fsrn agezarar. Esttmrred per acxa ~lco6~L yields 



raq& Zraz 6LP CQ glt g ~ ~ . /  T h a .  E~dder beet feedstock costs i x t  

this study were between 8P.kZ sad Sfi.L?/galL~n uf alcahaI. 

X s t d p  dme k X e -  Z e d &  [EarL) in 1979 rsmltecf fa esr%mzted 

costs c;nT prducing 9W prmf aleshaP frm fodder beers rtrzder fotrr dfffer- 

Peveit of amxd aEcab01 autpur; &ewe- 2.7 a&llfcm am? 5.5 mfUion  

9 /  1 The Edder beet feedstuck bias assumed to cost S80/ODt- , and 

=be roses af r a p i d  equip-= w e r e  amart-fied st ZQX over @;z& i t eCs  

useful Lifer lkpe~dklg  upcm tbe n-er of aperacing buuzs the plant #as 

rla funcgiaa aamaaELy $3,000 to 6,WO I~CMPTS], tat& produetf~lt 

costs riaageti from EZ $ r Z g  to bZ $.SQXL sf aleah01 pxedu~ed, In D,Sc 

lo/ $slbrs-- , iadtz;l9ed ts 1981, those casts w a d d  Be 5 - 2 4  t o  $,43JL, or: 

$1 * 3L zs sr .65j@PlCm* 

Y!W am$ Saeb amlyz~d the e c m d r  feasfbi l icy of usfng f d d e t  

beem Zer fuel aPceheP pmd~ctforr Ewbg 1981 data). fa shtfr study, 

shag cap%ral costs (amztfzed ar 15x1 would be the sasDe as 

far w aIcer&?E pkaszr wLrrg grafns for faedaterk. 

The alcohol plant w a s  assumed to prQduce 50,000 gallons of 190 

prmf  8LeeME armually. Gsbg fodder ket feedscock, total probucriorx. 

coats fer a  emf ~f thSs t:yw were wf5.zmted CQ be 62.25/galTolr af 

aEcsfaoL- This e s t w g e  5seluded a credit fox a feed byproduct, but the 

experilsen~al y i e l d s  ww achieved under zrrigatd con- 
& ?hey are relat$vely high cbapared ro rhe alcohol yield6 reporzed 
earlier 3 3  this report; ch~oe yj;eLds reparted earlier would represent less 
~ 5 . a ~  ~ p ~ k m l  ~r m r e  average growing c0L3dftf~ns, 



-19 3- 

azmmt crf credit was sot stated. ALSO not. s h d ~ i  were the aPcaho2. yields 

--pet& frm fodder beets, 

,UtWsrgh not s~pecffically built to process fodder beets, the a lcabl  

plant described 5n the SDSF studp c a ~ d d  Ee modified to du so. As was 

che case rittp sugar beets, such a ~ ~ ~ C Z f f i ~ i t i ~ n  was asstx~ed not to cause 

sZgniELeaae chaages 51% fixed or operatling CO§ESc 

l%e SDSEL" plant is assmed to produce ltS,OOO &alLorts of 18.5 proof 

aleehal arrmallp. Capfrwl and no=-feedstock operating costs for rlrfs 

plant are escbared CQ Ze Si.ff/g;zllon af alcaha3 produced, Total 

eases, fzefdbg che fodder beet feedstock costs est4stazed in t he  Etlls, 

ec al. s z d p  bur no byprgducc credfz, wodd thus range Era $2.29 to 

SZ.S6/gaZlsn, 

T=a aefchez: tho Ffe-Sacks study nor the Earl study was the amurrrrc aE 

bnrodurrr sxaJfr; seated -&en fadder beets were the feedstock, Fodder 

beets ;?cii'~e rougtrly the s;me prsrch eaacenr p2r con as sugar beers 

(Fayes; E5DA. 1988b). Far sinrplic&ty, the fodder beet byproduct credit 

f s  Q S S ~  here fo be eqwL ED chat o f  suger E.eezs-~-S.Z0/gz~Eon o f  

a f c e h ~ P ~ e z  ~hough more fsdd+r bests chart sugar beets, by weight, arc 

required rco produce a galls& 0% s l r = ~ b o l *  Tfn?seZor~, the t o ta l  alcokol 

arsdwrlan FQSES i a  the SDSU p h n c  5 wf the byproduct credft ~ ~ u l d  be 

52-09 to 52.&6/gaal~o. 

Yore rec-t work on foeder beezs a t  SDSU i ~ d i c a g e s  pxelbfnaxy cost 

e s r h s ~ e s  af around SP.TS/gaLfnn, or s l i gh t ly  higher, far alcohol pro- 

daaed from Sadder Beecs w i n g  swEid-p'rlcase fernentation rachma2aggr in a 

sza5i-%e&e p h s z  CGlbbarw, Zestby, an2 Pobbsj. The byprudt,tcr credi t  

i n  chess calcuh.:i$~3ps w a s  $.30/gaZZ~n of sle~ktal.. phesa egtrtmges 
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need verfffcati~n, howaver, through sore detafled tecEm5ca3 and e c o n d c  

stzd%es - 
Table L-30 shwcs +%at the coscs, f r a  the above scudfes, d g h t  

be far -LXs as ~~~ zs for the E.SI Far "Taw CQS~' '  LDCS and the D.S,, 

peg gallon casts of crha~~al p f ~ d ~ c t i ~  f r a  fodder beets raws from 

$1.31 ia the 2.7 miElian gallanlyear pEartr t o  52.46 in the 175,000 

gallmPyear 2lant. Fer '%i& cost" LEI&, the avaflab2e data w u l d  

s u g p s t  a raqe of dcahol production costs frm $2.38 to 52 . fSJga~ la r r ,  

5 .  Jerusalem artkchokes 

Sn cRe p a i t  tn*m at three pears, enthusfasm for grcwtng Jerusalem 

arrZchokes for fuel aXeokok productfort has at times been high frt parts 

of eke %&BE~s and Y!mzcsora. At. pxesmt, there 5s a very Itmfted U.S. 

mr5r.e;~ for lex*rtsales artfcbkes. CansequentLy, Lnfonnatfon on per acre 

yields aad gr&tq roses far  Jerusalem artichokes is based an exper%- 

aen.ta2 ~ 2 ~ q  p h r s  and 19 net  yet well-documented for different growhg 

cad%rS.o=- bfomtfon srr the casts of converting 3erysalm artichokes 

3n~o fuel, alcshrsl 2s even. Xess readLTy avaflabLe, 

Fst&zaz& aLcrphaP y%el& Erm Jar#alem artiehakss range from 26.8 

$ n ~ o a s b t a ~  C:,"sderhfler, ?LcFherson, and Fdner) ta 30 gallonsfron 

QSaizs, et aL.1. Fa5LZng r&*chh %'hat range were pfeiba of 2.8 to 24 

gaP;~arrsbzan Erm zrtteKj~kes grown i n  XebraZsa test phots C'u'nLversity of 

e 3s &Zz coacemfng casts uf gr&ng Jerusafm asrfchokcs 

vere (?atzxmi+ Hvdever, as of December 2382, Jerusalem artichakes were 

? T  T 7  selLfrzg for  seed 8 C  $f.2Q[p~w6 (ha+er). O b ~ f r = ~ ~ l ; r ,  chi5 lave: of 

fedstwk c o s ~  wuLb be far EQQ high for ec~nodcs!. alcohol productian 



Table &-fa. Esthare of Casts sf Prodacing FueL ;Ucehol in LMZs a d  the 
U,S. from Fodder Beers, 

Luu Cost: Countries 
a d  the V.S.  $1.31 - 51-65 $2 -25 52.09 - $2.46 

He&uia Cost C o m t z i ~  - $2 -43 $2.17 - $2.54 

Bgh Wsl: &untrT@s - $2 -78 $2.38 - 52-75 

L'PI~~C A is a s s e t 3  to produce between 2.7 mFllion and 5.5 mi1150n gal- 
bns of 200 proof alcohd annually (Earl). This range accounts for the 
raage in cost wt - tes .  The fodder beet yfePds were attahed in New 
Zealand- Escfirates for med5un and high cast L X S  cot;ld n ~ t  Se made 
Because total c c s ~ s  were not broken down into f5xed and variable costs. 

' ~ t a n c  B i s  ass-& t o  produce 50,QW gallons cf 190 pmof alcohol amnr 
ally. The fodder beee: yfelds w e r e  artsine3 under frrlgatfcm in 
California (?Ieo an& Sachs). 

3'~laar C is assured co produce 175,000 gallons of 185 proof alcohcl awn- 
ally (IitoIPran and Dobbs). The range in casts fs due Co the range in 
esa-tes of alrofLoP yfeld per acre (611 to 8 L l  galfons, under irrf- 
gatfw fa Wf f omial ( B i l l s ,  et sl. , 39836 . 
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($80 to Slih3lgaLPosr). Bowever, rbe prke of Jerusalem artichokes m d d  

drop substantially if producers began to plant zhe crop kt large guaxxtzty. 

M y  one study was found in which the total  cost af praducfng fuel 

alccptodP frm J e n s a l e r n  artichokes was estimated. mat study, by Meo and 

Sacs, hvolved an assumed plant -4th a standard dry m 5 l l i n . g  process, in 

which 50,008 gallons of 130 proof alcafrol wadd be produced annually. 

&pica1 costs uexe ammized at a 15% hceresr rase. 

Results -,f the study showed crotal alcohol productLon costs of 

52.06/ gallon. Credft :  for a feed byproduct uar inc2lsrded Ln thfs figure, 

brae the amount was nut specified. Cast of the Sersalem artfchuke raw 

beedatock also was nor srated, but the cost uas clearly far less thas~ 

:he $1=20/puad being pa%& for SerusbLaz artfchoke seed late 1982 in 

Sourh Dakota. 

Coor; figures Era the Heo and Sacb study have Seen used t o  esthate  

alcobal product50n costs for Pow, meblum, and Mgh cost f S C s  using 

Semsalen artichoke feedstock. The ccrsrs, estimated usfag the procedures 

already establfshed for other crops examined Ln th is  chapter, are pre- 

sented %n Table 4-11. 

As s h m  h the table, "low cost" LPC and U.S .  alcohol. producers 

~ghrt. expect costs o f  abamt rSZ.OB/gallon, wbiLe ' hed im cost" W C  pm- 

ducsrs could have costs of $2,21/gaLlon, a d  '"IsBgb cast*' LDCs could have 

costs of $2.58/ gallon, As with the other "naa-traditional"' crops 

exanin& in  thfs report, these cost estimates are preliminary and zaugh. 

%re detailed research i s  needed to predict w i t h  any confidence the 

actual cast  af producing fuel allcohal Erm der~salem artichokes. 



Table 4 - U .  Esthate of Costs of Praducitrg F u e l  Alcohol in W s  a d  ehe 
U , S , f r a  Jerusalem Art fchok&s. 

'Lnt Cost Cowtries and the U.S. 

M i u n  Casr Corncries 

EZgh Cost Cotratries 

plan= is ass& to produce 50,QOO g a l h  of I90 proof &.coho1 
aariually. The Jerusalem artichoke yields were attained under %mi- 
gazioa in Cztlffotnfa meo and Sachs). 
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C- S-qeF 

'ELrseace6 in this seecion hzve been data an costs of using dterna- 

tive bicmass feedstocks to produce fuel dcohol 5n the U,S. Cparrfcdarly: 

ia :tie Sorthern Pfaias regfan) and Ln less developed rountrfes. Twelve 

crops sere exam5ned. ia the acmlysfs-seven stareh craps and five szgar 

crops . 
X t r  every stud? rev5ewed for which processing costs were avdl;3ble,  

the cosr of the feedscock was a large component af total aLeoho1 pro- 

duetfen cosrs, regar&-s sf the crop k b g  consider&. Feedstock rdsts 

par gallan of alteohol prdueird were gemerafly dependeat: on trjo Sacters: 

(1) the cost per t init  for grwing the crop, or rhe eszablished 

mrkec prfce Par rhe crop, and 

( 2 )  tRe alcoSroE yreld per m3.t of the crop. 

Ef there fs a well-esmblfshed market for a particular crop tkat 

already pays famaera a ptiec rhey consider to be pr~fitarble, then an 

~Zcobol producer caa aomtally expect ro pay at least that pz5cc for the 

crop, Pay&ng 3 Exfa per un&t price for a feedstock may be acceptable ff 

the per unJe afcsrh~l yteld fran chf: crop is high and proceso2ng costs 

are nee espeelably high. Bowever, if rhe per unit alcohol yteEd (or 

p ~ t e ~ t i a l  yield) is rebtiveLy lw OF even average For one o f  chese 

L = ~ Q ~ s ~  then the effecf sf caetpetil~g zgains.6: altsrmat%ve uses fur ehe 

crop m y  be rs mzke the crop EOQ expensive f as f ue2. a loob1 production. 

'%as situatian often QCCUXS for rice and p~ta toes ,  as well as fo r  meet 

p ~ t a ~ e e s  15 they are produced in the U S ,  Huuevex, cweet potatoes gram 

In tSe PESl ippiaes  say nor he m experksdue as in the c.S. As shown 

earlier i n  the EWE, the c u s ~ s  af p x s d x i n g  fuel alcshel Excm r i c e  a& 
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potatoes are ever cme an& me-ebaLf t-s the cost estkates made fo r  the 

other craps exaahed. 15 due t~ the high vaLue attached to rhm. 

The costs ~f prduc- fael alcabol frm recast of the rem%nbt& 

XI! craps eszdaed are =Fs 1-f?-rr ax&, dcrpeadit.~g upaa Load gasoX£nt 

ere0 as zhe FPBasc" fuel a2c~boE crop in tems of the lawest productfacrr 

cosz, several rensfderat=farrrr terust be kept 5n mind. 

Esrfzascm of ehe coscs of prodttcfng fuel alcohol Era these crops 

have been M t  i n  a v e q  preLMnaqr -ere Way esf-tes were made 

with ass~lt%ams based oa the~tetfcal f t eds t~ck  m d  afeab~f yields a d  

an untested ~ W W E ~ Q O  P ~ ~ C C ~ Z I F ~ S .  FOI sane craps, Litrle q i r f c r l  

evMerrce was atra-Bisble with wb5eX.r to  =Ice these assumptions. b a 

resule,  we have ptesented a a d s  range of east: e s t a t e s  for aLcoh~1 

g r ~ d l e r % ~ a  for axaft ~f the crops. 

%%era Imkicg at: cesc asc-tes f ~ r  the craps in th i s  study, one 

%U$C 5 6 ~ 2 d e r  zhe a s s u m p r f ~  en which each t s t h a t e  was  based. For 

e w p l e ,  three aE ~ Z z e  lwest cost estimarea xcrcned fn part because the 

a~fhor of rlre pareicdar atrrdp est5mtred a by-product credi t  significantly 

h%-r Ebn e b t  iil- rm8P; af the other stdfes,  Thla was the case for 

grai.3 s~rghm, fn *hZcfr a 5.95ig&Perr e s r b t e d  net cost of pxodrrclrrg 

aZeuiml izel&& a $*52/gaSTaa (1981 doUara) byprodust ered ie .  For the 

- W-e wcept%@n m y  Be yam,  fo r  which there were no availdbXe 
CGSF - e seWzes .  
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SP.ET.lgafiioa est-te ushg corn feedsrack, a bypraduct crdft of 

S . L T i g a B i s r r  (8981 dollars) was asstm~ed. 

In a&dftLon, sofce cost est'Litrtates for producing alcahuf frtrm ecrrain 

fedstoslrs were iwad~ assdrtg plaats t h a t  produce as muck as 50 Bilkion 

gaElowiPyeaz- T M s  uas dme for grain sorghwf cam, sad sugar 

caw- Case e s ~ h a ~ e s  rrsiag the ocher feedstocks were sfrea limited to 

2laacs pradueiag 50,0430 rcr 175,000 gaLlonslyear, because of Tack af data 

for  larger &zed facilftkes, and because our principal fnterect in this 

rrepurt is %a ~ 1 1 - 5 ~ l t ~  plants. S ~ a e  studies cited gave total alcohoL 

produeeien cost est-tes d t h w t  stating the sire aL plant assumed, 

ry of che cost estimates for ~ f ~ - s ; c a ~ e  plants, and some of 

u;xspec&f&ed size, i s  presented fa Tsble 4--12. The Xouesr alcohol pro- 

ductSon cssz OL:C~J~S when cassava fs t=he feedstock (SX .OSl/galloa in T o w  

gost L X s  a d  the 1T.S.t.. However, the wide vatiatforz in. estfmates 

s % ~ e s : s  f ; b ~  eae dffferwcas fn a,cc~hol productSon cosrs between the 

sfae craps wS", reeEafively 1- feedstock costs arzy not be signiffcant, 

eucralXI Dependiag up03 the c2r~msC.ances, a11 should perhaps be con- 

sidered as poceatlsk aEcabol fuel feedsroeks. 

As sfready nated, the per wit c o s ~  (or price) of a particular 

e o m d S + , y  wi>Z  be a wj6t becemflmaat ah i t s  attxacttveness as a feed- 

srock for fueZ alcaba; prodccrloa. ,%~y times, th i s  price i s  based on 

arready. esrsblished alcenative uses. Zr has already been indicated 

zhaz the market pxfce established f u r  these alternate uses may often 

el.*Lrrrfmre r i c e  anti patarms as eco~omlcal feedstocks for alcshof pro- 

bustfc-, Eoueuer, grais scr.gh*a, cam, sugar cane, meet  patataes, and 

sugar beets 3150 have evtab5Sshed markers as food and faad grsbucrs. In 
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fir:&/ 

PQUC~QS 

L's~sc af e k  ersthates i.;rclded bere arc fat "-fl--EE" pLartts, defined 
gca*ra*Gy as ams ~Iznr ;r,mdu~4 k e s r  rbz f d 2 A f o a  gallaus o f  d c o k a l  ssmud2y. 
As =red 2a o f  c5e other foocmrres, hawever, easts far  so^ p h t t s  of 
" w p a % Z i e d n  see are tnc2dded. 

zim cost f 5 ~ u r e s  ~rrtstrtteZ for alcohcL productfern usfq cassava fee0s-taeks arc fer  s 
p-c: of  rmsgecffted sk~e. 'Ehe prmE of alcabal Zs akw mspccfffd. 

&'me b g e  -e QF crrar estimates i s  dtzc re c5e dffference tn fee~steek cost brrwcgn 
s r k e  ~rLe.ces far sweet pa#r;ms ia c5e  U.5, a d  tlre coat of $ d o g  Met pseacoes 
ia r k  F&f5ip~fnezes. as vet5 as FD a rage i n  esrWcas of  alsobl  yteld from 1.71 
co 2.33 ggaLlos/err;. 

2 2 e  ccslt f*ure.s ?resenreti f 3 ~  i3:cc32101 . ~ F Q E I L G Z ~ O D  wtng sugar cane feedstocks are 
for ploars o f  e s ; r e e = E & d  sire. '2'i*o prwf ~f a l c ~ b L  i s  sLso mspeetfied. 

r *  

ep~esr casr f%g~re (SP*iS!@Lm) for alafrrjl pr&wzcfsn wssi?tg sugar Beet 
E & C ~ B C ~ S  is fur a pfLan~ of ~.wpecifSed SLZO. 2 6  prsaf sf aleohel fs alse  
u a . s p ~ c M  far '.&at eschfe ,  



-I&+ - * ar; but the fargese pLarti~s, ctiefr use as feeds~ocks far  dcohuL pro- 

ductioa ;iay alsc be quest innable on ecaamtc groundc.Ei This reintivcly 

3igh apprttmirp cost for c~mearZonai Eaad an& feed craps has caused 

Ta the cases cf cassava, sweet sarghun, and fodder beets. the prier 

a= ;blcrtkrsP amrsfacturcr h ~ u l d  pap far rrtv Eeedocctck has heen assumed Pa 

13/ re, chks repr t  to be equal LO the cost of grawbg the feedscacks.- 

=ha fsadsceek =o be preducab, the nee return te che farm~r far prc#d%cfn& 

the seep for aErabeL prodaetius m s t  b e  greater than the set return. far 

pr&ucfzg s b r  crop or = a ~ h e r  crep far ~cker use [feed, Peed, 

atr* )  wish &he saae Eat& ar sther ISaricfng resources. Cautfsn i~ there- 

Care seedad in  fescrprr%e&g rhs &am from c h i s  s&ud.f* ' F G ~  examp1 C. sugar 

beees sere vdT&Q @w :he basks sf fod-relared mrket prfcas, whereas 

4frcct comaxls@n ef ebe fsddex beet and sugar beet feedstock costs 

fowd ZR ck3o rswrr; c a d d  oversgate BRY cost. advan~ilge of E~ddor beats 

L a  - 
They are eve3 expensive i n  the Iarge plants i f  eonsenrarive 

? 
z '%e sate hog&+ true for Jerusalet aerfchakes. Hou~ler .  because 

SE ! Z Z : : B  <arb %ere s u n l i a b l e  to s s r i m t e  the cost OE grwfng  Jerusofm 
arrfchokes, they are ROE ftxiudcd in t b f s  discussion. 
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1~ zmp be p s s k b l e  for Ea-rs t c r  g m w  energy craps and tc t  equal or 

exceed the net recuras r&ey received from men$ traditional Cmn- 

aeer~-$ craps e, at the same cittxe, fax a L c s & ~ L  producers to ~ b ~ a k k  

fedstacks ar afE@r&bPe pdees if oae or 5oth of the f@lluwing shotld 

cmaz ; 2 ~ u ~ :  

BE) the flex& of fe~ar~f?rrtatfo blaaass frm cassava, sweet sar- 

ghtae, or Edder Wets erdd be hereased on a per acre -is 

HclPmz p r q ~ r t h w i l  increases %n growing CQSES. Under this 

condfrtimt, ft tzay be pussfbfe fax Earners to accept less rrmemey 

per ten ~f awrgy erep but te facrease total net returns per 

acre, dsrg t16b Eke faerased v a l u e  ef b f ~ g ~ a s s  they us&& he- 

vesr, Xf g'LPe hcrease fn bfemass pfefd fs Large emu&, per 

acre net T L ~ P F ~  frorp prdtic1ng eoeergy crops may exceed that ~f 

prduehg rzta.dief& e q s -  A t  the m e  tfme, the feedstack 

cosr per @Ten erf alc~hek produced could deelfne for the 

alcebll manufacturer- 

<Z) If the afc~ha2. yScld per ten ef femgnrsblc b f w s  frm cas- - 
HV. ,  weef sozghmz, Gr f o d d e r  beets could be increased 

reEatfve t o  ~ h e f r  present yiezds without pruportforra'l. in- 

creases %a gmsessPng casts. Thus, at  any g$ven price per 

cm%t ef bLa~zass, the casg per gallea of  alcohol muld be 

reduced, 

Of corrrse, che sme condfrioas could be also said to hold true for 

rradirfsml food a d  feed crops (corn, Q . Bwwet, much 

emre a b  the J ~ T Q ~ O Z L C  research wcessary cu sch5eve suck seeompZfshmats 

has h e n  O m e  fss trabirchwl craps t b n  Rw been done for  am. "energy" 

craps. 
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fa add5tion to research an Sacresing hiomass a d  alcohall p f e l d s ,  

mse detxkileb research is required to beremine ptcrcessfng costs for 

5.~7. aZcebaB made frmz wrr-traditional crops. Research m practicax 

Ur*est.*hg and starage ;netbods for specialized energy craps is also 

3. F h a E  r-rks 

I r  is obvious frcm tbe preceding d f s c - s i ~ n  that there remain many 

dcmmrn abut allizohal pr&atrr;fotn Erm the various crops amLyzed. 

Further research is needed to answer many questions. Ewever, the 

follouiag graLh8*.t3;rry general eacl-fons can be d m :  

1 There s e w  ra  be ~ c ~ t f a l  for  ecenadc probuctiua of fuel 

o%e&s;L f r a  "energy" crops such as cassava, wee: sorghum, 

and fodder beers-under sane circtnnscances. 

( 2 )  Sac eseugh f a  hewn abut Jerusalem artichokes at this pofnt 

fn = b e  zo draw d a f h i t e  eorrclusisns about i t s  feasibility as 

a fuel alctzhel feedscoek. 

(3) &cause ef passLblte harvesting and srorage problem, sweet 

sarghw does net yet dacrk as attractive for alcohol ptobuctfoil 

as &a cassava or fodder kets. U a a ,  in the Xoxthern Plains 

region sf the Y.S., the climate may not be as condue2ve t o  

weer: s~irghws zs i t  Zs to fodder betat production, and cassava 

Is restricted ~a warmer cl3mates. 

(C) PrelhLnaq cost data hdfcz te  that small-scale aPcehol 

prdrrcrfarr PSE: cassava 5s reLazfvely flow cost ,  at: least in 

seae cauncrfeb, cozpare< to mhsr crops for  whfc'tr CQSZ 
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eszisates were  avaflahJ*e. Cassava 2s reparced to prodace 

veli on aargf;gatP soils. and isr  E-arf& tropical  and subtropical 

c l ~ t e s -  If so, i t w y  *=EL provfde a better return on 

as a fad crop. 

Ia, rtx;rtsrfning the &car. presented in Table 4-12, it appealts that 

cas-a wufd often be! the best eeonetafc choice for an aLcahaL f u d  

faedszocek, az kerrs't fa rbe tropical or suktrapical e1fme;tes where: 5 t  can 

be grown. Tecal g.~crduccioa cosrs ushg  cassava feedstack are as law as 

Sl .QSf@ffoa fa 'Zsu cost" "3, 

Far =he Sortkern P l s f z ~ s  r q f o n  of the  U.S., fncltcdfrrg South Dakota, 

grab mrghsm, corn, weez setgulm, an& sugar beat feedstocks provide 

for fuel aleohel pzoducr5az PC law per gallort costs relatfve to other 

fe&sr;oc=b exazfned, The lovest per gallon costs uslng these feedstocks 

are fa the 53 -63 r o  81.80 raBge. 

Per gallon cosrs whg sweet: porraeoes a ~ ~ e  in the same range when 

cB1 .meet: p u t a t ~ e s  are purchased at tbe gfmhg cost in the Ptrflfppfnes. 

Eawevar, f Z  chay =USE be pufchased at recent U.S. marker prfces, then 

the we of sweet petaloes as an aZcsErsk Fuel feedstock is definitely rrot 

ZikeLy be ecomorScaf. 

The esrc*ktates =ent&~n& above were far the L7.S. and "low cost" LDCs 

such as BrazEE, where akceizol technafsgy f s  reasanably weLP-developed. 

Far "rredfw cas~ ' '  LJXk sue5 as >alland, where costs QE constructing 

p l a ~ t  f sc i l f e ies  m y  be s ~ ~ ~ t  klgher, est5zsaced S L E C ~ Q L  produetd~n 

COSEs for cassava are SP.19 to S2.29Jgallsa. For grain sorghum, corn, 
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sweet ssrghua, aszd sugar beers, the casts range from S1.76 to S3.S8/gal- 

Lon. FfaaPly, far %igb ccse" LKs such as the Sudan, =here construetien 

casts are -g~re-bkc higher s t i T L ,  aLcolecr1 prodoctien coscs using cassava 

fedstark are esti;ttat~CE co be Sem-een Sf,4& and SP.SbJg;rllaa. For ~ a i a  

sarghaiz. cam, sweet s o t @ u ~ ~ ,  and sugar beet feedsroeks, these casts 

rfsc to *ween 51.95 and 54.O6fgaLLon. 

Pr shodd be noted that, alshouglr mast ~f the cost data presented 

5o Table A-P2 are far small-scale plants, sme are for  plant^ of wm~pe-  

iffed" size (see cable Esocn~~tes). Thus, appr~prfate crautSerr s h d d  be 

@xerc&sed fa atakiz~g COSE ~ 5 q 3 a r l s ~  sxrkcmg feedstocks frr the tabla. 

Are any sf these eestls far  enough zo wke P ~ E ; E & Q ~  pr~ductforr feasf- 

ble? Uc~beE   re due& and ra ld  sz a price cwertng the Lower cost 

e s s a z @ s  could St ceqterftP~e5y pxSced relative to 1981 U.S. gasolfae 

prr i sa  25 Ez c a ~ k d  repLs(~e gasafine -, OD a ane-ec~sne basts. tSowever, the 

sabsr%rusi~ts r a t i o  for h y d r ~ : ~  aLcccSrol i s  =re like L,S or 1-6. Alcohol 

pr%e& ac ~ine bzghesr: coscc esthates  cercolrzly uould have been 

e e ~ m ~ d w k l y  cazpxfrive uirh gasoZfuc in the U.S. in 1981, even if St 

yere snhydr~ts.~ ah& sub~tlrutabfe QO a one-to-one bas%$. 

Genera2ly speaklsg, gasoline prices are higher fa must LDCs tkn in 

rhc U-S, f~erafsre, 2r i s  ?ossibie tPa;zr a2eahoP prlced at the Lowest 

essc astkwtes would zake alcohol pzaductfan ecanmic;tlly viable i n  m e  

*LDCS. Dependisg SZPOTL the IocaP c~ndletcsns tbr, affect gasoline prices 

Cqwncfcy dlem3d&, gas~iine rrarrspcrrazien coscs, storage costs, e t c , ) ,  

even sEcofiai przced at  sme of  the = d i m  or higher cost estimates m y  

prove r6 5c eca~o~fcslly cmperfcive as a subsrfrxte Ear gasoline Li 

eerrsin 5Ks. Of course, rhe  cost a t  grstrfag crags e'ay also currently 
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Se higher ia m y  or ~ S F L  1Xs than ue have assused here. Faad p r i c e s  

azzd, &&ince, pefces ef crops that cza be wed far  food. are higher in 

z a ~ ~  L a  than in rhe G.S. Trerefer~, our feedstock cast esthates 

codd be law-r t-,W w ~ d d  .a~CuaXly be the case in some LXs- If sa, per 

galPcm alec&aE. pfoduecicm casts w u l d  Be higher than we have shorn, 



C, LLI r;he C.S , ,  most sf the discassion and conrrwersy surrusndiq 

akaboP Ends has cet~tered on the e c a n d r :  profitabLl9tp of dcaho3 

~rrm&uccEo~~ aad an tbe energy Balance achieved through alcrahsL pxaduct- 

z ~ a . ,  m e  0t3ar hsrre, w+Mc2r fs ofren overfoaked ifi t h e  afl grain 

S O ~ L U ~ S ,  5s the hpact on fami ?r&uctfoa and prices af diverting 

crtapfa~d froa farrd pra&zer%srrt to fuel pr~duction. Tire "fftd-fuel coa- 

fffct""f~s~te is la: partrcr~lar hportancc t o  countries which are net 

grain 2zpor:ers. %w QE the less developed mti~rts af the wor~d fa311 

%are t h b  cahegaq. 

A. WeWf m= 

2eps;rdZag u p a  a par~lcclar c o u a ~ ~ ' s  snariod polfcfes and i t s  

agzfrwlturad and ezergy preduccfon sfruktfon, the praduerion of alcohol 

fuels prwfde same national economLc berteffts. Nermazt Rask bas 

de.velape& a grZd E * ~ E  CPSSS~PPBS various cuuntrSes accotdfng to thefr 

wafe:',ons as: (a) surpl t s  agrfcuErura1 producers, (b) deficit  agrfcul- 

tural ?rcd*sers, (cE surplus energy producers, and i d )  deficft energy 

~xodu~ers~ '?bat grid has been reproduced 2.n figure 5-1. 

Phre comcr5es h the upper leftband cerner of the grid 5s Figure 

5-S are the anss most li.kely to favor alcah~2  fue l  productian from 

agrZcuLzuraL pmduc~s.  These cou~rrfes produce more agricultural corn- 

wblr ies tb&n chey cawstme, but C Q ~ ~ C  nore energy than they produce, 

Far :'?Rse c~mtries,  fn parcicuLar, a p ~ l i c y  t$ac encourages the 

Ee~fs.2o~en.r; 05 an a 2 c a k ~ l  f~els industry might provide several favorable 

hpaers- Fbrsr. cmney famerly fennel& to errergy exporting countrfes 

a 
Pr in~ ipa .1  azrhors: Randy Moffwa and Tbamn Dskbs. 
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vizuld stay ag heme, improving EoreQn excbage problems, if any 

As a result, more money c o d d  be ilvai3abfe fo r  rural GeveTopme~tt, fn 

addftiw, *%n alcafrol fa& indwrry c a d d  pravfde more rural c m p l a p ~ t .  

arxd c c d d  also provide hfgEaer incazne for fmers, through Zrigher p r k e s  

fox agricultural cumoditfes. 

There could also be several. negatire *pacts associated with such 

anr aLcobof fuels pol%cp- ?me first a d  Eoremost cadd be a reducttaa in 

food sapply, d t h  a r-tfng rise in food prices. ff crops are used 

for fuel, then they calmot be Fully uti l ized for Eoad, tbo*~&h sme 

bpproducrs M e  potent5al use as feed or food. O r ,  kf food crops are 

reylaced by energy crops, then the amuttpt of land, ferrUirer, water, 

and other hwts avakLabie for foed crops fs reduced. Tn efrher case, 

rbe food supply fs cut back relatLve EU potezxthl ,  at least, and food 

prices are likely t o  cXhb. The extent t o  wMcb they  rise ;ELX any spe- 

cffic comrry d e p d e c e  on tbar country's tcrtal a ~ f c d t u r a l  pro- 

daczk~a and consuapr&an. E ~ w w e t ,  even ff the country in whZeh alchohel 

frrel production 5s taking place has a surplus 05 agrfcdtursl, cornmod- 

itfes, the world supply of food will decreaser causfng general riser h 

food prices in a51 cmmtrtes which pitrticipate i n  fncetnaeZom2 agricul- 

tural trade. 

CeceLski and U a y ,  in a 1981 report, provide data which help to 

put into perspectZve the asmunt af bi~nras~ a& Land area needed tc 

replace corrveutfoml, l iquid fuels tn various ceuatries thr~tlghout the 

waxre. Their  data also indicate the possible reduction i r z  acres of 

food-pxoducfrg laad resulting from sfgnificantly expanded a3cohol pro- 

duct Lont 
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In their S L L ~ ~ ,  hypothetical land use reqdrments ta replace 

conveationaP 1 i q d d  fuels xdth Eei~mass fuels were computed for different 

cmmtries us- sugar cane, sweet sarghum, corn, a d  cassava as alcobl  

feedst~ks. .  The results are reproduced in Table 5-1. 

The data ia Table 5-1 are only illustrative of general relattcrttshfps 

be--een alsokof. product5on and La& use, an& sme of the estimates sf 

crop yields are highly spec-~la:fve. It was assumed that apprexfmately 

3.5 L of dcobol. would be required to replace each lfrer of comen- 

tionrrzl U q d d  fuel. Thfs substftotfon race represents approxfplate 

rehr5ve BTU values of comexciunal fuels a d  aXcoho1. The actual 

subsrfztrc% rate in any E ~ V W  sftuatim can depend on the type crf 

convftnr5onaL fuel be%= replaced, the desfgn of engines, the extent of 

substiedtfon, a d  other factors. The authors paint eut that "same coun- 

tries with Pau I i q d d  fuel rrequirc~aats relative ta theSr available land 

areas--such ss India, Asgeat~:ba, and Ethiopia--appear, a priori, to be 

capb l s  of 5dEi13izg their Ifquid energy consumption from biomass 

util&zSng a reZar5veL)r mlE. part: of thefr total avaflable arable or 

forest lad. .  ." (Gecelskt and Etamay, p. 1003) . Thus, tn couxrtxf es like 

these, the p r o d ~ t ~ a  of fwel alr,oEroX. from bi-s may not have a large 

bpact: en E d  pruductlrm a d  Eood prices. 

For cotmrrries w i t h  large Ifquid fuel caasuarptfon relative to rheir 

available W--like Ehe E d t d  States, E g y p t ,  sad Cuba-a significant 

portgon of bet& their tots1 La& area a& o f  their current (1976) arable 

a& pemsD!ePtr cropbnds would be needed t o  produce enough alcohol fuel 

eo pr&ds t'rrefr totah l i q u i d  f u e l  seeds. ?his  would probably result ixr 
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reprtar, 4.. %&sam*t.oa. X i  &u+rircrr fur C k  Fucurc, ' ~ P ~ ~ F L L  t97, ?9$f, 
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a sfgnSfcillnt reduc=tan h Fwd of feed pr~duct im and a correspdadTng 

rise i.3 przees. 

A study daze iSE Costa R k a  CGeE%s L+, , et d,) used a geaersl w- 
I3bri- d e l  re sizsdate the effects OE rrfcobol fuel pr&u~t3=0~~ OP feud 

predwzefsn and pr5ces iE5 t h a ~  camtry. In the s M a t i o n ,  there were 

fags CistiUeries avaflable far d c o b l  prortuctioxt-each capable of 

gr,:&~cZ~g 56 niLE&m lkers of aLcoko1 armttaLLy fram sugar cane feed- 

stocb. 

The shdatimm showed t b t  as the f&rst: plan t  was ut f ihed to full 

eapefry, ao dfsplacment: of other crops was aibseroed, but new lands 

were d e d a p d  far sugar cane eoltfwttfon, Mte gardu:ers adapted nets 

teehwhagl~~ chat enabled thm cs prduee a larger mlmne of rice, 

xesubtthqg iP law= t f ~ e  prkes .  " T h h  p h ~ ~ o n  . . . reflects the 

fact cb1: through cmpet%tSea for productive resources brought about by 

sugar ~ W ~ P C ~ ~ Q I X  for alcohol, the large rice producers that have: fn- 

ves-es Sn ~ c ~ e s  and process* plants try to fqrwe agricultural 

prsductien 50 m k s  =re efficimt we aE scarce resources and to araintafn 

a level sf br:- atzractLue enough f o r  tkem ra coatbfmte the aetSvftye 

(GeI1Ls G . ,  et a l l ,  p. 47) .  

%&em chg secbrd .~XGO~QI pbng  was f u l l y  utClizrd,  new lands were 

again deve20p& for sugar case cu1~Lvat io~;  also, sthex sugar cane 

cropland was used ~o grow sugar Cane for B~CO~XOI instead o f  for sugar. 

?his a d  aa Imrease fo sugar prices. Bowever, c ~ z n  producers adopted 

new tec-hzmlogies a d  Iscrease4 the vakrrare o f  corn, resulting i n  lower 

R6m prf~=&3* 
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As cbe ~ E f r d  alcaho: pLa~t uas 3raqht into p.~.ocfttctiotr, mere new 

land was developed For s~gar case pr&uc~fon, Hare ef ETze ariginal 

sugar m e  cropland was si-,ob& from case i ~ r  sugar prrsductiorr to cane 

for  alirobl pruduct$cm. UEQ grw-rs *gain acfapte3 new technolagLes, 

a z t a i ~ h g  a seater valtae czf pr4.x%~crio~, 

F&salXy, t&e Emr-th plant came on Line (praducfrrg a c d a t f v e  

total of 144, m i l k f m  L sf &.katwrfbyesr), zreas f ~ r  the mafortty 

of crepe & ~ b t Z e b ,  retrrirts-2-z h docreases in t:~e food supply-. Hest 

exop pckees bereased, -&th co--tr gtt%ees r i s i r ~  45;- fie use of resources 

for mtre ptwkietic-a forced 6,STQ ha that *bad been previously used far 

agzdcuXrturaP acr5vft;hs ro be Left; uncu1cf~r;d. T~us+ fn a s  study, 

prdt~r5mz af hzge v o Z m  ef fuel a;Pcokol cowed Iarse disrupttoas in 

d m 4  predact50~ md fad prfces. 

fa the Costa Hfan study, the COST of ePfpOrtbg parts and eqtrspmt 

for prod=-* alr=oboX, Stxputs for grovfng mare sugar cane, and parts aud 

e r b r  exceeded tbe gaSn in foreigai exchange associ- 

azed dr; )a  cbc reduce& 2sqmrt;s of petroleum based fueXsi. 

Scme aeaearelzers, s w k  as Lester Brawn (1980'0) , b v e  hypothesized 

t k a t  ms%-ag, errraps for &coho1 fuel prMu~gfw * T O ~ C I  add to the spreading 

gap 13 incaze and qwkitry af l f f e  thas m w  e d s t s  beween rf.ch and noor 

p t s p l c s ,  espee$aEPy ia rhe LZs. Be argues chat tbe alcshol fueX pro- 

$wed waulb be used by ~ 5 e  affxtrent m; ' fs rar l ty  i n  these countries who orsn 

aueowbZPes, .*bike E ~ C C  af2Li~ns sf people who already spend the majoriw 

af  rbeir ia5- on food usuld be faced with even hfgher food pr%ces. 
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Bxmi CP98Oal flluscrates the effect an food prduchg  resources 

that alrchrpX fuel prcxIuc1tion t d d  have by comparing humart grab cm- 

suzzptiaa Vi~h aucaikabile grab (~mswpcfan vka the bmrrriag of d c e b o ~ .  

A%er8$iz per caplta grdn ccmsvticnr L.n d ~ v e l o p h g  countries is a b u t  

400 pounds per Far, empared to  3,6W ~ u d s  frr affluest c~mtries. 

Base& m 1978 average world g r ~ h  3felds, 0-2 s.;-es wrrdd be needed tc r  

sat5sfy zhe grab deamds of a typkd UX ccmawer and 0-9 acres u u d d  

be needed for the commer frr -re affluent caunrries, 

Bxr- reports that tcr rtrn - typfcaf Amerfcan car totaUy w ethsnal 

w u l d  requfre over 7 rorns uoP grafts per year, or about 8 acres of larrd, 

h average European car would reqrrfrc less--abouf 3 tom of grdn annu- 

ally, o r  fuse mer 3 acres of land, Usfng gasatrol aE a TO to 90 mix to 

fdel merican cars would require 1,460 pods of grain, ar l . T  acres of 

Z d *  

ObAoatsly, o policy of eaergy crop prodmrfm w. a world-sdde scale 

(or men fn mrrh Merfw, &ere mcch sf the world's graln imports 

origlaatc) wadd result in +&stantially reduced acreages for food 

pr&tr=fihsr* 

There are sme argtmmes that atxergy crops ccsdcl be grcrwn without 

ccmpetf3g d t b  food prndrrelciozr- nese axgtmentrs are expressed ~ Z L  one of 

zbe Ea1I~wiag ways: 

(1) a psrt~5culal: cawzety has id le  (perhaps ec~mmically margfnal) 

land that could be. put h e b  energy crop proda~cJm; 

(2) if very high yielding energy crops could be developed, then 

fewer acres of Esod prducfrtg Land woccL'd be needed fm alcchof 

pre&wriolz. 
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The argument that idZe Pam3 can be pa% irrt~ enera crop gmdurtien 

has S- p a ~ ~ t h l  s h o t ~ e ~ g s ~  Land that is idle ncrv may be that MY 

&-use csf land tamre sysftetw or w c i r i ~ ~ s  cost Etrctors Elark of rcllais, 

dra-fLsage, ete.) chat sake it: rrn~coatxxLca1 ta farm efther far fo& of 

fuel- P-&g chose cuasrr&.nts might make the lad more ecouadcal to 

expad E d  procducti~rr t : b  to E E S ~  far fuel  praduetion. Bawtvtr, if 

stfergg crags em. be cEeuelaped chat are adapted ta sofls a& clinates 

fuel prodteciaa p r w d  uithwizt d h e r t h g  land from food produc- 

t50a. dvo%&aee of a y  E d - f u e f  eodfict wOtrld elso depend on orher 

saree r ~ s r u r r c ~  [water, fertilfzer, etc,)  not being dkverted from fwd 

produc~~fmz to  energy craps an c@ prevrfotrsly idle land, These other 

reso~rce.s may be l i d t e d  i.n +ewe absoiute sense ~ a v a f S a h l e  %n fncreassd 

qwazztf~ies o d y  az higher prices. 

The Me.a of grcw5ng energy cmps which are very high pfelding frr 

c r e m  o.E a leobl  prdwccfm v d d  s e a  to p x d d e  a plausible scenarfo 

in wUch alcohol c&B be prodwed wStbur;  diverting large portfuns of 

Land E r a  f e d  prraductfm. Thus, there might not Be a sigJrffic;ant 

r ~ u c c ~ u n  1LI fIPe Z d  supply. Bwever, there are w o  upps5ng arguments 

to rhfs thought- First, land i s  nor the only resource bLverted from 

crep ~ T Q ~ w E ~ Q ~  when enerw crops axe pzuduced. High pielding energy 

crops m y  r q ~ i r e  large ~EWUIEL~S o f  %er&iLfz&~, vater, labor, or machinery 

zbas n2@t have to be t ;skn frem f w d  crop @nter.pslrlises- If so, the 

Eikalp resdt vetcld be a becreas.t in fwd crclp y%eIbs and an increase in 

Pod prices .  5er411&, S f  energy craps provfdsd a higher net return per 

hectare rhasl f u d  crops, t5sa i s  t~ stop farmers f r o m  Bivertfng 
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their l a d  E r a  Too$ ta energy produotion? Tkfs conocrsisn w d d  in- 

crease urrril the resdthg rise in fdad crop prfces and fall fa energy 

crop prkces  provided a n-* equilibria betweed food crop acreage and 

energy crop acreage-where planting aa addft5aral acre to either Eaod 

or energy crops w d d  prcmide the same nec return. Gktholtrgh the exact 

pafnc at vhfch this sew egrtfifbrfttm wodd be reached is tmkncrvn, the 

general a t e m e  vcbdd probably be Tower faad supp1Les and 8fg-r food 

prices. Emewer, one seeds to cmsfder the aummt of bfamass needed for 

n csamrcq's fuel alcohol, program before drawfng solid canelusions abenrt 

fngacts on food prfces. Depending on the alcohol fuel productfoa targets 

a d  c- ~%e. food deficit-surplus sftuation fn a eousttry, a very high 

yieldini;, mergy crop grtown on a relatively mall land area might provfdk 

rhe nt*~es=rp alcohol feedstock =ll~ttt dthout  making s ip i f fcant  dents 

5x2 the f w d  supply, 

Be Exanination o f  psrticuzar crops 

Se turn ~POY to an examination of how particular crops a g h t  f i t  

lato the "foal-f uel" equation. 

Of the starch craps aualyzed t r z  rhls repart, all are presently 

being grwn for fwd or: feed s w e r e  in the world. Therefore, withaut 

aa q a a s b m  ia acres or i n p r ~ ~ ~ ~ e n t  fn y i e l d s  of these crops, their use 

for alcohoZ production worrl.d certainly cut into existing world food 

supplf es. 

h e  p s s i b i l Z t y  far produc5rrg fuel akeahuP without having -for 

effsrrts on food p r d u c t i ~ n  mfght be ro use a crop that is relatively 

unSamZXSar t~ some parrs of  the world and upon which Litrle y i e l d  
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3sprovaarrat research bas been done. &a= the scacch crops, a d p  cassava 

can 3e placed ia this eategoq*, 

Cassava is reparted Ed be adaptable to a wide variety af s o u  and 

elhatic candftiazs (Itask), Currently, it is gram m~iinly as a subsfs- 

teme crop for mal par h rropical corntries (Gctering). Qbduttsly, 

mi% cassava at present to maraufacture a lcah l  fuel in these comrrfeo 

* a u l d  cuz h t o  the existing loc;rI food supply, ffowevet, ff it: could be 

introduced SEEQ new tagfens &ere ft could be gram aa poorer soils 

I l eav iq  zhe ba t~er  soiks 5x1 their presenr use for fowl prodttctforr), 

then cesava could possibly serve as art alcoh~f feedstock dthout cauafrtg 

a mjor disnqclon fn food supplfes and prfces, Bouever, if cassava 

growth 02). peer seils reprrfres Large amnttrzrs of other frrputrs (fertfiber, 

water, etc . ) ,  then those resources uadd not be available for food 

production. Sane reports hdfcote that cassava does not., at present, 

requfre resodem grabucrfon k~puts ( B r m ,  3980a), 

3ae productian of fuel aIcetoP from any of the starch crops would 

8550 resUit in p r u t e ~  food or feed byproducts. To the extent that 

these by+i?todtrcts proulde human food--either directly or through an%- 

maPs--rbap redace the fwd-fuel coaflictt They do mt eliminate the 

conflict, bowever, shce the energy portion of these starch crops can be 

used for  focd/feed or fuel, But net W a r  LftcfFe iaformtfoxr was dis- 

covered an the palatabiffey of rhs byproducts far direct human con- 

szra? t ion. 

Yiajor problem still a f s t  tn handling and scoring these byproducts 

uhea they have bigh ~ T = S t u r e  cuntent. Zn additfsa, chefr use as l ive- 

stack feeds is mere applicable t o  developed srjtlons than to LDCs, *ere 
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the caasmzpt5an of a n m  proreh  is too expensive for many of the 

people. Xareaver, fn -st camtries where the zalnutritte~ probra is 

*idesprlzad, ebe problem is one of energy and protein deficfe~czy, not 

just ef proteia def i~iencp.  

=ere are several s-ar crops &at c ~ d d  be placed in the same 

category as cl;issafpa-that is, they have not be- prtodueed mer a wide- 

spread area a d  :here has 'be- extensive research mz fPrDm\ri.ng their 

gie1ds. Of the fZve sugar erops exaa%med fn tus repart, m e t   so^^, 

fodder beets, an& 3emsaIe~r artichokes fal l  b t o  tMs category. The 

ether two sugar crops -ned, sugar carte a& sugar beets, are currently 

tiset? 14: food crops, Therefore, their use far fuel aheohsl producti~n 

wstu2ri. dfrexrtly cut fnto w r l d  food sttpplres unless their acreages were 

&?!3qmscred. 

Sat srtrprisfngky, irtftfal experhetzzat2on indicates that the bese 

yie lds  for meet sorghum, fodder beets, and Jerusalem artfchokes are 

PfbPy eo occur mz soPls that are also bes t  for foad and feed crops. 

!&ether zbrse sugar crops can prducc satisfactory Levels of ferments- 

bles far elcohal prodwrfsn on mure margbd aofls is a qrresricm tbr 

remains to be answered. Sugar beets, for rpxz.mpls, are mre sa2t toleran', 

rhan many ether crops* For P:hc reawn,  they can sometimes be grown, in 

eircmsra5te:es where ather f e d  crops eaxmot be grown erso~xrrmicalLy. 

Perhaps a & d Z ~ i a m l  researe&~ight: shew L b t  to also be the case wwfth 

some of the ather p t c n t b l  energy cwps. 

is  he case w.itB starch crops, byproducts produced when aleabl  

2s m d e  frm sugar empa may partially offset the aerleagc clLversfoas 

frm Em4 or feed crops, Ia chis regard, weet aacghm m y  ha= partgcwlar 
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p t d s e .  There exkzs rhe pssLbfPftg af inrpravir~g sweet sargkm vaz- 

Letfes EO 4ncrease the grain yfeld. If thfs eodd  be a c c q l i s k e d ,  

grafn from cite cro?  odd be available Tar food or feed, wb9lr: the sugar 

5x1 =he scalk could be used far fuel dcolhf producrforr. However, stme 

prcsenzt vari~ties which h v e  heea develo.fred to bcrease g r a b  praduetim 

'nave sbori decreosw &n sugar pkrrld, Thus, there wadd be Iwer aIcobol 

yields Erma these tmrierles, Futrber research nrLg?at be sueessfd in 

hcreasiag grain yfelds *sithouz sacrfffcbg stafk sugar pfe3dsc 

Ir: %s smetijes proposed that the leafy gaps of fodder beets and 

Jerusil~);~~. art5chukes be csed es Xivestoek Eeds, *fie the tubers are 

wed Eei a5coh~1. HCW~WT,  at 12-t for Serwlea artichokes, research 

b e  s % m  that aae connat hawes- .La%% yie lds of both tops and tubers 

(*'JA - The Xycb aar5 %be &&lty Ex?IaBPed'*), The yf&& trade-uff beweerr 

~ o p s  and t-&ers is Xikt ; co be quire suhst0~1lia3. for any scs& energy 

crops- Thus, army argw.@nc, r b f  use of $he t a g s  slrstanrlal3Ly mizfgates 

le;- Eo~d-frseZ coaEllcr ~ S E  be regardes with exfrme cauttatt. 
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Fuel Alccbl Cost Tables in T e r n s  

sf fX.S, Dollars per ~ftcr* 

* b p h t o q r  fwtastes tu the tables are nrrtr. included, sbce ;hey woald 
be rcha saw as for corresponding tables in the text. Table B-L. ia t3is 
aaner, far example, correspaads ta Table 4-1 in the text; i - e , ,  these 
amez tables correspod tu the tables in CIzaptex TV of zne rexg, 



TabJst B-2 Estbmte of Casts af Praduckng 'FUEL Als~hol fn m a  and the 
E.S. Prom Cam- 

Xedizms Cost: Qmfries 



a 3 .  EstWaze OE Ccsts of P r d u c h g  Fuel APeahsl j;xL LXs and the 
U" 3-  f r a  BAce.- 

Tabre &a. EstWre of Cosro 05 Producing Fuel Alcohol in LDCs and rbe 
E.5. f r a  Potatoes. 

'Lov Cast CeunrnLms and the U.S. $ -97 - $1.24 



b e  - 5  E s t h a t e  of Costs aE Esroducbg Fuel Alcohol. 23 ' LDs  and the 
F.S. from Cassava- 

Camtry Type Plant A P l a t  B 

Law Cost Comf;rfes 
isad the E-S. S .29 - $ .58 S .42 - $ -48 

M g h  Cast C~u?tr%es S -38 - $ "67 $ -49 - $ -55 

Tab~Le 3-6- EStbata 3f Costs of Producing Fuel Alcohuf in ZgCs and rhe 
F.S. ff- Sweet Potatoes. 

L i l w  Cus6 Caunrries & the U S ,  $ .43 - 52*19 





yak? ~*,e B-3. zstktate af Costs af P ~ ~ d t x i n g  Fue l  A I c o h ~ l  h TY3Cs and the -- L.S. frca S~eet, Sorghum 

CGWZF 7-e Plant X Plant L Plazt, C 

-- -----q f~------ - l 
TLa= Cost Couatf ies 
a39 the C-S, S .Ltc S -49 - S -89 $ -64 - S *92 

Sigh Cost Couaer5es S -58 S -59 - ST.08 $ .72 - SL.00 

1 - 9 .  Est4atc of Casts of Producing Fuel. Blcohal i z r  LDCs and the 
f - S .  from Sugar beets. 



Xable Pi-PO. Zstiaace 9f Casts sf Frodrrcbg Fuel hlcohoL fn LDCs and 
rhe F-S, f r a  Fodder Seers, 

-w$ Cast Corntries 
a d  the G.S. S -25 - S .&4 S -59 $ -15 - S -65 

Tab16 3-11. Esthate of Cbsrs of Produc~ng Fuel Ucohol irr tPCs and 
the V S .  f ros .%rusaTem Arcic'nokes. 

 sum Cost C o u n t x l ~ s  S -58 

Hfga Cost Comrrfss $ .68 



Table 3-12, Costs of Pro&ucirng F u e l  XleahoS in IDES and the E,S- frm 
T- siotrs Feedstrsc'ks - 

Gumtry  T g e  
Lo= Cast Comtrtes Xed iui[l Ffigh 

Czop, ad, the U.S .  Cost Counties Cost Courtties 

Tar: 2 - - - 
Sugar Caae $ -4.8 - $ -7G S -53 - S -78 S .57 - $ -88 

Sweer Sorgtitpsp $ - S .92 S -68 - $ -95 S -58 - $1.08 

Sugar Beets S .4ij - S -73 S -64 - $ .76 $ -69 - $ .82 

Fodder Sects S -55 - $ .bS $ -57 - $ -67 $ -63 - $ -73 


