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This p s p e r  is one of 2 series gablishe6 by- Volunteers in Teehni- 
caE A s s i a k a x e  ta p r o v i d e  sn ictroduckfan to specific state-of- 
the-art technalugies cf interest t~ people in develepinq coun- 
tries. The papers are intended to be csed as guidelines t o  help 
p e q f e  cbocse technol~gies that are suitable to theit  sftuatio~s, 
They are not intended ts provise ccnstractian or implementatian 
de; t z i l~ ,  Peaple are urged to ccl~ltttct V I T A  or 2 similar organiza- 
tion fo r  further fnfornztfon and technicax assistance if they 
f ind  that a particular t~chnaloat ;  seems to meet their needs- 

Trre papers in the  series were wrkt te rz ,  revim-ed, and ilJustrated 
alaast ent ire ly  Q V I T A  V~f,lp~teer technical experts an a P E P ~ B ~ Y  
v c l ~ n l a r y  basis, Same 500  volunteers w e r e  invalved in the prodac- 
t i ~ a  sf t h e  f i r s t  X Q Q  tities iss~ed, contributing appraximateIp 
SrOOO hours of their time. VITA staff included Leslie Gottschalk 
3% pr i m r y  editcr, 5ulie Bernan Bandl ing typese t t ing  and l a Y d U t r  
an6 Xarga ret  C T C Q C ~  as ~ r o j e c t  manager 

C l i f f  Bradley and Ken Purnios, co-aztnars of th is  paper, 
speelzlkze i n  alcohol, f ~ e l  g r ~ d ~ c e i a c  tecknologies. Bradley is a 
~ i c r o b i o l o q i s t  and Punnion a rherica: engineer a t  RenwabXe 
T e c h ~ l 0 1 3 ~ i e s ,  Tnc. They have prtblisbed several practica? manuals 
a ~ d  5 ~ o k l e . t ~  ir-, t h e  field, and are crrrrently researching and 
deuelopi.ng RW methods QE improving t h e  starch hydrolysis precess 
reqzircc? f c r  aEccshaS fueS productioz. R~rc.ciewer~ Kenneth Btunck, 
C*  Gene %augh* and Daniel IsqoHd a r e  a lso  specialists in the 
zrea, E!r2noc, senfor vice president for  Wright TechnaPogy, was 
fo rzer ly  prcsidenk of %right EERFTCJ Xe*.-&b Corpuratiun, where he 
s~eoSzE:ze< i n  stcdies relrkic~ :c eehsno: prodaceion using 
gccz.,$emal energy f o ~ :  FIOC~SS r-neryy ~equirements- Baugh heads 
k c  ?e~:srzrezt ef AgriecLtzral  E n ~ i ~ e e r i ~ C J  at V i r g i n i a  Poly- -. c k  I r s % ; l ~ t o .  i ~ , g ~ l d  is a b i o 2 b i ' s f c i ~ t  biy trczizing and a 
research e ~ q i z q ~ r  3% Appr:z~;.l"idte TechcaL~:qy Curparatian, 

=17Tb . ,. ,$-. is . e ~ t ' i u a " , ~  m r ~ p c c ~ f i ~ ;  3: .qz i - i* i~skf~n  that: supports peaple 
:. . .n;..sra:rsz.; 2:; tech;,hEcal pzoDlens ir: bevcLapirig cauntcies. V I T A  of- 

f ~ ; ~  i - - " . r ~ , a ~ ~ ~ ~  a r 5  arsistsnce &ire& a t  helping individuals anu 
~rc . ; p s  tc seIec",rd irr;clemer.t tec5ncSoqies appr~priate to their 

r z m  sikaa~iczxs, In ,A naintzins an irter~atio3al Xzquiry Service, a 
s ~ ~ e c i a 3  i2 E$ d ~ c " , ~ e ? , t 8 t  i ~ n  cent.er, and a cc~puker l z e d  roster of 
*,,:.' " C,. .r). 

. " 
, +, b*skre- recs-z;cal cozszlra~ts; razages long-term f ieXd pro- 
-e:-tcr 325 ;z,L.irsbes ?;arigky yf e ~ c h n i c & l  ZsnuaLs and 
+ - - papers. 
. - 5.: .:. 5 -.. . c F,,? e P? 3 c : -..*.. . . .s . .v  . , . %$O!JC qa-'ZIEi, s ~ T ? : E c ~ s  i i - 1 ,  O f  the 
* .m > ". ,<-. - .- - . 
Tlr%.. ,....,-.. . . A -  . srezezred - FE f ; > i g  327422,. ::~rt3ct. VPTfiI: at  1815 North 
! .;; I . F  : - .~.  li ... c c  .. .. .-q>:.(5-. . , -, 5.aFte 203, &,.t-,_ri ing-c-I.., "2': 5.3 i.r:ie 22204 USA. 



By VZW4 Volunteers =if T Bradley and Ken ~annion 

This p p r  d e s ~ r i k s  the p r d u c t f ~ n  and use of ethanol (ethyl d- 
cob011 as a l i q u i d  fuel. The production of ethanol is a well- 
established technolcqy; baktever, the use of ethanoh as a l iqu id  
fueS is a complex sabject. 

Ethane1 was one of the first f u e l s  used in automobih engines. It 
was used extensively in Germany during World War 11 cvtd a s 6  in 
Brazil, the PbiXippines, and the Onhted States. During the post- 
war p r i d e  as petrolem supplies became cheap and abmdarpt* 
gasoxine Pargclp replaced ethanol as an automotive f u e l .  Hot 
uwtf 2 the 1973s, when the supply of oil  was restricted, did 
etboanox reemerge as an alternative t o  or extendez far pettoleust- 
bas& Ifqu%d fuels (ethanol as an extender is added to these 
fuels to increase their voXams1. Todityr XT canntries produce and 
use a siwificaat amunt sf ckhzrnof Xn Brazil ,  for example, one 
third ad  that country's aukmobiles uses pare etkna1 as fuel; 
the rc~aininq hro thirds use mixkurcs of gasoline and ethnoZ, 
France, t b e  United Stakesr  Indonesia, the Philippinesf G u a t e m a E a ,  
COG- PTca, Azgentins, t h e  Repubhie of  South Africa, Kenya, 
Thalilccnb, and St;a&n are ather countries with government or pri- 
vate etbnol  fucP plograass. The pxoqrms are designed to reduce a 
country's dependence en costly imported fuel a ~ d  to assist in 
creating a new donetstic fuel industry. 

Pure ethanol can replace g a s o l i a ~  in modified s p a r k - i g n i t f  on 
engines, or it cam be blendad w i t h  gasozine at up t o  2Q percent 
concentration to foe1 anmo8ificld gasexine engines,  BPending 
serves two purposes: (1) it extends gasoline supplies, and {2) 
as an octane enhancer, ik replaces lead campounds in gasoline* 
Ethan05 can also be usad ia modified diesel lcompressian igng- 
tiant engines: hmever, this is no t  common. 

The pzaductian and use o f  fuel ethanol, can indinectly serve a ah- 
~ f e t y  02 ~ e & s ,  Gn a national l eve l ,  etbnoX can intprove baxance 
of w m e n k s  by displacing imported petroZem with domestically 
proaucad fuel* Tbis say also provide increased rural empJcyment 
and alternative rmrkets bog agricultural ~ornmodftica~ Qn a corn- 
 unity oz kndividetrnk EeyeP, ethanol EusZ prorJuctfon i s  often 
viewed as a m e a n s  tu become independent of purcbse i l  fue l s ,  ke 
keep Rmnq v i k h i n  t h e  Xocal ecansrgr, and ta provide an assured 
fugE supp8y in t h e  event sf shortages ~f p9troPeatn-t  fuel^. 



Ethanol f u e l  productian is a csd ina t iun  of biolagical and physi- 
cal processes- Ethan01 is prduced by fermentatiarr of sugars with 
peast. It is concentrated to f ~ e i  qradc & distfllatioa. P i p r e  1 
as a schematic representation of the  p~fncfpar  steps in fuel 
etbnoP production, 

Feedstocks ,  the base raw materials, ate either sugar or starch- 
co~tafning crops. These %iomass Fuel Crops* Etubers aad grains) 

nly include sogar beets, potatoes, corn, wheatx barley, 
Jernsalea artichokes, and sweet sorghum. Sugar crops such as 
sugar cane, suqax beets, ur meet sarqhun are extracted to pro- 
dace a sugar-coatafninq salutfon tbat can be directly fermented 
by yeast. Starch feedstocks, however, must be carried througkt an 
additional canversion step, 

Stsrcb is 8 long *chainm po2gmor af qEocose (i-c,, many q l o c ~ s a  
polymer units  bonded in a elrain). Starches cannot be dfrectly 
fermntcd to ethanol. They must first be broken darn into the 
simPer glucose u n i t s  through a process of Mdralysis ,  Xn the 
hydrolysis step, starch feedstocks are ground and mixed with 
water t o  prodace a nash typical ly containing 15 t o  20 percent 
starch. The mash is then cooked at boiling p i n t  or above and 
treated in sequence w i t h  two enzyne preparations. The f f  gat 
enzym hydrolyzes srarcb reo3ecuPes t o  short chains; t h e  second 
enzyme w 2 ~ o l y z e a  rfce sharr chains to qPucuse. Tbe =ah is tken 
coaled to 30" C, arzd yeast is added, 

Yeases are sieroor-qanisms that produce ethanol* These ~icroorga- 
nisms are  eepab3e af ccnverting sugar in to  alcohoX by a bialog%- 
cal process c s l l e d  Zermentatien. The following equation shws tbe 
basic biological wcartiort in tbe conversion by fermentation of 
one kiloqza~ af cjLuc~se to e t b n a 1 ,  carbon dioxide, and heat: 

glucc8se echan01 carbon d i o x i d e  

gl2~eqse -----+ ethane: + ra~Gan dioxide .c heat 
Z %ole ---------;, 2 mclea + 2 rs:.es 
(180 g f  t.92 g; !. 889 1 C26.4 Kcax) 
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Zheor@ticaflyr t h e  GaxIzurn conversio~ eff ic ienq-  CJE qlucase to 
ethanol is 5Z percent rn a weight b.asis. BmeverF some glvcose is 
trsed bf the yeast EEET t h e  p r ~ d ~ c t i o n  of cell =ass arrd far rreta- 
b o l i c  p r o d ~ s t s  ckkcz thac cthanal- In practice, bekween 40 an6 48  
percent of gfucche is wo~uerted to ethanai-  With a 45-percent 
fermentation ef f i c i ency ,  1,P80 kilograas of fermentable sugar 
produce a 5 ~ o t  578 2 iters of pure ethanol. C o n ~ * e r s e l x ~  akovt, f ,  $00 
kilograzs of fernentskle susar are required to p r ~ d u c e  1,080 
liters of etharzol- Rzsh tq7picaPTj* con ta ins  b e t w e e n  50 and kOQ 
grass of etkszno: per liter t f  to TO percerrt weight per volume) 
when fermontaki~n is corglcte- 

Ethanol is sesa~sted f r a r  mash by distillation--a physical pro- 
cess in which  the cocpmcnts  of z s o l u t i o n  Cin this case, water 
and ethanol:  are se~zrate5  by Zif ferences  i~ 5uiPing p i n t  or 
vapor presswe, 

Ethanol a ~ d  water f&rn  an sreotrope, or constant boiling sola- 
t i  af ake~t 8 5  percent aXcohs1 and five percent water, The 
five percent  =ate= cannot be separated by convectional d i s t i l l a -  
t i a n .  The prsdscticn af pire ,  rater-f rce <anhydro~s>  ethanol 
r e q ~ i r c s  a de&,*draticn step f aZlouicq distillation- Dehydration, 
a teZae;i==ely crr-;Zex s t e p  i;= eltanor fuel praductiijn, is accom- 
pli~hed fc e o f  two  uzsys, The first vethod uses a th ird  
Iiq~icZ, ~ c z +  c r y  e n ,  w h i c h  is added to the ethanol/ 
vater r i x r z r c .  T k ~ s  chacges t h e  boiiing characteristics of the  
sozetiaa, a2Lcw l ~ p  s e p a r a t i c ~  o f  azb;drous ethacal- The secand 
~ e t Q u d  ezp;,.f.yz -sle,-zkar s i eves  t i ra t  selectively absorb water: orr 
rhe b a s i s  cf C , ~ E  6Lffcreccc is nslccular s ize  between water and 
etba343: 

The nc.c~-Ec:r-:erz?~k~If 2:: :ds ic d l s t i l f . e d  mash c s t i  llage) contain 
-zariabLr arcuzrs ci fF5er  am3 proteinr depeadi~cj  on the Eecd- 
s:cck. Tke : iqurt zi:- a lsc  ccnxain saL~b le  ~ r o t e i f i  and ether nu- 
* w -  , . icnt~, The reccuery c f  t h e  preteic zn2 other  nctcients in stir- 
Eage 5%: zse a z  " .z~e=:cck feed c a ~  Ea assect ia l  fa r  economical 
q~banc ; :  ,., 9- 3,t-.i+-- + y c ~ z ~ z -  P r ~ ~ e i t ~  C O P I C ~ ~ R ~  w e i r  vary with feed- .* *- S E Q C ~ .  2 . 2 ~ ~  ,~:arcs (E*?. , Corz, Sac1e-y: ::feld a zol;rd w-grodttct - dr le5 c-arcs :zc/; i  - - ~ + - c  &,.a, racgcs f r ~ ~  25 t~ 30 per- 
cecr ĝ :rc:a:s srt:, 7.3i.ek a2 exzelLent fee2 f o r  liuestcck- If the 
p - c c e ~ ~ t r g  q :  z: iz t c * . s t r : ~ c t e d  cf scalri:eura steel  and ~ X Q -  

~ e s s i r . . ~  is c,srr:c~2 c:r *,r,ler xe::-tr,rztrc;lei cond i t ionsr  t h e  pro- 
m* +,.* 6 .  ". ~ 6 ? i $ ?  1*, , , ~ , d ~ < ' : 5  ;a:; 3 1 ~ 2 ;  De L'GCSUPAE~.: !Yj' klt l -355.  

= % yke ~ : ~ ~ < ~ ; t ~ : , : ~  ::: +--:.,.s~..-,- ,%-sc v‘: ,r, f i r .  JL: -... -es  i i % : ~ ~ d  egf l tiect, which i s  
. ' $3 " " " - W " '  , * ,.,.-. .: r . ,. .. -. -.- . ,., ,-- ,,,e::-. ;- " ,*,sr;:;.; 9 ; jr;c+s r;;f +'"3.: 

,< * 
I+ L. ~ e n t  are 

fCz g . ~ - b ,  ' : W E : V  . - C  ,-. - C . - . * . I . ~  " '; W~ZZ.: - *d~S: :~z , , .d  Y:? 
. A. <, - - ., . . : . . d . 1. .. fLant5c sonc 

pz -J?  V- <kc c + f f l i e - y  -::A-,, :;e ; IF: ;**L.L~~- Ef f:r;c.~~*; CZ~. h~- , r~  2 q b  s i C j - l ~ S f -  
F' ... < ,- , iL=$ L *:;-x: h v -, ..it:;.: e3 ;- , 3  " a '  Y - - + - - .  ' b? I<. 2 i f : : ~ a ~ : ~ r c  ;:< J I. o-cganic  

* .  
water 

Kt; : .,; y ;-;,;; .. < -  " -. . z- : : ..' ,:- - . ., ' C . .  # 
. * * . L! v , .  2.<-L3;%t.,* 

'.- . : ..+ ", ., .- .* - + 7 "  +.% - cfi-::;.iczez treat;menk 
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Ethanol is a hi+-quaPity, stable l iquid .  Some of Cbe c h d c a 2  
and physical properties of ethanol are smmrized in Table 1. 

Table P. Smimary of E t b n c r L  Properties 

- -- 

C h e t ~ i c a l  Porncla-• . - . , . - - . . - . . . I - . - . . I . e . e w C e e C  

Haleculst k'eigbt--,.-~--.------.-.-CC-CCL.I-It. 

D e ~ ~ f t ; J i  f20s C > * * * - . e * - * - * - . - . + . . - - c - - i l * . - * - e *  

B o i l i n g  P a i n t  faf ,.,,,.-m-~,-.-..-C-CCC...~-C. 

Reat of Coabuatioa lbf.--,.+..,-e.m-.-L---l-C- 

Heat of vaprizzt ion f~].-..~-..-.-..-..~.~~.- 
C~k&ne R ~ t i ~ ~ - e - . - - ~ e * - * * . * - * * - - - - . - - - - m - * - - e e  

Sroichfolszet~fc Air/FueZ Ratio [df ..-,,...--.,. 

[a] Barging point i s  t b e  tefiperature at which a l iqu id  change6 
phase an8 becomes a gas: the p i n t :  at which the vapor pres- 
sure of t h e  f i q u i Z  e q u a l s  the  vapor presmre of the qstem, 

Ebj Heat of combustion ts rbe amunt of heat given off when a 
uni t  q u a ~ t i t y  of  arg! tydcocarbon Eecg-, ethanol? i s  burned 
tc c.arhon d i s x i d s  and water. 

!c=I Eeat aZ vaperizatfon is t h e  beat input required to change 
Zfquie ae i t s  boilfag point  t a  a vapor a t  t h e  same tempera- 
tore Sc*g-, r a t e r  at lQQQ C to ateam at Z O O *  C ) ,  

Id] The st~ickiornetric a ir /Euel  ratia is the  amount of a i r  
necessary conp5eteiy t o  oxidize [burn) the fue l  * 

Ethanol Use in engines 

Echa~ol is ~ o s t  co~aoaiy used ia transportation and agriculture 
t o  f?eZ in ternal  aomDustisn, faur-cycle, spark-ignitian engines. 
PC is use6 es a direcz repSazezenr for gascline, or it i s  bzended 
~ i e h  qasc%ine  as as cxtee6er ahd ~etehe b ~ o s t e r .  



The use of ethanol to replace 5;tsoline requires medifkations to 
the carburetor, f a d  system compnents, and often the compression 
ratio. Tbe efficient ranversion GB e x i s t i n g  qasaline engines re- 
quires skilled, knwledc~eable technicians. 

Engines specificaZly &esicp& and manufaetr-ed to egerake on 
ethanol gueE will qenenaLHy be mare e f f i c i e n t  than mud2fied gaso- 
k i n e  engines, EtbzaoE canceatnations aP between 80 an& 95 percent 
can be used as fuel, which ek i~ iaates  the need far s~pbfsticated 
dehydration systems and s iq l f f i e s  distiElatian* Pn narry cases, 
the camersien of engines ta openate on ethane3 may sirqlcr 
zn3 mre cost efficient than ethanol dehydration. The disachan- 
tag& of engine canveesfan is that vehicle travel distance is pi- 
aF%ed by the avzi2able supply and distribution of ethanol. 

Sme "'dual ft;zclm systems--that is, engines with a car5uretsr that 
can operate either ow ethanol or on gaseline--hve been developed 
an a Xisited basis, 3n Brazil* a z i p f f i c a n t  portion of tbe 
traneprtakisn fleet uses ethansl  f u e l  in automabiles with SF- 
cEdfy dcsfgaed engines, manufactured hy major international au- 
t~mobf re csEpanies, 

Xn umcxiiffcd engines, ethaneL can replace up to 26 percent ef 
the qssslfne, B P e n d f ~ g  =than01 with gasoline extends t h e  gasoline 
suppJy, and improves t h e  quality o f  qasoline by increasing its 
octane valse, A5 an octane enhancer* etbanoi can replace lead 
csmpunds in gascliae, There are advantages to using gasaZine/ 
ekhawof blends rather than pure etbsnol. Blends do not require 
cngi~e zsdif i c e t i m .  n t A f  s Wayr ethanol can be integrated 
sapidag with exfstinq gasoline supply and disttibation systems. 
kep2acSaq lead csmp~onds v f t B  ethanol removes one sf the princi-  
pal. air pdXckion preb;eas associated w i t h  gaaaline. 

Tka diseeusnts$e af us ing efhan~l/qasofine bXends i s  tha t  the 
efhsn&P zest be anb~droxs,  ~ e q g i r f  ng s dcbydratf en step in pro- 
duckion- I f  son-azhydrous ethanol is mixzd with gasaXine, t h e  
bhen8s w i l l  separate i n t o  a gesaline pbase and a waker/etbanal 
phase* casstrg e r r a t i c  e ~ g k n e  pecfornance. 

Ic addit ion to I t s  ~ s e  5 %  gascliae--fueled aetsrncbLles an8 in 
truck or zracsor e ~ g d ~ e s ,  ethanol  can be used in other types af 

*.. e ~ g i n e s *  Eer e x s ~ p l r ,  s ~ 3 l  X ,  f s ~ r - q c X ~  gasoline engines found in 
seal&-scaPe e$~i@%;r~ral m+~ipmc~t !e .g . ,   if %erst am%ll txac- 
% ~ r s f  can oftez b ~ r r z  80 t o  95 peecent ethanol a s  a direct re- 
pL3ceaeet f e r  gascl iae-  Such engines f e k  Sy ethanol require 

7 " 3izfmak flc;.~: ficaz:cns, 

The cf .p;hez~9 i z  spec ia i ry  d e s i ~ n f d  Ewe-qclc en$ins5 ha6 
h e e ~  < e ~ c ~ s r ~ z ~ ~  sa 2 Iitzited $asis. The p.co52e~ of v ~ i n g  etha- 
zsl i g  these enqsres 2 s  :kt  he erRancl Eses cat &lend well with 
I~brrcaticg cF1- Tc ~ e t  aravnd this problc~. research i s  under 
way tc ficd l-:trrirsti::~ s i r s  t-,ts: are cat af fected by ett22nncsl. 



Tfasugb ethanol use f~ d iese l - fue led  engines is feasible,  it has 
its ifsitations. Ethanol does not igreite under compression and 
does nst six w e l l  w i t h  diesel fuel. Therefore, ethanol cannot be 
used as a direct repracement far d i e s e l  f u e l  or blended w5tB 
diesel f u e l  for ase in conpression imitian engines- Ethanol can 
be used as a replacemerrt for die s21  fuel only if the engine is 
L i t t e d  with  93- p z ~ g s ,  

Ethane1 can be used in supercharqed diesel ens ines  fot up to 
a b u t  25 percent of t h e  kata l  fuel, This is done by carrying t h e  
etaanof in 5 separate f u e l  tank and infecting it into the  diesel 
engine rhrwgt a suprcharger  airstreaa, 

Etbai4x01 can a l s o  replace aviation f ~ e l  in aircraft enqincs ,  

Ethaca: c a ~  be $26ed SR  a v a r i e t y  G E  eookfng, heating,  and light- 
ing appf Lances. fs same cases, ethanol can be used in m c l d X f i e i  
applfsnccs deaisnad Eur r~nvertkia~lal Ewfs- n other eases" 
appliance% desiqwcb opecificaXly f o r  ethanor fuel are t q u i r e d .  

m . hAs i sccti~z dcszr itea b r i e f  Py the processes and equipment neccs- 
eary for esc5 gr inrrpal s e e p  ia ethanol Eue3 production. It also 
provi6es & F ~ R C C & ~  ~ ~ D C U S S ~ Q R  ~f t h e  ec6~0mi$s of ethanol f u e l  
pro2uctisn. It i s  not Feartt to provide specific information on 
pXanz desiqn- 

Processes a ~ e  eqzig~eez  q z s a t l y ,  depending on feedstock, the 
ceee So: s r s r c k  ~ C ~ G L ~ S S S ~  athafiol end ~ s e ,  avai lable  support 
t x i P  i t f  es, Fracess ecerqf source.  by--product use, and plant 
sea:@, 

?:t .G..- -.R, de~i;;~~st;d:es irdicace t h a t  ar. economy c f  scale e x i s t s  for 
3 3 C r G G Q l  -;Q qsl,'year ?:ant p ~ o d u c i n g  hydrated (190 prarsf f eth- 
s ~ a :  s ~ d  ,zs-Fenec sr i r+,  f .F. a z i l  i s i n 5  on-si te gas turbine gen- 
E T G ~ C X  %ere 5 ,,c ed , . ; t ,n ' 3jersre2 et',hacoL t~ perr-vide assocrf ated ,- r* - 
?s=s@r ~ , e e C s  5 c r  ~ k e  p l e ~ + .  The k ~ c b l r i e  exhaust  gas could 59 us& 
*- C ,- ,,,,ie *-.* y, -rqn-gresr2.gs szesz ::~d the spent hot turb ine  exhaust 
Q ~ E  r=ct::e :.r" : 3 e 2  ir: precess k?-~;roe?;ct d r l y i ~ g  operati~na. &a- 
. * - E l ,  #: TTW * , 9 * * * . *  
d - b c - - z  ,, -4..?,*e ~ r c e ~ z s  hut-arcduets A c !dieOEJLsrs dried qrafns 
r cx ; ,  , : :G:&~~ .Ziax:de,  faze: 0 i 3  C O E ~ O O ~ R ~ B  B ~ Q U X ~  be in- 

(.=: < ,.arb,+ .*: - A :r- :-,he 6 : * r ~ c 3 1 .  ; < C B ~ ~ , T Z ,  i i c  order Ec; maxilrtize ccst effective- 
t,g ..;s * 



The kgp ~f feedstack chosen fox ethanol fuel production has z 
sfqnificant izpact QZ pLznt des ign .  Ethanol is produced from a 
+ - - -  ItLjety ODE 5~9ar -  or stsrch-co~tai~ing csops, with m~difications 
in eke d e s i ~ z  af %he feedstock preprat ion processes- The 
ieodifications are rerjuLre6 to accoasra6ziate t h e  physical properties 
of the fee6stock. 2s as the nature of the ccarbcQdrate 
li .em, S M ~ ~ T  V ~ T E Z S  stsrchl, 

Preparatim equipmefit is necessary to grind, pulverize, ar ex- 
tract the feedstock befare it can be processed. Milling equipment 
for feedstock ~ r e p a z a t i c n  varies, depending on such characteris- 
tics af the f e e d s t ~ c k  as n o i s t ~ r s  cacteat, physical structure,  
and f iber  conpent, 

Starch-containing feedstacks require  starch hydrolysis equipment 
i ~ c l ; i d i n o  tanks. heating and cooling systems, agitation systems. 
rransfer penps, and monitoring instrumects. Starchy feedstocks 
hawe to ke $rccn5 before fiy8raPysis ts 2 ?article s ize  that can 
pss through c 2C-aesh screen, 

Steac cirrzIate6 th r suqh  heat exchangers is t h e  most common means 
cf hearing :he iash: therefore. starch hydrolys i s  heating re- 
qvlf rcne~lts  rcst 3o incI  uded in &ant bai ler capacf ey. 

Cooling t h e  k froc bail ing tt fgrmenkatEcn tenperature 
%bout 'a" C: i f  9c~eraZTy t he  determining factor in heat ex- 
thnzger d e s i c ~ .  T h i ~  iz erpecially true in tropicd climates 
where %he acbient terperature o f  the coulinq water is relatively 
kiqk. 

The agitation qrstazz f o r  starch hydrolysis tanks must Be ade- 
qeakc r0 p i x  Y ~ S C C U S  ! t b i t k ;  starch S O I V ~ ~ Q ~ S  e f f i c i e n t l y  - When 
starah is heated in water ,  it forms a 7erl-f t h i c k  gel- Starch 
gelarinlraticn i~ essential f c r  e f f i c i e n t  enzymatic hydro lys i s .  
Thsrsz~C rixizq cf  gelfed starch i ~ a s h  is necessary to ensure 
cf f ic;  cr.: tesz ex:E-,ar+e x - . d  errzyze a c ~ i v i t y .  

fonj.?~:ir-$ e q ~ t  2rect  for  5tarc-k h y d r ~ l y s i ~  i ~ c l u d e s  thcrmomekers 
K C  r"eesL,se msh  re"-~erarure  znd steam te~~perat t tre ,  and pressure 
Fauges tc ZezsGre r s s k  presswe  i f  prers~rizeb starch f'rydrolysfs 
syateces are cse5- TPSZS ZC. D ~ B S G ~ ~  che cff lcier ie~ of starch hy- 
$ r ~ z y e i s  srp a l s c  ~ e c r s s a r y ,  G e n ~ ~ a S l y  speaking, t h e  feedstock is 

t:csc ~ E ~ ~ ~ + - Z P +  ---. - E ~ E F ~ C E  : d e k e p n i ~ i ~ g  t5e eccno~ics cf cth- 
3331 prcd:rclcz, sz.5 i ~ e f  f rc5ens  &arch b;drs;ysis car. have a 
za2cr ecc~oric r-sEcr cr  etkacc: gro<zcticn, 

Sra feh  ~ ~ < ~ d ~ ~ ~ i , ~ s :  3 " ' 1 7 E t 5 y ~  arc cf two i'@t-;.eral types:  batch systertrs '5 $ ~ c  r ~ c t i r ~ ; l l s e z  ~j s t e~nc  ..,.- Batch $ y $ t e n ~  C C ! ' ~ S ~ E ~  af tanks that are 
s~.zed :n r e : a ~ r c c  rt f e r ~ , e n t a t z c s  x a ~ k  capacity and h ~ l d i n g  time* 
wi. .. +.e -. , , 5; e~ 2 ;  +.-?- e.2 

.. " Z" +.& u i" heat e ~ ~ h a ~ g e , " ~ ,  rr:sm3];Xy internal 
<- , *-, . ; -y7s* .  ,I., ,. ! = .  .. 1 ., + $ "  .. ,,+ . ?  <. 2p.c-, , stca? <-ybt-:  -. .- 7 ' 

,AA, C . * f Y 1 L n ?  ~ i i k ~ r  giash is 



a g i t a t e d  &- a rnofl~s equipped w i t h  gear reduction and mixing 
impellexs. Transfer pmps capable of handling a high Level of 
s o l i d s  are used ta transfer t h e  mash to fermentation tanks, With 
very viscous feedstocksb heat exchange and mash agitation are 
accomplished - p u ~ a i n g  t h e  mash through an external heat  ex- 
c h a n g e ~  snd back i n t o  the tank. Batch systems are operated by 
filling the tank, car-izg out the multistep process of enzyme 
hydrolysis, and then  pumping the entire mash voltime into Eer- 
nenters, 

Continuaus starch Q4roIys i s  systems require more sophisticated 
e q u i p e n t ,  but tbey are asuakly more efficient, Csntinuous sys- 
t e ~ s  generally use "jet cookers," in which mash and stearrt. are 
nixed onder pressure at temperatures of 1 0 5  to P50Q 1 2  Water, 
feedstock, and eniyze are fed i n t o  a ptemix tank at a c~ntrolled 
rate, heated, and pwped under pressure through the j e t .  The mash 
i s  kept at hig5 presswe and high temperatures for a few minutes, 
tben rsEezsed fro= the cooker t3 hoPding tanks, where it is 
coaled and additional enzyme is added, The mash is then trans- 
ferred ts Eermenters. The biqh pressure and temperature of these 
SjjStcDS r s ~ r r l t  in more efficient starch gefatinirratian and hy- 
d r o l y s i s ,  These systeas require  high-pressure boilers and rela-  
tively s~phisticated systems far maintaining the mash under pres- 
sure ,  E ~ ~ E p n e n k  is sized on the b a s i s  af plant fermenter capacity 
end masE resid@nc& t i ae  in caekers- 

Fermentatscn takes pdece i n  t a ~ k s  equipped with agitation and 
5 exckacgers to reeove the heat generated by fermentation- 
Tank s i z e  is based on t h e  cmcentxat ian  of sugaz in the mash, 
5erzante:i~n tire, f ip-21  etbanoi concentration, and plant pro- 
d ~ c t i s n  r a t e ,  

Fizz; s k  e t h a ~ o l  cancenlzaticn is a direct  f u n c t i o n  of mash 
sugar ca~ceztraticz, X i t h i n  t h e  Lizits of feedstock and yeast 
etbznoi zolerazce, higher e rkzno l  cancentratians are des i tab le ,  
~ s x i ~ r  tr;s% ezkerc: c~ncentraticn is about 1Q percent weiqht per 
ual t : .~e .  A rrsnsrre~erzticnss higher  tfra~. Itl percent, yeast are 
kifled. Gecer3: iyt  feedstecks with high aoistuse content and 
zcgar e r  se3rch cocceztrations less than 20 percent can be fer-  
zecred u l t S ~ z t  difution. Feebstocks with high starch or sugar 
cancenrraci~ns reqzFre dilctisn, The siiqar u113 be wasted i f  t h e  
eozce~tza:icn i z  i rb excess ~f t h e  a ~ ~ u ~ t  necessary to produce the 
zzxf  TLZ ~::CZ.: c f  eel~k&z~I :ci:?rated !qr :=Elre yesst* 

F E ~ P S E I ? . Y Z C ~ C ~  Z . , r s ; . i : ~ : l : ~  - - keqzf re5 ~ I O R  1 2  to 72 EIOUTS depending an 
zke anc:at tf ;:EXST zseb zo s tzr t  fermentation and mash atlgar 
pp* - +". 7 c,.,~en:ra.;r.-n. r - A Z S Y S  a r e  cs:~aLI;/ equipped w i t h  rntlltiple ferfaen- 
*C - C T  c ~ ~ T . X S  t' :.r: ~ t .  ~ l ; a ~ ~ e : e d  s c k e d ~ l e s  to pzcvide a corrkinuours 
s;lp=;ly cc $fer:-.efi*,.-.& :,ash for  dist - , i  f latr~c. 



Cne cf the  most significant paobEems in ethanol production, 
especiaIEy ic mali-sraze plants,  is contamination of mash by 
bacteria- Eacter ia  utilize sugars that would otherwise be con- 
verted to ethanol- Good p l z n t  design and efficient fermentation 
czn cantrsl cantarninetion r i h o z k  resorting ta costly steriliza- 
t i ~ n  *-stens. 

Distillatian systeizs can either be batch or continaoos. Choosing 
one s s s t e n  oc the other is based on plant scale. Both types 
r e ~ u i r e  beatin? sy-stens, ~ s u a l l p  steam {which can be f rdm l aw-  
presscre heilers8, a distillation column, and a condenser- 
r'igsre 2 shows sche~stics of tbese tws types of systems. 

@PstPHPatfon colunn s i z e  and ethanol prodaction rate are based on 
the concec~ratis~ of ethanol ia t h e  Eerwented mash, fermentation 
capxi w ,  and prodwt ion schedules ,  hal l -scale  plants--up ta 
B E O G ~  fC ICrQQG l i ters  annual etaanal productian--can efficfently 
use b 2 t ~ b  d i ~ t i l i a ~ i ~ ~  systems. En batch systemst the e n t i r e  mash 
-~o luns  is passes, ar charged, to a Zarge vessel called c still, 
which is  the^ heated. The vapors are allowed to pass i n t o  the 
d i s t i l i a t i ~ n  eoluzn, Though batch systems are less efficient than 
c c n t i n ~ ~ ; ~  feed QlstiPlation systemsc t h e y  are ~ a c h  easier to 
b ~ E 9 d  and sps:ate, 

IE ccat rzcws fee2 systems, fermented mash is pumped a t  a con- 
trolled rate i n t o  the distS13rtion column, with beat intsad~ced 
BE the E O t t 6 C  SE the  c o l ~ n c .  Provis ion is made a t  the top of 
h e  cs lzsc  C G  feed criprocessed mash back through t h e  system. 
Conricucxs feed c o l ~ m s  shcwld be used in large-scale plants 
u5eze :?.e i3 ; r~*~e5  ef f f ~ i e ~ e f  j~st~ifies the  added complexity, 

Tb~n f ~ t ~ ~ d r ~ d  =;se .t;f Fahe e ~ h a n a l  determines t h e  need far dehydra- 
w G qtsr,ers tc ,  t a r v ~ e  t h e  f i v e  percent water that cannot be 
se-,8razed ?Zf l : s r - , iZZa tS~~-  I f  ~ t F t a ~ ~ 1  is t o  be blended w i t h  
gase:rze, t3e%*brsf,srr is req'~irs6.. The presence of water in, 
ezharc' ; ssc i r re  Sresds resc l ts  i n  phase separation in storage 
CF f k e 3  -I*- + a = - 4 ~ -  C e k i C ! ~ a t i ~ 2  is E Q ~  zequdred if: ethanol i s  to be 
w e d  zc r e ~ : e c e  qazc: ice, Ethacal can be used directly i n  modi- 
fied eagi~es sr coccenrraxcns  ~f Getween 80 acd 95 percent. 

C:." 4 5 . x  --TL."" .'PC 
+ * * a c p  4' .- - ,, z r e  1 r c ~ r e r e 3  f zsm stillage with soIiBE/ffqtrid 
sr-;..rtz a? t s z  e~ , : p e r ) ,  TRrs . e n  can range f r~trr simple 
Si'EEef,z .! ,.+ *- .= &,, -:-+ ,-+.w.P- -,.,.,,ex eq2Fpcent as centrifuges sr vacuum f i l -  

*I I Z E : ~ . .  - gr,:re:c LC t k i c  skillage can be recovered by 
v Y ,- r l ' , - . P - ^  C > < € # + . r , % , p  eAtts(r:.:ii:s..;c. L 2 to be stored or transported 

S : ~ Z S X : , X E Z  e i~:~: :ces,  d r y i ~ q  is n c c e ~ b a q .  Stillage w i t h  high 
-+-irb . v+,-"..w?. c -  r3.z S E T ~ Z  ce fee  d i recc iy  rc livestock a r  sr 





near the si te  nf e t h a n c l  p r o d u c t i ~ n  w i t h  zinizai separation ar 
~rocessfcg. * 

?reduction 25 each vcBme of fccP e thanol  w i l l  generate about 
n ine  Y O ~ Z F ~ E  of effluent. A portion af the effluent caa be re- 
cycled 2nd zsed to dilnto high c,mcentralcion feedstocks. 3oweoerr 
evec if t b e  e f f f ~ e a t  5 5  recycleti, it can still cause a s ign i f i -  
cant F F ~ Z U ~ ~ O F ,  problec. Tc avoid pollction of surface water  or 
g r o ~ n d  x z t e r .  t3e efflzent suet aldergo microbiological degrada- 
tion; that  95, the B a r m f ~ l  organic matter contained in the 
e f f l u e n t  met be broker: down before the e f f l u e n t  is disposed of. 
T h i ~  is dohe a ~ a e r c b i c a l l y ~  aeecbically, or -by a s q ~ h n t f a l  
cdzbinatiorr  of the b o  zethcds. E f f l 2 e r . t  deqradation is osaally 
done i~ a sim2lc treat~ent pond, f ~ r 2 a r e d  by a stabilization 
pond, if zecessary- Alternatively, the effluent can be bed ta 
biogas e t ~ e s t e : ~ ,  caatiining energy p r o d ~ c t i u n  w i t h  saste t r ea t -  
sent. 

Etbaco; prsbcctics r e q ~ i r e s  water, boi:er f u e l ,  and t r a n s p r t a -  
t l c n  fcr FeeCs~ssk, &:kanol, and by-praducts. Electricity may be 
G Z W ~  to K G ~  ~ S T - F S ~  s t i r r i n g  notors, process controls, and instau- 
zentstio~, k.ut tkere are wany snits throughout t h e  world that 
?raducc sp tc 2 0, OQO ~allons per year without electricity.  Water 
2s reqzftee 5 ' : : ~  B i l ~ t i a n  and c o c i i ~ g  in hear exchangers used 
d i t b  scz r rkkydroTys i s  S J S t e O S r  fsrrnenters, and condensers, 

3ct lers  used :a generate process steam r e q ~ i r e  a low-coat, low- 
qoa:i*t,- fze; s ~ b  as aatcra2 gas, S i o g z s ,  biomass, coal,  residual 
ci;, 0:  k2acjzsse 'kaqasse is crrrstzec! sq,-ar cane o r  5eet refuse  
f r c ~  s q a r  ~.je%izq;. 2 i ~ h - q ~ a l i c y  P i q u i d  f u e l s  o r  electricity are 
.=I. -+.ec,zar$'c,'.3: efrd Irc.ehEiciest f o r  zse as tclter fael. FfnaZLy, the 
feedsrcck ::eeds rc  2e transportkd t c  tkr p l s n t ;  ant? the  products,  
hot5 "il?f?:~*1.0: ky-praduct af;iz;:,~L feed, nee6 to be transported 
* P  =4.E --<.: . -S * F . - I -  
C T ..* ., . - , .&, --P?, 

T e  ;;:cress erc:Fy req?;ireae;-5s f s r  ~ k - h a r i s l  f u r l1  p r ~ d . s c t i e n  vary 
- "  

r15e3y c y p r p q s . .  : ..,,..,, Pp ,., 5 2  - : q ~ i y n i ~ 2 f . : . ~  h:QI*FleSZ d e $ i < p r  arrd feedstuck. The 
m+pd.-,..+ ,?l "....r .Z,KE f 4 cpr 
d.h + .,<, - - > < - -  'd% i+,,, cf ethazol wZtS a heating value of  5 ,625  
gi'cal.i+Lire: v- . . -  - w % f ~ . ;  I rd-xbl-y .->: req!~ice 5CO tf; 1,200 Kcal far  cooking, * * 
;,3QG c,.:? 3., 5QC R<-+.%L f o r  dis",llatior;, 800 1 , 8 0 0  Kc-1 for 
+eT+y7,- S:;L . * p r  ,... ,zmr : / % ~ . + . , ~ r  300 RcaL t c  operzte s t i r r i n g  metors and 
pnq2s. The  d r y : - 9  QE b y - p r ~ d o c k s   fro^ khe production of one 

cc 9 i t ~ h k  reqaire ap addilio~al 600  700 Kcal, The 
.,.. *. .+, .+ll+.* .: . .: ,,,. z h. i 2 .2  . etha~cl S P : ~  d ~ i e <  by-pr-oducts from 
,- 5 ~ . ~ ; * - " Y I  +eg-y,ili. Y .  r - , r . . - L ~ $  t ; h ~  h igh  rznqe Ecr procpss energy-;would 

*. n .-* 1". zw+~i :e  ,:, e r;.. t.. '?,,8BO Rcal/liter. The prcrdl;cticn of 90 percent e*%+> ,>k,.,.., * 
-,,+"-L.,,:, %. f rc:: s!;~,%r fe&skc<;k w i r h ~ u t  t y -p t cduc t  dry ing--rcpre- 

c + c * - - r r *  ?hq :;?*; ~ p s - l r r ~  f Q r  m w p  
I. . ,,.I Ij " . V - * - h * *  Y pi ,J€XF-': ~ Z E ~ - U ? * - - W G ~ L ~ ~  + I requi  re X, 608 to 
'C;. $.'3?: yxua: /::., 2 ct!+ y . 



Tfie avaklablPI',:= ~zf i  thr cast  rf ctklities are  c r i t i c a l  factors 
t o t k  i~ the sczre and the e c o ~ ~ x : i c s  of a lcohc l  pr~8uctian- Two 
fac:ore haze c c r t r i F z t e d  tc tho f a i l u r e  cf e t h a n o l  pro jec t s  
ir. deve :ce~ i~c  cccztries: EL] p l z ~ t s  fcr t h e  production ~f ekhsncl 
fee: were so I z rqe  t h a t  t h e  sn~psrt utilities were unable to meet 
t k i r  enesz  aeees: 226 t21 t h e  p l a n t s  were sited sa fzz from the 
Zaedskcck tkak zrarsrpcrtatZcn uzs na t  ezonczfcal. 

Ethan02 f ~ e :  - T - ~ " c  - , T - F  z s ~ E O Z  ;r r3.'eki "lbousand l i t e r s  to 
- - ccre thac ;GO rillion rzters cf a n n u a l  production. The design anr 

operaticn cf s~ . z l l - scaLc  ~ l a z t s  czn ~e great ly  simplified by 
ccabiciccj ~ k a r c k  lq-drolysis, fer~entation, a d  batch disti1lation 
i rnzzt i -pzrp~se grccsos t a ~ k s -  The p l a n t s  con ld  inc lude one or 
Eevezi?; kznks s,rgsl:-i?r: f ez~ented ?-rash f o r  a sirigle dinti l3atiorr 
cc :u~n .  ?IZZ:E :? t~ a b c ~ t  100,000 l i t e r s  cf annual production 
czn SE desi~ned t h i s  way, Evec l a c g e l  batch plants  can be con- 
s i d e r e d  if lm-csst k .c iJer  fueZ Ls avzilzb3e- With goad technical  
assistz~ce, srall-sczle b t c h  plants  can be built and operated 
w i t h  Laraf, cesz ;~ iq- :e~~e l  resotirces and skills- 

Grester: op.;ratir;q e f f i c i ency  car, be obtained in larger  plant^ by 
sepzrazizq s t a r c 3  %yZro2ysis and fermentatian in s p e c i d l y  de- 
s i g ~ e d  systers ar< zsinq c o s t i ~ ~ o u s  feed distillation columns- 
General;y, the scecter cap i t a l  cost and cperating complexitlr of 

"s- ,,c cE plznt w i L l  be rettrrned in operatin5 efficiency* 
Lar5e-sta:e z",~hol p lz r t s  reqttire a t  Least sme empl.cyees w i t h  
reZ8tiyel,y sc@?isticatt?d aanase~cnt and technical s k i l r s .  Plant  
dssiqc, e y : i y ~ s a t ,  2nd constr~ct i c n  c f t en  r e q ~ ~ i r e  resources out- 
siee the "rc: cozz~cf ?:-- 

T~ ,,, : ,E e i f f i , - ~ : r  orevide cgc-.e,fbl inforzizt ian & o u t  eth-tano; fuel - 
ccq2c~:~s bececse Froducticri c e s t s  and product  value depend on 
%.- . . - -+ -  '+ - : .. + . F +- - - :ee&:~cK, g-rijB;;ct i ~ ~ t  scple, and errd w e  

- ~ ~ 5 , r ~ c i :  s-r-zdzct i c ~  i ~ c l a b e s  bcrR czp i ta l  and operating costs. %Wo 
I T G C T = Z F =  f z c t ~ - c  - -+ ic capz~zZ c o s t s  f o r  srall batch p l a n t s  ate 
rt-l..-h " . ?;cr=-..?..-i ' - S ~ ~ S ~ E Z S  acd Se i l e r  capclci+v, In Large pf ants, 

+ .. -+ 
+= ,,,, w <>. :. .. 7. c- q-- ,, s ;,,, : - <-. , $.* *.,, y C+ ,--,,*, : ? .:: r , L .A .  .: + F  sys:ers t  zcd precess ccnt~ol are rela- 

. "-. .-..,= -, ,,*:, ,, ~ c r e  s l r z ~ r  :csr.zs Ge~eraily, c a p i t a l  G C S ~ E  fo r  alcohol 
+ 3 

, : Z ~ . ; E  f.l:: $,;u )LC. 5 1  , .  D ~ S  liter of annual pro- 
>.:--'.-- b - L  + *.' - .  ~ s ~ ~ c I : . :  * nace< r;tz flczrez- fom Lf.  plants ,  capital 
..-F .- . , - - -  e- c - 6 ; r  - + -  - . + -  4 - 5 7 "  e - r  - - ~ ~ r ; ~ ; ~ ~  ~ r c ; - d ~ ~ t i ~ . * t  capacity fo r  v e q  snzll and 
r r g ,  f h - .  
T .. * _  r :;: a r r s  zse qere:a"+ ,,+r sreater thaa t h c s e  fox inter- 
-e*.-:L ::%?- ice:.-+ ... -,: ,-+,.L- .:pvc-.-: - cc 2 2  zil:icn lirers zr?.nual production. 

-7 & --  " .; ,: .. ,<; :- t 
* - . - - ~ - - - , - .  , sc: 1 ~ ' 2  . ~ 4 ~ t  ir- e*-,T-,ai:ol produs t i e ;n ,  regar&less of .. - . .- - C.. <.; ;. <. ' " "'h .= ..-. *. -- c ; ,3r", . - - - -  2 .  ..,, r-,.. ..-, f::eS grcduc t icn  tc be profit- 

. A 
%., r ~ .  ! , . . . 7 p . ! * ^ P . : "  :.l.f. +-pi'+-:rllrt7 :. &. * !.: , .- , , . .  . , -.. ,, -.,..,, ck is e ~ s e r ! t k z I ,  'En small 
C.  . 7: *t L <= - 3; . , , . , + < : .r t. - -- ,I, ,... . .,,. ....-...* . , . . -. .. .-. --,,.kt? Sc r~ : , ? t  i7;c;ly i z p ~ r t 3 r ~ t .  



fr;Eirlr.c'-, c ~ s - , ~  f:.r e z ~ i r ; , ~  ca,?.nversisn, distribution and marketing, 
~ Z . z n s  s;iZ i t i e z . ,  snd transportatisn of f eedste::k and products are 
2 3 s ~  i >g i " z rkz .~ t  J z  - , r2zlgzt i f .~ eth.iano: ~ r o , & r ! - i s n  casts, 

Ekhzml  Tzrket ~ d r ~ e  d e ~ e ~ d s  cn em? use, The market value of 
r t h ~ r ~ :  2s z r e ~ 2 e c e ~ e z t  Eu2P ~ c u i d  ge3era3Ly be measawed rela- 
a ~ z u e  - to q a s c i i n e  ~rices. The mazket v z i ~ e  of etkanof when blend- 
e8 ? cjfias(rrliz,e r z z q -  t.e hiqher thaz qzsol lne because of the  
iccretse2 ectzze * ~ z i z e  of ethznaL,fgzscl iae blends - 
- - -  ~ z z k e t  vzlue i~ ~ e a s ~ s e d  aqslEst t h e  loca l  price of w 

P Z  Seed:, The =--rTse is V a - ~ f c a 3 1 ~ -  deternized by comparing the 
~ r e t e i z  CZCCE:~ cf fee&. 

P&hFv bcs . ,c  E-.,-Lp ,G%. -G,2 ,  z s : d ~  f r a r  etkzzcl ? r ~ < ~ c t i o n  235ts and t h e  market 
I.r e * 5 e t a 2  * Ray a l z c  be s ign i f i ca r . t  ta the econo~ ic  analy- 
5 ;  ,,,, S;r;lacercxi: cT i s p r t e d  petrciew with domestically pro- 

I d:zce2 rezwable L U ~  ~ 8 : ;  i ~ p r o v e  bdi23~t?-~f-p~1yEleItt deficits and 
7t.s~ ke ~iccr,c.~-lcePLv zdrar,tagesus despike eeIlative3y hi5her etha- 
2 c s  Ep2cr:zz;ties fcr rz ra l  ezplcynent, afternative mar- 
$e", :<-r atgr ic..s:",ur 2 ccn~cdities, ar,d independence way 
C.vT^.' 

. - 
&, , $ : G c  ziq?i  fi::a;";~~~rahic a d v a ~ t a 2 e s  i n  additian to a direct 
Gcec: , . )  t- ; , . +--- -, c f  r: a~",~r.*;f i t a k i l i t y  - 

w-e * L *lc...; - * ,#. ., i *-  .- .- , G . , , ~ : I :  .- v , z s d  ocza %=y?es a f  ve??zable oil are chrce al- 
: . e Zct5 re r%ar ;a l  3.7-3 butanc l  c a n  be used to 
' Pa"* .+ :  c -.. a -  I . ' - , . , : x y . ; r * f =  . - . . l c .;;asc",i-q .;: cteceI f ; ; :ef .  
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i g n i t i c n  e~qines, It is qrodcced by b a c t e r i a l  fermentation sf 
starzh- or ssgzr-coztaininq feedstocks and p r i f i e d  by distilla- 
C ~ 2 0 2 .  - The bacteria grcdcre ethans? and acetone in addition to the 
principa2 ~ r ~ d K t ,  k u t a ~ o L ,  

The prod~rtics aoif ETztana3 bas two disadvafitages: (1) t h e  feraen- 
katicn of br;tzzsl is d f f f i c n l t  ccmgareb w i t h  that of ethanol; and 
:23 Sutaao2 fer~entatian p r a d ~ c e s  less u s e f u l  f u e l  per u n i t  of 
feedstock t h a ~  e t h a ~ s l  fernentatka~ w i t h  yeast, Butanal has been 
p r s d ~ c e d  cosnerciafP~~ under wzrtine conditions, Today, however, 
butan01 is 20 focger  produce^ cca~erciaTly far use as fuel. 

Ethan02 EueZ grsdzctic~ is a weIl-established coamercial tech- 
nolagy, B n t  it is a l s a  a t e c h ~ c i o ~ g  "Iha has soom to improve, 
That is why research and d e v e l o p ~ e ~ t  ef forts  in ~ ~ h a n o l  fuel 
producticn are ongoing- The research areas relaring to tbis 
=echnalQ= that c m t i n u e  ta be a2dressed incluc3e C11 feedstock; 
f29 starch hydrolys i s  and f e r m e n t a t i o n  process design; (31 
e t k a ~ ~ 3  and by-product end zscs; and r4P site-specif it integra- 
t i o n  Q% et5anci-1 g r o d ~ c t i ~ n  uit h IecaP agr icuLtural  economics, 

Feedstock i s  t h o  3cst significant cost ercment in ethanol produc- 
r ;  o n  Qecsticnr of passible competition f o r  prime agricultural 
% a d ,  and ispacts cE ethanol producticn an food scpply and dis- 
tributi~n are frucizl  to the s~cizf and econcznric success of t h i s  
t e c h n o 3 ~ 2 -  Cne ispurtant area cf research is the identification 
of ztarch- ac2/or sugzr-sontaicinq crops that can be grown an 
paor land and that  require z mini~om 2mount of cultivation and 
cbexical izpc'trs ( e . ~ . ,  f e t r t L l i ~ ~ r ~ : *  S t . ~ h  feedstocks must be 
coz2etiS;e with t h e  ZccaL cZisat ic  cunditisns, the water xesctur- 
ces, 3r.d %he  oil t y p e -  The2- should cot Eiscupt the  local agrf- 
cr31 t ~ r a l  ecct-.r)qa. ELrsrzs-a.F,ive f e e d s t ~ ~ k s  t~ndex: evaluation in 
variocs pert$ $5 t ke  world  irc:~de sac20 o a l ~ ,  bamboo, sweet 
~ s t s t a e s ,  anZ h w q  Iscxst trees* Cncc pat&ial crops are Men- 
- : f +  ,, ,,cc, - resezreh % k T Z  B e  dizscted %cwszi? increasing y i e lds ,  
e3akf;;  . r- c r ~ p s  r o  s p c r f i c  s',c:.:a~Lons, a d  developi3g CUP t i va -  
+ +- . .-. - - #  . ha: yest ,  $33 S ~ Q ~ Z F ~  y@rc- < - 

v --.-L*Qces- 

g2cerrative feedstcorz w i l Z  r e q z i r e  research t~ sdapt starch 
h*:.;lzole,-sLs a,-.Z f ezrer.cat L S S  eq,igz~~".t", er.2 p r ~ c , ' g d r ~ c ~ §  the par- -- 
*; ..;,,,ak p 2 T T  CeeCsr~ck ;hzracrerfstEcs and er ;xc t? t ra t io?r~  o f  ferment- 
a&:+ S ~ Z E S ,  f e ~ ~ e z t a t i c ~  rese~zek ~ i g h t  3 1 ~ 0  incLuhe the selec- 
+ %,-., ; $,- cf yezsr straics f o r  i ~ p r ~ v e d  fernentatlen efficiency* Im- 
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6 p f  i f i r  types ~f E?:tS:nes; and evaf tt;ac its of s z c i  f ir: f eefstocks 
fcr recc-ceq- azd zse af by-pradacts. 

feaearcb iztegratlcn of ethane2 f u e l  production with agri- 
c z l t a r a ;  ecoeooies couS6  corer e broad canqe of tcpics, including 
feeOstock eccr.caics a?td caltivatian, p l a n t  znd eqcipnent design 
to fit specific local c o n s t r a i n t s ,  Frcress f u e l  sources. impacts 
on e w ~ f q z e z t  226 income d i s t r i b u t i o n ,  and effects on national 
kaPazce &f p y z e z t s .  

The s~cces s fu l  fntrcduction of a tham1 fgel pr~daction and use in 
develrt ing  cauntries eequi res ca reEuI plznning.  The technology 
x s t  be integrated w i t h  Local ecmooric conditions, available 
zesources, and potentis: ead ~ s e  ~f bath the e t h a n ~ l  and its by- 
qrci iucts .  The a p e r a t l ~ g  efficiency of lerge-scale ethanol plants 
m y  &e sreaten thzn that of sxall-scale p l a n t s ,  However, t h i s  
efficiency ~ q -  be of l i t t l e  value if the  plant is too large for 
the available feedstock azd support utilities or if the local 
ecar.oaics of fooZ production and distribution are disrupted. 

Ethanol p lan t s  s h o ~ l d  tre scaled so ;Rat demand far  feedstock dees 
cot dfzrcp? d i s t r i b u t i o f i  system and markets fo r  agricuftural 
c~nmsdirie~. Supprt. z t i l f t i e s  a ~ d  transpartation should be abke 
to s u p p r t  :he scaZe of e t h a n ~ 2  production, One irtporta~t,  hidden 
ccst ~f lame-scale ethanol p lant s  is t h e  cost af building or 
:p+r;fdfr.c .-zaZs. vater supply systems, pollution control aystems, 
and e3ecrrici q- qgazexating capacity. The method used to finance 
s h e s ~  scpgmr: q s t e n s  is an Lvartant  eeonomic questian.  

2fs:iiiers drieZ 9rair;s ( O X )  arc t h e  zajcr by-product ccmsodity 
resxlrira Frer ezkasa: proGuctioc, Triz bigh protein product is 
2 r  excel fez% l ivrs5sck fee?, a ~ b  Feed Sctr  could be located near 
Eke e t % a - ~ 3  pr'azt, kca ther  ext ~ F E I E : ~  i q o f  kaht ~;cltentiaL use of 
+b.,-- -,..+- :., F.,Gr p i~ - r i c -h  nateriaf c a ~ l d  DP as ;3 h u m ~ ,  food supplement. 

- . - p 7 e ; : w -  w h  - + -  - - f i F  .,.. <as a~hance c-tksr.ol ; : g ~ d ~ c t E i ~ t :  econorrrice and 
. . *  - 
. -  - 1 ; - , \ i q y ~ ! . 3  ..Err u ~ ; i ~ ~ : ~ ~ ; <  
-?., .... = . -  -%L.+ c ." o i- .- CL ,E ,,gned s n s l  I- and medium-scale 
" - 7  7-* - .. L1,_._ , I . F;EZ! :, . .7cole  ~ L z n t s  -czr. cftec t a k e  z3vantaqr af Iw value 

, . % "  ..> + s;rsc,e ~:E;+C, :~L~; ,?~S 9s fefod procescing waste damaged or 
5sA2; ;c ; :  ..=..-<-::: 

I ...___ A ygf iebv ~f Zeu-c~sfI  bailer fuels such as biogasl 
. . ":. C F 
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= b e  ~f st;raZ-7 erLha;~~L p.T,rits car; scpply 80 to 95 percent etha- 
col to a centrzlfzed p l a n t  f o r  dehydration and 6istrkbution. By- 
p r ~ d u c t  grocesr-fng can be reduces if t h e  plaxt is scaled to 
su-p?ly PEvest3ch feed demand in the iazediate area af t h e  @ant. 

Small-scale plaplts are ~ u c h  simpler to bui ld  and operate than 
large plants, Fith tezRnicaE sappsrt, small-scale ethanol plants 
can be built and opera ted  using EocaILy available skills and 
resowces, w i t h  the exrepthn sf such equipment as  n0korsr Mil-  
ers, and csntrcls, malr-scale p l a n t s  can be built in any reason- 
ably well-eqaipped machine shop, ~revided tha t  technically samd 
plans are  avri3-ab:e- Small-scale plan ts  ran also  be mounted on 
£Eat-bed tzaSlers  s~ they caE be ~ o v e d  from si te  to site- 

Starch b y Z r ~ l y s i s  aad e t h a ~ o i  dehydra t ion  ere the two steps  
r q z i r i n g  rang-term pa~chase of materials o u t s i d e  the  local  or 
even national level, Tbe production of starch hydrolysis enzymes 
and ~ o l e c a l a r  sieves requires  rePatiueSy sophisticated technolo- 
+gy- Enzyzes maLecuIar sieves arc supplied By a number of 
co~panies. As ax a l t ernat ive  to purchasing these aaterialsc they 
can be ~ s n u f e c t c x e d  in centralized p l a n t s  for distributi~n to 
rwall-scale e t h a m l  p lants .  

The 2ecisian to produce and sse ethanol  fuel requires addressing 
beth 6i rect  acd i n d i r e c t  technical and economic questions. These 
questions are important on SQI scale af deveiopment ranging from 
an individual  local decision t a  produce on a ma11 scale to na- 
zi~nal-Bevel prcqrazs, 

EirecZ technic+E and ecanoric quesricns in the decision t o  pro- 
dcce end GSE ekhamf f ~ e f  i ~ c l u d e  the cast and the availabiliky 
sf feedstock; ekbano: an2 B y - p r ~ d c c t  end uses and marketing; laws 
and regc: etions; production scaf e; and selection o f  plant des ign  
2nd w-~ipzent epticns, 

Fz.c",ers zf f ee t  ing fecdstcck a*rsiLab5licy aad cost Ft~clzde trans- 
pcrta:icr, stsrage, p ~ t e ~ t S z 1  spaizaqe, and seaso~al variations 
7~ ~ - . m ,  * 
,+. %;,sly a ~ d  price, 

schsn~: 2 ~ 6  ~ y - - ~ . 3 d ~ e k  c ;ses a r c  affected by product transporta- 
r i c n  aze d i ~ c  r lS:czs~, storsge, 2css ik le  spoilage af by -products, 
seas+:zal varlazic%s iri 3arkec 6ermr.c o r  oh-site use, ax3 whether 
t ke  e t k z x T  i s  ts replace or  be S?ende< wit3 gasoline, I f  ethanol 
is r o  5e tlerSed w i t h  gasslice, t h e  coccs and t h e  systems for 
disr-ik :T;~c, siea2inqf snd rsrkeri~g need te be taken into 

t -  

G C C Q ~ ~ : : ~ ,  ,E ec5azal i s  tc re~lace gzsclim, the casts o f  engine 
CUEYC:E;' , .~R ~ ~ " , d ~ : ~ : i * L a t i c s . $  PC ve5icle .:se are t u ~  i~portank dac- 
E':: z * 



Law 5 3 ~ ~ 3  re5~lnt ic :cs  erf fac-:ir,g ekkacc; f ze' A ~ r o d r r c t i o n  w i l l  vary 
E;ar c o z n t q -  t reentry. V~rCarions nay .;so occur Setveen legal 

* -  * and pol5tica~ :crisdictions x i t h i n  cc~ntries. Pepulat ions  must he 
checke l  for esch ir .diriduat case. The principal requlatibns are 
thoso t h a t  preW;enC the use nE f u e l  ethaml f o c  human ccnsmnption. 
G e ~ e r a l l p ,  Cbese r e c ~ l a t i c n s  r e q u i  r e  t h a t  etlranal be denatured by 
addiag cherziral aaents to the ethane: to ~ a k e  it unfit for hman 
csnszrrpricn, TRe zost reaGilg aviziI8bIe deratarant  for  ethznol is 
casol ize z ixed  a t  nae ~ e r c e c t  per ~c-cime. Other regulations may 
qeFern Zisc3a;oes og Iiqcic! an5 gasecus e f f l u e n t s  and accu- 
~atlonal oaEeqr 2nd h e a l t h .  Laus dictatin9 conf~rnsnce to build- 
'- codes *e.g.. electrrc,  pZurbir.q, and f i r e  safety codes) may A I L -  d 

alsb appfy, 

Seczsicns repardzr;~  plan:  sca le ,  ~ s r ~ z e n : .  and process design 
Gepe~8 pri~arifv on Eeedstcck, the a~eilability of markets far 
bath p:ksnoi sad irs iy-products, and t h e  availability of plant 
Fioani;lnc- Eccnazie. of sczle in a k h a n e i  fuel producticn arc nuch 
;ers i.q-.srcact than u e l i - p l a n n d  ir . tearakion of e thano l  fuel prc- 
i i ;ct ic-n w i t h  a g ~ i ~ ~ f l t ~ i ~ l  ~ C D E O B ~ C S .  LOSZX tcanaportation. local 
j:rnlit;es, 2nd end cses,  

t + s .  -..L. .ace r zociel arrd rccnoicic questions i r e  a t s o  v e q  important in 
tho decisicn to prodxce and use e t h a n o l  Ltiel. Economic decisions 
repatd:r.g tt!:arc: pro2uction ~g rely Tcre cn the a b i l i w  to meet 
&LC- cia, :Ep"  - - F r  as iccreasicg :i;ral e~gl~ynjaent.  achieving energy 
izdep+nBe~c:q, acd providing a t t e r n a t i v e  natlets far crops than en 
drrecr  e-&*a'..;a:icn O F  prndoctisn zests ard ~ a r k e t  values.  Techni- 
?= kGi +. 5 a 8 - : t ~ c t - ~ c  -. + -  - - .w  ~e9arEir.g p lan t  scale .  Froress desiqr.. and q u i p  
:4r-"f9:' ~ . . e  : ~ f ~ ~ . , . g ~ r . &  *, P"V t h e  a k i P i t y  t a  meet sti~ch objectives as 
- X  .-.e ;ss r f  :.sea: ta?rcr ar.d lacall:/ r-ansfactilred equipnent. the 
,cT e ~ t  ; ;13 <+f ~I~~.'T.B'.:~c Z S ~ ~ C ~ S  far d j l i ~ l l t t i l ~ a 1  36 feed- 
.? * . . Ckf BICL? 3 ~ ~ 2 :  ;35@ ~f GrGCCSS Cf?@c$yp 
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